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Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc127570606][bookmark: _Toc144508286][bookmark: _Toc149557063]
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-	higher layer protocol changes needed to support the wake-up signals
-	related RAN4 impacts
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[bookmark: _Toc127570609][bookmark: _Toc144508289][bookmark: _Toc149557066]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc127570610][bookmark: _Toc144508290][bookmark: _Toc149557067]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc127570611][bookmark: _Toc144508291][bookmark: _Toc149557068]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
ADC	Analog to Digital Converter
ASK	Amplitude Shift Keying
BB	Base Band
BLER	Block Error Rate
BPF	Band Pass Filter 
BWP	Bandwidth part
CORESET	Control resource set
CRC	Cyclic redundancy check 
CP-OFDMA	Cyclic Prefix-Orthogonal Frequency-Division Multiple Access
CSI	Channel state information 
DCI	Downlink Control Information
DRX	Discontinuous Reception
DFT-S-OFDMA	Discrete Fourier Transform-Spread-Orthogonal Frequency-Division Multiple Access
eDRX	Extended DRX
EPRE	Energy Per Resource Element
FAR	False Alarm Rate
FCS	Frame Check Sequence
FSK	Frequency Shift Keying
FLL	Frequency Locked Loop
FFT	Fast Fourier Transform
FR1	Frequency range 1
FR2	Frequency range 2
IF	Intermediate Frequency
LP-WUS	Low Power-Wake Up Signal
LP-WUR	Low Power-Wake Up Receiver
LP-SS	Low Power- Synchronization Signal
LO	Local Oscillator
LNA 	Low Noise Amplifier
LPF 	Low Pass Filter
LR	LP-WUR
MDR	Miss Detection Rate
MC-ASK	Multiple Carrier-Amplitude Shift Keying
MC-FSK	Multiple Carrier-Frequency Shift Keying
MR	Main Radio
NF	Noise Figure
OOK	On-Off keying
OFDM	Orthogonal Frequency Division Multiplexing
PDCCH	Physical Downlink Control Channel
PUCCH	Physical Uplink Control Channel
PUSCH	Physical Uplink Shared Channel
PDSCH	Physical Downlink Shared Channel
PRACH	Physical Random Access Channel
PEI	Paging Early Indication
PO	Paging Occasion
PTW	Paging Time Window
PLL	Phase Locked Loop
PAPR	Peak to Average Power Ratio
RRC	Radio Resource Control
RRM	Radio Resource Management
RLM	Radio Link Monitoring
RS	Reference Signal 
RSRP	Reference Signal Received Power
RSRQ	Reference Signal Received Quality
RTC	Real Time Clock
RF	Radio Frequency
SSB	Synchronization Signal Block
SINR	Signal to Interference plus Noise Ratio
SNR	Signal to Noise Ratio
SC	Subcarrier
UE	User Equipment
XR	Extended reality

[bookmark: clause4][bookmark: _Toc127570612][bookmark: _Toc144508292][bookmark: _Toc149557069]4	Introduction
5G systems are designed and developed targeting for both mobile telephony and vertical use cases. Besides latency, reliability, and availability, UE energy efficiency is also critical to 5G. Currently, 5G devices may have to be recharged per week or day, depending on individual’s usage time. In general, 5G devices consume tens of milliwatts in RRC idle/inactive state and hundreds of milliwatts in RRC connected state. Designs to prolong battery life is a necessity for improving energy efficiency as well as for better user experience. 
Energy efficiency is even more critical for UEs without a continuous energy source, e.g., UEs using small rechargeable and single coin cell batteries. Among vertical use cases, sensors and actuators are deployed extensively for monitoring, measuring, charging, etc. Generally, their batteries are not rechargeable and expected to last at least few years as described in TR 38.875. Wearables include smart watches, rings, eHealth related devices, and medical monitoring devices. With typical battery capacity, it is challenging to sustain up to 1-2 weeks as required. 
The power consumption depends on the configured length of wake-up periods, e.g., paging cycle. To meet the battery life requirements above, eDRX cycle with large value is expected to be used, resulting in high latency, which is not suitable for such services with requirements of both long battery life and low latency. For example, in fire detection and extinguishment use case, fire shutters shall be closed and fire sprinklers shall be turned on by the actuators within 1 to 2 seconds from the time the fire is detected by sensors, long eDRX cycle cannot meet the delay requirements. eDRX is apparently not suitable for latency-critical use cases. Thus, the intention is to study ultra-low power mechanism that can support low latency in Rel-18, e.g. lower than eDRX latency.
Currently, UEs need to periodically wake up once per DRX cycle, which dominates the power consumption in periods with no signalling or data traffic. If UEs are able to wake up only when they are triggered, e.g., paging, power consumption could be dramatically reduced. This can be achieved by using a wake-up signal to trigger the main radio and a separate receiver which has the ability to monitor wake-up signal with ultra-low power consumption. Main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it is turned on.
The power consumption for monitoring wake-up signal depends on the wake-up signal design and the hardware module of the wake-up receiver used for signal detecting and processing. 
The study should primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables. Other use cases are not precluded, e.g.XR/smart glasses, smart phones. 
As opposed to the work on UE power savings in previous releases, this study will not require existing signals to be used as WUS. All WUS solutions identified shall be able to operate in a cell supporting legacy UEs. Solutions should target substantial gains compared to the existing Rel-15/16/17 UE power saving mechanisms. Other aspects such as detection performance, coverage, UE complexity, should be covered by the evaluation.
The study item includes the following objectives:
-	Identify evaluation methodology (including the use cases) & KPIs [RAN1]
-	Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
-	Other use cases are not precluded
-	Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
-	Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
-	Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1] 
-	Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
-	Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 
Use the following terminology for future discussion,
-	Main radio (MR): the Tx/Rx module operating for NR signals/channels apart from signals/channel related to low-power wake-up
-	LP-WUR (LR): The Rx module operating for receiving/processing signals/channel related to low-power wake-up.
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Editor’s note: The following SI Objective is included in this clause.

-	Identify evaluation methodology (including the use cases) & KPIs [RAN1]
-	Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
-	Other use cases are not precluded
The following characteristics for target use cases are considered in the study item:
-	IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
-	primary for small form devices
-	power-sensitive
-	static, nomadic or limited mobility
-	Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
-	primary for small form devices,
-	power-sensitive
-	low/medium speed, FFS: high speed
-	eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
-	devices form is various and not restricted
-	power-sensitive
-	low/medium speed, FFS:  high speed
Note: other use cases/characteristics are not precluded if any.
The latency for LP-WUS/WUR are considered as follows
-	Latency for RRC CONNECTED mode can be up to tens of milliseconds. 
-	Latency for RRC IDLE/INACTIVE mode can be in the order of seconds, for I-DRX use cases, and the latency can be larger for eDRX use cases.
Both RRC IDLE/INACTIVE and CONNECTED modes were studied as part of the LP-WUS/WUR SI.
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Editor’s note: The clause includes evaluation methodology for this SI
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For system impact analysis, the following performance metrics are considered to be provided,
Table 6.1-1 Performance metrics for system impact analysis
	Performance Metric
	Note

	System overhead
	expressed as percentage of used part of all REs for LP-WUS (including guard band or time or others resource used for LP-WUR if any) among all resources
Other assumptions related to the system overhead analysis can be reported, e.g., the LP-WUR raw data rate evaluated in the coverage evaluations.

	Capacity impact
	Evaluate the system capacity impact due to introducing of LP-WUS
Note: it is for UEs which are in connected mode. Definition is the same as in XR TR.

	NW power consumption / Energy Efficiency
	Impact of LP-WUS/WUR operation on gNB energy consumption as performance metric in system impact analysis.



For power and latency evaluation of the LP-WUS, the following performance metrics definitions provided for future study
Table 6.1-2 Performance metrics for power and latency evaluation
	Performance Metric
	Note

	Power consumption
	Relative power consumption in units. The power consumption includes main radio and LP-WUR. For comparison, the relative power consumption and evaluation period for baseline schemes should also be provided, as well as the power saving gain (i.e., percentage of power consumption reduction of the proposed power saving scheme from the baseline scheme).

	Latency
	For IDLE/INACTIVE state, 
-	the latency is the time interval between the data arrival time at the gNB and the time of the first PO UE can monitor the paging message
-	alternatively, if UE is not required to monitor a PO after wake-up, company to report detailed procedure and definition of the latency
-	sync/re-sync for main radio is included

	UPT
	The definition is the same as in TR38.840
Note: it is for connected mode purpose.


-	Companies to report baseline scheme, e.g., PO monitoring with i-DRX, e-DRX, with or without PEI
-	Companies to report the power consumption / power saving gain considering the FAR impact, latency considering MDR impact
-	Other performance metrics (e.g., mobility) can be reported by companies (if any)
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RRC IDLE/INACTIVE evaluation assumptions
The following is assumed for RRC IDLE/INACTIVE evaluation,
Table 6.2-1 RRC IDLE/INACTIVE evaluation assumptions
	Parameters
	Value

	i-DRX cycle length
	1.28s and other values not precluded and reported by companies, consider both with PEI/ without PEI

	e-DRX cycle length
	20.48s, 61.44s and other values not precluded, company to report which value(s) are used.  Note: ‘ultra-deep sleep’ state can be assumed for eDRX whenever necessary for baseline UE

	Number of POs in Paging Frame
	1

	Number of DRXs per PTW
	4

	Number of SSB before PO / PEI
	1, 2 or 3, (used for e.g., AGC adjustment, T/F tracking, serving cell and intra-F measurement)
company to report which value(s) are used
Note: the assumptions is for MR wakes from ‘Deep sleep’

	Sync/re-sync after ultra-deep sleep
	companies to report the timeline of sync/re-sync and X value, X is the time for sync/re-sync

	RRM Measurement
	Company to report whether and how the RRM measurement is assumed, e.g., whether RRM performed by main radio or LP-WUR, whether RRM is relaxed or not.

	LP-WUS monitoring
	Option 1: continuously monitoring
Option 2: discontinuously monitoring, with [T] ms as the period for complete an on-and-off cycle, and [D] ms as the active time for monitoring LP-WUS every cycle.

	Traffic
	Option 1 (baseline):
-	The traffic arrival is modelled as a Poisson Arrival Process where inter-arrival times are exponentially distributed, the mean arrival time is P = YREF / RE, REF, where
-	RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s
-	Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
-	FFS: Value of N
-	For LP-WUS
-	Both per group and UE paging can be assumed.
Note:
-	For i-DRX with cycle duration Y second, 
-	Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
-	For e-DRX with K i-DRX cycles duration, PTW duration of L i-DRX cycles, and an i-DRX cycle duration Y second
-	Per UE paging probability is
-	RE = 1 – (1 – RE, REF )(K-L+1)Y/YREF for the first i-DRX cycle within the PTW
-	RE = 1 – (1 – RE, REF )Y/YREF for each of the remaining L-1 i-DRX cycles within the PTW
-	L=4 
Other options are not precluded can be reported by companies.

	Others
	Reported by companies



The period of synchronization signal that LP-WUR used for at least power evaluation can be
-	Existing SSB periodicity can be used from gNB transmission perspective for evaluations assuming SSB, companies to report how often used for LP-WUR
-	For evaluations assuming LP-SS
-	{320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}
-	Companies to report other important assumptions if any, e.g., durations of LP-SS to achieve enough T/F accuracy
-	Other values are not precluded
Note: companies to report the purpose of the synchronization signal along with evaluations, e.g. can be for LR synchronization (i.e., time and/or frequency tracking) and/or measurement.
For reference setting for further study on LP-SS performance and resource overhead (including sync and/or measurement), companies to report the following used in their evaluations
-	the number of slots or symbols per period
-	the periodicity 
-	the functionality of the LP-SS 

RRC CONNECTED mode evaluation assumptions
For R18 LP-WUS/WUR power evaluation in RRC connected mode, the following can be considered, 
-	XR traffic model with evaluation methodologies and assumptions captured in TR 38.838. 
-	eMBB traffic model with evaluation methodologies and assumptions captured in TR 38.840
-	Heartbeat traffic models in TR 38.875.
-	Other models are not precluded.
Company to further provide the followings,
-	Parameters (e.g., frame rate, data rate, jitter range, DRX configurations and etc if needed.)
-	How to use LP-WUS, e.g., LP-WUS to trigger/adapt PDCCH monitoring
-	Other details if any
For all RRC IDLE/INACTIVE/CONNECTED mode, 
-	Power pooling between OFDM symbols is not assumed for evaluation purposes. Average EPRE is defined per OFDM symbol.
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For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) are reused as baseline.
-	MIL is used as the metric for LP-WUS coverage evaluation
-	urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded. FFS: Target coverage of LP-WUS

For LP-WUS coverage evaluation, the noise figure of LP-WUR is 
-	Options : 9, 12, 15, 18, 21, 24 dB, Other values can be reported by companies
FFS: how to determine the NF option.
The values provided are for the purpose of studying coverage of LP-WUS, and they can be further revisited depending on the receiver architecture discussion.

For evaluation, 1 Rx chain for LP-WUS receiver is baseline.

For coverage evaluation, the following is used,
Table 6.2-1 coverage evaluation assumptions
	Number of RX chains at the UE’s MR 
	Case 1: 1 Rx for Redcap
Case 2: 2 Rx
Case 3: 4 Rx
Company to report which case is being used. 

	Number of RX chains for LP-WUR
	1 Rx

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 700MHz (FDD)

	Reference data rates for MR
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps

	Reference PDCCH configuration
		SCS
	30kHz for TDD, 15kHz for FDD.

	Aggregation level
	8, 16
Company to report which case is being used. Further decision on aggregation level for coverage is FFS.

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER,




	Pathloss model (select from LoS or NLoS)
	Urban: NloS
Rural: NloS

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS

	Delay spread
	Urban: 300ns, optional: 1000ns and companies to provide descriptions for such scenarios
Rural: 300ns

	UE velocity
	Urban: 3km/h 
Rural: 3km/h, FFS: 120km/h (optional 30km/h) for outdoor

	Number of antenna elements for BS
	-	Urban: 192 antenna elements for 4GHz and 2.6GHz, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)
-	Rural: 16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	gNB architectures to study:
-	2 or 4 TXRUs for 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 



RAN1 further study the designs [target]/techniques of LP-WUS to have a comparable coverage as NR channel X. The NR channel X is
-	Option #1: PDCCH for paging
-	Option #2: PUSCH for message3
-	FFS other options, e.g., between option1and option2 (better than PUSCH, worse than PDCCH)
-	The final design will jointly consider the coverage with other KPIs
Use the same channel specific assumptions as defined in TR38.830 for reference PUSCH for message3, i.e.,

	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	SCS
	30kHz for TDD, 15kHz for FDD.

	HARQ configuration
	Whether HARQ is adopted is reported by companies. 

	PUSCH duration	
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.
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For link-level simulation of LP-WUS, the following table is used as starting point,
-	Note: The assumptions are not intended to limit the scope of the study or the design.
Table 6.2-2. Simulation assumptions for LP-WUS
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz/4GHz/700MHz

	Waveform
	OOK , FSK , OFDM
Company to report which option for OOK /FSK /OFDM is used

	Channel structure
	-	Option 1: Sync signal /sequence+ payload + CRC,
-	Option 2: Sequence only,
-	Option 3: Payload+CRC,
-	Other options are not precluded
-	Company to report the sequence length, payload size, CRC length (may or may not be presence).

	SCS of OFDM generator for NR signal
	30kHz/15KHz

	Configuration for LP-WUS signal
	For OOK/FSK waveform,
-	Option 1a: M=1 and SCSs = 15kHz (same as NR signal)
-	Option 1b: M=1 and SCSs = 30kHz (same as NR signal)
-	Option 2a: M =2/4/8 for SCS = 15KHz (same as NR signal)
-	Option 2b: M =2/4/8 for SCS = 30 kHz (same as NR signal)
-	Option 3: M=1 and SCSs = 60kHz/120kHz/240kHz
-	Note: M is referred to the definition of "M" in the agreements for OOK-1/2/3/4 and FSK-1/2
For OFDM: FFS, e.g., ZC sequence.

Other options are up to companies to report

	WUS duration
	Number of OFDM symbols: e.g., 1,2,4, 8, 16,24 symbols 

	MDR/FAR assumption
	The miss-detection rate (MDR) of LP-WUS 1%,
The false-alarm rate (FAR) of LP-WUS
-	0.1%, 1%
-	Other values are not precluded for studying, reported by companies
Note: if LP-WUS for wake-up indication consists of two parts or even multiple parts, the proposed MDR/FAR should take into account the reception performance of the two or more parts jointly
The above values are applied in both RRC CONNECTED and IDLE/INACTIVE mode.
FFS FAR requirement based on the study outcome of the impact of FAR on power consumption / power saving gain / system overhead.

The FAR definition does NOT include the impact of the falsely alarmed for wake-up due to the detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group.

For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple LP-WUS attempts/trials,
-	UE has N attempts within T, 
-	Company to report (FAR target, T, N)
-	For example, 
-	if UE makes a single decision based on multiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
-	if UE performs decoding in a monitor occasion, a single decoding is considered as ONE trial/attempt.
-	If UE performs N non-overlap attempts within the reference time duration, the false alarm event for the attempts are assumed as independent.
Companies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design.

	Code scheme
	Companies to report, if any, the coding scheme (e.g., Manchester code or any other schemes) and the code rate (e.g., 1/2, 1/4, ….)

	gNB Channel BW 
	20MHz, FFS other values

	LP-WUS BW
	Option 1:
-	5MHz including subcarriers for guard band
-	4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS
Option 2:
-	{2.16, 4.32} MHz including subcarriers for guard band 
-	1.44MHz, 2.88MHz (i.e.{4, 8} RBs) for LP-WUS transmission for 30kHz SCS
Other options are up to companies to report
GB is symmetrically placed on each side of LP-WUS

	Filter 
	X-th Order filter (e.g. Butterworth, Chebyshev, …) with Y MHz bandwidth,
-	X = {3, 5}
-	Companies to report Y
Companies to report any other assumptions if needed

	Adjacent subcarrier interference
	PDSCH mapped on resources other than that for WUS and guard band; 
EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional

	Sampling Rate
	Companies to report.

	ADC bit width
	1-bit, 4-bit, 8-bit, ideal and other options are not precluded

	Channel Model
	See link coverage assumption table (Refer to Table 6.2-1)

	Impairment modelling
	Frequency and time error model is referred to Table 6.2-3 and 6.2 -4
Phase noise up to company report, e.g. the modelling used for 802.11ba
Other cell interference is up to company to report



For evaluation of LP-WUR frequency and time errors, the following is used,
Table 6.2-3. Frequency error/drifting
	Parameter
	Value

	Oscillator max frequency error [ppm], Oscillator frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies

	RTC max frequency error [ppm]
	20
RTC drift report by company


-	Company to report how to  use the clocks for LR on/off states 
-	The above clock assumptions for LR assume the MR is in ‘ultra-deep sleep’ power state.
-	Note: Assumptions important for achieving performance by option 1/2/3/4 clock for LR should be declared, including active on/off power, transition energy/ ramp-up time TLR, ramp-up for LR and etc.
-	If MR is in other states than ‘ultra-deep sleep state’, the clock running for MR can be used for LR.
-	assumptions important for achieving performance by using MR clock for LR should be declared
-	Other clock accuracy options are not precluded. Companies to report options based on a feasibility analysis of clock power consumption and UE power consumption to use the clock accuracy option
-	Company to report the frequency error assumption for the detection of LP-WUS/synchronization signal,
-	The following are examples for consideration, other approaches are not precluded,
-	Model 1:
-	The relationship between a drifted frequency error(ΔF), frequency drift ( F’) over a time (T1) is ΔF = ±F’ * T1
-	When frequency displacement [Fd] reaches max frequency error, it is assumed to be equaled to max frequency error
-	T1 is the time from the previous frequency synchronization. T1 may take different values depending on the chosen frequency synchronization approach.
-	For Model 1 of frequency error, Frequency displacement (Fd), defined as the difference between ideal frequency and frequency due to 1) clock drifting (ΔF); and 2) residual frequency error from previous synchronization/calibration (Fr), is given as Fd (ppm)=ΔF (ppm) +Fr(ppm), 
-	Companies to report Fr and important assumptions for achieving Fr, e.g., if MR can assist to calibrate LP-WUR to correct the frequency error or if LP-WUR can only correct the frequency error based on LP-WUS synchronization signal
-	Company to report the timing drifting error assumption for the detection of LP-WUS/synchronization signal,
-	The following are examples for consideration, other approaches are not precluded,
-	Model 1 [R1-2301438] [R1-2301558][R1-1714993]:
-	The relationship between the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (linear region)
-	The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = Fr*T ±0.5 * F’ *T2 (transient region)
-	The transition between transient and linear region (from synchronization or calibration point/time) occurs at time [Ts= (Fe-Fr)/( F’)]
-	
-	T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach
-	FFS: Time error (Te) before detection of a current sync signal is defined as the difference between ideal time of the current sync signal and the time error due to 1) clock time drift (ΔT); and 2) residual time error from previous synchronization/calibration (Tr); Te= ΔT+ Tr

The following for usage of the clock is assumed for LP-WUR OFF/ON
Table 6.2-4. Assumptions for the usage of the LP-WUR clock
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
-	Time offset cumulated in the off period cannot be calculated based on the parameters of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When LP-WUR is ON, frequency offset and time offset calculation can follow the parameters of the oscillator option 1/2/3/4  (cumulating based on the frequency drift and not exceeding maximum frequency error)
-	The initial frequency offset when LP-WUR switches on can be set to the [FFS: maximum frequency error or a random value within the maximum frequency error] following the parameters of the oscillator option 1/2/3/4.
-	When LP-WUR is synced with LP-SS/SSB or MR is used to assist to calibrate LP-WUR to correct the time/frequency error, residual frequency error Fr is assumed at the time when the synchronization/calibration is done.

	>0.001
	For both LP-WUR OFF and ON
-	Time offset cumulated in the off period can be calculated based on the parameter of the oscillator option 1/2 or option 3/4. RTC can be used too. 
-	Frequency offset calculation can follow the parameter of the oscillator option 1/2 or option 3/4 (cumulating based on the second value in the value pair and not exceeding maximum frequency error). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
-	Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration


Note1:	Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power
Note3:	The clock error (of both RTC and LO) could be improved to be less than max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.
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Take the following power model for main radio for evaluation in LP-WUS/WUR SI,
-	For IoT and wearable cases, reuse TR38.875 power model as baseline.
-	For eMBB and other cases, reuse TR38.840 power model as baseline.
-	Introduce ‘Ultra-deep sleep’ power state for main radio of UEs with LP-WUS receiver 
The following power models are used for ‘Ultra-deep sleep’ power state for main radio for evaluation
Table 6.3-1. Power model for Main Radio
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	Time for sync/re-sync

	Ultra-deep sleep
	0.015
	For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
-	Alt 1: (15000, 400ms) as baseline
-	Alt 2: (40000, 800ms)
Company to report which alternative they use for which use cases.
	For MR, at least for FR1 evaluation,
-	Number of SSBs for sync/re-sync for MR is up to 10
-	Companies to report timeline and energy consumption


Note1: 
-	Ramp-up time may consist of the procedure for main radio hardware tune on e.g., boot, memory load and etc., 
-	Time for sync/re-sync consists of the procedure for main radio to re-synchronization with the serving gNB etc.,
-	Companies can report the assumption of X in the initial evaluation.
-	Ramp up and down energy includes power for ramp-up and ramp-down. Energy consumption for sync/re-sync is separately calculated.
The total time for main radio transition from ultra-deep sleep to active/micro sleep state is the sum of ramp-up time and time for sync/re-sync. 
Note 2:	The power state transitions in this table refer to transitions between ultra deep sleep state and active / micro sleep state.
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The following power model for LP-WUR is used for evaluation for FR1,
Table 6.3-2. Power model for LP-WUR
	Power State
	Relative Power (unit)
	Additional transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off[1]
	0.001/ 0.02/ 0.1, 
For 0.1, [oscillator option 3/4] are not used for envelope detection based receiver
	TLR, ramp-up *(PON-POFF)/2

Note: this assumes the power consumption during the transition time is sum of additional transition energy and LP-WUR OFF energy, e.g., similar definition as the additional transition energy in TR38.840
	company to report TLR, ramp-up
 

	On[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30

	
	

	[1]	Relative power unit for LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring
[2]	Relative power unit for LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring


-	FFS: whether further categorization/sub-categorization is needed and how.
-	FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
-	For evaluation, 10/20/30 for LP-WUR ON power state are not used for envelope detection based receiver for LP-WUS monitoring.
-	For evaluation, 10/20/30 for LP-WUR ON power state are used for OFDM receiver when noise figure is less than [MR noise figure + 2.5dB], [0.2/0.5/1/2/4] for LP-WUS can be assumed for other NF values larger than [MR noise figure + 2.5dB]
-	FFS: LP-WUR power consumption values for FR2.
Note1:	A unit of power is defined to be the same for main receiver and LP-WUS receiver.
Note2:	The values provided are for the purpose of studying power saving gain, and the values can be further revisited and categorized depending on the receiver architecture discussion.
Note3:	For LP-WUR ‘on’ state, more than one value within the above range may be used for evaluation (e.g. for a single LP-WUR architecture)
Note4: 
-	For WUR Off value 0.001, oscillator options 1, 2, 3, 4 are not assumed and only RTC is maintained; 
-	[For WUR Off value 0.02, oscillator options 1, 2 and RTC can be maintained; ]
Note5:	Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization.
[bookmark: _Toc127570620][bookmark: _Toc144508303][bookmark: _Toc149557080]7	LP-WUR and LP-WUS design
[bookmark: _Toc127570621][bookmark: _Toc144508304][bookmark: _Toc149557081][bookmark: _Toc101357117]7.1	LP-WUS receiver architectures
This clause includes the studies for LP-WUR architectures. It does not intend to mandate the implementation of any specific type(s) of LP WUR architecture at the UE. Note this does not prevent RAN4 from defining requirements for LP WUR in the normative phase.
For the study on LP WUR architecture, power consumption relative to the deep sleep state of the MR is provided.
-	Deep sleep state of non-RedCap UE should be assumed
For the LP WUR architectures analysis, in addition to LP-WUS detection, consider the following functions when necessary:
-	Synchronization signal processing and time/frequency synchronization for LP-WUR
-	RRM measurement at least for the serving cell
[bookmark: _Toc127570622][bookmark: _Toc144508305][bookmark: _Toc149557082]7.1.1	General description of receiver types
Study at least the following three types of receiver architectures for LP-WUR:
-	Architecture with RF envelope detection 
-	Heterodyne architecture with IF envelope detection
-	Homodyne/zero-IF architecture with baseband envelope detection
-	Note: The details of each type of receiver architecture are discussed separately.
-	Note: Above receiver architectures are considered suitable for OOK modulation. Some of the architectures can be applicable for other modulations such as FSK.
[bookmark: _Toc127570623][bookmark: _Toc144508306]A)	RF envelope detection
The architecture with RF envelope detection is based on at least the following diagram for LP-WUR.
-	The RF signal is converted into baseband signal directly via an RF envelope detector.
-	There is no Local Oscillator (LO) and no Phase-Locked Loop (PLL).
-	1 bit or multi-bit ADC is applied.
-	Some component(s), e.g., RF LNA and/or BB AMP, can be optionally applied.
-	High-Q matching network and/or RF BPF [and/or BB LPF] can be used to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
-	FFS the support of band and/or carrier tuning

[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps2.jpg]
Figure 7.1.1-1: RF envelope detection based LP-WUR diagram
For the architecture with RF envelope detection,
-	It can achieve relatively low power consumption due to the removal of LO/PLL.
-	Interference suppression for adjacent channel interference requires very high-Q matching network and/or RF BPF, which is challenging due to the high Q values and may require off-chip components.
-	Interference suppression for interference from legacy NR signals and/or other LP WUS on adjacent subcarriers, if performed in RF, requires very high-Q matching network and/or RF BPF, which is challenging due to the high Q values and may require off-chip components.
-	The support of multiple bands and/or carriers may require multiple high-Q matching networks and/or RF BPFs or multiple off-chip components.
-	RF LNA can be applied to improve sensitivity, with the cost of additional power consumption.
-	The noise figure can be relatively high.
[bookmark: _Toc127570624][bookmark: _Toc144508307]B)	Heterodyne architecture with IF envelope detection
The heterodyne architecture with IF envelope detection is based on at least the following diagram for LP-WUR.
-	The RF signal is down converted into IF signal via an RF mixer with a LO. The IF signal is converted into baseband signal via an IF envelope detection.
-	There may be one or multiple IF stages depending on design.
-	The choice of the LO is one of the major factors that determine the power consumption.
-	Lower power consumption can be achieved by relaxing the accuracy and stability requirements of the LO. However, such increased frequency offset and phase noise should be taken into account in the design and evaluation.
-	FLL (frequency locked loop) may replace PLL for non-coherent detection.
-	1-bit or multi-bit ADC is applied.
-	High-Q matching network and/or RF BPF and/or IF BPF [and/or BB LPF] can be used to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
-	Some component(s), e.g., RF LNA and/or IF AMP and/or BB AMP, can be optionally applied.
-	Image rejection filter or an image rejection mixer is required.
-	FFS the support of band and/or carrier tuning
-	FFS the choice of IF frequency range
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps3.jpg]
Figure 7.1.1-2: Heterodyne architecture with IF envelope detection based LP-WUR diagram
For heterodyne architecture with IF envelope detection,
-	For the support of band and/or carrier tuning, the band and/or carrier tuning can be achieved via tuning the LO frequency.
-	The matching network and RF BPF for LP WUR may or may not reuse those of the main radio.
-	It is more effective and less complex to use IF BPF instead of high-Q matching network and/or RF BPF to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
-	Using FLL instead of PLL consumes less power, but it may result in larger frequency error. 
-	The IF frequency can be properly selected to avoid LO leakage (DC offset) and flicker (1/f) noise.
-	Image rejection can be done via either image rejection filter or image rejection mixer.
-	Image rejection filter can be done in either RF or IF, which may require high-Q filter.
-	Image rejection mixer requires two-branch (I/Q) mixing with good matching in gain and phase, which consumes additional power.
-	RF LNA and/or IF AMP can be applied to improve sensitivity, with the cost of additional power consumption.
[bookmark: _Toc127570625][bookmark: _Toc144508308]C)	Homodyne/zero-IF architecture with baseband envelope detection
The homodyne/zero-IF architecture with baseband envelope detection is based on at least the following diagram for LP-WUR.
-	The RF signal is directly down converted into baseband signal via an RF mixer with a LO. 
-	Baseband envelope detection can be done either in analog domain or in digital domain depending on design, which is not explicitly shown in the diagram.
-	The choice of the LO is one of the major factors that determine the power consumption.
-	Lower power consumption can be achieved by relaxing the accuracy and stability requirements of the LO. However, such increased frequency offset and phase noise should be taken into account in the design and evaluation.
-	FLL (frequency locked loop) may replace PLL for non-coherent detection.
-	1-bit or multi-bit ADC is applied.
-	High-Q matching network and/or RF BPF and/or BB BPF [and/or BB LPF] can be used to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
-	No image rejection filter is required.
-	Some component(s), e.g., RF LNA and/or BB AMP, can be optionally applied.
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps4.jpg]
Figure 7.1.1-3: Homodyne/zero-IF architecture with baseband envelope detection based LP-WUR diagram
For homodyne/zero-IF architecture with baseband envelope detection,
-	For the support of band and/or carrier tuning, the band and/or carrier tuning can be achieved via tuning the LO frequency.
-	The matching network and RF BPF for LP WUR may or may not reuse those of the main radio.
-	It is more effective and less complex to use BB BPF/LPF instead of high-Q matching network and/or RF BPF to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers.
-	Using FLL instead of PLL consumes less power, but it may result in larger frequency error.
-	It can suffer from LO leakage (DC offset) and flicker (1/f) noise. The impact may be alleviated by using BB BPF in some cases.
-	RF LNA can be applied to improve sensitivity, with the cost of additional power consumption.
-	The baseband envelope detection can be done in either analog domain (before ADC) or digital domain (after ADC).
[bookmark: _Toc127570626][bookmark: _Toc144508309]D)	FSK receiver
Two examples for FSK receiver architectures are shown below:
-	Example 1: parallel OOK receivers and a comparator circuit, e.g.,
-	Each path can be implemented using either of [the architecture with RF envelope detection,] heterodyne architecture with IF envelope detection, or homodyne/zero-IF architecture with baseband envelope detection.
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps5.png]
Figure 7.1.1-4: FSK receiver with parallel OOK receivers and a comparator circuit based LP-WUR diagram
Study the parallel receiver architectures (as examples that can be captured in the TR) for FSK based on the following diagrams:
-	Parallel homodyne architecture 
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Figure 7.1.1-5: Parallel homodyne architecture
-	The observations made for homodyne/zero-IF architecture with baseband envelope detection in clause 7.1.1-(C) are also applicable here.
-	Parallel heterodyne architecture 
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Figure 7.1.1-6: Parallel heterodyne architecture
-	The observations made for heterodyne architecture with IF envelope detection in clause 7.1.1-(B) are also applicable here.
-	Note: Other architectures are not precluded.
-	The OOK receiver architectures agreed for study in RAN1#110bis-e are also examples that can be captured in the TR
For FSK receiver based on parallel OOK receivers with heterodyne or zero-IF architecture,
-	If no interference between the segments’ detectors is allowed, the frequency gap between two adjacent frequency segments should not be smaller than two times the maximum frequency offset, and at least two times of the max frequency offsets within the frequency gap should not be used by other DL signals/channels or other WUS signals.
-	If some interference between the segments’ detectors is allowed, it can be possible to have frequency gap between two adjacent frequency segments smaller than two times the maximum frequency offset, where the gap is not used by other DL signals/channels or other WUS signals.

-	Example 2: using an FM-to-AM detector [or an FM detector]
-	Alt 1: Use an analog FM-to-AM detector with a similar architecture as for OOK (e.g. heterodyne or zero-IF architecture), except that the envelope detector is replaced by a FM-to-AM detector.
-	Analog FM-to-AM detector can be implemented at least in BB or low-IF.
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps6.jpg]
Figure 7.1.1-7: FSK LP-WUS receiver with FM-AM detector- Alt 1

-	Alt 2: Use a FM-to-AM detector [or an FM detector] implemented in digital domain after ADC, with a heterodyne or zero-IF architecture.
-	Digital FM-to-AM detector implementation can be considered as part of digital baseband processing.
-	Here is an example of using zero-IF architecture:
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps7.jpg]
Figure 7.1.1-8: FSK LP-WUS receiver with FM-AM detector - Alt 2
-	The FM-AM detector can be implemented using a frequency discriminator, which converts frequency variations into amplitude changes. It can be implemented in either analog domain (as in Alt 1) or digital domain (as in Alt 2).
-	One example, as shown in the figure below, is a conventional quadrature FM discriminator. It multiplies received frequency modulated signal with a phase shifted version, followed by a low pass filter. The amplitude of the output signal is proportional to the frequency of the input signal.
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps8.jpg]
Figure 7.1.1-9: FSK LP-WUS receiver with FM-AM detector by using a frequency discriminator
-	Note: Other architectures are not precluded.
Study the receiver architectures (as examples that can be captured in the TR) for FSK with frequency to amplitude conversion based on the following diagrams:
-	Homodyne architecture with frequency to amplitude conversion
-	I/Q branches are required for frequency to amplitude conversion in digital BB.
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Figure 7.1.1-10: Homodyne architecture with frequency to amplitude conversion
-	Heterodyne architecture with frequency to amplitude conversion
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Figure 7.1.1-11: Heterodyne architecture with frequency to amplitude conversion
-	Companies provide the exact type of frequency to amplitude conversion being studied.
-	Note: Other architectures are not precluded.
Observation for FSK with frequency to amplitude conversion:
[bookmark: _Hlk134535886]-	The FSK architectures with frequency to amplitude conversion is applicable to single-SC FSK, but it may be challenging to make the frequency to amplitude conversion work well with multi-subcarrier FSK.
-	Note: single-SC FSK refers to the waveform where each frequency segment has a single subcarrier, and multi-subcarrier FSK refers to the waveform where each frequency segment has multiple subcarriers, as described in the agreements for FSK-1 and FSK-2.
For the FSK architectures with frequency to amplitude conversion, the bandwidth between the frequency segments used for FSK transmissions may not be used for other LP-WUSs or legacy NR transmission in order to allow frequency to amplitude conversion to work properly.
[bookmark: _Toc144508310]E)	OFDMA-based signals/channels detection
For OFDMA-based signals/channels, study the receiver architectures based on the following diagrams:
-	I/Q branches are required for digital BB processing.
-	Digital BB processing may or may not include FFT (companies to provide details on how).
-	For sequence-based OFDM signals/channels, digital BB processing includes sequence correlation in either time domain (without FFT) or frequency domain (after FFT).
-	Proponent companies should at least provide details on power consumption reduction compared to the MR regarding the RF and digital BB processing.
-	Companies are encouraged to provide the break-down for the components.
-	The potential power reduction compared to the main radio may come from e.g.:
-	Lower performance LNA/amplifier
-	Oscillator/PLL with relaxed performance requirements
-	ADC with lower sampling rate and smaller bit-width
-	Reduced BB processing complexity compared to the MR
-	Companies are encouraged to provide the performance analysis corresponding to the considered power consumption considering the impact of e.g. phase noise, I/Q mismatch.
-	Companies to report whether the LP WUR is assumed to share components with MR. In case of component sharing, the potential impact on the MR ultra-deep sleep state should be considered.
-	Companies to report the possible number of information bits
-	In addition, companies should consider the power consumption in the OFF state and the transition energy.
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Figure 7.1.1-12: OFDMA-based signals/channels detection
For the receiver architecture for OFDMA-based signals/channels,
-	The receiver architectures for OFDMA-based signals/channels can be used for OOK/ASK and FSK modulated LP-WUS
-	For sequence-based OFDM signals/channels, one example diagram with time domain correlator (without FFT) for LP-WUS detection is shown below: 
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Figure 7.1.1-13 Example for time domain correlator (without FFT) for LP-WUS detection
[bookmark: _Toc144508311]F)	Additional LP-WUR related designs
For the baseband processing of the LP WUR architectures,
-	The baseband processing may use Goertzel filters as an alternative for FFT to compute the signals for one or more tones. Tone energy is computed and a detection algorithm is used to detect the presence of LP-WUS. One example diagram is shown below:
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Description automatically generated with low confidence]
Figure 7.1.1-14: Example for using Goertzel filters as an alternative for FFT to compute the signals for one or more tones
-	This can be used with the receiver architecture for OFDMA-based signals/channels for OOK-3.
-	This can be used with heterodyne receiver architecture with IF envelope detection or the homodyne receiver architecture with baseband envelope detection for [OOK-1]/FSK-2.
[bookmark: _Toc144508312][bookmark: _Toc149557083]7.1.1a	Analysis of LP-WUR architectures
For the analysis of different LP-WUR receiver types, at least the following aspects have been considered, and the corresponding power consumption and noise figure have been estimated.
-	Assumed modulation/waveform/coding
-	Presence of a RF LNA / IF AMP / BB AMP, and the corresponding gain, if any
-	Local oscillator
-	Type of oscillator and the corresponding frequency accuracy/drifting
-	Handling of time/frequency impairments (e.g. synchronization signal processing and time/frequency synchronization for LP-WUR)
-	Presence of PLL or FLL
-	ADC: sampling rate, bit-width
-	Assumed signal bandwidth and guard band, and frequency location within a carrier (including whether it is fixed or can be flexible)
-	RF/IF/BB filter characteristics (e.g. type of filter, order, cut-off frequency/frequencies), if any
-	Baseband processing (e.g., sequence correlation detection / decoding, other signal processing, if any)
-	Assumed frequency band(s) and the support of band and/or carrier tuning
-	Duty cycle handling of WUS and other signals (if any)
-	Interference rejection capability (including both adjacent-channel interference and interference from adjacent subcarriers occupied by legacy NR signals or other LP WUS)
-	Handling of inter-cell interference
-	Whether there is any mobility support function, e.g. measurement capability
The results are summarized for each receiver architecture considering different waveform candidates (more details can be found in Annex 7.1.1a and the references are in 7.1.1a.4). The analysis is very high level, and the actual power consumption and noise figure are very implementation specific. Note that the power consumption is provided in relative unit, relative to the deep sleep state of the MR for a non-RedCap UE following the non-RedCap UE power model defined in clause 8.1 of TR 38.840.
For the analysis, 
-	FR1 is considered.
-	Most sources assumed RF LNA is present for improved sensitivity.
-	For LP-WUS bandwidth, most sources consider at least 5MHz. Some sources think the analysis is also applicable to bandwidth up to 20MHz.
[bookmark: _Toc144508313][bookmark: _Toc149557084]7.1.1a.1	OOK-1/2/4
[bookmark: _Toc144508314][bookmark: _Toc149557085]7.1.1a.1.1	RF envelope detection
For OOK-1/2/4 with RF envelope detection, some sources ([7A-1] [7A-2] [7A-3] [7A-4] [7A-5] [7A-6]) provided analysis, with relative power consumption and noise figure summarized in Table 7.1.1a-1.
-	The relative power consumption for ON state is in the range of 0.01~0.2.
-	The noise figure is in the range of 12~22 dB.
Table 7.1.1a-1: Relative power consumption and noise figure for OOK-1/2/4 with RF envelope detection
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]
	[7A-5]
	[7A-6]

	Power consumption
(ON state)
	0.05 for single-branch, 0.01 for each additional branch
	0.01
	0.01~0.1
	0.01
	0.01~0.1
	0.05~0.2

	Noise figure (dB)
	20
	17~22
	[12-18]
	20
	15
	20



[bookmark: _Toc144508315][bookmark: _Toc149557086]7.1.1a.1.2	Heterodyne architecture with IF envelope detection
For OOK-1/2/4 with heterodyne architecture with IF envelope detection, some sources ([7A-1] [7A-2] [7A-3] [7A-4] [7A-5] [7A-6] [7A-7] [7A-8]) provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-2.
-	The relative power consumption for ON state is in the range of 0.1~4.
-	The noise figure is in the range of 9~15 dB.
Table 7.1.1a-2: Relative power consumption and noise figure for OOK-1/2/4 with heterodyne architecture with IF envelope detection
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]
	[7A-5]
	[7A-6]

	Power consumption
(ON state)
	0.1 for single-branch, 0.01 for each additional branch
	0.5
	0.1~1
	0.1
	0.1~1
	1~4

	Noise figure (dB)
	15
	10~15
	[9-15]
	15
	12
	12~15



[bookmark: _Toc144508316][bookmark: _Toc149557087]7.1.1a.1.3	Homodyne/zero-IF architecture with baseband envelope detection
For OOK-1/2/4 with homodyne/zero-IF architecture with baseband envelope detection, some sources ([7A-1] [7A-2] [7A-3] [7A-4] [7A-5] [7A-6] [7A-7] [7A-8] [7A-9] [7A-10]) provided analysis, with relative power consumption and noise figure summarized in in Table 7.1.1a-3.
-	The relative power consumption for ON state is in the range of 0.05~4.
-	The noise figure is in the range of 10~16 dB.
Table 7.1.1a-3: Relative power consumption and noise figure for OOK-1/2/4 with homodyne/zero-IF architecture with baseband envelope detection
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]
	[7A-5]
	[7A-6]
	[7A-7]
	[7A-8]
	[7A-9]
	[7A-10]

	Power consumption
(ON state)
	0.09 for single-branch, 0.01 or 0.02 for each additional branch
	0.5
	0.1~1
	0.1
	0.05~
0.5
	0.5~1
	0.1~0.5
	4
	~1
	0.1~0.5

	Noise figure (dB)
	15
	10~15
	[10-16]
	15
	12
	15
	12~15
	15
	~15
	12



[bookmark: _Toc144508317][bookmark: _Toc149557088]7.1.1a.2	FSK
[bookmark: _Toc144508318][bookmark: _Toc149557089]7.1.1a.2.1	Parallel RF envelope detection
For FSK with parallel RF envelope detection, some sources ([7A-1] [7A-4]) provided analysis, with relative power consumption and noise figure summarized in Table 7.1.1a-4.
Table 7.1.1a-4: Relative power consumption and noise figure for FSK with parallel RF envelope detection 
	Source reference
	[7A-1]
	[7A-4]

	Power consumption
(ON state)
	0.05 for single-branch, 0.01 for each additional branch
	0.01

	Noise figure (dB)
	20
	20



[bookmark: _Toc144508319][bookmark: _Toc149557090]7.1.1a.2.2	Parallel heterodyne architecture
For FSK with parallel heterodyne architecture, some sources ([7A-1] [7A-2] [7A-3] [7A-4]) provided analysis, with relative power consumption and noise figure summarized in Table 7.1.1a-5.
-	The relative power consumption for ON state is in the range of 0.1~1.
-	The noise figure is in the range of 9~15 dB.
Table 7.1.1a-5: Relative power consumption and noise figure for FSK with parallel heterodyne architecture 
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]

	Power consumption
(ON state)
	0.1 for single-branch, 0.01 for each additional branch
	0.5
	0.1~1
	0.1

	Noise figure (dB)
	15
	10~15
	[9~15]
	15



[bookmark: _Toc144508320][bookmark: _Toc149557091]7.1.1a.2.3	Parallel homodyne architecture
For FSK with parallel homodyne architecture, some sources ([7A-1] [7A-2] [7A-3] [7A-4]) provided analysis, with relative power consumption and noise figure summarized in Table 7.1.1a-6.
-	The relative power consumption for ON state is in the range of 0.1~1.
-	The noise figure is in the range of 10~16 dB.
Table 7.1.1a-6: Relative power consumption and noise figure for FSK with parallel homodyne architecture
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]

	Power consumption
(ON state)
	0.09 for single-branch, 0.01 or 0.02 for each additional branch
	0.5
	0.1~1
	0.1

	Noise figure (dB)
	15
	10~15
	[10~16]
	15



[bookmark: _Toc144508321][bookmark: _Toc149557092]7.1.1a.2.4	Heterodyne architecture with frequency to amplitude conversion
For FSK with heterodyne architecture with frequency to amplitude conversion, some sources ([7A-1] [7A-3]) provided analysis, with relative power consumption and noise figure summarized in Table 7.1.1a-7.
Table 7.1.1a-7: Relative power consumption and noise figure for FSK with heterodyne architecture with frequency to amplitude conversion 
	Source reference
	[7A-1] (for SC-FSK)
	[7A-3]

	Power consumption
(ON state)
	0.1
	1

	Noise figure (dB)
	15
	TBD


[bookmark: _Toc144508322][bookmark: _Toc149557093]7.1.1a.2.5	Homodyne architecture with frequency to amplitude conversion
For FSK with homodyne architecture with frequency to amplitude conversion, 1 source ([7A-1]) estimated that for SC-FSK, the relative power consumption for ON state is 0.1, and the noise figure is 15dB.
[bookmark: _Toc144508323][bookmark: _Toc149557094]7.1.1a.3	OFDMA-based signal
For OFDMA-based signal, companies have considered sequence-based signal, where the LP WUR performs either time-domain correlation without FFT or frequency-domain correlation after FFT.
[bookmark: _Toc144508324][bookmark: _Toc149557095]7.1.1a.3.1	Time-domain correlation (without FFT)
For OFDM-based signal with time-domain correlation, some sources ([7A-1] [7A-3] [7A-5] [7A-6] [7A-7] [7A-8] [7A-9]) provided analysis, with relative power consumption and noise figure summarized in Table 7.1.1a-8.
-	The relative power consumption for ON state is in the range of 0.15~30.
-	The noise figure is in the range of 7~25 dB.
Table 7.1.1a-8: Relative power consumption and noise figure for OFDM-based signal with time-domain correlation
	Source reference
	[7A-1]
	[7A-3]
	[7A-5]
	[7A-6]
	[7A-7]
	[7A-8]
	[7A-9]

	Power consumption
(ON state)
	0.15~0.2
	10
	10~20
	10~30
	1~5
	10~20
	~5

	Noise figure (dB)
	15
	9.5
	9.5 or 12
	9
	7~10
	9
	15~25



[bookmark: _Toc144508325][bookmark: _Toc149557096]7.1.1a.3.2	Frequency-domain correlation (with FFT)
For OFDM-based signal with frequency-domain correlation, some sources ([7A-2] [7A-3] [7A-5] [7A-7] [7A-10]) provided analysis, with relative power consumption and noise figure summarized in Table 7.1.1a-9.
-	The relative power consumption for ON state is in the range of 1~30.
-	The noise figure is in the range of 7~12 dB.
Table 7.1.1a-9: Relative power consumption and noise figure for OFDM-based signal with frequency-domain correlation
	Source reference
	[7A-2]
	[7A-3]
	[7A-5]
	[7A-7]
	[7A-10]
	[7A-10]

	Power consumption
(ON state)
	10
	30
	20~30
	1~5
	10
	4

	Noise figure (dB)
	7~12
	7
	9.5 or 12
	7~10
	9
	12



[bookmark: _Toc127570627][bookmark: _Toc144508327][bookmark: _Toc149557097]7.1.2	RAN4 studies of the receiver
Editor’s note: RAN4 related conclusions
[bookmark: _Toc137819968][bookmark: _Toc149557098]7.1.2.1	General
This Clause captures the study outcome of LP-WUR RF impacts. RAN4 focus on FR1 frequency ranges as first priority, 2.6GHz is selected as an example band for evaluation purpose.
For evaluation purpose, RAN4 define a new term named as guard RB for LP-WUS, which is Granularity of RB. Meanwhile, the traditional guardband for NR channel bandwidth defined in Clause 5.3, TS 38.101-1 is unchanged.
-	Depending on the LP-WUS location, the LP-WUS guard RBs could be the number of RBs between LP-WUS and other NR signals (edge of LP-WUS RB allocation to nearest edge of eMBB RB allocation), or the number RBs between LP-WUS and nearest edge of guardband (edge of LP-WUS RB allocation to lowest/highest resource in a configured NR transmission bandwidth as in spec TS 38.101-1)
[bookmark: _Toc142563824]RAN4 agrees there is no need to restrict symmetric guard RBs for interference rejection of WUS. 
RAN4 suggests overall bandwidth of the wake-up signal in the NR channel i.e., desired signal along with all the required guard RBs shall fit in the maximum transmission bandwidth configuration as defined in Table 5.3.2-1 of TS 38.101-1.

 
Figure 7.1.2.1-1: Definition of the guardband of NR channel and guard RB for LP-WUS
[bookmark: _Toc149557099]7.1.2.2	ACS evaluation
Adjacent channel selectivity (ACS) is a measure of a receiver's ability to receive an NR signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s). 
In general, NR ACS requirement is derived based on co-existence study to meet max 5% throughput loss metric. While for LP-WUS, the purpose in the study of ACS is not for justification of co-existence between contained LP-WUS and adjacent NR carrier, but to evaluate the required guard RBs in-between the different signals. Given the WUS waveform would be different from NR signal, the traditional throughput loss metric can not be reused. Therefore, RAN4 agrees to focus on the evaluation of required guard RB rather than ACS requirements with co-existence simulation. 
Framework in RAN4 to evaluate ACS and ASCS vs guard RBs:
-	ACS and ASCS guard RB can be evaluated based on the following aspects: 
-	Typical filter characteristic, e.g., filter order, pass BW, cut-off frequency 
-	Guard RB size 
-	RF impairment can also be considered 
-	RAN4 adopts two approaches for guard RB evaluation, i.e., filter suppression level analysis and link level simulation
-	Averaged power attenuation at ACS or ASCS frequency range 
-	FFS whether SINR of the wanted signal at detector input is needed
-	FFS whether use ICS to instead ASCS
-	FFS Coexistence-simulation-based framework can also be considered
-	FFS on details of coexistence study (if needed) of LP-WUS
-	Coverage should be considered
RAN4 Consider a limited set of WUS scenarios in table below for study purpose in RAN4, as shown in Table 7.1.2.2-1.
Table 7.1.2.2-1: Common LP-WUS evaluation parameters for ACS
	NR RF channel BW
	20MHz/100MHz for 5MHz WUS

	Guardband of NR channel
	Unchanged, defined in Clause 5.3.3 in TS 38.101-1.
810kHz for wanted cell1 20MHz (5MHz WUS at edge), and 510kHz for interference cell2 5MHz.

	WUS BW within NR channel
	Max 5.04 MHz

	WUS RB allocation (Note 1)
	24 RB (15kHz SCS) or 12 RB (30kHz SCS) within 5.04 MHz; 

	WUS placement within NR channel
	Edge of channel, i.e., close to guardband

	Guard RB size of LP-WUS
	0 RB, 0.5RB,1RB, 2RB, 3RB 

	ACS interferer (cell 2) 
	5MHz with guardband 

	Filter characteristic
	2nd to 5th order Butterworth
lowpass@ baseband
bandpass@100 MHz
bandpass@2.6 GHz

	Filter passband BW
	Same as WUS bandwidth (number of RBs)

	Target ACS
	TBD; reuse NR value as starting point

	Target WUS SNR
	TBD

	WUS SNR condition
	TBD

	NR power level
	TBD

	RF impairment
	Max. Center frequency offset based on companies report

	Note 1: For easy evaluation, the number of allocated WUS RBs is fixed. The number of Guard RBs is changed. 



The frequency response of 2nd to 5th order Butterworth filters are shown as below:
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Figure 7.1.2.2-1: Frequency response of Butterworth filters

For ACS guard RB evaluation, RAN4 focus on the WUS at the edge of NR channel case, as shown in Figure 7.1.2.2-2.


[bookmark: _Hlk142251404]Figure 7.1.2.2-2: WUS at the edge of NR channel

Filter suppression level analysis: 
For filter suppression level calculation, the suppression level is calculated with averaged power attenuation at ACS frequency range.
Company 1 (R4-2314665)
The parameter assumption is aligned with that in Table 7.1.2.2-1. The required guard RB is provided in the Table 7.1.2.2-1 below. CFO from 0ppm~200ppm is considered as RF impairment impacts.
Table 7.1.2.2-2: Required number of Guard RBs for 5MHz ACS 
	Filter order
	
	ACS, BWinterference = 5MHz

	
	        Guard RB
CBW
	Frequency
Offset
	0RB
	0.5RB
	1RB
	2RB
	3RB

	5th 
	20MHz, SCS = 15KHz
	0 ppm
	-28.20
	-29.51
	-30.37
	-32.43
	-34.40

	
	
	5 ppm
	-27.95
	-29.26
	-30.11
	-32.18
	-34.14

	
	
	10 ppm
	-27.69
	-29.01
	-29.86
	-31.92
	-33.88

	
	
	50 ppm
	-25.73
	-27.02
	-27.87
	-29.92
	-31.87

	
	
	200 ppm
	-19.35
	-20.52
	-21.31
	-23.24
	-25.13

	
	100MHz, SCS = 30KHz
	0 ppm
	-34.51
	-36.33
	-38.07
	-41.33
	-44.33

	
	
	5 ppm
	-34.25
	-36.07
	-37.81
	-41.07
	-44.07

	
	
	10 ppm
	-33.99
	-35.81
	-37.55
	-40.81
	-43.81

	
	
	50 ppm
	-31.97
	-35.53
	-33.79
	-38.79
	-41.79

	
	
	200 ppm
	-25.21
	-27.00
	-28.72
	-31.97
	-34.97

	4th
	20MHz, SCS = 15KHz
	0 ppm
	-23.71
	-24.70
	-25.35
	-26.92
	-28.42

	
	
	5 ppm
	-23.51
	-24.50
	-25.15
	-26.72
	-28.22

	
	
	10 ppm
	-23.31
	-24.30
	-24.94
	-26.51
	-28.01

	
	
	50 ppm
	-21.75
	-22.73
	-23.37
	-24.92
	-26.41

	
	
	200 ppm
	-16.73
	-17.61
	-18.20
	-19.65
	-21.08

	
	100MHz, SCS = 30KHz
	0 ppm
	-28.35
	-29.76
	-31.11
	-33.64
	-35.97

	
	
	5 ppm
	-28.14
	-29.55
	-30.90
	-33.43
	-35.77

	
	
	10 ppm
	-27.94
	-29.34
	-30.69
	-33.22
	-35.56

	
	
	50 ppm
	-26.34
	-27.74
	-29.08
	-31.61
	-33.95

	
	
	200 ppm
	-20.98
	-22.34
	-23.67
	-26.17
	-28.50

	3rd 
	20MHz, SCS = 15KHz
	0 ppm
	-18.80
	-19.49
	-19.94
	-21.04
	-22.10

	
	
	5 ppm
	-18.65
	-19.34
	-19.79
	-20.89
	-21.94

	
	
	10 ppm
	-18.50
	-19.19
	-19.64
	-20.74
	-21.79

	
	
	50 ppm
	-17.36
	-18.04
	-18.48
	-19.56
	-20.61

	
	
	200 ppm
	-13.68
	-14.29
	-14.69
	-15.70
	-16.69

	
	100MHz, SCS = 30KHz
	0 ppm
	-21.90
	-22.90
	-23.87
	-25.70
	-27.39

	
	
	5 ppm
	-21.75
	-22.75
	-23.72
	-25.54
	-27.24

	
	
	10 ppm
	-21.59
	-22.60
	-23.56
	-25.39
	-27.09

	
	
	50 ppm
	-20.41
	-21.41
	-22.37
	-24.19
	-25.88

	
	
	200 ppm
	-16.46
	-17.43
	-18.36
	-20.14
	-21.82

	2nd
	20MHz, SCS = 15KHz
	0 ppm
	-13.43
	-13.84
	-14.11
	-14.77
	-15.41

	
	
	5 ppm
	-13.34
	-13.75
	-14.02
	-14.68
	-15.31

	
	
	10 ppm
	-13.25
	-13.65
	-13.92
	-14.58
	-15.22

	
	
	50 ppm
	-12.52
	-12.92
	-13.18
	-13.83
	-14.45

	
	
	200 ppm
	-10.16
	-10.53
	-10.77
	-11.36
	-11.95

	
	100MHz, SCS = 30KHz
	0 ppm
	-15.18
	-15.80
	-16.40
	-17.54
	-18.62

	
	
	5 ppm
	-15.08
	-15.70
	-16.30
	-17.44
	-18.52

	
	
	10 ppm
	-14.98
	-15.60
	-16.20
	-17.34
	-18.41

	
	
	50 ppm
	-14.22
	-14.83
	-15.42
	-16.56
	-17.62

	
	
	200 ppm
	-11.70
	-12.28
	-12.85
	-13.94
	-14.98



Company 5 (R4-2311502)
The evaluation parameters are listed in Table 7.1.2.2-3 below. 
[bookmark: _Ref142524001]Table 7.1.2.2-3: Evaluation assumptions.
	WUS signal bandwidth
	4.32 MHz

	Interferer power level
	 0 dBc

	F0
	2.6 GHz

	Filter Type
	Butterworth



Table 7.1.2.2-4: Guard required in KHz for a target interference level of -10 dBc.
	CFO
	Filter order

	
	1
	2
	3
	4
	5

	± 0 ppm
	4320.0
	1598.4
	972.0
	691.2
	540

	± 5 ppm
	4346.0
	1608.0
	977.9
	695.4
	543.3

	± 50 ppm
	4580.0
	1694.6
	1030.5
	732.8
	572.5

	± 100 ppm
	4840.0
	1790.8
	1089.0
	774.4
	605.0

	± 200 ppm
	5360.0
	1983.2
	1206.0
	857.6
	670.0



Based on the results in Table 7.1.2.2-4, we suggest that for 5th order filter, the guard RB number for LP-WUS can be 2RBs for 30KHz SCS, or 3RBs ~ 4RBs for 15KHz SCS.

Link-level simulation analysis: 
Company 1 (R4-2314665)
The detailed parameters are listed in Table 7.1.2.2-5.
Table 7.1.2.2-5: LP-WUS ACS and ASCS simulation parameters
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz

	Case name
	OOK-1 waveform 
	OOK-2 waveform
	OOK-4 waveform

	Channel structure
	data: 6 bits CRC: 8 bits 
	data: 20 bits CRC: 8 bits 
	data: 20bits CRC: 8 bits 

	Chip rate
	M=1
	M=2
	M=2

	WUS duration
	 28 symbols

	Waveform
	OOK -1/OOK-2/OOK-4

	Coding
	1/2 rate Manchester coding 

	Time error
	0

	residual Frequency error
	0/10/20/50/22700 ppm(for ASCS evaluation)

	SCS
	30kHz

	gNB Channel BW 
	20MHz (50 RB)

	WUS BW
	12RB ~4.32MHz  

	Guardband of NR channel (ACS)
	27RE~810kHz for wanted cell1 20MHz (5MHz WUS at edge), and 510kHz for interference cell2 5MHz.

	Guard RB
	Outer GB:2/1/0.5RB on each side of LP-WUS bandwidth (2 RB for ACS)
Inner GB: 4RE between segments

	Filter 
	3th/5th Order lowpass Butterworth with 4.32MHz bandwidth
(2.1 MHz bandwidth for OOK-2 M=2)

	ASCS
	PDSCH mapped on RBs not used for LP-WUS and Guard RB;
EPRE of PDSCH /EPRE of LP-WUS  = 0 dB
Same PSD with WUS signal

	ACS
	PDSCH mapped on RBs(14RB~5MHz), one side;
EPRE of PDSCH /EPRE of LP-WUS  = 31.5 dB
31.5dB higher

	Sampling Rate
	7.68MHz

	ADC bit width
	4 bits ADC for ASCS, 8 bits ADC for ACS;

	Phase noise
	unable

	Power boosting
	0dB for OOK-1/4
3dB for OOK-2

	Channel Model
	TDL-C 300

	Performance metric
	{FAR, MDR}: {1%, 1%}



The simulation results are in Figure 7.1.2.2-3 for ACS.
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Figure 7.1.2.2-3: ACS guard RB evaluation
It can be observed that 1 RB of 30kHz SCS with 5th order filtering is sufficient for OOK-1, OOK-2, and OOK-4 LP-WUS.

Company 2 (R4-2312248)
The 5MHz interferer is 31.5dB higher than the wanted signal for ACS simulation. Simulations for the waveforms in Figure 6 have been performed.
[image: ]
Figure 7.1.2.2-4: Some of the LP-WUS waveform options
For waveform options of OOK-2, FSK-1 and FSK-2, since segmented RB allocations are considered, several narrower filters would be needed to filter out the interference in contrast to a single filter used for OOK-1 and OOK-4.
Figure 7.1.2.2-5 shows the simulation results for the aforementioned waveforms.
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a) Guard RB evaluation of OOK-1									b) Guard RB evaluation of OOK-2
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c) Guard RB evaluation of OOK-4									d) Guard RB evaluation of FSK-1
[image: ]
e) Guard RB evaluation of FSK-2
Figure 7.1.2.2-5: ACS guard RB evaluation for several waveforms
For the evaluated waveform options of OOK-1, OOK-2, OOK-4, FSK-1 and FSK-2, guard RB with the size of one 30kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR carrier. For 5th order Butterworth filter assumption, it is proposed to reserve 1 RB for 30kHz SCS or 2RBs for 15kHz SCS for protection of LP-WUS from interference of the adjacent NR carrier.

Company 3 (R4-2311902)
Simulations were done to evaluate the impact of adjacent channel and adjacent subcarrier interference. The simulation configuration was created closely match with existing RAN4 minimum requirement for adjacent channel selectivity. Minor adaptations needed to be done as 30 kHz SCS was used. The details of the simulation configuration are provided in Table 7.1.2.2-6.
Table 7.1.2.2-6: Simulation configuration
	NR system BW
	20 MHz

	Subcarrier spacing 
	30 kHz

	Guardband of NR channel
	810 kHz

	WUS BW within NR channel
	12 RB = 4.32 MHz

	WUS signal 
	OOK-4

	Guard RB size of LP-WUS
	0 or 1 RB. GB is placed outside of the 12 RB carrying WUS


	WUS placement within NR channel
	Immediately adjacent to system BW edge, NR channel GB is respected
Additional 3RB = 1.08 MHz offset from system BW edge compared to case 1)

NOTE:  Together with 1 RB GB, total offset from system BW edge to first WUS RB is 4 RB = 1.44 MHz

	ACS interferer signal
	12 RB = 4.32 MHz, center of interferer 2.52 MHz offset from system BW channel edge 

	ACS interferer signal level
	Relative difference to signals within system BW aligned with Table 7.5-3 in TS 38.101-1 for 20 MHz channel bandwidth

	Adjacent subcarrier interference
	Except for the Guard RB size of LP-WUS of 0 or 1 RB, all subcarriers within system BW carry OFDM QPSK data

	Filter characteristic
	2nd to 5th order Butterworth


	Filter passband BW (-3 dB)
	4.32 MHz
5 MHz
6 MHz

	LO frequency
	In the middle of WUS

	Frequency error
	Not modelled

	Phase noise
	Not modelled

	Non-linearities
	Not modelled

	Channel model
	TDL-C 300 ns



Simulation results are also optimistic as no frequency error, phase noise or non-linearities were modelled. For filter passband BW 3 options were used. With the narrowest passband BW the filter already cuts into WUS with 3 dB attenuation at WUS edges. Wider bandwidths are used to model practical implementation imperfections as well as possibility of missing or simplified calibration for filter corner frequency.

First an example of ACI impact and GB impact are presented in Figures 7.1.2.2-6 and 7.1.2.2-7. 
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Figure 7.1.2.2-6: Impact of ACI, 3rd order filter, 4.32 MHz filter BW, WUS at system BW edge with GB = 0 RB
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Figure 7.1.2.2-7: Impact of GB, 3rd order filter, 4.32 MHz filter BW, WUS at system BW edge with GBoff meaning GB = 0RB and with GBon meaning 1 RB GB. ACI is on for both curves.
It can be seen that for the chosen example scenario, adding ACI results in extremely poor BER. With no ACI present, there is clear relationship between SNR and BER. Whether guard band of 1 RB = 360 kHz is present or not does not change the results meaningfully. When looking at the SINR vs. SNR, the explanation is clear: when ACI is present, SINR never increase above -7 dB when SNR increases to 10 dB.

Next results are presented for different filter bandwidths and filter orders when ACI is present in Figures 7.1.2.2-8 and 7.1.2.2-9.
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Figure 7.1.2.2-8: Left: BER vs. SNR, 4.32 MHz filter BW, WUS at system BW edge, GB = 1 RB; Right: BER vs. SNR, 5 MHz filter BW, WUS at system BW edge, GB = 1 RB
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Figure 7.1.2.2-9: Left: BER vs. SNR, 4.32 MHz filter BW, WUS at system BW edge, GB = 0 RB; Right: BER vs. SNR, 5 MHz filter BW, WUS at system BW edge, GB = 0 RB
It can be seen that with 1 RB GB, BER is starting to be borderline acceptable with higher SNR levels only with 5th order filter which for which the -3 dB bandwidth is exactly aligned with WUS BW. This is when no phase noise, non-linearities, frequency error, or practical filter implementation aspects are considered. Also with 15 kHz SCS, the NR channel GB would be narrower and performance with the same 360 kHz GB would be worse. Therefore, we conclude that 360 kHz GB at channel edge does not enable low-power low-cost RF implementation of wake-up receiver.

To estimate the required GB we simulated how the performance changes if 3 additional RBs, i.e. additional 1.08 MHz, are used for guard band at channel edge. These RBs carry NR OFDM signal. Together with the WUS GB of 0 or 1 RB, the total separation from system BW edge is up to 1.44 MHz, and this is on top of the NR channel GB of 810 kHz. Results are shown in Figures 7.1.2.2-10 to 7.1.2.2-11.
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Figure 7.1.2.2-10: Left: BER vs. SNR, 4.32 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 0 RB; Middle: BER vs. SNR, 5 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 0 RB; Right: BER vs. SNR, 6 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 0 RB
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Figure 7.1.2.2-11: Left: BER vs. SNR, 4.32 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 1 RB; Middle: BER vs. SNR, 5 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 1 RB; Right: BER vs. SNR, 6 MHz filter BW, WUS 3 RB offset from system BW edge, GB = 1 RB
The results in Figures 7.1.2.2-6 to Figure 7.1.2.2-11 show that even with total of 1.44 MHz separation from system BW edge, on top of the 810 kHz NR channel GB the SINR with 3rd order filter will not rise above 0 dB. This is with the filter BW matched to WUS BW, no nonlinearities, no frequency error and no phase noise present. If some practical filter implementation aspects are considered and therefore 5 MHz filter BW is considered, only 5th order filter reaches acceptable performance. With 15 kHz SCS the NR channel GB would be narrower, and performance would be worse.
If full flexibility for WUS location within NR channel bandwidth is needed, the opportunities for low-power implementation are severely limited for envelope detection based RF implementations. Analog filtering is not sufficient if WUS is placed on the RBs closest to channel edge. Even with 4RB, i.e. 1.44 MHz offset with 30 kHz SCS, performance challenges remain unless complex high order filtering with accurate filter BW is used. For 15 kHz, the performance is expected to be worse due to narrower NR channel GB.
To enable digital filtering, analog-to-digital conversion needs to have sufficient dynamic range to digitize also the interfering signal. Increase in ADC complexity results in higher power consumption.
Analog envelope detection architectures will perform poorly or require a complex implementation if WUS is placed immediately adjacent to channel edge. To improve the likelihood of successful operation and allowing possibilities for low-power implementation, greater than 1.44 MHz offset from outermost RB edge at channel edge is needed, but exact value needs further study. For architectures using digital detection, placing WUS away from channel edge can enable use of simpler RF HW and power savings.

Company 4 (R4-2313476)
The simulation parameters are listed in Table 7.1.2.2-7 below. 
Table 7.1.2.2-7: LLS parameters
	Parameters 
	Value

	Carrier frequency 
	2.6 GHz

	Channel 
	TDL-C

	SCS
	30 kHz

	Delay spread 
	300 ns

	UE speed
	3 km/h

	UE Rx antennas 
	1 for WUR

	WUR sampling rate 
	10 Msps

	WUS bandwidth
	For OOK WUS: 
5 MHz (for 30 kHz SCS: 12 PRBs+ ~ 1 PRB guard band each side of WUS)

	Number of ADC bits
	8

	Receiver filter
	3rd order Butterworth, filter BW is the same as WUS BW

	Non-WUS transmissions
	Adjacent channel interference from other NR transmissions is considered. 

	Max. false alarm due to noise or random symbols
	0.1%

	Frequency offset (ppm)
	For OOK WUS: 
50 ppm maximum frequency error

	Rx approach
	Payload based: based on Manchester decoding.

	RF impairments
	Phase noise profile

	
	Phase noise (dBc/Hz)

	Offset
	NF 9 dB 
	NF 12 dB 
	NF 15 dB

	@5MHz
	-99.4
	-99.4
	-99.4

	@10MHz
	-108.1
	-105
	-102.1

	@15MHz
	-120
	-117
	-114






It can be observed in Figure 7.1.2.2-12 that for SNR@10% BLER the SNR gain is 2 dB when increasing the offset between WUS to ACS interferer from 5MHz to 10MHz for NF of 15 dB. For SNR@1% which is the same with PDCCH, the 5MHz offset result in error floor. The SNR gain is even higher for smaller NF (12 dB or 9 dB). The trend is similar for 1bit OOK and multi-bit OOK, though the SNR gain is more for multi OOK bit case than for single OOK bit per case.  The simulation does not take account the leakage power from ACS interferer. As for the reciprocal mixing, this is the impairment when a high-power level interferer signal present and filter attenuation does not help when the phase noise of the LO is mixed with interferer into the wanted signal bandwidth.
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Figure 7.1.2.2-12: Link performance when ACS interferer is present.

Summary for ACS guard RB analysis:
Based on the analysis above, RAN4 suggested that for 5th order filter, the guard RB number for LP-WUS ACS is in the range of 1RB ~ 3RBs for 30KHz SCS, or 2RBs ~6RBs for 15KHz SCS.
[bookmark: _Toc149557100]7.1.2.3	ASCS evaluation
To evaluate the in-channel interference, RAN4 has defined a new metric as Adjacent Subcarrier Selectivity (ASCS) for evaluation purpose, which is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent sub-carrier(s).  
The ACSC BWinterference is set as 5MHz, for both ~5MHz and ~1.4MHz WUS cases, as a starting point for ASCS evaluation. The same PSD of WUS and NR signal is assumed within the channel.
As shown in Figure 7.1.2.3-1, WUS at the center of NR channel would be the worst case of ASCS.
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Figure 7.1.2.3-1：WUS at the centre of NR channel, only ASCS needs to be considered. 
[bookmark: _Hlk142514192]Table 7.1.2.3-1: LP-WUS evaluation parameters for WUS at centre
	NR RF channel BW
	20MHz/100MHz for 5MHz WUS

	Guardband of NR channel
	Unchanged, defined in Clause 5.3.3 in TS 38.101-1

	WUS BW within NR channel
	Max 5.04 MHz

	WUS RB allocation (Note 1)
	24 RB (15kHz SCS) or 12 RB (30kHz SCS) in 5.04 MHz; 

	WUS placement within NR channel
	case 1: Center; 

	Guard RB size of LP-WUS
	0 RB, 0.5RB,1RB, 2RB, 3RB at each side
Symmetric guard RB 

	ASCS interferer
	5MHz 

	Filter characteristic
	2nd to 5th order Butterworth
lowpass@ baseband
bandpass@100MHz
bandpass@2.6GHz

	Filter passband BW
	Same as WUS bandwidth (number of RBs)

	Target ACS
	TBD

	Target ASCS
	TBD

	Target WUS SNR
	TBD

	NR power level
	Same PSD with WUS signal 

	RF impairment
	Max. Center frequency offset = 5, 10, 50, 200 ppm. Initial search

	Note 1: For easy evaluation, the number of allocated WUS RBs is fixed. The number of Guard RBs is changed. 



Filter suppression level analysis: 
Company 1 (R4-2314665)
The parameter assumption is aligned with that in Table 7.1.2.2-1. The required guard RB is provided in the Table 7.1.2.3-1 below.
Table 7.1.2.3-2: 5MHz LP-WUS ASCS results for WUS at center
	Filter order
	
	ASCS, BWinterference = 5MHz

	
	       Guard RB
CBW
	Frequency
Offset
	0RB
	0.5RB
	1RB
	2RB
	3RB

	5th 
	20MHz, SCS = 15KHz
	0 ppm
	-19.25
	-20.67
	-21.63
	-24.04
	-26.39

	
	
	5 ppm
	-19.04
	-20.45
	-21.40
	-23.79
	-26.13

	
	
	10 ppm
	-18.83
	-20.22
	-21.17
	-23.55
	-25.89

	
	
	50 ppm
	-17.26
	-18.54
	-19.42
	-21.68
	-23.95

	
	
	200 ppm
	-12.73
	-13.63
	-14.26
	-15.96
	-17.81

	
	100MHz, SCS = 30KHz
	0 ppm
	-18.24
	-20.63
	-22.97
	-27.59
	-31.80

	
	
	5 ppm
	-18.03
	-20.40
	-22.72
	-27.34
	-31.54

	
	
	10 ppm
	-17.82
	-20.17
	-22.48
	-27.08
	-31.28

	
	
	50 ppm
	-16.25
	-18.42
	-20.61
	-25.11
	-29.28

	
	
	200 ppm
	-11.74
	-13.27
	-14.90
	-18.70
	-22.60

	4th
	20MHz, SCS = 15KHz
	0 ppm
	-16.99
	-18.06
	-18.78
	-20.58
	-22.34

	
	
	5 ppm
	-16.82
	-17.88
	-18.60
	-20.39
	-22.14

	
	
	10 ppm
	-16.56
	-17.71
	-18.42
	-20.20
	-21.95

	
	
	50 ppm
	-15.37
	-16.36
	-17.03
	-18.73
	-20.42

	
	
	200 ppm
	-11.54
	-12.28
	-12.80
	-14.15
	-15.57

	
	100MHz, SCS = 30KHz
	0 ppm
	-16.03
	-17.84
	-19.57
	-23.06
	-26.27

	
	
	5 ppm
	-15.87
	-17.65
	-19.38
	-22.86
	-26.06

	
	
	10 ppm
	-15.70
	-17.47
	-19.19
	-22.65
	-25.86

	
	
	50 ppm
	-14.42
	-16.08
	-17.72
	-21.10
	-24.27

	
	
	200 ppm
	-10.61
	-11.87
	-13.15
	-16.05
	-18.99

	3rd 
	20MHz, SCS = 15KHz
	0 ppm
	-14.18
	-14.92
	-15.42
	-16.65
	-17.86

	
	
	5 ppm
	-14.05
	-14.79
	-15.28
	-16.51
	-17.71

	
	
	10 ppm
	-13.92
	-14.66
	-15.15
	-16.37
	-17.57

	
	
	50 ppm
	-12.95
	-13.64
	-14.11
	-15.28
	-16.45

	
	
	200 ppm
	-9.95
	-10.51
	-10.89
	-11.87
	-12.87

	
	100MHz, SCS = 30KHz
	0 ppm
	-13.33
	-14.58
	-15.76
	-18.17
	-20.42

	
	
	5 ppm
	-13.20
	-14.44
	-15.62
	-18.02
	-20.27

	
	
	10 ppm
	-13.07
	-14.31
	-15.48
	-17.87
	-20.12

	
	
	50 ppm
	-12.10
	-13.28
	-14.40
	-16.73
	-18.95

	
	
	200 ppm
	-9.13
	-10.07
	-10.10
	-13.04
	-15.08

	2nd
	20MHz, SCS = 15KHz
	0 ppm
	-10.71
	-11.15
	-11.44
	-12.17
	-12.88

	
	
	5 ppm
	-10.62
	-11.06
	-11.35
	-12.08
	-12.78

	
	
	10 ppm
	-10.54
	-10.98
	-11.27
	-11.99
	-12.69

	
	
	50 ppm
	-9.89
	-10.31
	-10.59
	-11.29
	-11.98

	
	
	200 ppm
	-7.86
	-8.22
	-8.46
	-9.06
	-9.67

	
	100MHz, SCS = 30KHz
	0 ppm
	-10.05
	-10.79
	-11.49
	-12.92
	-14.27

	
	
	5 ppm
	-9.97
	-10.71
	--11.40
	-12.82
	-14.18

	
	
	10 ppm
	-9.89
	-10.62
	-11.31
	-12.73
	-14.08

	
	
	50 ppm
	-9.25
	-9.96
	-10.62
	-12.00
	-13.33

	
	
	200 ppm
	-7.24
	-7.85
	-8.42
	-9.65
	-10.87



Company 4 (R4-2311502)
The evaluation parameters are listed in Table 7.1.2.3-3 below. 
Table 7.1.2.3-3: Evaluation assumptions.
	WUS signal bandwidth
	4.32 MHz

	Interferer power level
	 0 dBc

	F0
	2.6 GHz

	Filter Type
	Butterworth



Table 7.1.2.3-4: Guard required in KHz for a target interference level of -10 dBc.
	CFO
	Filter order

	
	1
	2
	3
	4
	5

	± 0 ppm
	4320.0
	1598.4
	972.0
	691.2
	540

	± 5 ppm
	4346.0
	1608.0
	977.9
	695.4
	543.3

	± 50 ppm
	4580.0
	1694.6
	1030.5
	732.8
	572.5

	± 100 ppm
	4840.0
	1790.8
	1089.0
	774.4
	605.0

	± 200 ppm
	5360.0
	1983.2
	1206.0
	857.6
	670.0



Based on the above table, we suggest that for 5th order filter, the guard RB number for LP-WUS can be 2RBs for 30KHz SCS, or 3RBs ~ 4RBs for 15KHz SCS.

Link-level simulation analysis: 
Company 1 (R4-2314665)
The detailed parameters are listed in Table 7.1.2.2-3. The simulation results are in Figure 7.1.2.3-2.
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Figure 7.1.2.3-2: ASCS guard RB evaluation

Company 2 (R4-2312248)
Different from ACS, for evaluation of ASCS we consider the PSD for all RBs including both LP-WUS and NR signal is flat and no power boosting is considered for LP-WUS signal. Figure 7.1.2.3-3 shows the ASCS guard band evaluation for several different waveforms, all the simulations are based on 5th order Butterworth filter.
[image: ][image: ]
a) ASCS guard RB evaluation for OOK-1
[image: ][image: ]
b) ASCS guard RB evaluation for OOK-2
[image: ][image: ]
c) ASCS guard RB evaluation for OOK-4
[image: ][image: ]
d) ASCS guard RB evaluation for FSK-1
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e) ASCS guard RB evaluation for FSK-2
Figure 7.1.2.3-3: ASCS guard RB evaluation
Less guard RB is required for ASCS compared to ACS between LP-WUS and NR signals. Considering frequency offset impact, guard RB with the size of one 15kHz SCS RB could provide necessary protection of LP-WUS from interference of adjacent NR sub-carriers.

Company 3 (R4-2313476)
[bookmark: _Ref142474225]For ASCS, it can be observed that 1st order filter performs worst while and even with adding 6 RB, the link performance only slightly improves., This means that guard RB does not considerably help if filter order is so low in WUR implementation. For higher than 2nd and 3rd order, the needed Guard RB is not obvious. In simulated link performance vs # RB for 3rd order filter in Figure 7.1.2.3-4, the SNR improvement for 2 RB is 0.2 dB.
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Figure 7.1.2.3-4: Link performance for ASCS selectivity with different filter order
[bookmark: _Ref142670055][bookmark: _Ref142670067]If the filter order is higher than and equal to 2, smaller guard RB (1 to 2 RB) is sufficient between adjacent subcarrier of eMBB signal and a WUS signal. If the filter order is too low, the guard RB does not help to improve the ASCS selectivity.

Summary for ASCS guard RB analysis:
Based on the analysis above, RAN4 suggested that for 5th order filter, the guard RB number for LP-WUS ASCS is in the range of 0.5RB ~ 2RBs for 30KHz SCS, or 1RBs ~4RBs for 15KHz SCS. 
[bookmark: _Toc149557101]7.1.2.4	Phase noise 
Editor’s note: reserved

[bookmark: _Toc149557102]7.1.2.5	gNodeB RF impacts
Editor’s note: reserved

[bookmark: _Toc149557103]7.1.2.6	Multi-band capability
RF envelop detection architecture is more appropriate for single-band operation. IF envelop detection and BB envelop detection are more appropriate for multi-bands operation. Multi-band here still means that only one band at a time is being received. Multi-band capability for other architectures is FFS.
[bookmark: _Toc127570628][bookmark: _Toc144508328][bookmark: _Toc149557104]7.2	LP-WUS design and L1 procedure
-	When evaluating and/or comparing link performance of MC-ASK, MC-FSK, and CP-OFDMA waveforms of LP-WUS at least
-	raw information bit-size
-	Alt 1:
-	average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
-	time/frequency resources used for LP-WUS (including any guard bands)
-	Alt 2:
-	average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
-	FFS: false alarm probability/rate
-	FFS: misdetection probability/rate
are kept [comparable or fixed]. 
-	Study at least
-	impact of timing error
-	impact of frequency error
-	impact of phase noise and I/Q imbalance, if applicable
-	impact of ADC resolution and sampling rate
-	impact of interference
-	impact of delay spread
-	impact of doppler spread
-	Companies to report
-	how they modelled SINR
-	SNR is calculated as average EPRE divided by power of noise [and interference].
-	whether and how power pooling across and within MR OFDMA symbols is used.
-	FFS: PAPR applicable to LP-WUS
-	time/frequency resources (including any guard bands) for the scheme
-	false alarm probability/rate and misdetection probability/rate
-	receiver architecture type and its relative power consumption 
-	When comparing waveforms of LP-WUS, consider the impact to gNB for each of the waveform generation schemes. Consider whether there is impact to PAPR and a need for additional hardware for WUS.
[bookmark: _Toc144508329][bookmark: _Toc149557105]7.2.1	Signal design
[bookmark: _Toc144508330][bookmark: _Toc149557106]7.2.1.1	Waveform
-	Study generation and link performance of multi-carrier (MC)-ASK (including OOK) waveform
-	study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS. 
-	Note that above does not preclude DFT-S-OFDMA 
-	Study generation and link performance of multi-carrier (MC)-FSK waveforms
-	study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS.
-	Study link performance of OFDMA-based signals/channels considering at least the existing signal/channel structure (e.g. CSI-RS, SSS)
-	Other signal/channel structures are not precluded
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
-	FDM/TDM multiplexing with other NR transmissions
-	link performance 
-	impact to legacy UEs
-	impact on gNB 
For waveform generation the following observations are made
-	Flat spectrum in frequency domain provides robustness against frequency selective fading compared to concentrated energy in frequency domain.
-	for OOK-4, sequence before DFT/LS with variation in phase via such as ZC, M-sequence or QAM sequence can achieve more flattened spectrum.
-	Sequences(s) used in LP-WUS symbol generation with different pulse shape or spectral shape may have different performance. 
-	Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches
Further discuss the following potential observations for waveform generation:
-	When DFT is employed in OOK-4 (M>=2), -1/1 alternation in time or frequency shift in frequency domain may be needed to match CP-OFDM generation.
-	Pre-storing of the generated frequency domain samples at gNB may reduce complexity of waveform generation at gNB with memory requirement depending on number of possible combination. This may be up to gNB implementation.
-	Quantization of generated waveform in frequency domain to existing constellation (e.g. 64QAM) has low impact on performance and reduces complexity. This may be up to gNB implementation.
-	Repetition of a sequence(s) used in LP-WUS generation in frequency can be used to improve diversity for MC-OOK and robustness against frequency offsets for MC-FSK.
[bookmark: _Toc144508331][bookmark: _Toc149557107]A)	MC-ASK waveform
For MC-ASK waveform generation, where K is size of iFFT of CP-OFDMA, N is number of SCs used by LP-WUS including potential guard-bands, study further 
-	Option OOK-1: Single-bit in 1 OFDM symbol, SCs of LP-WUS are 
-	OOK=1 means all SCs are modulated
-	OOK=0 means all SCs are zero power (from base-band point of view)
[image: ]

-	Option OOK-2: Parallel M-bit OOK in frequency domain, 
-	N SCs of LP-WUS is further separated into M segments (M=2 in Figure) possibly with guard-bands in-between and/or around 
-	OOK=1 means all SCs in segment are modulated
-	OOK=0 means all SCs in segment are zero power (from base-band point of view)
-	OOK-2 can be received using the agreed receiver architectures for OOK with parallel envelope detection.
[image: ]

-	Option OOK-3: Multi-tone single-bit OOK
-	N SCs of LP-WUS is separated into L segments (L=2 on Figure) without guard-bands in-between segment, but possibly around
-	OOK=1 means 1 sub-carrier (known by UE) of each segment is modulated, rest of SC is zero power (from base-band point of view)
-	OOK=0 means all SCs in all segments are zero power (from base-band point of view)
-	receiver architecture refers to clause 7.1.1-F
[image: ]

-	Option OOK-4: Transform M-bit OOK in time domain 
-	N SCs of OOK-1 are generated by a transformation (DFT/Least square)
-	N’ samples are generated from M-bits 
-	signal modification may or may NOT be used
-	truncation or other additional modification may or may NOT be used, if not used, N is the same as N’
-	N’ can be the same as K
[image: ]

-	FFS modulated SCs are e.g. QAM symbols, sequences or other signals 
-	Companies to report their assumptions
-	potential guard-band SCs are zero power (from base-band point of view)
-	optionally, 2 additional segments, one always modulated and one always zero power (from baseband point of view) can be transmitted
-	Other options are not precluded (e.g. OOK-1 with multiple bits in one OFDM symbol)

Study further methods to modulate input signal of the DFT/Least-Square block for OOK-4, and methods to modulate input signal of N SCs for other MC-ASK/FSK schemes
-	study methods with respect to 
-	improving frequency diversity by flattening the spectrum, frequency repetition and frequency hopping
-	impact to dynamic range of RE power in frequency domain
-	FFS: impact to PAPR of generated time domain modulated MC-ASK/FSK symbol
-	improving robustness to timing error necessary spectrum adjustment for compatibility with CP-OFDM generation
[bookmark: _Toc144508332][bookmark: _Toc149557108]B)	FSK waveform
For M-bit MC-FSK generation study further the following options
-	Option FSK-1: N SCs of LP-WUS are separated to M pairs of segments with potential guard-bands in-between and around. 
-	segment comprises one sub-carrier or multiple contiguous SCs
-	in a pair of segments one segment is modulated, other segment is zero power (from base-band point of view)
-	Option FSK-2: N SCs of LP-WUS are separated to 2^M segments with potential guard-bands in-between and around.
-	segment comprises one sub-carrier or multiple contiguous SCs
-	one segment from 2^M segments is modulated, other segments of SCs are zero power (from baseband point of view)
-	M >0
-	N >1
-	Study how to generate segment in time domain, e.g. OOK-1 or OOK-4 
-	Other options are not precluded.
In FSK2-envelope-IF waveform generation, the N SCs of LP-WUS can be used to generate 2^M segments at the envelope of the LP-WUR’s received signal in baseband where each segment comprises one or more tones.
[bookmark: _Toc144508333][bookmark: _Toc149557109]C)	OFDM waveform

[bookmark: _Toc144508334][bookmark: _Toc149557110]7.2.1.2	Bandwidth and location
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
-	whether BW of LP-WUS is configurable (implicitly or explicitly)
-	size of guard band [FFS: within or outside of BW X], if any 
-	whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI
-	From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
-	At least LP-WUS and signals/channels by MR can be on the same carrier in the band
-	Study further 
-	Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
-	Details on the LP-WUS location within a carrier
-	Band can be different than band of signals/channels used by MR
-	LP-WUS association with BWP
-	LP-WUS can be configurable within guard-band of a band (like NB-IoT)
-	Study RRC connected mode LP-WUS BW, whether same as IDLE/Inactive mode or different 
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
-	Other BW sizes are not precluded
-	if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
-	LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs
From RAN1 perspective, for multiplexing with other NR signals and channels, it is beneficial if LP-WUS can be flexibly configured within a carrier.
[bookmark: _Toc144508335][bookmark: _Toc149557111]7.2.1.3	LP-WUS content
-	For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
-	information on which user(s) is/are targeted by the LP-WUS
-	e.g. UE-group, -subgroup or -ID
-	FFS: cell information 
-	FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
-	For CONNECTED mode, study at least following candidates for content of LP-WUS
-	information on which user(s) is/are targeted by the LP-WUS
-	e.g UE-group, -subgroup or -ID
-	indication to wake-up to PDCCH monitoring.
-	Other information candidates are not precluded
-	Study pros and cons of including above information to LP-WUS. 
-	Note: the information may be explicitly or implicitly indicated.

-	Study further following alternatives to carry the LP-WUS information using: 
-	Alt 1: by sequence(s) detection/selection  
-	FFS sequence type
-	Alt 2: by encoded bits 
-	FFS: what type of encoding scheme
-	FFS: with or without other bits (e.g. CRC/FCS)
-	Other alternatives are not precluded
-	Study whether LP-WUS information needs to be preceded by known one or more sequence(s).
[bookmark: _Toc144508336][bookmark: _Toc149557112]7.2.2	L1 procedures
[bookmark: _Toc144508337][bookmark: _Toc149557113]7.2.2.1	RRM measurements
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
-	examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
-	companies to report assumption of signal used for measurements
For at least RRM serving cell measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc)
-	LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
-	FFS RSSI resource.
-	LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
-	FFS resource of reference signal(s) or signal(s) parts
-	LP-SINR = LP-RSRP/(power of interference and noise) 
-	FFS how to define "power of interference and noise"
-	LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
-	Accounting AGC accuracy, ADC of at least 4 bits is required. 
Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-waveform sequence, LP-SS
Note: The definition of metrics could be further refined based on future study 

RRC IDLE/INACTIVE mode
For a UE support LP-WUR in IDLE/INACTIVE mode, 
-	Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
-	study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
-	FFS: measurement metric
-	FFS: whether and how to identify cell/ tracking area 
-	FFS: need for neighbouring cells
-	FFS: need for relaxation of existing RRM measurement requirements (for UE)

-	For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
-	Periodic reference signal(s) is/are used for LR measurements.
-	FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
-	FFS: periodicity, content
-	MR performs measurements 
-	Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
-	FFS: Condition for relaxation if any
-	Can apply for both neighboring and serving cell
-	Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
-	FFS threshold.
-	Above MR measurement under certain conditions can apply for both neighboring and serving cell
-	Potentially with relaxation methods for MR neighboring cell measurement 
-	Other alternatives are not precluded
-	FFS: Feasibility of RRM measurements of neighbour cells by LP-WUR

The followings are observed,
-	At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following functionality.
-	RRM measurements by LP-WUR, if supported 
-	at least coarse time synchronization of LP-WUR. 
-	at least coarse frequency synchronization of LP-WUR.
-	Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, # of beams, and resource required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-specific) and such further reduce system overhead. 
-	For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization, existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality. 
-	Periodic LP-SS coverage should be equal to or better than that of LP-WUS.
-	For fine time and frequency synchronization, a signal (e.g. preamble) preceding or part of LP-WUS may be used.

RRC CONNECTED mode
Additional descriptions for RRM RRC CONNECTED mode can be found in 7.2.2.6.
[bookmark: _Toc144508338][bookmark: _Toc149557114]7.2.2.2	Synchronization of LP-WUR
Study synchronisation signal used by LP-WUR, if needed, based on 
-	Option 1: aperiodic signal transmitted as part of LP-WUS
-	FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
-	Option 2: periodic signal transmitted separately from LP-WUS
-	Option 3: Option1 + Option2
Additional description of synchronization of LP-WUR can be found in 7.2.2.1.
[bookmark: _Toc144508339][bookmark: _Toc149557115]7.2.2.3	LP-WUS monitoring
Study further pros and cons of the following monitoring behaviours of LP-WUR
-	Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
-	Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 
[bookmark: _Toc144508340][bookmark: _Toc149557116]7.2.2.4	Activation/Deactivation procedures of LP-WUS 
-	Study RRC connected mode LP-WUS activation/deactivation procedures.
-	For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
-	Alt 1a: 
-	gNB transmits legacy paging indication and LP-WUS
-	UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
-	This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
-	Alt 1b: 
-	gNB transmits legacy paging indication and LP-WUS
-	UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
-	This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
-	Alt 2: 
-	activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
-	Paging misdetection performance shall not be impacted.
-	In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of
-	by gNB RRC signaling, with or without UE assistance.
-	by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
-	based on pre-configured condition(s), such as timer. 
-	LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
-	other options are not precluded.
[bookmark: _Toc144508341][bookmark: _Toc149557117]7.2.2.5	Coverage
-	Study techniques/mechanisms to enhance coverage performance of LP-WUS
-	Study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
-	Study potential issues and corresponding solutions for the case when LP-WUS coverage is insufficient 
-	At least study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold.
-	Study the following techniques/mechanisms to enhance coverage performance of LP-WUS
-	low complex channel coding 
-	FEC
-	spreading code in time domain
-	time domain repetition 
-	with combining before or after ED
-	time-domain interleaving
-	Note: Also Manchester coding can be considered as channel code     
-	non-contiguous transmission in the frequency domain
-	frequency domain repetition 
-	frequency-hopping
-	power-boosting
-	transmit diversity
-	study whether any above techniques could be transparent to UE.
[bookmark: _Toc144508342][bookmark: _Toc149557118]7.2.2.6	Additional L1 procedures for RRC CONNECTED mode
-	Study RRC connected mode LP-WUS functionality/purpose/procedures
-	In RRC connected, study the relationship between LP-WUS and legacy UE power saving techniques.
-	In RRC CONNECTED mode, study benefit of LP-WUS over existing Rel-15, R16, and R17 power saving techniques for following functionalities: 
-	LP-WUS with similar functionality as R16 DCP. 
-	LP-WUS activates/resumes PDCCH monitoring when LP-WUS is received.
-	interaction with legacy power saving techniques, if any 
-	other functionalities are not precluded
-	for evaluation 
-	companies to report 
-	assumption on MR sleep state when LP-WUR is monitoring LP-WUS
-	deep sleep,
-	light sleep, 
-	micro sleep
-	how to activate/deactivate LP-WUS monitoring and deactivate/activate PDCCH monitoring
-	LP-WUS waveform
-	For RRC connected mode, the following is assumed for LP-WUS study in RAN1
-	RLM/BFD/CSI are performed by UE Main Radio (MR) 
-	RRM measurements are performed by UE Main Radio (MR)
-	Ultra-deep sleep state is not allowed for MR.
-	Study additional support of RRM measurement by LP-WUR for RRC connected mode
[bookmark: _Toc144508343][bookmark: _Toc149557119]7.2.2.7	Additional L1 procedures for RRC IDLE/INACTIVE modes

[bookmark: _Toc144508344][bookmark: _Toc149557120]7.2.2.8	Others

[bookmark: _Toc127570629][bookmark: _Toc144508345][bookmark: _Toc149557121]7.3	Higher-layer aspects
Editor’s note: The following SI Objective related to higher layer aspects is included in this clause.
-	Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1]
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[bookmark: _Toc127570630][bookmark: _Toc144508346][bookmark: _Toc149557122]8	Evaluation results
[bookmark: _OOK,_Urban,_normal][bookmark: _[Observation_8.2-1]][bookmark: _OOK,_Urban,_Redcap_1][bookmark: _OOK,_Urban,_Normal_1][bookmark: _OOK,_Urban,_Redcap][bookmark: _FSK,_Urban,_Normal_2][bookmark: _FSK,_Urban,_Redcap_2][bookmark: _FSK,_Urban,_Normal_1][bookmark: _FSK,_Urban,_Redcap_1][bookmark: _OFDM,_Urban,_Normal_1][bookmark: _OFDM,_Urban,_Redcap][bookmark: _OFDM,_Urban,_Normal_2][bookmark: _OFDM,_Urban,_Redcap_1][bookmark: _OOK,_Rural,_normal][bookmark: _OOK,_Rural,_Redcap][bookmark: _OOK,_Rural,_Normal_1][bookmark: _OOK,_Rural,_Redcap_1][bookmark: _FSK,_Rural,_Normal][bookmark: _FSK,_Rural,_Redcap][bookmark: _OFDM,_Rural,_normal_2][bookmark: _OFDM,_Rural,_Redcap][bookmark: _OFDM,_Rural,_Normal_1][bookmark: _OFDM,_Rural,_Redcap_1][bookmark: _Toc142303962][bookmark: _Toc144508347][bookmark: _Toc149557123]8.1	Power and latency evaluation
[bookmark: _Toc142303963][bookmark: _Toc144508348][bookmark: _Toc149557124][bookmark: _Hlk133416678]8.1.1	RRC IDLE/INACTIVE mode
The following ‘Effective per UE paging arrival rate (i.e., Reff)’ is defined as (without taking FAR into account)
-	Per UE paging probability RE if LP-WUS is per UE paging
-	Per group paging probability RG = 1 – (1 – RE)N, if LP-WUS is per group paging (N is the number of UEs in the group)
The following names are used,
-		Effective per UE paging arrival rate
-			the period for complete an on-and-off cycle for LP-WUS duty-cycled monitoring,
-		the active time for monitoring LP-WUS every cycle for LP-WUS duty-cycled monitoring
-		LP-WUR duty cycle ratio = D/T
-		LP-WUR on state power
-		LP-WUR off state power
[bookmark: _Toc142303964][bookmark: _Toc144508349][bookmark: _Toc149557125]8.1.1.1	Duty cycled LP-WUS
In this clause, duty cycled LP-WUS is studied and compared to I-DRX cases. In addition, the following is assumed,
[bookmark: _Hlk143704134]-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep if no traffic is arrival
-	MR ramp-up time, transition energy = 400ms, 15000unit,
-	I-DRX cycle = 1.28s
-	FAR <=1% (0%, 0.001%, 0.1%, 1%)
[bookmark: _Toc142303965][bookmark: _Toc144508350][bookmark: _Toc149557126][bookmark: _Toc142303966]8.1.1.1.1	Collection of the results 
[bookmark: _Toc144508351]8.1.1.1.1.1	LR (PWURON, R, FAR) = (<10unit, <=1%, <=1%)
I-DRX cycle = 1.28s, LP-WUR on state power <10unit, LP-WUR duty cycle ratio <=1%,  FAR <=1% (0%, 0.001%, 0.1%, 1%)

Figure 8.1.1.1-1
Note1:	The results combine different LP-WUR(ON, OFF) power values. And detailed simulated combinations can be seen in Table 8.1.1.3-1
Note2:	[8A-12] assumes MR ramp-up time, transition energy is 100ms, 2000unit(not aligned with agreed assumption)
Note3:	WUS monitoring duration is assumed as follows:
-	[8A-16](2ms)/ [8A-11](2ms)/ [8A-17](1ms)/ [8A-9] (1ms)/ [8A-3] (1/1.5/2.5ms)/ [8A-12] (1.26ms)/ [8A-8] (1.28ms)/ [8A-7] (0.25) assume very short WUS monitoring duration.
-	[8A-11](12.8ms)/ [8A-10](8ms)/ [8A-1] (10ms)/ [8A-5] (10ms)/ [8A-15] (6/9/10/12ms)/ [8A-8] (12.8ms)/ [8A-3] (6/10/13ms)/ [8A-4] (13ms)/ [8A-13] (10ms) assume long WUS monitoring duration.
Note4:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-3], [8A-11], [8A-8], [8A-5]
-	FAR = 0.001% is simulated by [8A-12, [8A-15]]
-	FAR = 0.1% is simulated by [8A-3], [8A-4], [8A-17], [8A-11], [8A-13], [8A-16], [8A-8]
-	FAR = 1% is simulated by [8A-3], [8A-4], [8A-17], [8A-11], [8A-13], [8A-1], [8A-10], [8A-16], [8A-8], [8A-7]
Note5:	All the possible values for LP-WUR ON power < 10 are mixed together, further split is shown in clause 8.1.1.3
[bookmark: _Toc144508352][bookmark: _Toc142303967]8.1.1.1.1.2	LR (PWURON, R, FAR) = (<10unit, (1%,5%], <=1%)
I-DRX cycle = 1.28s, LP-WUR on state power <10unit, 1%< LP-WUR duty cycle ratio <=5%,  FAR <=1% (0.001%, 0.1%, 1%)

Figure 8.1.1.1-2
Note1:	The results combine different LP-WUR(ON, OFF) power values. And detailed simulated combinations can be seen in Table 8.1.1.3-1
Note2:	FAR is assumed as follows:	
-	FAR = 0.001% is simulated by [8A-15]
-	FAR = 0.1% is simulated by [8A-3]
-	FAR = 1% is simulated by [8A-7]
Note3:	All the possible values for LP-WUR ON power < 10 are mixed together, further split is shown in clause 8.1.1.3
Note 4:	Results with duty cycle ratio 5~30% are provided by [8A-3], [8A-5], [8A-8], [8A-11], and included in the spread sheet for power evaluation
[bookmark: _Toc144508353]8.1.1.1.1.3	LR (PWURON, R, FAR)  = (>=10unit, <=1%, <=1%)
I-DRX cycle = 1.28s, LP-WUR on state power >=10unit, LP-WUR duty cycle ratio <=1%,  FAR <=1% (0%, 0.001%, 0.1%, 1%)

Figure 8.1.1.1-3
Note1:	The results combines different LP-WUR(ON, OFF) power values. And detailed simulated combinations can be seen in Table 8.1.1.3-1
Note2:	WUS monitoring duration is assumed as follows:
-	[8A-7](0.25ms)/ [8A-16] (2ms)/ [8A-8] (1.28/2.56ms)/ [8A-3] (1/1.5/2.5ms)/ [8A-11] (2ms)/ [8A-9] (1ms)/ [8A-10] (2ms) assume very short WUS monitoring duration.
-	[8A-15](6/9/10/12ms)/ [8A-8](6.4/12.8ms)/ [8A-3] (6/10ms)/ [8A-11] (12.8ms)/ [8A-1] (10ms)/ [8A-13] (10ms) assume long WUS monitoring duration.
Note3:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-3], [8A-11], [8A-8]
-	FAR = 0.001% is simulated by [8A-15]
-	FAR = 0.1% is simulated by [8A-3], [8A-9], [8A-11], [8A-13], [8A-16], [8A-8]
-	FAR = 1% is simulated by [8A-3], [8A-11], [8A-13], [8A-1], [8A-10], [8A-16], [8A-8], [8A-7]
Note4:	all the possible values for LP-WUR ON power > 10 are mixed together, further split is shown in clause 8.1.1.3
[bookmark: _Toc144508354]8.1.1.1.1.3	Latency
I-DRX cycle = 1.28s, LP-WUR duty cycle ratio <=1%, effective per UE paging arrival rate <=8%

Figure 8.1.1.1-4: Legacy PO
Note:	[8A-5] assumes UE-specific indication and therefore latency is the time interval between data arrival at the gNB until the UE finish sync/re-sync for MR, while other companies assume latency is the time interval between data arrival at the gNB until the first PO that UE can monitor for paging message.


Figure 8.1.1.1-5: Dynamic PO
Note:	[8A-13] assumes LP-WUS duty cycle is 1280ms.
Note:	[8A-8] assumes the effective monitoring periodicity for LP-WUS is 128ms.
Note:	[8A-11] assumes LP-WUS duty cycle is 200ms
[bookmark: _Toc142303968][bookmark: _Toc144508355][bookmark: _Toc149557127]8.1.1.1.2	Observations
For duty-cycled LP-WUS monitoring, the following observations are made with the assumption that 
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep if no traffic is arrival
-	MR ramp-up time, transition energy = 400ms, 15000unit,
-	I-DRX cycle = 1.28s
-	FAR <=1% (0%, 0.001%, 0.1%, 1%)
-	effective per UE paging arrival rate <=8%

1)	For WUR ON power < 10unit (i.e., 0.01/0.05/0.1/0.5/1/2/4 unit) with no more than duty cycle ratio 1%
-	Effective per UE paging arrival rate<=1% 
-	Results in [8A-1], [8A-3], [8A-4], [8A-5], [8A-7], [8A-8], [8A-9], [8A-10], [8A-11], [8A-12], [8A-13], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 77%, range: 30%~97%)
-	1%<Effective per UE paging arrival rate <=8% 
-	Results in [8A-1], [8A-3], [8A-5], [8A-8], [8A-10] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 69%, range: 53%~83%)  
2)	For WUR ON power < 10unit (i.e., 0.01/0.05/0.1/0.5/1/2/4 unit) with duty cycle ratio between 1% and 5%
-	Effective per UE paging arrival rate<=1% 
-	Results in [8A-3], [8A-7], [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 92%, range 87%~98%) 
-	1%<Effective per UE paging arrival rate <=8% 
-	Results in [8A-3] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (81%).
3)	For WUR ON power>=10unit (i.e., 10/20/30 unit) with no more than duty cycle ratio 1%
-	Effective per UE paging arrival rate <=1% 
-	Results in [8A-1], [8A-3], [8A-7], [8A-8], [8A-9], [8A-10], [8A-11], [8A-13], [8A-15], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 62%, range: -13%~95%)  
-	1%<Effective per UE paging arrival rate <=8% 
-	Results in [8A-1], [8A-3], [8A-8], [8A-10], [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 63%, range: 42%~81%) 
4)	For latency 
-	Legacy PO 
-	Results in [8A-1], [8A-4], [8A-5], [8A-7], [8A-8], [8A-11], [8A-15], [8A-17] show that compared with i-DRX with or without PEI mean paging latency (0.638~0.768) second, LP-WUS will result in mean paging latency (1.022~1.264) second, which increases mean paging latency (52%~98%) 
-	Results in [8A-3], [8A-10], [8A-13], [8A-16] show that compared with i-DRX with or without PEI paging latency, LP-WUS will result in mean paging latency (1.053~1.909) second without baseline i-DRX latency.
-	Dynamic PO 
-	Results in [8A-8], [8A-11] show that compared with i-DRX with or without PEI mean paging latency (0.638~0.687) second, LP-WUS will result in mean paging latency (0.568~0.599) second, which decreases mean paging latency (6%~17%)
-	Results in [8A-13] show that compared with i-DRX with or without PEI paging latency, LP-WUS will result in mean paging latency (1.08) second without baseline i-DRX latency.
[bookmark: _Toc142303969][bookmark: _Toc144508356][bookmark: _Toc149557128][bookmark: _Hlk143701187]8.1.1.2	Continuous monitoring results and results with duty cycle ratio = 50% LP-WUS
In this clause, continuous monitoring of LP-WUS and LP-WUS monitoring with duty cycle ratio of 50% are studied and the following is assumed, 
-	Continuous monitoring results and results with duty cycle ratio = 50% LP-WUS comparing with I-DRX is as baseline
-	FAR target is determined across a reference time duration T of multiple LP-WUS attempts/trials.
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep if no traffic is arrival
-	MR ramp-up time, transition energy = 400ms, 15000unit
-	I-DRX cycle = 1.28s
-	FAR<=1% (0%, 0.001%, 0.1%, 1%)
Table 8.1.1.2-1: FAR assumptions of different sources
	Sources 
	(FAR_target, N, T)

	[8A-2]
	Not considered as FAR=0

	[8A-3]
	(0.1%, 1, 5ms)

	[8A-4]
	N=1280, T=1.28s

	[8A-5]
	N=1500, T=1.28s

	[8A-7]
	(1%, 1, 1.28s)

	[8A-8]
	(0%, 1, 1.28s) / (1%, 1, 1.28s)

	[8A-9]
	(0.1%, 1280, 1.28s)

	[8A-11]
	(0.1%, 1, 1.28s) / (1%, 1, 1.28s)

	[8A-13]
	(0.1%, N=1~64, 1.28s) / (1%, N=1~64, 1.28s)

	[8A-14]
	(0, 1280, 1.28s)

	[8A-15]
	(0.001%, 1, 1ms)

	[8A-16]
	(0.1%, 1280, 1.28s) / (1%, 1280, 1.28s)



[bookmark: _Toc142303970][bookmark: _Toc144508357][bookmark: _Toc149557129]8.1.1.2.1	Collection of the results
[bookmark: _Toc142303971][bookmark: _Toc144508358]8.1.1.2.1.1	LR (PWURON, FAR)  = (<= 1unit, <=1%)
I-DRX cycle = 1.28s, T = I-DRX cycle, LP-WUR on state power <=1unit, FAR<=1% (0%, 0.001%, 0.1%, 1%)

Figure 8.1.1.2-1
Note1:	The results tagged with [8A-2](1) are for LP-WUS UEs, and the results tagged with [8A-2](2) are for the system UEs which contain both LP-WUS UEs and legacy UEs who are unable to apply LP-WUS monitoring
Note2:	For (FAR, N, T), [8A-3] assumes (T= 5ms, N=1), [8A-15] assumes (T=1ms, N=1), while other companies assume T = I-DRX cycle period, N value in (FAR, N, T) is summarized in table 8.1.1.2-1. 
Note3:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-2], [8A-5], [8A-11], [8A-8], [8A-14]
-	FAR = 0.001% is simulated by [8A-15]
-	FAR = 0.1% is simulated by [8A-3], [8A-4], [8A-5], [8A-17], [8A-9], [8A-11], [8A-13], [8A-16]
-	FAR = 1% is simulated by [8A-4], [8A-5], [8A-17], [8A-11], [8A-13], [8A-7], [8A-16], [8A-8]
[bookmark: _Toc142303972][bookmark: _Toc144508359]8.1.1.2.1.2	LR (PWURON, FAR)  = ( > 1unit, <=1%)
I-DRX cycle = 1.28s, T = I-DRX, LP-WUR on state power >1unit, FAR<=1% (0% , 0.1%, 1%)

Figure 8.1.1.2-2
Note1:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-5, [8A-11], [8A-8], [8A-14]]
-	FAR = 0.1% is simulated by [8A-4], [8A-17], [8A-9], [8A-11], [8A-16]
-	FAR = 1% is simulated by [8A-4], [8A-17], [8A-11], [8A-16], [8A-8]
Note2:	For (FAR, N, T), [8A-3] assumes (T= 5ms, N=1), [8A-15] assumes (T=1ms, N=1), while other companies assume T = I-DRX cycle period, N value in (FAR, N, T) is summarized in table 8.1.1.2-1. 
[bookmark: _Toc144508360]8.1.1.2.1.3	Latency
I-DRX cycle = 1.28s, T = I-DRX cycle, effective per UE paging arrival rate <=8%

Figure 8.1.1.2-3: Legacy PO
Note:	[8A-5] assumes UE-specific indication and therefore latency is the time interval between data arrival at the gNB until the UE finish sync/re-sync for MR, while other companies assume latency is the time interval between data arrival at the gNB until the first PO that UE can monitor for paging message.

Figure 8.1.1.2-4: Dynamic PO
[bookmark: _Toc142303973][bookmark: _Toc144508361][bookmark: _Toc149557130]8.1.1.2.2	Observations
For continuous and duty cycle ratio = 50% based LP-WUS monitoring, the following observations are made with the assumption that 
-	I-DRX cycle = 1.28s
-	T = I-DRX cycle
-	MR ramp-up time, transition energy = 400ms, 15000unit
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep.
-	FAR<=1% (0%, 0.001%, 0.1%, 1%)
-	effective per UE paging arrival rate <=8%
1)	For WUR ON power <=1unit
-	Effective per UE paging arrival rate <=1% 
-	Results in [8A-2], [8A-4], [8A-5], [8A-7], [8A-8], [8A-9], [8A-11], [8A-13], [8A-14], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 61.5%, range: 21%~97%, which assumes FAR reference time T= 1280ms.
-	Results in [8A-3] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (-12%) which assumes FAR reference time T= 5ms.
-	1%<Effective per UE paging arrival rate <=8% 
-	Results in [8A-8], [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average:58%, range: 45%~72%)  
2)	For WUR ON power >1unit
-	Effective per UE paging arrival rate <=1% 
-	Results in [8A-4], [8A-5], [8A-8], [8A-9], [8A-11], [8A-14], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: -248.5%, range: -674%~-61%) 
-	1%<Effective per UE paging arrival rate <=8%
-	Results in [8A-8] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (-778%).
3)	For latency (LP-WUS Continuous monitoring results and results with duty cycle ratio=50%)
-	Legacy PO
-	Results in [8A-4], [8A-7], [8A-8], [8A-11], [8A-14],[8A-15], [8A-17 show that compared with i-DRX with or without PEI mean paging latency (0.637~0.768) second, LP-WUS will result in mean paging latency (0.902~1.189) second, which increases mean paging latency (34%~91%)
-	Results in [8A-5] show that compared with i-DRX with or without PEI mean paging latency (0.67) second, LP-WUS will result in mean paging latency (0.571) second, which decreases mean paging latency (15%) by one company. This company assumes UE-specific indication and therefore latency is the time interval between data arrival at the gNB until the UE finishes sync/re-sync for MR.
-	Results in [8A-3], [8A-13], [8A-16] show that compared with i-DRX with or without PEI paging latency, LP-WUS will result in mean paging latency (1.053~1.382) second without baseline i-DRX latency.
-	Dynamic PO
-	Results in [8A-5], [8A-11] show that compared with i-DRX with or without PEI mean paging latency (0.637~0.67) second, LP-WUS will result in mean paging latency (0.42~0.5) second, which decreases mean paging latency (22%~37%) 
-	Results in [8A-13] show that compared with i-DRX with or without PEI paging latency, LP-WUS will result in mean paging latency (0.45) second without baseline i-DRX latency.
[bookmark: _Toc142303974][bookmark: _Toc144508362][bookmark: _Toc149557131]8.1.1.3	Various LP-WUR relative power for duty-cycled monitoring 
In this clause, various relative (ON, OFF) power of LP-WUR is compared and I-DRX is as baseline. In addition, the following is assumed,
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep if no traffic is arrival
-	MR ramp-up time, transition energy = 400ms, 15000unit
-	I-DRX cycle = 1.28s
The table summarizes the simulated combinations of LP-WUR ON and OFF power. In each combination ‘X’ in ‘y(X)’ stands for the number of simulated cases. 
Table 8.1.1.3-1: Simulated combinations for LP-WUR (ON, OFF) power values
	ON Power value
	0.01
	0.05
	0.1
	0.2
	0.5
	1
	2
	4
	10
	20
	30

	OFF Power value
	0.001
	0.02
	0.1
	0.001
	0.02
	0.1
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[bookmark: _Toc142303975][bookmark: _Toc144508363][bookmark: _Toc149557132]8.1.1.3.1	Collection of the results
[bookmark: _Toc142303976][bookmark: _Toc144508364]8.1.1.3.1.1	LR (FAR, Reff, R) = (<=0.1%, <=0.1%, <=1%)
I-DRX cycle = 1.28s, Effective per UE paging arrival rate <=0.1% , LP-WUR duty cycle ratio <=1%, FAR<=0.1% (0%, 0.001%, 0.1%)

Figure 8.1.1.3-1
Note1:	[8A-12] assumes MR ramp-up time, transition energy is 100ms, 2000unit(not aligned with agreed assumption)
Note2:	WUS monitoring duration is assumed as follows:
-	[8A-7](0.25ms)/ [8A-16](2ms) /[8A-11](2ms)/ [8A-3] (1/1.5/2.5ms)/ [8A-17] (1ms)/ [8A-12] (1.26ms) assume very short WUS monitoring duration.
-	[8A-3](6/10/13ms)/ [8A-11] (12.8ms)/ [8A-13] (10ms)/ [8A-4] (13/38ms) assume long WUS monitoring duration.
Note3:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-3], [8A-11]
-	FAR = 0.001% is simulated by [8A-12][8A-15]
-	FAR = 0.1% is simulated by [8A-3], [8A-4], [8A-17], [8A-11], [8A-13], [8A-16]
[bookmark: _Toc142303977][bookmark: _Toc144508365]8.1.1.3.1.2	LR (FAR, Reff, R) = (<=1%, (0.1%,1%], <=1%)
I-DRX cycle = 1.28s, 0.1%< Effective per UE paging arrival rate <=1% , LP-WUR duty cycle ratio <=1%, FAR<=1% (0%, 0.001%, 0.1%, 1%)

[bookmark: _Hlk143701915]Figure 8.1.1.3-2
Note1:	[8A-12] assumes MR ramp-up time, transition energy is 100ms, 2000unit(not aligned with agreed assumption)
Note2:	WUS monitoring duration is assumed as follows:
-	[8A-7](0.25ms)/ [8A-3] (1/1.5/2.5ms)/ [8A-16] (2ms)/ [8A-10] (2ms) /[8A-11] (2ms)/ [8A-17] (1ms)/ [8A-8] (1.28ms)/ [8A-9] (1ms) assume very short WUS monitoring duration.
-	[8A-8](12.8ms)/ [8A-3](6/10/13ms)/ [8A-11] (12.8ms)/ [8A-1](10ms)/ [8A-13](10ms)/ [8A-10] (8ms)/ [8A-4] (13/38ms)/ [8A-5] (10ms) assume long WUS monitoring duration.
Note3:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-3], [8A-5], [8A-11], [8A-8]
-	FAR = 0.001% is simulated by [8A-12], [8A-15]
-	FAR = 0.1% is simulated by [8A-3], [8A-4], [8A-17], [8A-9], [8A-11], [8A-13], [8A-16], [8A-8]
-	FAR = 1% is simulated by [8A-3], [8A-4], [8A-17], [8A-11], [8A-13], [8A-10], [8A-1], [8A-7], [8A-16], [8A-8]
[bookmark: _Toc142303978][bookmark: _Toc144508366]8.1.1.3.1.3	LR (FAR, Reff, R) = (<=0.1%, <=0.1%, (1%,10%])
I-DRX cycle = 1.28s, Effective per UE paging arrival rate <=0.1% , 1%<LP-WUR duty cycle ratio <=10%, FAR<=0.1%  (0%, 0.001%, 0.1%)

Figure 8.1.1.3-3
Note:	FAR is assumed as follow:	
-	FAR = 0 is simulated by [8A-11]
-	FAR = 0.001% is simulated by [8A-15]
-	FAR = 0.1% is simulated by [8A-3], [8A-11]
[bookmark: _Toc142303979][bookmark: _Toc144508367]8.1.1.3.1.4	LR (FAR, Reff, R) = (<=1%, (0.1%,1%], (1%,10%] )
I-DRX cycle = 1.28s, 0.1%< Effective per UE paging arrival rate <=1%, 1%<LP-WUR duty cycle ratio <=10%, FAR <=1% (0%, 0.001%, 0.1%, 1%)

Figure 8.1.1.3-4
Note:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-11], [8A-8]
-	FAR = 0.001% is simulated by [8A-15]
-	FAR = 0.1% is simulated by [8A-3], [8A-11]
-	FAR = 1% is simulated by [8A-11], [8A-7]
[bookmark: _Toc142303980][bookmark: _Toc144508368][bookmark: _Toc149557133]8.1.1.3.2	Observations
For various relative power of LP-WUR, the following observations are made with the assumption that 
-	I-DRX cycle = 1.28s
-	MR ramp-up time, transition energy = 400ms, 15000unit
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep.
Observations: 
1)	For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=0.1%, <=0.1%, <=1%)
-	WUR ON power <=1unit
-	Results in [8A-3], [8A-4], [8A-11], [8A-12], [8A-13], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 57%~99% (average 80%), corresponding to 1%~43% (average 20%) of UE power consumption in legacy I-DRX operation
-	2unit<= WUR ON power <=4unit
-	Results in [8A-3], [8A-4], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 55%~97% (average 83%), corresponding to 3%~45% (average 17%) of UE power consumption in legacy I-DRX operation. 
-	5unit<= WUR ON power <=10unit
-	Results in [8A-3], [8A-11], [8A-13], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 29%~95% (average 66%), corresponding to 5%~71% (average 34%) of UE power consumption in legacy I-DRX operation. 
-	20unit<= WUR ON power <=30unit
-	Results in [8A-11], [8A-13], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain -79%~86% (average 16%), corresponding to 14%~179% (average 84%) of UE power consumption in legacy I-DRX operation. 
2)	For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=1%, (0.1%,1%], <=1%)
-	WUR ON power <=1unit
-	Results in [8A-1], [8A-3], [8A-4], [8A-5], [8A-8], [8A-9], [8A-10], [8A-11], [8A-12], [8A-13], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 31%~91% (average 74%), corresponding to 9%~69% (average 26%) of UE power consumption in legacy I-DRX operation.
-	2unit<= WUR ON power <=4unit
-	Results in [8A-1], [8A-3], [8A-4], [8A-5], [8A-7], [8A-8], [8A-9], [8A-10], [8A-15], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 30%~94% (average 72%), corresponding to 6%~70% (average 28%) of UE power consumption in legacy I-DRX operation.
-	5unit<= WUR ON power <=10unit
-	Results in [8A-1], [8A-3], [8A-7], [8A-9], [8A-10], [8A-11], [8A-13], [8A-15], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 40%~92% (average 69%), corresponding to 8%~60% (average 31%) of UE power consumption in legacy I-DRX operation.
-	20unit<= WUR ON power <=30unit
-	Results in [8A-8], [8A-9], [8A-10], [8A-11], [8A-13], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain -58%~63% (average 25%), corresponding to 37%~158% (average 75%) of UE power consumption in legacy I-DRX operation.
3)	For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=0.1%, <=0.1%, (1%,10%])
-	WUR ON power <=1unit
-	Results in [8A-3], [8A-11] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 84%~97% (average 90%), corresponding to 3%~16% (average 10%) of UE power consumption in legacy I-DRX operation.
-	2unit<= WUR ON power <=4unit
-	Results in [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 85%, corresponding to 15% of UE power consumption in legacy I-DRX operation.
-	5unit<= WUR ON power <=10unit
-	Results in [8A-11] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 24%, corresponding to 76% of UE power consumption in legacy I-DRX operation.
-	20unit<= WUR ON power <=30unit
-	Results in [8A-11] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain -34%, , corresponding to 134% of UE power consumption in legacy I-DRX operation
4)	For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=1%, (0.1%,1%], (1%,10%])
-	WUR ON power <=1unit
-	Results in [8A-3], [8A-7], [8A-8], [8A-11] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 68%~94% (average 84%), corresponding to 6%~32% (average 16%) of UE power consumption in legacy I-DRX operation.
-	2unit<= WUR ON power <=4unit
-	Results in [8A-8], [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 81%~87%(average 84%), corresponding to 13%~19% (average 16%) of UE power consumption in legacy I-DRX operation.
-	5unit<= WUR ON power <=10unit
-	Results in [8A-11], [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain 1%~82%(average 41%), corresponding to 18%~99% (average 59%) of UE power consumption in legacy I-DRX operation.
-	20unit<= WUR ON power <=30unit
-	Results in [8A-8], [8A-11] show that compared with i-DRX with or without PEI, LP-WUS provides UE mean power saving gain -63%~31%(average -16%), corresponding to 69%~163% (average 116%) of UE power consumption in legacy I-DRX operation.
[bookmark: _Toc142303981][bookmark: _Toc144508369][bookmark: _Toc149557134]8.1.1.4	Compared with eDRX
In this clause, Duty cycled LP-WUS is compared to eDRX and eDRX is as baseline.
For eDRX, the effective paging rate is defined per Y_REF, where Y_REF =1.28s.
[bookmark: _Toc142303982][bookmark: _Toc144508370][bookmark: _Toc149557135]8.1.1.4.1	Collection of the results
[bookmark: _Toc144508371]8.1.1.4.1.1	LP-WUS monitoring within PTW and legacy PO determination
-	LP-WUR duty cycle ratio <=1%, 
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle  
-	MR in ultra-deep sleep

Figure 8.1.1.4-1


Figure 8.1.1.4-2
Note:	[8A-3] assumes eDRX cycle is 51.2/593.92s.
[bookmark: _Toc144508372]8.1.1.4.1.2	LP-WUS monitoring not restricted in PTW and dynamic PO determination
-	LP-WUR duty cycle ratio <=1%, 
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep

Figure 8.1.1.4-3


Figure 8.1.1.4-4
[bookmark: _Toc142303985][bookmark: _Toc144508373][bookmark: _Toc149557136]8.1.1.4.2	Observations
For duty-cycled LP-WUS, comparing with eDRX, the following observations are made with the assumption that 
-	LP-WUR duty cycle ratio <=1%
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep.

Observations: 
1)	LP-WUS monitoring within PTW and legacy PO determination
-	Effective per UE paging arrival rate <=1% 
-	Results in [8A-3], [8A-4], [8A-8], [8A-12], [8A-16] show that compared with eDRX, LP-WUS provide mean power saving gain (average: 67.5%, range: 28%~92%)
-	Results in [8A-4], [8A-8] show that compared with eDRX mean paging latency (16.697~25.92) second, LP-WUS will result in mean paging latency (19.863~31.24) second, which increases mean paging latency (19%~21%)
-	Results in [8A-3], [8A-16] show that compared with eDRX, LP-WUS will result in mean paging latency (42.679~161.73) second without baseline eDRX latency.
-	1%<Effective per UE paging arrival rate <=8%
-	Results in [8A-8] show that compared with eDRX, LP-WUS provides mean power saving gain (75%).
-	Results in [8A-8] show that compared with eDRX mean paging latency (16.927) second, LP-WUS will result in mean paging latency (16.953) second, which increases mean paging latency (0.2%) 
2)	LP-WUS monitoring is not restricted in PTW and dynamic PO determination
-	Effective per UE paging arrival rate <=1%
-	Results in [8A-7], [8A-8], [8A-11] show that compared with eDRX, LP-WUS provides mean power saving gain (average: 22%, range: 9%~58%)  
-	Results in [8A-7], [8A-8], [8A-11] show that compared with eDRX mean paging latency (16.927~28.192) second, LP-WUS will result in mean paging latency (0.566~1.035) second, which decreases mean paging latency (96%~98%) if LP-WUS monitoring and the corresponding paging monitoring after MR wake-up is performed not restricted within existing PTW of eDRX.
-	1%<Effective per UE paging arrival rate <=8%
-	Results in [8A-8] show that compared with eDRX, LP-WUS provides mean power saving gain (-15%).
-	Results in [8A-8] show that compared with eDRX mean paging latency (16.927) second, LP-WUS will result in mean paging latency (0.566) second, which decreases mean paging latency (97%).
[bookmark: _Toc142303986][bookmark: _Toc144508374][bookmark: _Toc149557137]8.1.1.5	RRM for LP-WUR duty-cycled monitoring 
In this clause, measurement performed by MR only and MR RRM relaxed X times and RRM offload to LR are studied for duty-cycled LP-WUS monitoring. In addition, the following is assumed,
-	I-DRX cycle = 1.28s
-	MR in ultra-deep sleep
-	Effective per UE paging arrival rate <=1% 
-	LP-WUR duty cycle ratio <=1%
-	MR ramp-up time, transition energy = 400ms, 15000unit
-	FAR<=1%  (0%, 0.001%, 0.1%, 1%)
[bookmark: _Toc142303987][bookmark: _Toc144508375][bookmark: _Toc149557138]8.1.1.5.1	Collection of the results
[bookmark: _Toc142303988][bookmark: _Toc144508376]8.1.1.5.1.1	LR (FAR, Reff, R) = (<=1%, <=1%, <=1%)
I-DRX cycle = 1.28s, Effective per UE paging arrival rate <=1% , LP-WUR duty cycle ratio <=1%, baseline: I-DRX, FAR<=1% (0%, 0.001%, 0.1%, 1%)

Figure 8.1.1.5-1
Note1:	[8A-15] assumes that the MR is in deep sleep when there is no any MR RRM relaxation, while other companies assume MR ultra-deep sleep
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Note2:	[8A-12] assumes MR ramp-up time, transition energy is 100ms, 2000unit(not aligned with agreed assumption)
Note3:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-3], [8A-11], [8A-8], [8A-5]
-	FAR = 0.001% is simulated by [8A-12], [8A-15]
-	FAR = 0.1% is simulated by [8A-3], [8A-4], [8A-17], [8A-11], [8A-13], [8A-16], [8A-8]
-	FAR = 1% is simulated by [8A-3], [8A-17], [8A-1], [8A-10], [8A-16], [8A-8], [8A-7], [8A-4]
Note 4:	Different LR measurement periodicity are used by companies
[bookmark: _Toc142303989][bookmark: _Toc144508377][bookmark: _Toc149557139]8.1.1.5.2	Observations
For RRM with duty-cycled LP-WUS monitoring, the following observations are made with the assumption that 
-	I-DRX cycle = 1.28s
-	MR in ultra-deep sleep
-	Effective per UE paging arrival rate <=1% 
-	LP-WUR duty cycle ratio <=1%
-	MR ramp-up time, transition energy = 400ms, 15000unit
-	FAR<=1% (0%, 0.001%, 0.1%, 1%)

Observations:
1)	For (Effective per UE paging arrival rate, LP-WUR on state power, FAR) = (<=1%, <=1unit, <=1%), compared with i-DRX, LP-WUS operation with
-	No MR RRM relaxed
-	Results in [8A-3], [8A-8], [8A-11], [8A-12], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: -211%, range: -624%~-5%), assuming MR enters ultra-deep sleep
-	Results in [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provides power saving gain 21%, assuming MR enters deep sleep
-	MR relaxed < 8 times
-	Results in [8A-1], [8A-3], [8A-8], [8A-9], [8A-15], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 4%, range: -18%~50%) 
-	8 times<= MR relaxed <=16 times
-	Results in [8A-1], [8A-3], [8A-4], [8A-8], [8A-9], [8A-11], [8A-12], [8A-13], [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 40%, range: -18%~60%) 
-	MR relaxed > 16 times
-	Results in [8A-1], [8A-3], [8A-4], [8A-8], [8A-11], [8A-13], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 60%, range: 22%~90%) 
-	MR offload RRM to LR
-	Results in [8A-3], [8A-4], [8A-5], [8A-7], [8A-8], [8A-10], [8A-11], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 83%, range: 76%~94%) 
[bookmark: _Toc142303990][bookmark: _Toc144508378][bookmark: _Toc149557140]8.1.1.6	RRM for LP-WUR continuously monitoring 
[bookmark: _Toc142303991]In this clause, measurement performed by MR only and MR RRM relaxed X times and RRM offload to LR are studied for continuous LP-WUS monitoring. In addition, the following is assumed,
-	I-DRX cycle = 1.28s
-	MR in ultra-deep sleep
-	LP-WUR on state power <= 1unit
-	Effective per UE paging arrival rate <=1% 
-	MR ramp-up time, transition energy = 400ms, 15000unit
-	FAR<=1% (0%, 0.001%, 0.1%, 1%)
[bookmark: _Toc144508379][bookmark: _Toc149557141]8.1.1.6.1	Collection of the results
[bookmark: _Toc144508380][bookmark: _Toc142303992]8.1.1.6.1.1	LR (Reff, PWURON, FAR) = (<=1unit, <=1%, <=1%) 
I-DRX cycle = 1.28s, Effective per UE paging arrival rate <=1% , LP-WUR on state power <=1unit, baseline: I-DRX, FAR<=1% (0%, 0.001%, 0.1%, 1%)

Figure 8.1.1.6-1
Note1:	[8A-15] assumes that the MR is in deep sleep when there is no any MR RRM relaxation while other companies assume ultra-deep sleep.
Note2:	FAR is assumed as follow:	
-	FAR = 0 is simulated by [8A-11], [8A-8], [8A-5], [8A-14]
-	FAR = 0.001% is simulated by [8A-15]
-	FAR = 0.1% is simulated by [8A-4], [8A-17], [8A-11], [8A-13], [8A-16], [8A-9], [8A-5]
-	FAR = 1% is simulated by [8A-4], [8A-17], [8A-11], [8A-16], [8A-8], [8A-7], [8A-5]
Note3:	For (FAR, N, T), [8A-3] assums (T= 5ms, N=1), [8A-15] assumes (T=1ms, N=1), while other companies assume T = I-DRX cycle period, N value in (FAR, N, T) is summarized in table 8.1.1.2-1. 
[bookmark: _Toc142303993][bookmark: _Toc144508381][bookmark: _Toc149557142]8.1.1.6.2	Observations
For RRM with continuous LP-WUS monitoring, the following observations are made with the assumption that 
-	I-DRX cycle = 1.28s
-	MR in ultra-deep sleep
-	LP-WUR on state power <= 1unit
-	Effective per UE paging arrival rate <=1% 
-	MR ramp-up time, transition energy = 400ms, 15000unit
-	FAR<=1% (0%, 0.001%, 0.1%, 1%)

Observations
1)	For (Effective per UE paging arrival rate, ON power, FAR) = (<=1%, <=1unit, <=1%), compared with i-DRX, LP-WUS operation with
-	No MR RRM relaxed
-	Results in [8A-11], [8A-16], show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: -325.5%, range: -644%~-7%) assuming MR enters ultra-deep sleep
-	Results in [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provides power saving gain 20%, assuming MR enters deep sleep
-	MR relaxed < 8 times
-	Results in [8A-8], [8A-15], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 22%, range: 7%~49%) 
-	8 times<= MR relaxed <=16 times
-	Results in [8A-4], [8A-5], [8A-9], [8A-11], [8A-13], [8A-15] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 32%, range: 2%~61%) 
-	MR relaxed > 16 times
-	Results in [8A-4], [8A-5], [8A-8], [8A-11], [8A-13], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 57%, range: 37%~80%) 
-	MR offload RRM to LR
-	Results in [8A-4], [8A-5], [8A-7], [8A-8], [8A-11], [8A-14], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 74%, range: 52%~87%)
[bookmark: _Toc142303994][bookmark: _Toc144508382][bookmark: _Toc149557143]8.1.1.7	Impact by various MR sync/re-sync assumptions
[bookmark: _Toc142303995][bookmark: _Toc144508383][bookmark: _Toc149557144]8.1.1.7.1	Collection of the results
[bookmark: _Toc142303996][bookmark: _Toc144508384]8.1.1.7.1.1	LR (Reff, R, PWURON, FAR) = (<=1%, <=1%,<= 4unit, <=1%)
-	I-DRX cycle = 1.28s, 
-	FAR <= 1%, (0%, 0.1%, 1%)
-	Effective per UE paging arrival rate <=1% , 
-	duty cycle ratio<= 1%, 
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	baseline: I-DRX

Figure 8.1.1.7-1
Note:	For [8A-4] results, different SNR assumptions for the baseline scheme contribute to the difference in power saving gain between (sync/re-sync energy <= 1000) and (1000< sync/re-sync energy <= 3000).
Note:	FAR is assumed as follow:	
-	FAR = 0 is simulated by [8A-11], [8A-8], [8A-5]
-	FAR = 0.1% is simulated by [8A-4], [8A-17], [8A-11], [8A-16], [8A-9], [8A-8]
-	FAR = 1% is simulated by [8A-4], [8A-17], [8A-11], [8A-10], [8A-16], [8A-8], [8A-7]
[bookmark: _Toc144508385]8.1.1.7.1.2	LR (Reff, R, PWURON, FAR) = (<=1%, <=1%, >= 10unit, <=1%)
-	DRX cycle = 1.28s, 
-	FAR <= 1%, (0%, 0.1%, 1%)
-	Effective per UE paging arrival rate <=1% , 
-	duty cycle ratio<= 1%, 
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	baseline: I-DRX

Figure 8.1.1.7-2
Note:	FAR is assumed as follow:
-	FAR = 0 is simulated by [8A-8], [8A-11]
-	FAR = 0.1% is simulated by [8A-11], [8A-16], [8A-9], [8A-8]
-	FAR = 1% is simulated by [8A-11], [8A-16], [8A-8], [8A-7], [8A-10]
[bookmark: _Toc142303997][bookmark: _Toc144508386][bookmark: _Toc149557145]8.1.1.7.2	Observations
For various MR sync/re-sync evaluation, the following observations are made with the assumption that 
-	I-DRX cycle = 1.28s
-	LP-WUR duty cycle ratio <=1%
-	Effective per UE paging arrival rate <=1% 
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep.
-	FAR<=1% (0%, 0.1%, 1%)

Observations: 
[bookmark: OLE_LINK1]1)	For (Effective per UE paging arrival rate, duty cycle ratio, ON power, FAR) = (<=1%, <=1%,<=4unit, <=1%)
-	1000unit<MR sync/re-sync energy consumption <=3000unit
-	Results in [8A-4], [8A-5], [8A-7], [8A-8] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (66%~87%) 
-	MR sync/re-sync energy consumption > 3000unit
-	Results in [8A-4], [8A-9], [8A-10], [8A-11], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (41%~83%) 
2)	For (Effective per UE paging arrival rate, duty cycle ratio, ON power, FAR) = (<=1%, <=1%,>=10unit, <=1%)
-	1000unit<MR sync/re-sync energy consumption <=3000unit
-	Results in [8A-7], [8A-8] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (46%~79%) 
-	MR sync/re-sync energy consumption > 3000unit
-	Results in [8A-9], [8A-10], [8A-11] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (41%~70%) 
[bookmark: _Toc142303998][bookmark: _Toc144508387][bookmark: _Toc149557146]8.1.1.8	Impact by various MR ramp-up time/transition energy assumptions and sleep state
[bookmark: _Toc142303999][bookmark: _Toc144508388][bookmark: _Toc149557147]8.1.1.8.1	Collection of the results
[bookmark: _Toc142304000][bookmark: _Toc144508389]8.1.1.8.1.1	LR (Reff, R, PWURON, FAR) = (<=1%, <=1%,<=4unit, <=1%)
-	DRX cycle = 1.28s, 
-	Effective per UE paging arrival rate <=1% , 
-	duty cycle ratio<=1%, 
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	baseline: I-DRX
-	FAR<=1% (0%, 0.001%, 0.1%, 1%)

Figure 8.1.1.8-1
Note1:	450 is associated with MR deep sleep and 15000/40000 is associated with MR ultra-deep sleep
Note2:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-3], [8A-11,] [8A-5], [8A-8]
-	FAR = 0.001% is simulated by [8A-15]
-	FAR = 0.1% is simulated by [8A-3], [8A-17], [8A-11], [8A-16], [8A-9], [8A-13], [8A-8]
-	FAR = 1% is simulated by [8A-3], [8A-17], [8A-11], [8A-16], [8A-13], [8A-8], [8A-10], [8A-1], [8A-7]
[bookmark: _Toc144508390]8.1.1.8.1.2	LR (Reff, R, PWURON, FAR) = (<=1%, <=1%,>=10unit, <=1%)
-	DRX cycle = 1.28s, 
-	Effective per UE paging arrival rate <=1% 
-	duty cycle ratio<=1%
-	no RRM measurement performed by MR(including measurement offloaded to LR) or MR RRM relaxed at least 8 times of I-DRX cycle, 
-	baseline: I-DRX
[bookmark: OLE_LINK4]-	FAR<=1% (0%, 0.001%, 0.1%, 1%)

Figure 8.1.1.8-2
Note1:	450 is associated with MR deep sleep and 15000/40000 is associated with MR ultra-deep sleep
Note2:	FAR is assumed as follows:	
-	FAR = 0 is simulated by [8A-3], [8A-11], [8A-8]
-	FAR = 0.001% is simulated by [8A-15]
-	FAR = 0.1% is simulated by [8A-3], [8A-9], [8A-11], [8A-16], [8A-13], [8A-8]
-	FAR = 1% is simulated by [8A-3], [8A-11], [8A-16], [8A-13], [8A-8], [8A-10], [8A-1], [8A-7]
[bookmark: _Toc142304001][bookmark: _Toc144508391][bookmark: _Toc149557148]8.1.1.8.2	Observations
For various MR ramp-up time/transition energy evaluation, the following observations are made with the assumption that 
-	I-DRX cycle = 1.28s
-	Effective per UE paging arrival rate <=1%
-	FAR<=1% (0%, 0.001%, 0.1%, 1%)
-	LP-WUR duty cycle ratio<=1%
-	no RRM measurement performed by MR or LR, or RRM measurement offloaded to LR or MR RRM relaxed at least 8 times of I-DRX cycle 
-	MR in ultra-deep sleep when MR transition energy is 15000/40000unit
-	MR in deep sleep when MR transition energy is 450unit.

Observations: 
1)	For (Effective per UE paging arrival rate, duty cycle ratio, ON power, FAR) = (<=1%, <=1%,<=4unit, <=1%)
-	(Baseline for MR ultra-deep sleep) MR ramp-up time, energy consumption = 400ms, 15000unit
-	Results in [8A-1], [8A-3], [8A-4], [8A-5], [8A-7], [8A-8], [8A-9], [8A-10], [8A-11], [8A-13], [8A-15], [8A-16], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 76%, range: 43%~92%) 
-	(Optional for MR ultra-deep sleep) MR ramp-up time, energy consumption = 800ms, 40000unit
-	Results in [8A-1], [8A-13], [8A-17] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 44%, range: 14%~82%) 
-	(MR deep sleep) MR ramp-up time, energy consumption = 10~20ms, 450unit
-	Results in [8A-1], [8A-3], [8A-7], [8A-10], [8A-11] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 49%, range: 34%~64%) 
2)	For (Effective per UE paging arrival rate, duty cycle ratio, ON power, FAR) = (<=1%, <=1%,>=10unit, <=1%)
-	(Baseline for MR ultra-deep sleep) MR ramp-up time, energy consumption = 400ms, 15000unit
-	Results in [8A-1], [8A-3], [8A-7], [8A-8], [8A-9], [8A-10], [8A-11], [8A-13], [8A-15], [8A-16] show that compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (average: 60%, range: -11%~93%) 
-	(Optional for MR ultra-deep sleep) MR ramp-up time, energy consumption = 800ms, 40000unit
-	Results in [8A-1], [8A-13] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 49%, range: 25%~73%) 
-	(MR deep sleep) MR ramp-up time, energy consumption = 10~20ms, 450unit
-	Results in [8A-1], [8A-7], [8A-10], [8A-11] show that compared with i-DRX with or without PEI, LP-WUS provides mean power saving gain (average: 35%, range: 29%~51%)
[bookmark: _Toc136522048][bookmark: _Toc144508392][bookmark: _Toc149557149]8.1.2	RRC CONNECTED mode
[bookmark: _Toc136522049][bookmark: _Toc144508393][bookmark: _Toc149557150]8.1.2.1	XR traffic model 
In this clause, the usage of LP-WUS for XR traffic is studied.
The following schemes are compared, and the description of the schemes are as follows,
-	Always on
-	i.e., no DRX, UE is always available for gNB scheduling
-	C-DRX
-	Including long and short DRX
-	R17 PDCCH Scheme
-	i.e., R17 PDCCH skipping and/or R17 SSSG switching, with or without C-DRX configuration
-	R18 enhanced C-DRX
-	i.e., aligning C-DRX cycle with non-integer traffic periodicity
-	LP-WUS
-	LP-WUS triggers the resumption of MR PDCCH monitoring from micro/light sleep e.g., via starting a PDCCH monitoring timer.
Note: MR based RRM measurements were not explicitly modelled for power saving evaluation. 
[bookmark: _Toc136522050][bookmark: _Toc144508394][bookmark: _Toc149557151]8.1.2.1.1	Collection of the results
[bookmark: _Toc136522051][bookmark: _Toc144508395]8.1.2.1.1.1	DL only traffic

Figure 8.1.2.1-1
Note:	The values shown in the figure are averaged gain.
Note:	For XR, all companies assume 60FPS DL only traffic. [8A-11], [8A-13] and [8A-7] assume the data rate of DL traffic is 30Mbps, [8A-14] assumes the data rate of DL traffic is 45Mbps.
Note:	For the case of R17 PDCCH as the baseline, [8A-13] evaluation included C-DRX, while [8A-14], [8A-7]results did not include C-DRX configuration


Figure 8.1.2.1-2

Figure 8.1.2.1-3
Note:	The results with the setting that number of deployed UE per cell exceeds the upper bound of system capacity are excluded.
Note:	High load and low load are reported by companies, or the low load is for the case that number of UE per cell is no more than half of the capacity upper bound and high load is for the others.
Note:	The values shown in the figure are averaged gain.
[bookmark: _Toc136522052][bookmark: _Toc144508396]8.1.2.1.1.2	DL + UL traffics

Figure 8.1.2.1-4
Note:	[8A-11] provides both the results for single DL flow or two DL flows (DL video flow: 60FPS, 30Mbps and 10ms PDB; DL audio flow: 10ms periodicity, 0.756Mbps and 30ms PDB) and single UL flow (UL pose flow: 16.67ms periodicity and 10ms PDB). 
Note:	[8A-3] provide the results for DL two flows (DL video flow: 60FPS and 10ms PDB; DL audio flow: 10ms periodicity and 30ms PDB) and single UL flow (UL pose flow:4ms periodicity and 10ms PDB).
Note:	The values shown in the figure are averaged gain.


Figure 8.1.2.1-5

Figure 8.1.2.1-6
Note:	The results with the setting that number of deployed UE exceed the upper bound of system capacity are excluded.
Note:	High load and low load are reported by companies, or the low load is for the case that Number of UE per cell is no more than half of the capacity upper bound and high load is for the others.
Note:	The values shown in the figure are averaged gain.
[bookmark: _Toc136522053][bookmark: _Toc144508397][bookmark: _Toc149557152]8.1.2.1.2	Observations
Note: The average value, the min and max value in the range is calculated across all companies’ results
For DL only XR traffic in low load, compared with legacy schemes, 
-	For power saving gain, LP-WUS can provide
-	Results in [8A-3], [8A-11], [8A-14] show that power saving gain (average: 11.2%, range:2%~23%), assuming MR enters micro sleep during LP-WUS monitoring.
-	Results in [8A-11] show that power saving gain (average: 20%, range:14%~26%), assuming MR enters light sleep during LP-WUS monitoring.
-	the legacy schemes evaluated by companies included R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.
-	For satisfied UE rate, LP-WUS can provide
-	Results in [8A-3], [8A-11], [8A-14] show that the relative impact of satisfied UE rate (average: +0.3%, range: -1%~+2%), assuming MR enters micro sleep during LP-WUS monitoring.
-	Results in [8A-11] show that the relative impact of satisfied UE rate -1%, assuming MR enters light sleep during LP-WUS monitoring.
-	the legacy schemes evaluated by companies included R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.
For DL only XR traffic in high load, compared with legacy schemes, 
-	For power saving gain, LP-WUS can provide
-	Results in [8A-3] [8A-11] [8A-13] [8A-7] show that power saving gain (average: 11.6%, range: 2%~19%), assuming MR enters micro sleep during LP-WUS monitoring.
-	Results in [8A-11] show that power saving gain (average: 18%, range: 12%~24%), assuming MR enters light sleep during LP-WUS monitoring.
-	the legacy schemes evaluated by companies included R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.
-	For satisfied UE rate, LP-WUS can provide
-	Results in [8A-3] [8A-11] [8A-13] [8A-7] show that the relative impact of satisfied UE rate (average: +0.96%, range: -3.8%~+5%), assuming MR enters micro sleep during LP-WUS monitoring.
-	Results in [8A-11] show that the relative impact of satisfied UE rate (average: -15.2%, range: -15.9%~-14.4%), assuming MR enters light sleep during LP-WUS monitoring.
-	the legacy schemes evaluated by companies included R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.
For DL + UL XR traffics in low load, compared with legacy schemes,
-	For power saving gain, LP-WUS can provide
-	Results in [8A-3] [8A-11] show that power saving gain (average: 6.5%, range: 0%~12%), assuming MR enters micro sleep during LP-WUS monitoring;
-	Results in [8A-11] show that power saving gain (average: 19%, range: 18%~20%), assuming MR enters light sleep during LP-WUS monitoring;
-	the legacy schemes evaluated by companies included R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.
-	For satisfied UE rate, LP-WUS can provide
-	Results in [8A-3] [8A-11] show that the relative impact of satisfied UE rate (average: +0.25%, range: 0%~+1%), assuming MR enters micro sleep during LP-WUS monitoring;
-	Results in [8A-11] show that the relative impact of satisfied UE rate (average: -3.5%, range: -6%~-1%), assuming MR enters light sleep during LP-WUS monitoring;
-	the legacy schemes evaluated by companies included R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.
For DL + UL XR traffics in high load, compared with legacy schemes, 
-	For power saving gain, LP-WUS can provide
-	Results in [8A-3] [8A-11] show that power saving gain (average: 5.5%, range: 0%~10%), assuming MR enters micro sleep during LP-WUS monitoring;
-	Results in [8A-11] show that power saving gain (average: 16.5%, range: 16%~17%), assuming MR enters light sleep during LP-WUS monitoring;
-	the legacy schemes evaluated by companies included R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.
-	For satisfied UE rate, LP-WUS can provide
-	Results in [8A-3] [8A-11] show that the relative impact of satisfied UE rate (average: -0.5%, range: -3%~+2%), assuming MR enters micro sleep during LP-WUS monitoring;
-	Results in [8A-11] show that the relative impact of satisfied UE rate (average: -15.5%, range: -16%~-15%), assuming MR enters light sleep during LP-WUS monitoring;
-	the legacy schemes evaluated by companies included R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.
[bookmark: _Toc136522054][bookmark: _Toc144508398][bookmark: _Toc149557153]8.1.2.2	FTP 3 and IM traffic model
In this clause, the usage of LP-WUS for FTP3 and IM traffic is studied.
For the evaluated FTP3 traffic, packet size: 0.5Mbyte and average inter-arrival time: 200ms are assumed by companies, unless otherwise noted. 
For the evaluated IM traffic, packet size: 0.1 Mbyte and average inter-arrival time: 2seconds are assumed by companies, unless otherwise noted.
The following schemes are compared, and the description of the schemes are as follows,
-	Always on
-	i.e., no DRX , UE is always available for gNB scheduling
-	C-DRX
-	DCP
-	R16 wake-up signal for RRC CONNECTED UE
-	R17 PDCCH Scheme
-	i.e., R17 PDCCH skipping and/or R17 SSSG switching
-	LP-WUS scheme 1
-	LP-WUS to trigger the resumption of MR PDCCH monitoring from micro/light/deep sleep. 
-	Note: LP-WUS scheme1 does not require C-DRX configuration.
-	LP-WUS scheme 2 
-	LP-WUS to replace DCP, i.e. LP-WUS to trigger the start of the drx_onDurationTimer.
-	LP-WUS to replace DCP outside DRX active time, and LP-WUS to trigger the resumption of MR PDCCH monitoring during DRX active time (including drx_onDurationTimer and drx-inactivityTimer). (evaluated by [8A-1])
-	Note: LP-WUS scheme 2 can only be used with C-DRX configuration.
Note: MR based RRM measurements were not explicitly modelled for power saving evaluation. 
[bookmark: _Toc136522055][bookmark: _Toc144508399][bookmark: _Toc149557154]8.1.2.2.1	Collection of the results
[bookmark: _Toc144508400]8.1.2.2.1.1	LP-WUS Scheme 1

Figure 8.1.2.2-1a: (deep sleep)

Figure 8.1.2.2-1b: (light sleep)

Figure 8.1.2.2-1c: (micro sleep)
Note:	[8A-7] assume duty cycled LP-WUS monitoring with 40 or 80ms duty cycle. And the others assume continuous LP-WUS monitoring.
Note:	[8A-14] assumes the packet size of FTP3 traffic is 0.1Mbyte.
Note:	The values shown in the figure are average gain.

Figure 8.1.2.2-2
Note:	[8A-7] assume duty cycled LP-WUS monitoring with 40 or 80ms duty cycle. And the others assume continuous LP-WUS monitoring.
Note:	The values shown in the figure are average gain

Figure 8.1.2.2-3a: (deep sleep)

Figure 8.1.2.2-3b: (light sleep)

Figure 8.1.2.2-3c: (micro sleep)
[bookmark: _Toc144508401]8.1.2.2.1.2	LP-WUS Scheme 2
For LP-WUS used as to replace DCP, the power saving and UPT impact are summarized in figure 8.1.2.2-4 and 8.1.2.2.5, respectively.

Figure 8.1.2.2-4

Figure 8.1.2.2-5
Note: 
-	[8A-2] , [8A-8] , [8A-11] assume LP-WUS is used to replace DCP and LP-WUR ON power value no more than 1 unit, 
-	[8A-15] assumes LP-WUS is used to replace DCP and LP-WUR ON power value is 0.1/4/10units.
-	200ms/400ms/800ms/1.6s/5s/10s average interval times for FTP3 traffic are evaluated by [8A-2].
-	The assumed ramp up time of MR from deep/light sleep is 10ms/3ms

In [8A-1]’s evaluation, in addition to DCP replacement, LP-WUS is also used to trigger the resumption of MR PDCCH during DRX active time(including drx_onDurationTimer and drx-inactivityTimer) and LP-WUR ON power value is 1/4/10 unit. The results are shown in Figures 8.1.2.2-6 and 8.1.2.2-7. 

Figure 8.1.2.2-6

Figure 8.1.2.2-7
Note:	[8A-1] assumes the ramp up time of MR from deep/light sleep is 20ms/6ms
[bookmark: _Toc136522056][bookmark: _Toc144508402][bookmark: _Toc149557155]8.1.2.2.2	Observations
Note: the average value, the min and max value in the range is calculated across all companies’ results
For the usage of LP-WUS is to trigger the resumption of PDCCH monitoring (i.e., LP-WUS scheme1), 
-	For FTP3 traffic, when WUR ON power setting is NO more than 4units,
-	LP-WUS compared with CDRX or CDRX+DCP provide 
-	Results in [8A-11] [8A-7] [8A-13] [8A-14] show that power saving gain 24%~86% (average: 61.3%) when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	Results in [8A-11] [8A-13] [8A-14] show that power saving gain -3%~41% (average: 23.75%) when MR is allowed to enter in light-sleep state during LP-WUS monitoring
-	Results in [8A-11] [8A-14] show that power saving gain -74%~-25% (average: -36%) when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
-	LP-WUS compared with R17 PDCCH + CDRX+ DCP provide 
-	Results in [8A-5] [8A-13] show that power saving gain 44%~62% (average: 53%) when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	Results in [8A-5] [8A-13] show that power saving gain -11%~18% (average: 3.5%) when MR is allowed to enter in light-sleep state during LP-WUS monitoring
-	Results in [8A-5] shows that power saving gain -26% when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
-	LP-WUS compared with alwayson provide 
-	Results in [8A-11] shows that power saving gain 40%~53% (average: 46.5%) when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
-	For FTP3 traffic, when WUR ON power setting is equal to 10 units, 
-	LP-WUS compared with CDRX or CDRX+ DCP provide 
-	Results in [8A-7] [8A-11] [8A-13] show that power saving gain 24%~58% (average: 40.25) when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	Results in [8A-11] [8A-13] show that power saving gain -33%~12% (average: -10.5%) when MR is allowed to enter in light-sleep state during LP-WUS monitoring
-	Results in [8A-11] shows that power saving gain -114% when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
-	LP-WUS compared with R17 PDCCH + CDRX+ DCP provide 
-	Results in [8A-13] shows that power saving gain 33% when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	Results in [8A-13] shows that power saving gain-40% when MR is allowed to enter in light-sleep state during LP-WUS monitoring
-	For IM traffic, when WUR ON power setting is NO more than 4units, 
-	LP-WUS compared with CDRX or CDRX+DCP provide 
-	Results in [8A-7] shows that power saving gain 69% when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	LP-WUS compared with R17 PDCCH + CDRX+ DCP provide
-	Results in [8A-5] shows that power saving gain 79% when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	Results in [8A-5] shows that power saving gain -150% when MR is allowed to enter in light-sleep state during LP-WUS monitoring 
-	Results in [8A-5] shows that power saving gain -425% when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
-	For IM traffic, when WUR ON power setting is equal to 10 units, 
-	LP-WUS compared with CDRX+ DCP provide 
-	Results in [8A-7] shows that power saving gain 56% when MR is allowed to enter in deep-sleep state during LP-WUS monitoring 
-	For FTP3 traffic, 
-	LP-WUS compared with CDRX or CDRX+DCP provide 
-	Results in [8A-11] [8A-7] [8A-13] show that UPT gain -26%~194% (average: 10.75%) when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	Results in [8A-11] [8A-13] show that UPT gain 36%~87% (average: 62.7%) when MR is allowed to enter in light-sleep state during LP-WUS monitoring
-	Results in [8A-11] shows that UPT gain 124%~180% (average: 152%) when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
-	LP-WUS compared with R17 PDCCH + CDRX+ DCP provide 
-	Results in [8A-5] [8A-13] show that UPT gain -9%~1% (average: -4%) when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	Results in [8A-5] [8A-13] show that UPT gain 59%~86% (average: 72.5%) when MR is allowed to enter in light-sleep state during LP-WUS monitoring
-	Results in [8A-5] shows that UPT gain 128% when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
-	LP-WUS compared with always-on provides
-	Results in [8A-11] shows that the same UPT performance as always-on when MR is allowed to enter in micro-sleep state during LP-WUS monitoring 
-	For IM traffic, 
-	LP-WUS compared with CDRX+ DCP provide 
-	Results in [8A-7] show that UPT gain 44%~774% (average: 184%) when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	LP-WUS compared with R17 PDCCH + CDRX+ DCP provide 
-	Results in [8A-5] show that UPT gain 94% when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
-	Results in [8A-5] show that UPT gain 453% when MR is allowed to enter in light-sleep state during LP-WUS monitoring
-	Results in [8A-5] show that UPT gain 2260% when MR is allowed to enter in micro-sleep state during LP-WUS monitoring

For the usage of LP-WUS to replace DCP (i.e., LP-WUS scheme2) for FTP3 traffic,
-	The scheme of LP-WUS for DCP replacement compared with CDRX+DCP provide (LP-WUR ON power no more than 1 unit)
-	Results in [8A-2] [8A-8] [8A-11] [8A-15] show that power saving gain (1%~88%, average: 16.75%) when CDRX cycle length is 160ms;
-	Results in [8A-11] [8A-15] show that power saving gain (18%~47%, average: 27%) when CDRX cycle length is 40ms;
-	Results in [8A-2] [8A-8] show that power saving gain (9%~78%, average: 25%) when CDRX cycle length is 320ms;
-	Results in [8A-2] show that power saving gain (10%~63%, average: 34%) when CDRX cycle length is 640ms;
-	The scheme of LP-WUS to replace DCP outside DRX active time and to trigger the resumption of MR PDCCH monitoring during DRX active time (including drx_onDurationTimer and drx-inactivityTimer) compared with R17 PDCCH+CDRX+DCP provide  
-	Results in [8A-1] show that power saving gain (8%, 29%, 50%) for the case MR enters (micro sleep, light sleep, deep sleep) during LP-WUS monitoring, respectively;
-	The scheme of LP-WUS for DCP replacement compared with CDRX+DCP provide 
-	Results in [8A-2] [8A-11] [8A-15] show that UPT gain (-6%~0%, average: -1.7%) when CDRX cycle length is 160ms;
-	Results in [8A-11] [8A-15] show that UPT gain (-22%~0%, average: -5.5%) when CDRX cycle length is 40ms;
-	Results in [8A-2] show that the same UPT performance when CDRX cycle length is 320ms;
-	Results in [8A-2] show that the same UPT performance when CDRX cycle length is 640ms;
-	The scheme of LP-WUS to replace DCP outside DRX active time and to trigger the resumption of MR PDCCH monitoring during DRX active time (including drx_onDurationTimer and drx-inactivityTimer) compared with R17 PDCCH+CDRX+DCP provide 
-	Results in [8A-1] show that UPT gain (34%, -15%, -35%) for the case MR enters (micro sleep, light sleep, deep sleep) during LP-WUS monitoring, respectively;
[bookmark: _Toc144508403][bookmark: _Toc149557156]8.2	Coverage
[bookmark: _Toc144508404][bookmark: _Toc149557157]8.2.1	Comparison between LP-WUS and NR reference channel
[bookmark: _Toc144508405][bookmark: _Toc149557158]8.2.1.1	Summary of the performance gap between LP-WUS and NR reference channel
The results are summarized in clause 8.2.2 and clause 8.2.3. A subset of the results are selected to draw observations for comparison between coverage of LP-WUS and reference NR channel. The selection and comparison are performed based on following criterion.
-	The relative difference for MIL gap between LP-WUS and NR channel is calculated per each company.
-	If companies only report MIL of NR reference channel or only MIL of LP-WUS, no performance gap can be derived from input from this company.
-	If company only input Msg3 results, and PDCCH results is not provided, only performance gap between LP-WUS and MSG3 can be derived from this company.
-	To find whether LP-WUS can achieve similar to or better then MIL of reference NR channels per each companies’ results and then observe the amount of resources required per bit in LP-WUS required for LP-WUS, the following is considered,
-	MIL margin of LP-WUS is defined as Y= (MIL of LP-WUS – MIL of NR channel), and when Y>= -1dB, the LP-WUS sample is considered to have similar to or better than reference NR channels.
-	If there are multiple samples fulfil above condition from one company, only the sample with minimum resource per bit is kept to draw conclusion.
-	The resource required per bit is provided in terms of X MHz*Symbol/bit. For example, if X= 8.64 and WUS BW is 4.32MHz, it means 2 OFDM symbols are required for LP-WUS to achieve MIL similar to or better than that of NR channel.
-	If no samples can fulfil the above condition (i.e. Y<-1dB), observation is drawn based on the range of X and Y value across companies.
-	If multiple results were provided by one company, the result with minimum abs(Y) value is selected
The summary of the observation is provided in the following Table 8.2 -1. In each case, only the samples fulfil above condition are collected, where company A: [X (MHz*Symbol/bit), Y (dB)] means company A results show LP-WUS configuration with X MHz*Symbol/bit can achieve MIL similar to or better than MIL of reference channel, and the MIL of LP-WUS – MIL of ref channel is Y dB.
Table 8.2.1-1: Summary of the performance gap between LP-WUS and NR reference channel
	[bookmark: _Hlk143195318][bookmark: MCCQCTEMPBM_00000163]Company: [X (MHz*Symbol/bit), Y (dB)]
	OOK 
	FSK
	OFDM

	
	Results
	Observation
	Results
	Observation
	Results
	Observation

	Urban
	Normal UE
	AL16,4Rx
	-
	8.2.2.1
	-
	8.2.2.5
	-
	8.2.2.9


	
	
	AL8,4Rx
	[8A-13]: [46.08, -0.4]

	8.2.2.1
- X = 46.08, Y  = -0.4, reported by 1 source.
	-
	
	[8A-13]: [34.56, 2.59]
[8A-8]: [0.31, 2.08]
	8.2.2.9
- X = 34.56, Y  = 2.59, reported by 1 source.
- X = 0.31, Y  = 2.08, reported by 1 source.

	
	
	AL16,2Rx
	-
	
	-
	
	[8A-3]: [2.16, -0.71]
[8A-8]: [0.31, 2.18]

	8.2.2.9
- X = 2.16, Y  = -0.71, reported by 1 source.
- X = 0.31, Y  = 2.18, reported by 1 source.

	
	
	AL8,2Rx
	[8A-3]: [604.8, 0.91]
[8A-11]: [28.8, -0.53]
	8.2.2.1
- X = 28.8, Y  = -0.53, reported by 1 source.
- X = 604.8, Y  = 0.91, reported by 1 source.
	-
	8.2.2.5
	[8A-3]:[2.16, 1.79]
[8A-8]: [0.31, 5.38]
[8A-11]: [18, 0.02]

	8.2.2.9
- X = 0.31~2.16, Y  = 1.79~5.38, reported by 1 source.
- X = 18, Y  = 0.02, reported by 1 source.

	
	
	Msg3
	[8A-3]: [241.92, -0.96] (Msg3 with 4dB HARQ gain)

[8A-5]: [8.64, -0.93]
[8A-7]: [17.28, 0.06]
[8A-8]: [3.24, 3.23]
[8A-11]: [1.8, 2.2]
[8A-13]: [2.88, 0.78]
[8A-2]: [8.64, 1.79]
[8A-6]: [8.64, 11.97]
[8A-11](2): [4.32, -0.99] (assumes BS array gain correction for LP-WUS 4dB more than Msg3)

[8A-11]: [0.9, 0.68] (ρ=3dB)
[8A-14]: [3.24, 1.24] (ρ=3dB)
[8A-2]: [4.32, -0.61] (ρ=3dB)
	8.2.2.3
- X = 1.8~8.64, Y = -0.93~11.97, reported by 6 source, no power boosting for LP-WUS;
- X = 17.28, Y  = 0.06, reported by 1 sources, assumes antenna element gain of LP-WUR is 3dB worse than MR.
- X = 241.92, Y  = -0.96, reported by 1 sources, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH and no power boost for LP-WUS.
- X=0.9~4.32, Y=-0.61~1.24, reported by 3 sources, assuming 3dB power boosting for LP-WUS.
	[8A-2]: [4.32, -0.31] 
[8A-5]: [4.32, -0.42]
[8A-7]: [25.92, -0.34]

	8.2.2.7
- X=4.32, Y=-0.31, reported by 1 source.
- X= 4.32, Y=-0.42 reported by 1 source.
- X= 25.92, Y=-0.34, reported by one source, assumes antenna element gain of LP-WUR is 3dB worse than MR.
	[8A-3]: [2.16, 2.82] (Msg3 with 4dB HARQ gain)
[8A-5]: [1.8, 0.06]
[8A-7]: [1.08,-0.24]
[8A-8]: [0.31, 18.03]
[8A-11]: [3.6, 4.84]
[8A-13]: [4.32, 5.82]
[8A-11](2): [3.6, 0.84] (assumes BS array gain correction for LP-WUS 4dB more than Msg3)
	8.2.2.11
- X= 0.31~4.32, Y=0.06~16.01 reported by 4 sources.
- X= 1.08, Y=-0.24, reported by one source, assumes antenna element gain of LP-WUR is 3dB worse than MR.
- X=2.16, Y=2.82, reported by 1 source, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH.

	
	Redcap UE
	AL16,2Rx
	-
	
	-
	
	-
	

	
	
	AL8, 2Rx
	-
	
	-
	
	-
	

	
	
	AL16,1Rx
	[8A-3]:[302.4, -0.79]
[8A-16]: [23.04, 0.47]
[8A-2]: [4.32, -0.38] 
	8.2.2.2
- X=4.32, Y=-0.31, reported by 1 source.
- X = 23.04, Y = 0.47, reported by 1 source.
- X = 302.4, Y = -0.79, reported by 1 source.
	[8A-2]: [4.32, 2.92]
	8.2.2.6
- X=4.32, Y=2.92, reported by 1 source.
	[8A-3]: [2.16,2.92]
[8A-11]: [7.2, -0.48]
[8A-8]: [0.43, 1.2]
	8.2.2.10
X=0.43~2.16, Y=1.2~2.92, reported by 2 sources
X=7.2, Y=-0.48, reported by 1 source.


	
	
	AL8, 1Rx
	[8A-3]:[ 120.96, -0.89]
[8A-7]: [60.48, -0.92]
[8A-8]:[12.96, -0.02]
[8A-11]: [7.2, -0.7]
[8A-13]:[ 5.76, 0.12]
[8A-2]: [4.32, 1.32]
	8.2.2.2
- X=4.32~12.96, Y=-0.02~1.32, reported by 4 sources.
- X=60.48~120.96, Y=-0.89~-0.92, reported by 2 sources.
	[8A-2]: [4.32, -0.12]
[8A-7]:[51.84, 0.18]

	8.2.2.6
- X=4.32, Y=-0.12, reported by 1 source.
- X= 51.84, Y=0.18, reported by 1 source. 
	[8A-3]: [2.16, 4.99]
[8A-7]: [2.16, 0.48]
[8A-8]: [0.31, 9.28]
[8A-11]: [3.6, -0.33]
[8A-13]: [4.32, 0.97]
	8.2.2.10
- X= 0.31~4.32, Y=-0.33~9.28, reported by 5 sources.

	
	
	Msg3
	[8A-3]:  [241.92, -0.96] (Msg3 with 4dB HARQ gain)
[8A-7]: [17.28, 0.06]
[8A-16]: [2.88, 0.16]
[8A-8]: [3.24, 1.72]
[8A-11]: [1.8, 2.2]
[8A-13]: [2.88, 0.78]
[8A-2]: [8.64, 1.79]
[8A-5]: [8.64, -0.93]

[8A-11](2):[2.52, 2.24] (assumes BS array gain correction for LP-WUS 4dB more than Msg3)

[8A-2]: [4.32, -0.61] (ρ=3dB)
[8A-11]: [0.9, 0.68] (ρ=3dB)
[8A-14]: [3.24, 1.24] (ρ=3dB)
[8A-11](2):[1.68, 2.24] (ρ=3dB) (assumes BS array gain correction for LP-WUS 4dB more than Msg3)
	8.2.2.4
- X=1.8~8.64, Y=-0.93~2.2, reported by 6 sources, no power boosting for LP-WUS.
- X=17.28, Y=0.06, reported by 1 sources, no power boosting for LP-WUS, assumes antenna element gain of LP-WUR is 3dB worse than MR.
- X=241.92, Y=-0.96, reported by 1 source, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH.
- X=0.9~4.32, Y=-0.61~1.24, reported by 3 sources, assuming 3dB power boosting for LP-WUS.
	[8A-2]: [4.32, -0.31]
[8A-7]: [25.92, 0.04]
[8A-5]: [4.32, -0.43]

	8.2.2.8
- X=4.32, Y=-0.43~-0.31, reported by 2 sources.
- X=25.92, Y=0.04, reported by 1 source, assumes antenna element gain of LP-WUR is 3dB worse than MR.
	[8A-3]: [2.16, 2.82] (Msg3 with 4dB HARQ gain)
[8A-7]: [1.08, -0.24]
[8A-8]: [0.31, 18.03]
[8A-11]: [3.6, 6.84]
[8A-13]: [4.32, 5.82]
[8A-5]: [1.8, 0.06]

[8A-11](2): [3.6, 2.84] (assumes BS array gain correction for LP-WUS 4dB more than Msg3)
	8.2.2.12
- X= 0.31~4.32, Y=~18.03, reported by 4 sources.
- X= 1.08, Y=-0.24, reported by 1 source, assumes antenna element gain of LP-WUR is 3dB worse than MR.
- X=2.16, Y=2.82, reported by 1 source, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH.

	Rural
	Normal UE
	AL16,4Rx
	-
	
	-
	
	-
	

	
	
	AL8,4Rx
	-
	
	-
	
	-
	

	
	
	AL16,2Rx
	[8A-11]: [69.12, -0.96]
	8.2.3.1
- X =69.12, Y =-0.96, reported by 1 source.
	-
	
	-
	8.2.3.9

	
	
	AL8,2Rx
	[8A-11]: [28.8, 0.09]
[8A-13]: [46.08, -0.25]
	8.2.3.1
- X =28.8 ~ 46.08, Y =-0.25 ~ 0.09, reported by 2 sources.
	-
	
	[8A-11]: [7.2, -0.29]
[8A-13]: [34.56, -0.18]
	8.2.3.9
- X =34.56, Y =-0.18, reported by 1 source.
- X =7.2, Y =-0.29, reported by 1 source.

	
	
	Msg3
	[8A-11]: [1.8, 1.07]
[8A-13]: [2.88, 4.71]
[8A-6]: [4.32, 11.57]
[8A-5]: [8.64, -0.37]
[8A-3]: [120.96, 1.56] (Msg3 with 4dB HARQ gain)

[8A-11]: [0.9, -0.49] (ρ=3dB)
[8A-14]: [3.02, -0.04] (ρ=3dB)
	8.2.3.3
- X =1.8 ~ 8.64, Y =-0.37 ~ 11.57, reported by 4 sources, no power boosting for LP-WUS.
- X =0.9 ~ 3.02, Y=-0.49~-0.04, reported by 2 sources, 3dB power boosting for LP-WUS.
- X= 120.96, Y= 1.56, reported by 1 source, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH.
	[8A-5]: [4.32, 0.13]
	8.2.3.7
- X =4.32, Y=0.13, reported by 1 source
	[8A-11]: [3.6, 3.8]
[8A-13]: [2.16, 4.36]
[8A-5]: [1.8, 0.62]
	8.2.3.11
- X =1.8 ~ 3.6, Y =0.62 to 4.36, reported by 3 sources.

	
	Redcap UE
	AL16,2Rx
	-
	
	-
	
	-
	

	
	
	AL8, 2Rx
	-
	
	-
	
	-
	

	
	
	AL16,1Rx
	[8A-16]: [46.08, 1.92]
	8.2.3.2
- X =46.08, Y =1.92, reported by 1 source
	-
	
	[8A-11]: [7.2, -0.28]
	8.2.3.10
- X =7.2, Y =-0.28, reported by 1 source.

	
	
	AL8, 1Rx
	[8A-11]: [3.78, -0.32]
[8A-13]: [11.52, -0.62]
	8.2.3.2
- X =3.78 ~ 11.52, Y =-0.62 ~ -0.32, reported by 2 source.
	-
	
	[8A-11]: [3.6, -0.21]
[8A-13]: [17.28, 3.7]
	8.2.3.10
- X =3.6 ~ 17.28, Y =-0.21 ~ 3.7, reported by 2 source.

	
	
	Msg3
	[8A-16]: [0.18, 0.65]
[8A-11]: [1.8, 1.07]
[8A-13]: [2.88, 4.71]
[8A-5]: [8.64, -0.37]
[8A-3]: [120.96, 1.56] (Msg3 with 4dB HARQ gain)


[8A-11]:[0.9, -0.49] (ρ=3dB)
[8A-14]: [3.02, -0.04] (ρ=3dB)
	8.2.3.4
- X =0.18 ~ 8.64, Y =-0.37 ~ 4.71, reported by 4 sources, no power boosting for LP-WUS.
- X=0.9~3.02, Y= -0.49~-0.04, 3dB power boosting for LP-WUS reported by 2 sources.
- X= 120.96, Y= 1.56, reported by 1 source, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH.
	[8A-5]: [4.32, 0.13]
	8.2.3.8
- X =4.32, Y=0.13, reported by 1 source
	[8A-11]: [3.6, 3.8]
[8A-13]: [2.16, 4.36]
[8A-5]: [1.8, 0.62]
	8.2.3.12
- X =1.8 ~ 3.6, Y =0.62 to 4.36, reported by 3 sources.




[bookmark: _Toc144508406][bookmark: _Toc149557159]8.2.1.2	NR Coverage for comparison
The NR coverage for comparison are provided in the following tables
Table 8.2.1-2: NR Coverage, Urban, Normal UE
	[bookmark: MCCQCTEMPBM_00000164]　
	Source
	Scenarios
	AL16, 4Rx
	AL8, 4Rx
	AL16, 2Rx
	AL8, 2Rx
	AL16, 1RX
	AL8, 1RX
	PUSCH  eMBB
	PUSCH Msg3

	Normal UE
	[8A-11]
	Urban 2.6GHz
	　
	　
	154.94 
	152.33 
	　
	　
	138.28 
	[8A-11]:141.85 
[8A-11](2):145.85

	
	[8A-15]
	Urban 2.6GHz
	166.27 
	164.28 
	162.86 
	160.74 
	　
	　
	137.62 
	147.20 

	
	[8A-14]
	Urban 4GHz
	　
	　
	162.65 
	159.84 
	　
	　
	130.69 
	146.77 

	
	[8A-5]
	Urban 2.6GHz
	　
	　
	　
	　
	　
	　
	　
	149.61 

	
	[8A-9]
	Urban 2.6GHz
	　
	　
	　
	163.54 
	　
	　
	135.88 
	　

	
	[8A-2]
	Urban 2.6GHz
	158.80 
	　
	　
	　
	　
	　
	　
	147.83 

	
	[8A-3]
	Urban 2.6GHz
	159.96 
	157.26 
	156.76 
	154.26 
	　
	　
	　
	153.23 

	
	[8A-8]
	Urban 4GHz
	168.30 
	162.21 
	162.11 
	158.91 
	　
	　
	　
	146.26 

	
	[8A-6]
	Urban 2.6Ghz
	　
	　
	165.55 
	　
	　
	　
	　
	135.46 

	
	[8A-13]
	Urban 2.6GHz
	　
	162.54 
	　
	　
	　
	　
	　
	151.53 

	
	[8A-7]
	Urban 2.6GHz
	160.81 
	158.31 
	　
	　
	　
	　
	142.51 
	148.73 

	Note:	"[8A-11](2)" assumes UL 4dB correction factor better than DL, "[8A-11]" assumes UL and DL same correction factor in coverage evaluation template. For the figures in clause 8.2.2 and 8.2.3, the meanings of '[8A-11]' and '[8A-11] 2' refer to this.



Table 8.2.1-3: NR Coverage, Urban, Redcap UE
	[bookmark: MCCQCTEMPBM_00000165]　
	Company Name
	Scenarios 
	AL16, 4Rx
	AL8, 4Rx
	AL16, 2Rx
	AL8, 2Rx
	AL16, 1RX
	AL8, 1RX
	PUSCH 
eMBB
	PUSCH Msg3

	Redcap UE
	[8A-11]
	Urban 2.6GHz
	　
	　
	　
	　
	148.72 
	146.02 
	134.96 
	[8A-11]:138.85 
[8A-11](2): 142.85

	
	[8A-15]
	Urban 2.6GHz
	　
	　
	159.86 
	157.74 
	156.61 
	153.17 
	134.62 
	144.20 

	
	[8A-16]
	Urban 2.6GHz
	　
	　
	　
	　
	152.96 
	　
	　
	147.27 

	
	[8A-17]
	Urban 2.6GHz
	　
	　
	　
	　
	157.81 
	　
	　
	　

	
	[8A-2]
	Urban 2.6GHz
	　
	　
	　
	　
	144.60 
	142.90 
	　
	147.83 

	
	[8A-3]
	Urban 2.6GHz
	　
	　
	　
	　
	153.76 
	151.06 
	　
	153.23 

	
	[8A-14]
	Urban 4GHz
	　
	　
	　
	　
	156.40 
	153.11 
	127.69 
	143.77 

	
	[8A-13]
	Urban 2.6GHz
	　
	　
	　
	　
	　
	153.38 
	　
	148.53 

	
	[8A-7]
	Urban 2.6GHz
	　
	　
	　
	　
	154.61 
	152.11 
	142.51 
	148.73 

	
	[8A-8]
	Urban 4GHz
	　
	　
	　
	　
	155.35 
	152.01 
	　
	143.26 

	
	[8A-5]
	Urban 2.6GHz
	
	
	
	
	
	
	
	146.61

	Note:	"[8A-11](2)" assumes UL 4dB correction factor better than DL, "[8A-11]" assumes UL and DL same correction factor in coverage evaluation template. For the figures in clause 8.2.2 and 8.2.3, the meanings of '[8A-11]' and '[8A-11] 2' refer to this.



Table 8.2.1-4: NR Coverage, Rural, Normal UE
	[bookmark: MCCQCTEMPBM_00000166]　
	Company Name
	Scenarios 
	AL16, 4Rx
	AL8, 4Rx
	AL16, 2Rx
	AL8, 2Rx
	AL16, 1RX
	AL8, 1RX
	PUSCH 
eMBB
	PUSCH Msg3

	Normal UE
	[8A-11]
	Rural 700MHz
	　
	　
	154.99 
	152.32 
	　
	　
	143.97 
	143.60 

	
	[8A-15]
	Rural 700MHz
	　
	　
	154.73 
	152.75 
	　
	　
	138.97 
	140.20 

	
	[8A-14]
	Rural 700MHz
	　
	　
	157.36 
	154.24 
	　
	　
	134.78 
	140.76 

	
	[8A-6]
	Rural 700Mhz
	　
	　
	　
	　
	154.35 
	　
	　
	133.27 

	
	[8A-13]
	Rural 700MHz
	　
	　
	　
	150.00 
	　
	　
	　
	135.23 

	
	[8A-5]
	Rural 700MHz
	
	
	
	
	
	
	
	145.3

	
	[8A-3]
	Rural 700MHz
	
	
	156.63
	
	
	
	
	148.97



Table 8.2.1-5: NR Coverage, Rural, Redcap UE
	[bookmark: MCCQCTEMPBM_00000167]　
	Company Name
	Scenarios 
	AL16, 4Rx
	AL8, 4Rx
	AL16, 2Rx
	AL8, 2Rx
	AL16, 1RX
	AL8, 1RX
	PUSCH 
eMBB
	PUSCH Msg3

	Redcap UE
	[8A-11]
	Rural 700MHz
	
	
	
	
	149.31
	146.61
	140.97
	140.60

	
	[8A-15]
	Rural 700MHz
	
	
	151.73
	149.75
	149.45
	145.48
	135.97
	136.09

	
	[8A-16]
	Rural 700MHz
	
	
	
	
	153.72
	
	
	138.99

	
	[8A-14]
	Rural 700MHz
	
	
	
	
	150.59
	146.80
	131.78
	137.76

	
	[8A-13]
	Rural 700MHz
	
	
	
	
	
	143.46
	
	132.23

	
	[8A-5]
	Rural 700MHz
	
	
	
	
	
	
	
	142.3

	
	[8A-3]
	Rural 700MHz
	
	
	
	
	152.83
	
	
	148.97



It can be observed that for a given NR channel, there is a MIL difference among companies. One of the reasons contributes to this difference could be the different assumptions for antenna gain corrections for gNB Tx and Rx. Another reason could be different HARQ assumption for MSG3. Another reason could be different link performance between different companies. The assumed antenna gain correction values used by companies for link budget evaluation is summarized as in Table 8.2.1-6
Table 8.2.1-6: Antenna gain correction value (dB) in the link budget evaluation
	
	Urban
	Rural

	Company
	PDCCH
	WUS
	Msg3
	PUSCH
	PDCCH
	WUS
	Msg3
	PUSCH

	[8A-3]
	6
	6
	4
	NA
	4
	4
	4
	NA

	[8A-11]
	2.65+8
	2.65+8
	[8A-11]: 2.65+8
[8A-11](2): 2.65+4
	0
	2.65
	2.65
	2.65
	0

	[8A-5]
	NA
	10.06
	4.04
	NA
	NA
	10.06
	4.04
	NA

	[8A-15]
	5.77
	NA
	5.77
	5.77
	5.68
	NA
	5.68
	5.68

	[8A-9]
	1.5
	1.5
	NA
	0
	NA
	NA
	NA
	NA

	[8A-14]
	5.77
	3
	5.77
	5.77
	3
	3
	0
	NA

	[8A-16]
	8.05
	8
	3
	NA
	0
	0
	0
	NA

	[8A-7]
	8
	8
	4.04
	NA
	NA
	NA
	NA
	NA

	[8A-2]
	8
	8
	8
	NA
	NA
	NA
	NA
	NA

	[8A-13]
	2.95
	2.95
	2.95
	NA
	7.55
	7.55
	7.55
	NA

	[8A-6]
	5.77
	2.65+8
	0
	NA
	5.68
	2.65
	0
	NA

	[8A-8]
	5.77
	5.77
	5.77
	NA
	NA
	NA
	NA
	NA



[bookmark: _Toc136522058][bookmark: _Toc144508407][bookmark: _Toc149557160]8.2.2	Results for urban
In the evaluation, FAR of <=0.1% and <=1% was be used by companies.
The LP-WUR noise figure assumed for coverage evaluation is
-	For OOK based LP-WUS, 12~20dB
-	For FSK based LP-WUS, 12~20dB
-	For OFDM based LP-WUS, 9~15dB
[bookmark: _Toc136522060][bookmark: _Toc144508408]
3GPP
[bookmark: _Toc149557161]8.2.2.1	OOK, Urban, normal UE, PDCCH
Table 8.2.2.1-1: Gap with PDCCH AL16, 4RX, Urban, MR is normal UE
[image: ]
[bookmark: _Hlk143617748]Observation:
For normal UE and urban scenario, comparing MIL of OOK based LP-WUS to legacy PDCCH AL16, 4Rx for paging
-	[8A-2], [8A-3], [8A-6], [8A-7] and [8A-8] show that with the LP-WUS resource of X=8.64~604.8 MHz*Symbol/bit , the MIL margin Y is -17.72~-4.79 dB

Table 8.2.2.1-2: Gap with PDCCH AL8, 4RX, Urban, MR is normal UE
[image: ]
Observation:
For normal UE and Urban scenario, comparing MIL of OOK based LP-WUS to legacy PDCCH AL8, 4Rx for paging
-	[8A-13] shows it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB) with LP-WUS of X = 46.08 MHz*Symbol/bit, MIL margin Y = -0.4dB
-	[8A-3], [8A-7] and [8A-8] show that with the LP-WUS resource of X=12.96~604.8 MHz*Symbol/bit , the MIL margin Y is -7.22~-2.09 dB

Table 8.2.2.1-3: Gap with PDCCH AL8, 2RX, Urban, MR is normal UE
[image: ]
Observation:
For normal UE and Urban scenario, comparing MIL of OOK based LP-WUS to legacy PDCCH AL8, 2Rx for paging
-	[8A-3] and [8A-11] show it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB)
-	[8A-11] shows the resource of LP-WUS X = 28.8 MHz*Symbol/bit, MIL margin Y=-0.53dB
-	[8A-3] shows the resource of LP-WUS X = 604.8 MHz*Symbol/bit, MIL margin Y=0.91dB
-	[8A-8], [8A-9] and [8A-14] show that with the LP-WUS resource of X=0.72~12.96 MHz*Symbol/bit , the MIL margin Y is -9.76~-3.92 dB
[bookmark: _Toc136522061][bookmark: _Toc144508409][bookmark: _Toc149557162]8.2.2.2	OOK, Urban, Redcap UE, PDCCH
Table 8.2.2.2-1: Gap with PDCCH AL16, 1RX
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Observation:
For RedCap UE and Urban scenario, comparing MIL of OOK based LP-WUS to legacy PDCCH AL16, 1Rx for paging
-	[8A-2], [8A-3] and [8A-16] show it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB)
-	[8A-2] shows the resource of LP-WUS X = 4.32 MHz*Symbol/bit, MIL margin Y=-0.38dB
-	[8A-16] show the resource of LP-WUS X = 23.04 MHz*Symbol/bit, MIL margin Y=0.47dB
-	[8A-3] show the resource of LP-WUS X = 302.4 MHz*Symbol/bit, MIL margin Y=-0.79dB
-	[8A-7], [8A-8], [8A-11], [8A-14] and [8A-17] show that with the LP-WUS resource of X=3.02~60.48 MHz*Symbol/bit , the MIL margin Y is -13.85~-1.49 dB

Table 8.2.2.2-2: Gap with PDCCH AL8, 1RX
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Observation:
For RedCap UE and Urban scenario, comparing MIL of OOK based LP-WUS to legacy PDCCH AL8, 1Rx for paging
-	[8A-2], [8A-3], [8A-7], [8A-8], [8A-11] and [8A-13] show it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB)
-	[8A-2], [8A-11], [8A-13] and [8A-8] show the resource of LP-WUS X = 4.32~12.96 MHz*Symbol/bit, MIL margin Y=-0.02~1.32 dB
-	[8A-3] and [8A-7] show the resource of LP-WUS X = 60.48~120.96 MHz*Symbol/bit, MIL margin Y=-0.89~-0.92dB
-	[8A-14] show that with the LP-WUS resource of X=3.02 MHz*Symbol/bit , the MIL margin Y is -3.74 dB
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Table 8.2.2.3: OOK, Urban, Normal UE, Msg.3
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Observation:
For Normal UE in Urban, [8A-2], [8A-3], [8A-5], [8A-6], [8A-7], [8A-8], [8A-11], [8A-13] and [8A-14], show OOK based LP-WUS is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB) than PUSCH for Msg.3 
-	[8A-2], [8A-5], [8A-6], [8A-8], [8A-11] and [8A-13] show that, with LP-WUS resource X = 1.8~8.64 MHz*Symbol/bit, MIL margin Y = -0.93~11.97dB, assuming no power boosting for LP-WUS;
-	[8A-7] show that, with LP-WUS resource X=17.28 MHz*Symbol/bit, MIL margin Y=0.06dB, assuming antenna element gain of LP-WUR is 3dB worse than MR.
-	[8A-3] show that, with LP-WUS resource X=241.92 MHz*Symbol/bit, MIL margin Y=-0.96dB, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH and no power boost for LP-WUS
-	[8A-2], [8A-11] and [8A-14], show that, with LP-WUS resource X=0.9~4.32 MHz*Symbol/bit, MIL margin Y=-0.61dB~1.24dB, assuming 3dB power boosting for LP-WUS
[bookmark: _Toc144508411][bookmark: _Toc149557164]8.2.2.4	OOK, Urban, Redcap UE, Msg.3
Table 8.2.2.4: OOK, Urban, Redcap UE, Msg.3
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Observation:
[bookmark: _Hlk142766956]For Redcap UE in Urban, [8A-2], [8A-3], [8A-5], [8A-7], [8A-8], [8A-11], [8A-13] , [8A-14] and [8A-16] show OOK based LP-WUS is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB) than PUSCH for Msg.3
-	[8A-2], [8A-5], [8A-8], [8A-11], [8A-13] and [8A-16] show that, with LP-WUS resource X=1.8~8.64 MHz*Symbol/bit, MIL margin Y =-0.93dB~2.2dB, assuming no power boosting for LP-WUS
-	[8A-7] show that with LP-WUS resource X=17.28 MHz*Symbol/bit, MIL margin Y=0.06dB, assuming no power boosting for LP-WUS, assumes antenna element gain of LP-WUR is 3dB worse than MR.
-	[8A-3] show that with LP-WUS resource X=241.92 MHz*Symbol/bit, MIL margin Y=-0.96dB, assuming no power boosting for LP-WUS and 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH.
-	[8A-2], [8A-11] and [8A-14] show that with LP-WUS resource X=0.9~4.32 MHz*Symbol/bit, MIL margin Y=-0.61dB~1.24dB, assuming 3dB power boosting for LP-WUS.
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Table 8.2.2.5-1: Gap with PDCCH AL16, 4RX
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Observation:
For normal UE and Urban scenario, comparing MIL of FSK based LP-WUS to legacy PDCCH AL16, 4Rx for paging
-	[8A-2], [8A-3] and [8A-7] show that with the LP-WUS resource of X=4.32~51.84 MHz*Symbol/bit , the MIL margin Y is -19.79~-5.52 dB

Table 8.2.2.5-2: Gap with PDCCH AL8, 4RX
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Observation:
For normal UE and Urban scenario, comparing MIL of FSK based LP-WUS to legacy PDCCH AL8, 4Rx for paging
-	[8A-3] and [8A-7] show that with the LP-WUS resource of X=9.72~51.84 MHz*Symbol/bit , the MIL margin Y is -17.09~-6.02 dB

Table 8.2.2.5-3: Gap with PDCCH AL8, 2RX
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Observation:
For normal UE and Urban scenario, comparing MIL of FSK based LP-WUS to legacy PDCCH AL8, 2Rx for paging
-	[8A-3] and [8A-9] show that with the LP-WUS resource of X=0.72~9.72 MHz*Symbol/bit , the MIL margin Y is -24.14~-14.09 dB
[bookmark: _Toc136522064][bookmark: _Toc144508413][bookmark: _Toc149557166]8.2.2.6	FSK, Urban, Redcap UE, PDCCH
Table 8.2.2.6-1: Gap with PDCCH AL16, 1RX
[image: ]
Observation:
For RedCap UE and Urban scenario, comparing MIL of FSK based LP-WUS to legacy PDCCH AL16, 1Rx for paging
-	[8A-2] show it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB) with LP-WUS resource X=4.32 MHz*Symbol/bit, MIL margin Y=2.92dB
-	[8A-3] and [8A-7] show that with the LP-WUS resource of X=9.72~51.84 MHz*Symbol/bit , the MIL margin Y is -13.59~-2.32 dB

Table 8.2.2.6-2: Gap with PDCCH AL8, 1RX
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Observation:
For RedCap UE and Urban scenario, comparing MIL of FSK based LP-WUS to legacy PDCCH AL8, 1Rx for paging
-	[8A-2] and [8A-7] show it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB) when
-	[8A-2] with LP-WUS resource X=4.32 MHz*Symbol/bit, MIL margin Y=-0.12dB
-	[8A-7] with LP-WUS resource X=51.84 MHz*Symbol/bit, MIL margin Y=0.18dB
-	[8A-3] show that with the LP-WUS resource of X=9.72 MHz*Symbol/bit , the MIL margin Y is -10.89 dB
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Table 8.2.2.7: Gap with Msg.3
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Observation:
For normal UE and Urban scenario, comparing MIL of FSK based LP-WUS to legacy PUSCH for Msg.3, 
-	[8A-2], [8A-5] and [8A-7] show it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB) 
-	[8A-2] with LP-WUS resource X=4.32 MHz*Symbol/bit, MIL margin Y=-0.31dB
-	[8A-5] with LP-WUS resource X=4.32 MHz*Symbol/bit, MIL margin Y=-0.43dB
-	[8A-7] with LP-WUS resource X=25.92 MHz*Symbol/bit, MIL margin Y=-0.34dB, assuming antenna element gain of LP-WUR is 3dB worse than MR.
-	[8A-3] show that with the LP-WUS resource of X=9.72 MHz*Symbol/bit , the MIL margin Y is -13.06 dB
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Table 8.2.2.8: FSK, Urban, Redcap UE, Msg.3
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Observation:
For RedCap UE and Urban scenario, comparing MIL of FSK based LP-WUS to legacy PUSCH for Msg.3, 
-	[8A-2], [8A-5] and [8A-7] show it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB)
-	[8A-5] and [8A-2] with LP-WUS resource X=4.32 MHz*Symbol/bit, MIL margin Y=-0.43dB~-0.31dB
-	[8A-7] with LP-WUS resource X=25.92 MHz*Symbol/bit, MIL margin Y=-0.01dB, assuming antenna element gain of LP-WUR is 3dB worse than MR
-	[8A-3] show that with the LP-WUS resource of X=9.72 MHz*Symbol/bit , the MIL margin Y is -13.06 dB
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Table 8.2.2.9-1: Gap with PDCCH AL16, 4RX
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Observation:
For normal UE and urban scenario, comparing MIL of OFDM based LP-WUS to legacy PDCCH AL16, 4Rx for paging
-	[8A-3], [8A-7] and [8A-8] show that with the LP-WUS resource of X=0.31~8.64 MHz*Symbol/bit , the MIL margin Y is -7.92~-3.91 dB

Table 8.2.2.9-2: Gap with PDCCH AL16, 2RX
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Observation:
For normal UE and Urban scenario, comparing MIL of OFDM based LP-WUS to legacy PDCCH AL16, 2Rx for paging, 
-	[8A-3] and [8A-8] show it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB) 
-	[8A-3] with LP-WUS resource X=2.16 MHz*Symbol/bit, MIL margin Y=-0.71dB
-	[8A-8] with LP-WUS resource X=0.31 MHz*Symbol/bit, MIL margin Y=2.18dB
-	[8A-11] shows that with the LP-WUS resource of X=12.96 MHz*Symbol/bit, the MIL margin Y is  -1.91 dB

Table 8.2.2.9-3: Gap with PDCCH AL8, 4RX
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Observation:
For normal UE and Urban scenario, comparing MIL of OFDM based LP-WUS to legacy PDCCH AL8, 4Rx for paging, 
-	[8A-8] and [8A-13] show it is feasible to achieve comparable MIL (i.e.MIL margin Y>=-1dB) 
-	[8A-13] with LP-WUS resource X=34.56 MHz*Symbol/bit, MIL margin Y=2.59 dB
-	[8A-8] with LP-WUS resource X=0.31 MHz*Symbol/bit, MIL margin Y=2.08 dB
-	[8A-3] and [8A-7] show that with the LP-WUS resource of X=2.16~8.64 MHz*Symbol/bit, the MIL margin Y is -5.42~-1.21 dB

Table 8.2.2.9-4: Gap with PDCCH AL8, 2RX
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Observation:
For Normal UE in Urban, [8A-3], [8A-8] and [8A-11], show OFDM based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than PDCCH AL8 2Rx for paging, 
-	[8A-3] and [8A-8] show that with LP-WUS resource X=0.31~2.16 MHz*Symbol/bit, MIL margin Y=1.79~5.38 dB
-	[8A-11] shows that with LP-WUS resource X=18 MHz*Symbol/bit, MIL margin Y=0.02dB
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Table 8.2.2.10-1: Gap with PDCCH AL16, 1RX
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Observation:
For Redcap UE and Urban scenario, comparing MIL of OFDM based LP-WUS to legacy PDCCH AL16, 1Rx for paging 
-	[8A-3], [8A-11] and [8A-8] show that it is feasible to achieve comparable MIL (i.e. MIL margin >=-1dB)
-	[8A-3] and [8A-8] with LP-WUS resource X=0.43~2.16 MHz*Symbol/bit, MIL margin Y=1.2~2.92dB
-	[8A-11] with LP-WUS resource X=7.2 MHz*Symbol/bit, MIL margin Y=-0.48dB
-	[8A-7] shows that with the LP-WUS resource of X=8.64 MHz*Symbol/bit, the MIL margin Y is -1.72 dB

Table 8.2.2.10-2: Gap with PDCCH AL8, 1RX
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Observation:
For Redcap UE and Urban scenario, [8A-3], [8A-7], [8A-8], [8A-11] and [8A-13], show OFDM based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin >=-1dB) than PDCCH AL8 1Rx for paging,
-	[8A-3], [8A-7], [8A-8], [8A-11] and [8A-13] show that with LP-WUS resource X= 0.31~4.32 MHz*Symbol/bit, MIL margin Y=-0.33dB~9.28dB
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Table 8.2.2.11: Gap with PUSCH Msg.3
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Observation:
For Normal UE and Urban scenario, [8A-3], [8A-5], [8A-7], [8A-8], [8A-11] and [8A-13], show OFDM based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin >=-1dB) than PUSCH for Msg.3 
-	[8A-5], [8A-8], [8A-11] and [8A-13] show that with LP-WUS resource X= 0.31~4.32 MHz*Symbol/bit, MIL margin Y=0.06dB~18.03dB
-	[8A-7] shows X= 1.08 MHz*Symbol/bit, MIL margin Y=-0.24dB, assuming antenna element gain of LP-WUR is 3dB worse than MR.
-	[8A-3] shows that with LP-WUS resource X= 2.16 MHz*Symbol/bit, MIL margin Y=2.82dB, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH
[bookmark: _Toc144508419][bookmark: _Toc149557172]8.2.2.12	OFDM, Urban, Redcap UE, Msg.3
Table 8.2.2.12: OFDM, Urban, Redcap UE, Msg.3
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Observation:
For RedCap UE and Urban scenario, [8A-3], [8A-5], [8A-7], [8A-8], [8A-11] and [8A-13] show OFDM based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin >=-1dB) than PUSCH for Msg.3 
-	[8A-5], [8A-8], [8A-11] and [8A-13] show that with LP-WUS resource X= 0.31~4.32 MHz*Symbol/bit, MIL margin Y=0.06dB~18.03dB
-	[8A-7] shows that with LP-WUS resource X= 1.08 MHz*Symbol/bit, MIL margin Y=-0.24dB, assuming antenna element gain of LP-WUR is 3dB worse than MR
-	[8A-3] shows that with LP-WUS resource X= 2.16 MHz*Symbol/bit, MIL margin Y=2.82dB, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH
[bookmark: _Toc144508420][bookmark: _Toc149557173]8.2.3	Results for rural
In the evaluation, FAR of 0.1% and 1%  are used by companies. 
The LP-WUR noise figure assumed for coverage evaluation is
-	For OOK based LP-WUS, 12~15dB
-	For OFDM based LP-WUS, 9.5~12dB
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Gap with AL16, 2Rx
Table 8.2.3.1-1: Gap with AL16, 2Rx, OOK, Rural, normal UE, PDCCH
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Observation:
For normal UE and Rural scenario, comparing MIL of OOK based LP-WUS to legacy PDCCH AL16, 2Rx for paging 
-	[8A-11] shows that it is feasible to achieve comparable MIL (i.e. MIL margin >=-1dB) when LP-WUS resource X=69.12 MHz*Symbol/bit, MIL margin Y=-0.96dB
-	[8A-3], [8A-6] and [8A-14] show that with the LP-WUS resource of X = 3.02 ~ 120.96 MHz*Symbol/bit, the MIL margin Y is -16.64~-5.71 dB

Gap with AL8, 2Rx
Table 8.2.3.1-2: Gap with AL8, 2Rx, OOK, Rural, normal UE, PDCCH
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Observation:
For normal UE and Rural scenario, comparing MIL of OOK based LP-WUS to legacy PDCCH AL8, 2Rx for paging 
-	[8A-11] and [8A-13] show that it is feasible to achieve comparable MIL (i.e. MIL margin >=-1dB) when LP-WUS resource X=28.8~46.08 MHz*Symbol/bit, MIL margin Y=-0.25~0.09dB
-	[8A-14] shows that with the LP-WUS resource of X=3.02 MHz*Symbol/bit, the MIL margin Y is -13.52 dB
[bookmark: _Toc144508422][bookmark: _Toc149557175]8.2.3.2	OOK, Rural, Redcap UE, PDCCH
Gap with AL16, 1Rx
Table 8.2.3.2-1: Gap with AL16, 1Rx, OOK, Rural, normal UE, PDCCH
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Observation:
For RedCap UE and Rural scenario, comparing MIL of OOK based LP-WUS to legacy PDCCH AL16, 1Rx for paging 
-	[8A-16] shows that it is feasible to achieve comparable MIL (i.e. MIL margin >=-1dB) when LP-WUS resource X=46.08 MHz*Symbol/bit, MIL margin Y=1.92dB
-	[8A-3], [8A-11] and [8A-14] show that with the LP-WUS resource of X=3.02~120.96 MHz*Symbol/bit, the MIL margin Y is -12.87~-1.08 dB

Gap with AL8, 1Rx
Table 8.2.3.2-2: Gap with AL8, 1Rx, OOK, Rural, normal UE, PDCCH
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Observation:
For RedCap UE and Rural scenario, comparing MIL of OOK based LP-WUS to legacy PDCCH AL8, 1Rx for paging 
-	[8A-11] and [8A-13] show that it is feasible to achieve comparable MIL (i.e. MIL margin >=-1dB) when LP-WUS resource X=3.78~11.52 MHz*Symbol/bit, MIL margin Y=-0.62dB~-0.32dB
-	[8A-14] shows that with the LP-WUS resource of X=3.02 MHz*Symbol/bit, the MIL margin Y is -9.08 dB
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Table 8.2.3.3: OOK, Rural, Normal UE, Msg.3
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Observation:
For Normal UE in Rural, based on the results, [8A-3], [8A-5], [8A-6], [8A-11], [8A-13] and [8A-14] show OOK based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than MSG3 PUSCH, 
-	[8A-5], [8A-6], [8A-11] and [8A-13] show that with LP-WUS resource X=1.8~8.64 MHz*Symbol/bit, MIL margin Y=-0.37B~11.57dB
-	[8A-11] and [8A-14] show that with LP-WUS resource X=0.9~3.02 MHz*Symbol/bit, MIL margin Y=-0.49dB~-0.04dB, assuming 3dB power boosting for LP-WUS.
-	[8A-3] shows that with LP-WUS resource X=120.96 MHz*Symbol/bit, MIL margin Y=1.56dB, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH.
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Table 8.2.3.4: OOK, Rural, Redcap UE, Msg.3
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Observation:
For RedCap UE in Rural, based on the results, [8A-3], [8A-5], [8A-16], [8A-11], [8A-13] and [8A-14] show OOK based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than MSG3 PUSCH, 
-	[8A-5], [8A-11], [8A-13] and [8A-16] show that with LP-WUS resource X = 0.18 ~ 8.64 MHz*Symbol/bit, MIL margin Y=-0.37dB~4.71dB, assuming no power boosting for LP-WUS
-	[8A-11] and [8A-14] show that with LP-WUS resource X=0.9~3.02 MHz*Symbol/bit, MIL margin Y=-0.49dB~-0.04dB, assuming 3dB power boosting for LP-WUS
-	[8A-3] shows that with LP-WUS resource X=120.96 MHz*Symbol/bit, MIL margin Y=1.56dB, assuming 4dB HARQ gain from 2 retransmissions for Msg3 PUSCH.
[bookmark: _Toc144508425][bookmark: _Toc149557178]8.2.3.5	FSK, Rural, normal UE, PDCCH
No input
[bookmark: _Toc144508426][bookmark: _Toc149557179]8.2.3.6	FSK, Rural, Redcap UE, PDCCH
No input
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Table 8.2.3.7: FSK, Rural, Normal UE, Msg.3
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Observation:
For normal UE and Rural scenario, [8A-5] shows FSK based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than MSG3 PUSCH when 
-	LP-WUS resource X=4.32MHz*Symbol/bit, MIL margin Y=0.13dB
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Table 8.2.3.8: FSK, Rural, Redcap UE, Msg.3
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Observation:
For RedCap UE and Rural scenario, [8A-5] shows FSK based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than MSG3 PUSCH when 
-	LP-WUS resource X=4.32MHz*Symbol/bit, MIL margin Y=0.13dB
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Gap with PDCCH AL16, 2Rx
Table 8.2.3.9-1 Gap with PDCCH AL16, 2Rx
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Observation:
-	For normal UE and Rural scenario, comparing MIL of OFDM based LP-WUS to legacy PDCCH AL16, 2Rx
-	[8A-11] show that with the LP-WUS resource of X=17.28 MHz*Symbol/bit, the MIL margin Y is  -2.36 dB.

Gap with PDCCH AL8 2Rx
Table 8.2.3.9-2: Gap with PDCCH AL8, 2Rx
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Observation:
For normal UE and Rural scenario, [8A-11] and [8A-13] show OFDM based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than MSG3 PUSCH
-	[8A-13] shows that with LP-WUS resource X=34.56 MHz*Symbol/bit, MIL margin Y=-0.18dB
-	[8A-11] shows that with LP-WUS resource X=7.2MHz*Symbol/bit, MIL margin Y=-0.29dB
[bookmark: _Toc144508430][bookmark: _Toc149557183]8.2.3.10	OFDM, Rural, Redcap UE, PDCCH
Gap with PDCCH AL16 1Rx
Table 8.2.3.10-1: Gap with PDCCH AL16 1Rx
[image: ]
Observation:
For Redcap UE in Rural, [8A-11] shows OFDM based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than PDCCH AL16 1Rx for paging when 
-	LP-WUS resource X=7.2 MHz*Symbol/bit, MIL margin Y=-0.28dB

Gap with PDCCH AL8 1Rx
Table 8.2.3.10-2: Gap with PDCCH AL8 1Rx
[image: ]
Observation:
For Redcap UE in Rural, [8A-11] and [8A-13] show OFDM based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than PDCCH AL8 1Rx for paging when
-	LP-WUS resource X=3.6~17.28 MHz*Symbol/bit, MIL margin Y=-0.21dB~3.7dB
[bookmark: _Toc144508431][bookmark: _Toc149557184]8.2.3.11	OFDM, Rural, Normal UE, Msg.3
Table 8.2.3.11: OFDM, Rural, Normal UE, Msg.3
[image: ]
Observation:
For normal UE in Rural, [8A-5], [8A-11] and [8A-13] show OFDM based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than PUSCH for MSG.3 when 
-	LP-WUS resource X=1.8~3.6 MHz*Symbol/bit, MIL margin Y=0.62dB~4.36dB
[bookmark: _Toc144508432][bookmark: _Toc149557185]8.2.3.12	OFDM, Rural, Redcap UE, Msg.3
Table 8.2.3.12: OFDM, Rural, Redcap UE, Msg.3
[image: ]
Observation:
For RedCap UE in Rural, [8A-5], [8A-11] and [8A-13] show OFDM based LP-WUS is feasible to achieve comparable MIL (i.e. MIL margin Y>=-1dB) than PUSCH for MSG.3 when 
-	LP-WUS resource X=1.8~3.6 MHz*Symbol/bit, MIL margin Y=0.62dB~4.36dB
[bookmark: _Toc144508433][bookmark: _Toc149557186][bookmark: _Toc136522075]8.3	LLS results observations 
In this clause and sub-clauses it is assumed that "tolerate" means that SNR degradation <= 2dB compared to error free case. Clause is based on contributed results in [8B-29].
[bookmark: _Toc144508434][bookmark: _Toc149557187]8.3.1	Timing error
[bookmark: _Toc144508435][bookmark: _Toc149557188]8.3.1.1	Results for timing error (without sliding window)
The results are generated so that script finds a pair of results from a single source that differ only in timing error column. The SNR degradation is extracted, and the smallest degradation shown by a source is taken as representative value for the source.
For the following Waveforms:
-	OOK-1 30kHz SCS
-	OOK-1 60kHz SCS
-	OOK-1 120kHz SCS
-	OOK-2 M=2
-	OOK-2 M=4
-	OOK-3
-	OOK-4 M=2
-	OOK-4 M=4
-	OOK-4 M>4
-	FSK M=1
-	FSK-1 M=2
-	FSK-2 M=2
-	OFDMA
With the following assumption
-	ADC bit-width is 4 or more bits.
-	Frequency error is 0 ppm.
-	Other parameters are not restricted. 
Results are captured in Table 8.3-1.
Table 8.3-1: Timing error without sliding window. 
	Te
[us]
	OOK-1
30kHz SCS
	OOK-1
60kHz SCS
	OOK-1
120kHz SCS
	OOK-3


	SNR deg [dB]
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources

	1
	 [8B-7][8B-11]
[8B-17][8B-2]
[8B-24][8B-27]
	
	[8B-2][8B-17]
[8B-7][8B-28]
	
	[8B-17][8B-2]
[8B-28]
	
	
	

	2
	 [8B-7][8B-11]
[8B-17][8B-2]
[8B-24][8B-27]
	
	[8B-7][8B-1][8B-21]
[8B-17][8B-2][8B-28]
	
	[8B-28]
	[8B-1][8B-17]
[8B-2][8B-21]
	[8B-15]
	

	3
	[8B-17]
	
	[8B-17]
	
	
	[8B-17]
	[8B-15]
	

	4
	 [8B-7][8B-1]
[8B-11][8B-17]
[8B-2][8B-24][8B-27]
	
	[8B-1][8B-17][8B-7]
	[8B-21][8B-2]
[8B-28]
	
	[8B-17][8B-2]
[8B-28][8B-21]
	[8B-15]
	

	5
	[8B-3]
	
	
	
	
	
	
	

	10
	
	[8B-3]
	
	
	
	
	
	

	15
	
	[8B-3]
	
	
	
	
	
	

	20
	
	[8B-3]
	
	
	
	
	
	

	Sampling 
rate range [MHz]
	0,96-
15,36
	1,12-
7,68
	1,12-
7,68
	30,72-
30,72

	Inner GB BW 
range, if applicable [kHz]
	0-
180
	N/A
	N/A
	N/A

	Total Source
	 [8B-7][8B-1][8B-11][8B-17]
[8B-2][8B-3][8B-24][8B-27]
	[8B-7][8B-1][8B-21]
[8B-17][8B-2][8B-28]
	[8B-1][8B-21][8B-17]
[8B-2][8B-28]
	[8B-15]



	[bookmark: _Hlk142827898]Te
[us]
	OOK-2
M=2
	OOK-2
M=4
	OOK-4
M=2
	OOK-4
M=4
	OOK-4
M>4

	SNR deg [dB]
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources

	1
	[8B-8][8B-7]
[8B-11][8B-17]
[8B-2][8B-24]
	
	[8B-8][8B-7]
[8B-1][8B-11]
[8B-17][8B-2]
[8B-24]
	
	[8B-7][8B-11]
[8B-17][8B-2]
[8B-24][8B-27]
	
	[8B-7][8B-1]
[8B-17][8B-2]
[8B-3][8B-24]
	[8B-11]
	[8B-3]

	[8B-1]

	2
	[8B-8][8B-7]
[8B-11][8B-17]
[8B-2][8B-24]
	
	[8B-8][8B-1]
[8B-11][8B-17]
[8B-2][8B-24]
	[8B-7]
	[8B-7][8B-1]
[8B-21][8B-17]
[8B-2][8B-24]
[8B-27]
	[8B-11]
	[8B-13][8B-3]
[8B-7]
	[8B-1][8B-11]
[8B-21][8B-17]
[8B-2][8B-24]
	
	[8B-3]

	3
	[8B-17]
	
	[8B-17]
	
	[8B-17]
	
	[8B-3]
	[8B-17]
	
	[8B-3]

	4
	[8B-8][8B-17]
[8B-2][8B-24]
	[8B-11]
[8B-7]

	[8B-8][8B-17]
[8B-2]
	[8B-11][8B-7]
[8B-24]
	[8B-7][8B-27]
	[8B-11][8B-21]
[8B-17][8B-2]
[8B-24]
	[8B-7]
	[8B-11][8B-21]
[8B-17][8B-2]
[8B-3][8B-24]
	
	[8B-3]

	5
	
	
	
	
	[8B-3]
	
	
	[8B-3]
	
	[8B-3]

	10
	
	
	
	
	
	[8B-3]
	
	[8B-3]
	
	[8B-3]

	15
	
	
	
	
	
	[8B-3]
	
	[8B-3]
	
	[8B-3]

	20
	
	
	
	
	
	[8B-3]
	
	[8B-3]
	
	[8B-3]

	Sampling 
rate range [MHz]
	0,96-
15,36
	0,96-
15,36
	1,92-
15,36
	1,92-
15,36
	3,4-
7,68

	Inner GB BW 
range, if applicable [kHz]
	120-
480
	120-
480
	N/A
	 N/A
	 N/A

	Total Sources
	 [8B-7][8B-11]
[8B-17][8B-2][8B-24]
	 [8B-7][8B-1][8B-11]
[8B-17][8B-2][8B-24]
	[8B-7][8B-1][8B-11][8B-21]
[8B-17][8B-2][8B-3]
[8B-24][8B-27]
	[8B-7][8B-1][8B-11][8B-21]
[8B-17][8B-13][8B-2]
[8B-3][8B-24]
	[8B-1][8B-3]




	Te
[us]
	FSK M=1
	FSK-1
M=2
	FSK-2
M=2
	OFDMA


	SNR deg [dB]
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources

	1
	[8B-7]
[8B-17][8B-24]
[8B-27]
	
	[8B-8][8B-17]
[8B-7][8B-24]
	
	[8B-7]
[8B-11] [8B-1]
[8B-17][8B-2]
[8B-24]
	
	[8B-28]
	0

	2
	[8B-17]
[8B-7][8B-27]
	[8B-24]
	[8B-17]
	[8B-7][8B-24]
	[8B-17][8B-2]
[8B-11] [8B-1]
	[8B-7]
[8B-24]
	[8B-28]
	0

	3
	[8B-17]
	
	[8B-17]
	
	[8B-1] [8B-17]
	
	
	

	4
	[8B-17][8B-27]
	[8B-7][8B-24]
	[8B-17]
	[8B-7][8B-24]
	[8B-1][8B-17]
[8B-2]
	[8B-11]
[8B-7][8B-24]
	[8B-28]
	0

	10
	0
	
	0
	
	0
	
	
	

	Sampling 
rate range [MHz]
	0,96-
8,64
	0,96-
8,64
	0,96-
15,36
	3,84-
7,68

	Inner GB BW 
range, if applicable [kHz]
	0-
480
	180-
480
	0-
480
	N/A

	Total Sources
	[8B-7][8B-17]
[8B-24][8B-27]
	[8B-17][8B-7][8B-24]

	[8B-7][8B-1][8B-11]
[8B-17][8B-2][8B-24]
	[8B-28]




Table 8.3-2: Tolerance to timing error by waveform
	Waveform
	Tolerance up to timing error [us]
	Note

	OOK-1 30kHz SCS
	5
	

	OOK-1 60kHz SCS
	3
	

	OOK-1 120kHz SCS
	1
	

	OOK-3
	4
	single source

	OOK-2 M=2
	4
	

	OOK-2 M=4
	3
	

	OOK-4 M=2
	3
	

	OOK-4 M=4
	1
	[8B-2] shows that performance degrade more than 2dB for 1us, with assumption of TDL-C 1000ns, but degrades <2dB for 1us with assumption of TDL-C 300ns. The 300ns delay spread was baseline.

	OOK-4 M>4
	1
	

	FSK M=1
	2
	

	FSK-1 M=2
	1
	

	FSK-2 M=2
	2/3
	[8B-1] [8B-17] sources showed tolerance up to 3us. 

	OFDMA
	4
	[8B-28]  shows that OFDMA can be tolerant up to 4us.



[bookmark: _Toc144508436][bookmark: _Toc149557189]8.3.1.1A	Observation for timing error (without sliding window): 
There are the following observations for timing error from Table 8.3-2:
-	OOK/FSK waveform with longer time segment and with a single or multiple frequency segments is comparable (0 us) or more robust (up to 4us) to timing error than waveform with shorter time segment.  
-	[8B-28] shows that without sliding window, OFDMA tolerates up to 4us timing error, when SCS <=30kHz, and receiver did not perform FFT.   
[bookmark: _Toc144508437][bookmark: _Toc149557190]8.3.1.2	Results for timing error (with sliding window)
For the following waveforms:
-	OOK-1 30kHz SCS
-	OOK-1 60kHz SCS
-	OOK-1 120kHz SCS
-	OOK-2 M=2
-	OOK-2 M=4
-	OOK-3
-	OOK-4 M=2
-	OOK-4 M=4
-	OOK-4 M>4
-	FSK M=1
-	FSK-1 M=2
-	FSK-2 M=2
-	OFDMA
With the following assumption
-	ADC bit-width is 4 or more bits.
-	Frequency error is 0 ppm.
-	Other parameters are not restricted. 
Results are presented in Table 8.3-3:
Table 8.3-3: Timing error with time sliding window
	Te
[us]
	OOK-1
30kHz SCS
	OOK-2
M=2
	OOK-2
M=4

	SNR deg [dB]
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources

	1
	[8B-8]
	
	[8B-8]
	
	[8B-8]
	

	2
	[8B-8]
	
	[8B-8]
	
	[8B-8]
	

	4
	[8B-8]
	
	[8B-8]
	
	[8B-8]
	

	10
	[8B-8]
	
	[8B-8]
	
	[8B-8]
	

	Sampling 
rate range [MHz]
	0,96-
7,68
	0,96-
7,68
	0,96-
7,68

	Inner GB BW 
range, if applicable [kHz]
	N/A
	180-
180
	180-
180

	Total Source
	[8B-8]
	[8B-8]
	[8B-8]



	Te
[us]
	FSK M=1
	FSK-1
M=2
	FSK-2
M=2

	SNR deg [dB]
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources
	<2dB
sources
	>=2dB
sources

	1
	[8B-8]

	
	[8B-8]

	
	[8B-8]

	

	2
	[8B-8]

	
	
	[8B-8]
	
	[8B-8]

	3
	
	
	
	
	
	

	4
	
	[8B-8]
	
	[8B-8]
	
	[8B-8]

	10
	
	[8B-8]
	
	[8B-8]
	
	[8B-8]

	Sampling 
rate range [MHz]
	0,96-
7,68
	0,96-
7,68
	0,96-
7,68

	Inner GB BW 
range, if applicable [kHz]
	180-
180
	180-
180
	180-
180

	Total Sources
	[8B-8]
	[8B-8]
	[8B-8]



	Te
[us]
	OFDMA


	SNR deg [dB]
	<2dB
sources
	>=2dB
sources

	1
	[8B-2][8B-21] [8B-15]
	

	2
	[8B-25][8B-17][8B-13][8B-15]
	[8B-21]

	3
	
	[8B-15]

	4
	[8B-25][8B-21]
	

	10
	
	

	Sampling 
rate range [MHz]
	3,84
30,72

	Inner GB BW 
range, if applicable [kHz]
	N/A

	Total Sources
	[8B-15][8B-21][8B-17][8B-2]
[8B-13][8B-25]



[bookmark: _Toc144508438][bookmark: _Toc149557191]8.3.1.2A	Observation for timing error (with sliding window): 
There are the following observations for timing error in Table 8.3-3:
-	For OFDMA, tolerance to timing error varies with sliding window size assumed by a receiver and was shown to tolerate timing error up to 4us if proper sliding window size is assumed by a receiver.
[bookmark: _Toc144508439][bookmark: _Toc149557192]8.3.2	Frequency error
[bookmark: _Toc144508440][bookmark: _Toc149557193]8.3.2.1	Results for frequency error
The results are generated so that script finds a pair of results from a single source that differ only in frequency error column. The SNR degradation is extracted, and the smallest degradation shown by company is taken as representative value for the source. 
For the following waveforms:
-	OOK-1 30kHz SCS
-	OOK-1 60kHz SCS
-	OOK-1 120kHz SCS
-	OOK-2 M=2
-	OOK-2 M=4
-	OOK-3
-	OOK-4 M=2
-	OOK-4 M=4
-	OOK-4 M>4
-	FSK M=1
-	FSK-1 M=2
-	FSK-2 M=2
-	OFDMA
With the following assumptions:
-	ADC bit-width is 4 or more bits.
-	Timing error is 0 micro sec.
-	Other parameters are not restricted.
Results are presented in Table 8.3-4:
Table 8.3-4: Frequency error robustness for different waveforms
	Fe
[kHz]
	OOK-1
30kHz SCS
	Fe
[kHz]
	OOK-1
60kHz SCS
	Fe
[kHz]
	OOK-1
120kHz SCS
	Fe
[kHz]
	OOK-2
M=2

	
	<2dB
sources
	>=2dB
sources
	
	<2dB
sources
	>=2dB
sources
	
	<2dB
sources
	>=2dB
sources
	
	<2dB
sources
	>=2dB
sources

	2
	[8B-17]
	
	2
	[8B-17]
	
	2
	[8B-17]
	
	2
	[8B-17]
	

	2,6
	[8B-8]
	
	4
	[8B-17]
	
	4
	[8B-17]
	
	2,6
	[8B-8]
	

	4
	[8B-17]
	
	10
	[8B-17]
	
	10
	[8B-17]
	
	4
	[8B-17]
	

	5,2
	[8B-8]
	
	13
	[8B-2][8B-7]
	
	20
	[8B-17]
	
	5,2
	[8B-8]
	

	10
	[8B-17]
	
	20
	[8B-17]
	
	26
	[8B-2]
	
	13
	[8B-8][8B-2]
[8B-7]
	

	13
	[8B-8][8B-27]
[8B-2]
[8B-7]
	
	26
	[8B-2]
	
	40
	[8B-21]
	
	20
	[8B-17]
	

	20
	[8B-17]
	
	40
	[8B-21]
	
	100
	[8B-17]
	
	26
	[8B-8][8B-2]
	

	26
	[8B-8][8B-27]
[8B-2]
	
	100
	[8B-17]
	
	200
	[8B-17]
	
	40
	[8B-24]
	

	40
	[8B-24]
	
	200
	[8B-7]
	
	260
	[8B-1]
	
	52
	[8B-7]
	

	100
	[8B-17]
	
	260
	[8B-17]
	
	300
	[8B-17]
	
	100
	[8B-17]
	

	130
	[8B-22][8B-8]
[8B-11][8B-3]
[8B-7][8B-27]
	
	300
	[8B-7][8B-1]
	
	400
	[8B-21][8B-17]
	
	130
	[8B-8][8B-25]
[8B-7][8B-11]
	

	200
	[8B-24][8B-17]
	
	400
	[8B-17]
	
	
	
	
	200
	[8B-24][8B-17]
	

	260
	[8B-1][8B-8]
[8B-11][8B-3]
[8B-7]
	
	
	
	
	
	
	
	260
	[8B-8][8B-11]
[8B-7]
	

	300
	[8B-17]
	
	
	
	
	
	
	
	300
	[8B-17]
	

	390
	[8B-3]
	
	
	
	
	
	
	
	400
	
	[8B-24]

	400
	[8B-24][8B-17]
	
	
	
	
	
	
	
	520
	
	[8B-25][8B-11]

	520
	[8B-11][8B-3]
[8B-22][8B-7]
	
	
	
	
	
	
	
	600
	
	[8B-24]

	600
	[8B-24]
	
	
	
	
	
	
	
	800
	
	[8B-24]

	800
	[8B-24]
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Sampling 
rate range [MHz]
	0,96-
15,36
	
	1,12-
4,32
	
	1,12-
4,32
	
	0,96-
15,36

	Inner GB BW 
range, if applicable [kHz]
	N/A
	
	N/A
	
	N/A
	
	120-
480

	# of sources 
with/wo time domain 
sliding window
	[8B-8]/
[8B-24][8B-17]
[8B-22][8B-1] [8B-2][8B-11]
[8B-3][8B-7][8B-27]

	
	[-]/
[8B-17][8B-21]
[8B-1][8B-2][8B-7]

	
	[-]
[8B-21][8B-17][8B-2][8B-1]

	
	[8B-8]/ [8B-24][8B-17][8B-25]
 [8B-2][8B-11][8B-7]


	# of sources with/wo
 frequency adjustment
	[-]/
[8B-8][8B-24][8B-17]
[8B-22][8B-1] [8B-2][8B-11]
[8B-3][8B-7][8B-27]
	
	[-]/
[8B-17][8B-21]
[8B-1][8B-2][8B-7]

	
	[-] [8B-21][8B-17][8B-2][8B-1]

	
	[-]/ [8B-24][8B-17][8B-25]
[8B-8][8B-2][8B-11][8B-7]




	Fe
[kHz]
	OOK-2
M=4
	Fe
[kHz]
	OOK=4
M=2
	Fe
[kHz]
	OOK=4
M=4
	Fe
[kHz]
	OOK=4
M>4

	
	<2dB
sources
	>=2dB
sources
	
	<2dB
sources
	>=2dB
sources
	
	<2dB
sources
	>=2dB
sources
	
	<2dB
sources
	>=2dB
sources

	2
	[8B-17]
	
	2
	[8B-17]
	
	2
	[8B-17]
	
	130
	[8B-3]
	

	2,6
	[8B-8]
	
	4
	[8B-17]
	
	4
	[8B-17]
	
	260
	[8B-3][8B-1]
	

	4
	[8B-17]
	
	10
	[8B-17]
	
	7
	[8B-13]
	
	390
	[8B-3]
	

	5,2
	[8B-8]
	
	13
	[8B-27][8B-2]
[8B-7]
	
	10
	[8B-17]
	
	
	
	

	13
	[8B-8][8B-2]
[8B-7]
	
	20
	[8B-17]
	
	13
	[8B-2]
	
	
	
	

	20
	[8B-17]
	
	26
	[8B-27][8B-2]
	
	20
	[8B-17]
	
	
	
	

	26
	[8B-8][8B-2]
[8B-1]
	
	32
	[8B-24]
	
	26
	[8B-13][8B-2]
	
	
	
	

	40
	[8B-24]
	
	40
	[8B-21][8B-24]
	
	40
	[8B-21][8B-24]
[8B-13]
	
	
	
	

	52
	[8B-7]
	
	100
	[8B-17]
	
	52
	[8B-2]
	
	
	
	

	100
	[8B-17]
	
	130
	[8B-25][8B-3]
[8B-11][8B-7]
[8B-27]
	
	100
	[8B-17]
	
	
	
	

	130
	[8B-8][8B-11]
[8B-22]
	[8B-7]
	200
	[8B-24][8B-17]
	
	130
	[8B-25][8B-22]
[8B-3][8B-2]
[8B-11]
	
	
	
	

	200
	[8B-24][8B-17]
	
	260
	[8B-11][8B-3]
[8B-7][8B-1]
	
	200
	[8B-24][8B-17]
	
	
	
	

	260
	
	[8B-8][8B-11][8B-7]
	300
	[8B-24]
	
	260
	[8B-11][8B-3]
[8B-1]
	
	
	
	

	300
	[8B-17]
	
	390
	[8B-3]
	
	390
	[8B-3]
	
	
	
	

	400
	[8B-24]
	
	400
	[8B-21][8B-24]
[8B-17]
	
	400
	[8B-21][8B-24][8B-17]
	
	
	
	

	520
	
	[8B-11][8B-22]
	520
	[8B-11][8B-3][8B-7]
	
	520
	[8B-11][8B-3]
[8B-22]
	
	
	
	

	600
	[8B-24]
	
	600
	[8B-24]
	
	600
	[8B-24]
	
	
	
	

	800
	[8B-24]
	
	800
	[8B-24]
	
	800
	[8B-24]
	
	
	
	

	
	
	
	1200
	[8B-24]
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Sampling 
rate range [MHz]
	0,96-
15,36
	
	1,92-
15,36
	
	1,92-
15,36
	
	3,4-
7,68

	Inner GB BW 
range, if applicable [kHz]
	120-
480
	
	N/A
	
	N/A
	
	N/A

	# of sources 
with/wo time domain 
sliding window
	[8B-8]/
[8B-24][8B-17][8B-22]
[8B-1][8B-8][8B-2][8B-11][8B-7]

	
	[-]/ [8B-24][8B-17][8B-25]
[8B-21][8B-1][8B-2][8B-11]
[8B-3][8B-7][8B-27]

	
	[-]/
[8B-24][8B-17][8B-25]
[8B-13][8B-21][8B-22]
[8B-1][8B-2][8B-11][8B-3]

	
		

	[-] /
[8B-3][8B-1]

	




	# of sources with/wo
 frequency adjustment
	[-]/
[8B-24][8B-17][8B-22]
[8B-1][8B-8][8B-2]
[8B-11][8B-7]

	
	[-]/ [8B-24][8B-17][8B-25]
[8B-21][8B-1][8B-2]
[8B-11][8B-3][8B-7][8B-27]

	
	[-]/
 [8B-24][8B-17][8B-25]
[8B-13][8B-21][8B-22]
[8B-1][8B-2][8B-11][8B-3]

	
		[-]/

	[8B-3][8B-1]

	






	Fe
[kHz]
	FSK M=1
	Fe
[kHz]
	FSK-1
M=2
	Fe
[kHz] 

	FSK-2
M=2
	Fe
[kHz]
	OFDMA


	
	<2dB
sources
	>=2dB
sources
	
	<2dB
sources
	>=2dB
sources
	
	<2dB
sources
	>=2dB
sources
	
	<2dB
sources
	>=2dB
sources

	2,6
	[8B-8][8B-17]
[8B-27]
	
	2,6
	[8B-8]
	0
	2,6
	[8B-8][8B-17]
	
	1,4
	[8B-13]
	0

	5,2
	[8B-8][8B-17]
[8B-27]
	
	5,2
	[8B-8][8B-17]
	0
	5,2
	[8B-8][8B-17]
	
	2
	[8B-17]
	0

	13
	[8B-8][8B-27]
[8B-7]
	
	13
	[8B-8][8B-7]
	0
	13
	[8B-8][8B-2]
	
	2,6
	[8B-27][8B-7] [8B-15]
	0

	26
	[8B-8][8B-17]
	
	26
	[8B-8][8B-17]
	0
	26
	[8B-8][8B-17]
[8B-2]
	
	3,5
	[8B-13]
	0

	32
	[8B-24]
	
	40
	[8B-24]
	0
	40
	[8B-24]
	
	5,2
	[8B-13][8B-7] [8B-15]
	[8B-27]

	40
	[8B-24]
	
	52
	[8B-7]
	0
	130
	[8B-8][8B-17]
[8B-11][8B-1]
	
	7
	[8B-13]
	

	52
	[8B-7]
	
	130
	[8B-8][8B-17]
	[8B-7]
	200
	[8B-24]
	
	8
	[8B-21][8B-13]
	

	130
	[8B-8][8B-17]
[8B-27][8B-7]
	
	200
	
	[8B-24]
	260
	[8B-8][8B-1]
	[8B-17][8B-11]
	13
	[8B-13]
	[8B-15][8B-7]

	200
	[8B-24]
	
	260
	[8B-8]
	[8B-17][8B-7]
	400
	0
	[8B-24]
	20
	[8B-17]
	[8B-13]

	260
	[8B-8][8B-17][8B-7]
	
	400
	
	[8B-24]
	520
	0
	[8B-11]
	26
	[8B-25][8B-2][8B-7]
	[8B-13]

	300
	[8B-24]
	
	520
	
	[8B-17]
	600
	0
	[8B-24]
	40
	
	[8B-13]

	400
	
	[8B-24]
	600
	
	[8B-24]
	800
	0
	[8B-24]
	52
	[8B-2]
	

	520
	
	[8B-17][8B-25]
	
	
	
	
	
	0
	100
	
	[8B-17]

	600
	
	[8B-24]
	
	
	
	
	
	
	200
	
	[8B-17]

	800
	
	[8B-24]
	
	
	
	
	
	
	300
	
	[8B-17]

	1200
	
	[8B-24]
	
	
	
	
	
	
	400
	
	[8B-17]

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Sampling 
rate range [MHz]
	0,96-
10
	
	0,96-
8,64
	
	0,96-
15,36
	
	3,84-
50

	Inner GB BW 
range, if applicable [kHz]
	0-
480
	
	120-
480
	
	0-
480
	
	N/A

	# of sources 
with/wo time domain 
sliding window
	[8B-8]/
 [8B-24][8B-17][8B-25]
[8B-8][8B-7][8B-27]

	
	[8B-8]/
[8B-24] [8B-17][8B-7]

	
	[8B-8]/ [8B-24][8B-17][8B-1][8B-8][8B-2][8B-11]

	
	[-]/
 [8B-17][8B-25][8B-13]
[8B-21][8B-15][8B-2][8B-27]


	# of sources with/wo
 frequency adjustment
	[8B-8]/
 [8B-24][8B-17][8B-25]
[8B-8][8B-7][8B-27]
	
	[8B-8]/
[8B-24] [8B-17][8B-7]
	
	[8B-8]/ [8B-24][8B-17][8B-1][8B-8][8B-2][8B-11]
	
	[-]/
 [8B-17][8B-25][8B-13]
[8B-21][8B-15][8B-2][8B-27]



	Fe
[kHz]
	OOK-3

	
	<2dB
sources
	>=2dB
sources

	9.984
	[8B-15]
	

	13
	
	[8B-15]

	
	
	

	Sampling 
rate range [MHz]
	30,72-
30,72

	Inner GB BW 
range, if applicable [kHz]
	N/A

	# of sources 
with/wo time domain sliding window
	[-]/
[8B-15]

	# of sources with/wo
 frequency adjustment
	[-]/
[8B-15]



Frequency error tolerance for the waveform is captured by the following Table 8.3-5.
Table 8.3-5: Frequency tolerance of waveforms
	Waveform
	Tolerance up to frequency error [kHz] 
	Note

	OOK-1
30kHz SCS
	800
	max simulated value

	OOK-1
60kHz SCS
	400
	max simulated value

	OOK-1
120kHz SCS
	400
	max simulated value

	OOK-3
	9.984
	[8B-15] result

	OOK-2 M=2
	300
	

	OOK-2 M=4
	200
	4 segment OOK-2 is less robust than 2 segment OOK-2 

	OOK-4 M=2
	1200
	max simulated value

	OOK-4 M=4
	800
	max simulated value

	OOK-4 M>4
	390
	max simulated value

	FSK M=1
	300
	two segments
[8B-8]assumes frequency adjustment which may cause frequency error

	FSK-1 M=2
	130
	four segments, and 2 are ON at given time
[8B-8] assumes frequency adjustment which may cause frequency error

	FSK-2 M=2
	200
	four segments, but only 1 is ON
 [8B-8] assumes frequency adjustment which may cause frequency error

	OFDMA
	26
	



[bookmark: _Toc144508441][bookmark: _Toc149557194]8.3.2.1A	Observation for frequency error
There are the following observations for frequency error Table 8.3-5:
[bookmark: _Hlk143848685]-	Single frequency segment OOK (except OOK3) waveform is more robust to frequency error (of 390 kHz) than OOK/FSK waveforms with multiple frequency segments (depending on guard-band size between segments) and both are more robust than OFDMA waveform assuming no frequency compensation/synchronization.  
-	[8B-1] showed that single frequency segment FSK2-envelop-IF waveform is more robust to frequency error (of 260 kHz) than OOK/FSK waveforms with multiple frequency segments (depending on guard-band size between segments) and both are more robust than OFDMA waveform assuming no frequency compensation/ synchronization.  
[bookmark: _Toc144508442][bookmark: _Toc149557195]8.3.3	Spectral efficiency
For the following waveforms:
-	OOK-1 30kHz SCS
-	OOK-1 60kHz SCS
-	OOK-1 120kHz SCS
-	OOK-2 M=2
-	OOK-2 M=4
-	OOK-3
-	OOK-4 M=2
-	OOK-4 M=4
-	OOK-4 M>4
-	FSK M=1
-	FSK-1 M=2
-	FSK-2 M=2
-	OFDMA
With the following assumptions:
-	Timing error = 0us.
-	Frequency error = 0ppm.
-	Only TDL-C results.
-	Other parameters are not restricted.
-	table includes results across different receiver types, different power pooling assumption, different sampling rates, different tx antenna configurations, FAR target for the same waveform.
-	best result within a company/source is considered for the table.
Table 8.3-6 presents the results:
Table 8.3-6: Spectral efficiency for different range and waveforms
	OOK-1 30kHz

	SNR Range [dB]
	SE median [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	0,003241
	0,003241
	0,003241
	0,003241
	[8B-11]

	[-9, -3]
	0,003241
	0,003241
	0,003241
	0,003241
	[8B-11] [8B-17]

	[-3, 3]
	0,003241
	0,00321
	0,00144
	0,006481
	[8B-25][8B-3][8B-1][8B-2][8B-7][8B-22][8B-28][8B-8][8B-24][8B-27][8B-11]

	[3, 9]
	0,003241
	0,004028
	0,001389
	0,01037
	[8B-20][8B-17][8B-1][8B-7][8B-8][8B-27][8B-16]

	[9, 50]
	0,013889
	0,016152
	0,008642
	0,025926
	[8B-1][8B-2][8B-16]

	OOK-1 60kHz

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	0,00216
	0,00216
	0,00216
	0,00216
	[8B-21]

	[-3, 3]
	0,004321
	0,004295
	0,000926
	0,006481
	[8B-21][8B-1][8B-2][8B-7][8B-28][8B-17]

	[3, 9]
	0,006481
	0,006327
	0,003241
	0,009259
	[8B-3][8B-7][8B-17]

	[9, 50]
	NA
	
	
	
	[8B-3][8B-7][8B-17]

	OOK-1 120kHz

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	NA
	
	
	
	

	[-3, 3]
	0,007562
	0,007562
	0,006481
	0,008642
	[8B-21][8B-28]

	[3, 9]
	0,010802
	0,010802
	0,008642
	0,012963
	[8B-21][8B-1][8B-2][8B-17]

	[9, 50]
	0,012963
	0,012963
	0,012963
	0,012963
	[8B-17]

	OOK-2 M=2

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	0,012963
	0,012963
	0,012963
	0,012963
	[8B-11]

	[-3, 3]
	0,006481
	0,007562
	0,003241
	0,012963
	[8B-24][8B-2][8B-11]

	[3, 9]
	0,00463
	0,004455
	0,00144
	0,006481
	[8B-25][8B-2][8B-7][8B-8][8B-17]

	[9, 50]
	0,006481
	0,006481
	0,006481
	0,006481
	[8B-8]

	OOK-2 M=4

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	NA
	
	
	
	

	[-3, 3]
	0,014583
	0,014583
	0,003241
	0,025926
	[8B-2][8B-11]

	[3, 9]
	0,012963
	0,012963
	0,012963
	0,012963
	[8B-24][8B-2]

	[9, 50]
	0,012037
	0,013014
	0,006481
	0,025926
	[8B-1][8B-2][8B-7][8B-22][8B-8][8B-17]

	OOK-4 M=2

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	0,002566
	0,004639
	0,000463
	0,012963
	[8B-21][8B-7][8B-27][8B-11]

	[-3, 3]
	0,004321
	0,004515
	0,00144
	0,006481
	[8B-21][8B-25][8B-3][8B-1][8B-2][8B-7][8B-24][8B-27][8B-17]

	[3, 9]
	0,006481
	0,008025
	0,006481
	0,011111
	[8B-3][8B-7][8B-27]

	[9, 50]
	NA
	
	
	
	[8B-3][8B-7][8B-27]

	OOK-4 M=4

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	0,004321
	0,007121
	0,000463
	0,025926
	[8B-13][8B-21][8B-3][8B-2][8B-7][8B-11]

	[-3, 3]
	0,011111
	0,010328
	0,000463
	0,025926
	[8B-13][8B-21][8B-25][8B-3][8B-2][8B-7][8B-28][8B-24][8B-11]

	[3, 9]
	0,012037
	0,010976
	0,006481
	0,012963
	[8B-13][8B-3][8B-1][8B-2][8B-7][8B-22][8B-28][8B-17]

	[9, 50]
	0,019444
	0,019444
	0,012963
	0,025926
	[8B-2][8B-22]

	OOK-4 M>4

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	0,009722
	0,009722
	0,009722
	0,009722
	[8B-3]

	[-3, 3]
	0,015394
	0,015394
	0,004861
	0,025926
	[8B-3][8B-24]

	[3, 9]
	0,021605
	0,021605
	0,017284
	0,025926
	[8B-3][8B-1]

	[9, 50]
	NA
	
	
	
	[8B-3][8B-1]

	FSK M=1

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	0,00054
	0,00054
	0,00054
	0,00054
	[8B-27]

	[-3, 3]
	0,006481
	0,005401
	0,003241
	0,006481
	[8B-24][8B-27][8B-17]

	[3, 9]
	0,005556
	0,005118
	0,002881
	0,006481
	[8B-25][8B-8][8B-7][8B-27]

	[9, 50]
	0,006481
	0,006481
	0,006481
	0,006481
	[8B-8]

	FSK-1 M=2

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	NA
	
	
	
	

	[-3, 3]
	NA
	
	
	
	

	[3, 9]
	0,012963
	0,012963
	0,012963
	0,012963
	[8B-24][8B-17]

	[9, 50]
	0,012963
	0,016667
	0,011111
	0,025926
	[8B-8][8B-7][8B-2]

	FSK-2 M=2

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	

	[-9, -3]
	0,008102
	0,008102
	0,003241
	0,012963
	[8B-2][8B-11]

	[-3, 3]
	0,012963
	0,012963
	0,012963
	0,012963
	[8B-24][8B-2][8B-17]

	[3, 9]
	0,011111
	0,010905
	0,008642
	0,012963
	[8B-1][8B-7][8B-2]

	[9, 50]
	0,019444
	0,019444
	0,012963
	0,025926
	[8B-8][8B-2]

	OFDMA 

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	0,025926
	0,025926
	0,025926
	0,025926
	[8B-21]

	[-9, -3]
	0,012963
	0,018426
	0,001768
	0,077778
	[8B-13][8B-21][8B-25][8B-2][8B-15][8B-27][8B-17]

	[-3, 3]
	0,012626
	0,015788
	0,003241
	0,038889
	[8B-13][8B-25][8B-2][8B-7][8B-28][8B-24][8B-27][8B-17]

	[3, 9]
	0,012472
	0,020819
	0,006481
	0,051852
	[8B-13][8B-7][8B-27][8B-17]

	[9, 50]
	NA
	
	
	
	[8B-13][8B-7][8B-27][8B-17]

	OOK-3

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	
	
	
	
	

	[-9, -3]
	0.004
	0.004
	0.004
	0.004
	[8B-15]

	[-3, 3]
	
	
	
	
	

	[3, 9]
	
	
	
	
	

	[9, 50]
	
	
	
	
	



Note 1:	The spectral efficiency of OFDMA waveform is dependent on the selection of sequences
Note 2:	Spectral efficiency: SE = LP-WUS information size [bits]/ LP-WUS length [s] / LP-WUS BW [Hz]

[bookmark: _Toc144508443][bookmark: _Toc149557196]8.3.4	RSRP RRM measurement accuracy
[bookmark: _Toc144508444][bookmark: _Toc149557197]8.3.4.1	Results for LP-SS RSRP RRM measurement, TDL-C
Given assumption: 
-	Resource unit is defined as total resource used for measurement, i.e.  resource length [sym] * # of samples used for averaging.
-	X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
-	Results are shown per each value of X in particular Resource unit range.
-	Impairments considered are shown in the table. 
-	TDL-C 300 channel
-	X is SNR observed by LP-WUR. Corresponding SNR observed by MR depends on e.g. NF difference between MR and LR
Results are summarised in Table 8.3-7
Table 8.3-7: RSRP TDL-C channel RSRP accuracy
	Resource unit [sym] range
1-10

	X=-9 Y=->
	10
	3
	10
	3
	10
	
	
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:50
	Te:0 Fe:50
	Te:2 Fe:0
	
	
	

	# samples
	1
	2
	1
	2
	2
	
	
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	1,01
	
	
	
	
	
	
	

	Source
	[8B-13]
	
	
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	
	
	
	

	# samples
	1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-3 Y=->
	1,5
	0,8
	1,5
	0,8
	5
	2,3
	2,25
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-1]
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:50
	Te:0 Fe:50
	Te:2 Fe:0
	Te:2 Fe:0
	Te:0 Fe:0
	

	# samples
	1
	2
	1
	2
	1
	2
	1
	

	Resource unit [sym] range
11-20

	X=-11 Y=->
	7,4
	7,51
	7,58
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	1
	1
	1
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	2
	2
	7
	3,5
	6,87
	7,07
	7,16
	1,38

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:50
	Te:2 Fe:0
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0

	# samples
	3
	3
	3
	1
	1
	1
	1
	1

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	5,93
	6,12
	6,29
	0,78
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0
	
	
	
	

	# samples
	1
	1
	1
	1
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-3 Y=->
	0,5
	0,5
	1,8
	
	
	
	
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:50
	Te:2 Fe:0
	
	
	
	
	

	# samples
	3
	3
	3
	
	
	
	
	

	Resource unit [sym] range
21-30

	
	
	
	
	
	
	
	
	

	X=-11 Y=->
	4,82
	5,39
	5,44
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	2
	2
	2
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	2,8
	4,93
	5,08
	5,15
	
	
	
	

	Source
	[8B-25]
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	

	# samples
	1
	2
	2
	2
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	4,27
	4,4
	4,58
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	2
	2
	2
	
	
	
	
	

	Resource unit [sym] range
31-50

	
	
	
	
	
	
	
	
	

	X=-11 Y=->
	4,34
	4,41
	4,46
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	3
	3
	3
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	1,8
	4,05
	4,15
	4,23
	
	
	
	

	Source
	[8B-25]
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	

	# samples
	1
	3
	3
	3
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	3,51
	3,62
	3,75
	
	
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	3
	3
	3
	
	
	
	
	

	Resource unit [sym] range
51-70

	X=-11 Y=->
	3,78
	3,36
	3,83
	3,37
	3,87
	3,48
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0
	
	

	# samples
	4
	5
	4
	5
	4
	5
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	3,53
	3,13
	3,6
	3,18
	3,65
	3,28
	0,57
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0
	Te:0 Fe:0
	

	# samples
	4
	5
	4
	5
	4
	5
	5
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	3,05
	2,71
	3,14
	2,78
	3,27
	2,92
	0,32
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0
	Te:0 Fe:0
	

	# samples
	4
	5
	4
	5
	4
	5
	5
	



[bookmark: _Toc144508445][bookmark: _Toc149557198]8.3.4.1A	Observation RSRP LP-SS, TDL-C:  
For OOK based LP-SS RSRP measurement accuracy ([8B-1][8B-13],[8B-7],[8B-25])
-	at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB,  [8B-13],[8B-7] show 51-70 symbols spread over 4-5 periods of LP-SS are sufficient,  [8B-13] shows 11-20 symbols spread over 1 period is sufficient.
-	at SNR X=-3, to achieve 90 % accuracy of measurement +-Y<=3dB, less than 10 symbols spread over 1-2 periods is sufficient. [8B-25][8B-1]
-	at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, [8B-25],[8B-7] show 21-30 symbols spread over 4-5 periods of LP-SS are sufficient, [8B-13] shows that 11-20 symbols within 1 period are sufficient 
-	at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB,.  [8B-7] shows 21-30 symbols spread over 4-5 periods of LP-SS are sufficient, [8B-13] shows that 11-20 symbols within 1 period are sufficient.
[bookmark: _Toc144508446][bookmark: _Toc149557199]8.3.4.2	Results for LP-SS RSRP RRM measurement, AWGN
Given assumptions: 
-	Resource unit is defined as total resource used for measurement, i.e., resource length [sym] * # of samples used for averaging.
-	X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
-	Results are shown per each value of X in particular Resource unit range.
-	Impairments and Sources are shown as well.
-	AWGN channel.
Results are summarised in Table 8.3-8
Table 8.3-8: RSRP AWGN channel RSRP accuracy
	Resource unit [sym] range 
1-10

	
	
	
	
	
	

	X=-9 Y=->
	3
	2
	
	
	

	Source
	[8B-25]
	[8B-25]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	
	
	

	# samples
	1
	2
	
	
	

	
	
	
	
	
	

	X=-6 Y=->
	0,81
	
	
	
	

	Source
	[8B-13]
	
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	1
	
	
	
	

	
	
	
	
	
	

	X=-3 Y=->
	0,75
	0,55
	
	
	

	Source
	[8B-25]
	[8B-25]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	
	
	

	# samples
	1
	2
	
	
	

	Resource unit [sym] range
11-20

	
	
	
	
	
	

	X=-11 Y=->
	3,89
	4,25
	4,32
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	

	# samples
	1
	1
	1
	
	

	
	
	
	
	
	

	X=-9 Y=->
	1,7
	2,22
	2,73
	2,78
	1,17

	Source
	[8B-25]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0

	# samples
	3
	1
	1
	1
	1

	
	
	
	
	
	

	X=-6 Y=->
	1,15
	1,3
	1,33
	0,64
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-13]
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0
	

	# samples
	1
	1
	1
	1
	

	
	
	
	
	
	

	X=-3 Y=->
	0,5
	
	
	
	

	Source
	[8B-25]
	
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	3
	
	
	
	

	Resource unit [sym] range
21-30

	X=-11 Y=->
	3,28
	3,21
	3,28
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	

	# samples
	2
	2
	2
	
	

	
	
	
	
	
	

	Resource Range unit
	30
	50
	
	
	

	
	
	
	
	
	

	X=-6 Y=->
	0,38
	
	
	
	

	Source
	[8B-13]
	
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	5
	
	
	
	

	Resource unit [sym] range
51-70

	X=-9 Y=->
	0,52
	
	
	
	

	Source
	[8B-13]
	
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	5
	
	
	
	

	
	
	
	
	
	

	X=-6 Y=->
	0,3
	
	
	
	

	Source
	[8B-13]
	
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	5
	
	
	
	



[bookmark: _Toc144508447][bookmark: _Toc149557200]8.3.4.2A	Observation RSRP LP-SS, AWGN:  
For OOK based LP-SS RSRP measurement accuracy ( [8B-13],[8B-7][8B-25]), 
-	at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=3dB, <=10 OFDMA symbols over 1-3 periods are sufficient.
-	at SNR X=-11, to achieve 90 % accuracy of measurement +-Y<=5dB, 11-20 OFDMA symbols over 1-3 periods are sufficient.
[bookmark: _Toc144508448][bookmark: _Toc149557201]8.3.4.3	Results for SSS RSRP RRM measurement, TDL-C
Given assumptions:
-	Resource unit is defined as total resource used for measurement, i.e. resource length [sym] * # of samples used for averaging.
-	X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
-	Results are shown per each value of X in particular Resource unit range.
-	Impairments and Sources are shown as well.
-	Only TDL-C 300 results
Results are summarised in Table 8.3-9.
Table 8.3-9: RSRP SSS TDL-C
	Resource unit [sym]
 1

	
	
	
	
	
	
	

	X=-6 Y=->
	1,5
	1,85
	1,8
	
	
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	
	
	

	# samples
	1
	1
	1
	
	
	

	
	
	
	
	
	
	

	X=-3 Y=->
	0,95
	1,25
	1,3
	1,6443
	1,7817
	2,2314

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-27]
	[8B-27]
	[8B-27]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	Te:0 Fe:0
	Te:0 Fe:1
	Te:0 Fe:2

	# samples
	1
	1
	1
	1
	1
	1

	Resource unit [sym] 
2

	
	
	
	
	
	
	

	X=-6 Y=->
	1,2
	1,4
	1,3
	
	
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	
	
	

	# samples
	2
	2
	2
	
	
	

	
	
	
	
	
	
	

	X=-3 Y=->
	0,7
	0,85
	0,9
	1,0021
	1,0608
	1,5672

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	[8B-27]
	[8B-27]
	[8B-27]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	Te:0 Fe:0
	Te:0 Fe:1
	Te:0 Fe:2

	# samples
	2
	2
	2
	2
	2
	2

	Resource unit [sym]
 3

	
	
	
	
	
	
	

	X=-6 Y=->
	0,9
	1,1
	1,1
	
	
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	
	
	

	# samples
	3
	3
	3
	
	
	

	
	
	
	
	
	
	

	X=-3 Y=->
	0,5
	0,65
	0,65
	
	
	

	Source
	[8B-25]
	[8B-25]
	[8B-25]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	
	
	

	# samples
	3
	3
	3
	
	
	

	Resource unit [sym]
 4

	
	
	
	
	
	
	

	X=-3 Y=->
	0,6481
	0,7332
	1,2474
	
	
	

	Source
	[8B-27]
	[8B-27]
	[8B-27]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:1
	Te:0 Fe:2
	
	
	

	# samples
	4
	4
	4
	
	
	

	Resource unit [sym]
 5

	
	
	
	
	
	
	

	X=-3 Y=->
	0,6195
	0,7151
	1,0843
	
	
	

	Source
	[8B-27]
	[8B-27]
	[8B-27]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:1
	Te:0 Fe:2
	
	
	

	# samples
	5
	5
	5
	
	
	



[bookmark: _Toc144508449][bookmark: _Toc149557202]8.3.4.3A	Observation for SSS RSRP RRM measurement, TDL-C
For SSS based RSRP RRM measurement accuracy ([8B-27][8B-25])
-	at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 1 symbol is sufficient
-	at SNR X=-3, to achieve 90 % accuracy of measurement +-Y<=3dB, 1 symbol is sufficient
[bookmark: _Toc144508450][bookmark: _Toc149557203]8.3.5	RSRQ RRM measurement accuracy
[bookmark: _Toc144508451][bookmark: _Toc149557204]8.3.5.1	Results LP-SS, AWGN
Given assumptions: 
-	Resource unit is defined as total resource used for measurement, i.e. resource length [sym] * # of samples used for averaging.
-	X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRQ for 90% measurements) 
-	Results are shown per each value of X in particular Resource unit range.
-	Impairments and Sources are shown as well.
-	AWGN channel
The results are summarized in Table 8.3-10.
Table 8.3-10: RSRQ measurement accuracy LP-SS, AWGN
	Resource unit [sym] range
11-20

	
	
	
	

	X=-11 Y=->
	3,87
	4,23
	4,3

	Source
	[8B-7]
	[8B-7]
	[8B-7]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0

	# samples
	1
	1
	1

	
	
	
	

	X=-9 Y=->
	2,2
	2,35
	2,39

	Source
	[8B-7]
	[8B-7]
	[8B-7]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0

	# samples
	1
	1
	1

	
	
	
	

	X=-6 Y=->
	1,13
	1,19
	1,21

	Source
	[8B-7]
	[8B-7]
	[8B-7]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0

	# samples
	1
	1
	1

	
	
	
	

	Resource Range unit
	20
	30
	

	
	
	
	

	X=-11 Y=->
	2,93
	3,2
	3,26

	Source
	[8B-7]
	[8B-7]
	[8B-7]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0

	# samples
	2
	2
	2



[bookmark: _Toc144508452][bookmark: _Toc149557205]8.3.5.1A	Observation RSRQ LP-SS, AWGN:  
For OOK-based LP-SS. RSRQ measurement accuracy ([8B-7])
-	at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 11-20 OFDMA symbols over 1 period are sufficient.
-	at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB, 11-20 OFDMA symbols over 1 period are sufficient.
-	at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, 11-20 OFDMA symbols over 1 period are sufficient.
[bookmark: _Toc144508453][bookmark: _Toc149557206]8.3.5.2	Results LP-SS, TDL-C
Given assumptions: 
-	Resource unit is defined as total resource used for measurement, i.e. resource length [sym] * # of samples used for averaging.
-	X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRQ for 90% measurements) 
-	Results are shown per each value of X in particular Resource unit range.
-	Impairments and Sources are shown as well.
-	TDL-C channel
The results are summarized in Table 8.3-11.
Table 8.3-11: RSRQ measurement accuracy LP-SS, TDL-C
	Resource unit [sym] range
11-20

	X=-11 Y=->
	7,14
	7,27
	7,33
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	1
	1
	1
	
	
	

	
	
	
	
	
	
	

	X=-9 Y=->
	6,45
	6,67
	6,74
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	1
	1
	1
	
	
	

	
	
	
	
	
	
	

	X=-6 Y=->
	5,13
	5,35
	5,51
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	1
	1
	1
	
	
	

	Resource unit [sym] range
20-30

	X=-11 Y=->
	5,16
	5,23
	5,27
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	2
	2
	2
	
	
	

	
	
	
	
	
	
	

	X=-9 Y=->
	4,65
	4,81
	4,88
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	2
	2
	2
	
	
	

	
	
	
	
	
	
	

	X=-6 Y=->
	3,75
	3,89
	4,05
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	2
	2
	2
	
	
	

	Resource unit [sym] range
30-50

	X=-11 Y=->
	4,21
	4,29
	4,33
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	3
	3
	3
	
	
	

	
	
	
	
	
	
	

	X=-9 Y=->
	3,84
	3,94
	4,02
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	3
	3
	3
	
	
	

	
	
	
	
	
	
	

	X=-6 Y=->
	3,08
	3,22
	3,34
	
	
	

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	3
	3
	3
	
	
	

	Resource unit [sym] range
50-70

	X=-11 Y=->
	3,68
	3,27
	3,72
	3,29
	3,77
	3,39

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0

	# samples
	4
	5
	4
	5
	4
	5

	
	
	
	
	
	
	

	X=-9 Y=->
	3,35
	2,96
	3,43
	3,03
	3,47
	3,12

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0

	# samples
	4
	5
	4
	5
	4
	5

	
	
	
	
	
	
	

	X=-6 Y=->
	2,69
	2,38
	2,81
	2,48
	2,94
	2,62

	Source
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]
	[8B-7]

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0

	# samples
	4
	5
	4
	5
	4
	5



[bookmark: _Toc144508454][bookmark: _Toc149557207]8.3.5.2A	Observation RSRQ LP-SS, TDL-C:  
For OOK-based LP-SS measurement accuracy ( [8B-7])
-	at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 51-70 symbols over 4 periods are sufficient. 
-	at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB, 21-30 symbols over 2 periods are sufficient. 
-	at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, 21-30 symbols over 2 periods are sufficient. 
[bookmark: _Toc144508455][bookmark: _Toc149557208]8.4	Network power consumption
[bookmark: _Toc136522076][bookmark: _Toc144508456][bookmark: _Toc149557209]8.4.1	Collection of the results
Evaluation of the network power consumption for introducing LP-SS is summarized in Table 8.4. 
It is assumed that the LP-SS periodicity is 320ms. And for more results and details, it can be found in Annex 8.4.
Table 8.4: Summary of network power consumption increases for introducing LP-SS
	[bookmark: MCCQCTEMPBM_00000168]Network load
	Company
	LP-SS periodicity
	LP-SS duration/BW
	beam
	Additional NW power consumption

	zero

	[8A-11]
	320ms
	14symbols per beam, 8 slots in total and 11PRBs
	8
	1.097%~3.55%

	
	[8A-13]
	320ms
	7symbols per beam, 4slots in total and 12 PRBs
	4
	0.06%~0.50%

	
	[8A-5]
	320ms
	28symbols per beam,5Mhz
	4
	0.122%

	
	[8A-3]
	320ms
	14 symbol duration (1 slot) per beam, 5MHz
	8
	3.9%

	
	
	320ms
	42 symbol duration per beam, 5MHz
	8
	11.4%

	
	
	320ms
	4 symbol duration per beam, 5MHz
	8
	1.1%

	low
	[8A-11]
	320ms
	14symbols per beam, 8 slots in total and 11PRBs
	8
	0.912%~2.716%

	
	[8A-13]
	320ms
	7symbols per beam, 4slots in total and 12 PRBs
	4
	0.07%~0.7%

	Medium
	[8A-11]
	320ms
	14symbols per beam, 8 slots in total and 11PRBs
	8
	0.388%~1.076%


Note:	The definition of network load is given in TR 38.864.

	For evaluation purpose, 
- A load (L) % of a cell is a percentage of resources used for UE specific PDSCH / PUSCH
- The following load scenarios are considered

	Load scenario
	Characteristics

	Idle/empty load
	Include cell-specific signals and channels, and L = 0

	Low load
	Include cell-specific signals and channels, and 0 < L≤15

	Light load
	Include cell-specific signals and channels, and 15 < L≤ 30

	Medium load
	Include cell-specific signals and channels, and •	30 < L≤ 50

	For CA, the companies report whether the load is defined per CC or across all CCs.



[bookmark: _Toc136522077][bookmark: _Toc144508457][bookmark: _Toc149557210]8.4.2	Observations
When 320ms LP-SS periodicity, 4 or 8 beams and no more than 14 symbols LP-SS duration is assumed,
-	For zero load, results in [8A-3] [8A-11] [8A-13] show that additional increased network power consumption rate is (0.06%~3.9%);
-	For low load, results in [8A-11] [8A-13] show that additional increased network power consumption rate is (0.07%~2.716%);
-	For medium load, results in [8A-11] show that additional increased network power consumption rate is (0.388%~1.076%).
When 320ms LP-SS periodicity, 4 beams and 28 symbols LP-SS duration is assumed,
-	For zero load, results in [8A-5] show that additional increased network power consumption rate is 0.122%;
When 320ms LP-SS periodicity, 8 beams and 42 symbols LP-SS duration is assumed,
-	For zero load, results in [8A-3] show that additional increased network power consumption rate is 11.4%;
Lower impact to the network power consumption is expected when LP-SS is transmitted FDM with NR SSB/SIB-1.
LP-SS is assumed to be additional signal transmission than the existing NR signal/channels. 
[bookmark: _Toc144508458][bookmark: _Toc149557211]8.5	System overhead
[bookmark: _Toc136522071][bookmark: _Toc144508459][bookmark: _Toc149557212]8.5.1	Collection of the results
Evaluation of the LP-WUS and LP-SS overhead are summarized in Table 8.5. And for more results and details, it can be found in Annex 8.5.
[bookmark: _Toc136522073][bookmark: _Toc144508460][bookmark: _Toc149557213]8.5.1.1	RRC IDLE/INACTIVE
[bookmark: _Toc144508461][bookmark: _Toc149557214]8.5.1.1.1	LP-WUS
The system overhead of LP-WUS for RRC IDLE/INACTIVE is summarized in Table 8.5.1-1.
Table 8.5.1-1: Summary of System overhead for LP-WUS for RRC IDLE/INACTIVE
	[bookmark: MCCQCTEMPBM_00000169]Source
	Signal
	# of info bits carried by signal
	Overhead (%)
	T resources per beam
	F resources
	SCS
	number of paged UE per second
	Number of LP-WUS transmissions per second
	System configuration, e.g., BW and etc.
	the target channel
	LP-WUS MIL
	Notes

	[8A-11]
	LP-WUS
	1
	0.0150%
	1 symbol
	5.04MHz
	30kHz
	10
	10
	100MHz, 8beams
	Msg.3
	144.86
	For IoT, cases,
Assuming 1,000,000 user/km2 connection density [ITU M.2412], with packet arrival every 1 message/2 hours/device [ITU M.2412], assuming 500m ISD with 3 sectors.
The coverage of LP-WUS with 1/4/5 symbols is comparable to or better than Msg 3 coverage. OOK LP-WUS is assumed.

	[8A-11]
	LP-WUS
	1
	0.0030%
	1 symbol
	5.04MHz
	30kHz
	10
	3
	100MHz, 8beams
	Msg.3
	144.86
	

	[8A-11]
	LP-WUS
	8
	0.0600%
	4 symbols
	5.04MHz
	30kHz
	10
	10
	100MHz, 8beams
	Msg.3
	144.37
	

	[8A-11]
	LP-WUS
	8
	0.0100%
	4 symbols
	5.04MHz
	30kHz
	10
	3
	100MHz, 8beams
	Msg.3
	144.37
	

	[8A-11]
	LP-WUS
	8 or 12
	0.0750%
	5 symbols
	5.04MHz
	30kHz
	10
	10
	100MHz, 8beams
	Msg.3
	144.05
	

	[8A-11]
	LP-WUS
	8 or 12
	0.0130%
	5 symbols
	5.04MHz
	30kHz
	10
	3
	100MHz, 8beams
	Msg.3
	144.05
	

	[8A-11]
	LP-WUS
	1
	0.0730%
	1 symbol
	5.04MHz
	30kHz
	10
	10
	20MHz, 8beams
	Msg.3
	144.86
	

	[8A-11]
	LP-WUS
	1
	0.0180%
	1 symbol
	5.04MHz
	30kHz
	10
	3
	20MHz, 8beams
	Msg.3
	144.86
	

	[8A-11]
	LP-WUS
	8
	0.2900%
	4 symbols
	5.04MHz
	30kHz
	10
	10
	20MHz, 8beams
	Msg.3
	144.37
	

	[8A-11]
	LP-WUS
	8
	0.0700%
	4 symbols
	5.04MHz
	30kHz
	10
	3
	20MHz, 8beams
	Msg.3
	144.37
	

	[8A-11]
	LP-WUS
	8 or 12
	0.3630%
	5 symbols
	5.04MHz
	30kHz
	10
	10
	20MHz, 8beams
	Msg.3
	144.05
	

	[8A-11]
	LP-WUS
	8 or 12
	0.0880%
	5 symbols
	5.04MHz
	30kHz
	10
	3
	20MHz, 8beams
	Msg.3
	144.05
	

	[8A-11]
	LP-WUS
	1
	0.0550%
	1 symbol
	5.04MHz
	30kHz
	39
	39
	100MHz, 8beams
	Msg.3
	144.86
	For eMBB cases,
Assuming very high population density, e.g., sports event with 5,000 users/cell population density, and per UE paging arrival rate = 1% when paging i-DRX cycle is Tpagingcycle = 1.28s
The coverage of LP-WUS with 1/4/5 symbols is comparable to or better than Msg 3 coverage. OOK LP-WUS is assumed.


	[8A-11]
	LP-WUS
	1
	0.0150%
	1 symbol
	5.04MHz
	30kHz
	39
	10
	100MHz, 8beams
	Msg.3
	144.86
	

	[8A-11]
	LP-WUS
	8
	0.2200%
	4 symbols
	5.04MHz
	30kHz
	39
	39
	100MHz, 8beams
	Msg.3
	144.37
	

	[8A-11]
	LP-WUS
	8
	0.0600%
	4 symbols
	5.04MHz
	30kHz
	39
	10
	100MHz, 8beams
	Msg.3
	144.37
	

	[8A-11]
	LP-WUS
	8 or 12
	0.2750%
	5 symbols
	5.04MHz
	30kHz
	39
	39
	100MHz, 8beams
	Msg.3
	144.05
	

	[8A-11]
	LP-WUS
	8 or 12
	0.0750%
	5 symbols
	5.04MHz
	30kHz
	39
	10
	100MHz, 8beams
	Msg.3
	144.05
	

	[8A-11]
	LP-WUS
	1
	0.2800%
	1 symbol
	5.04MHz
	30kHz
	39
	39
	20MHz, 8beams
	Msg.3
	144.86
	

	[8A-11]
	LP-WUS
	1
	0.0700%
	1 symbol
	5.04MHz
	30kHz
	39
	10
	20MHz, 8beams
	Msg.3
	144.86
	

	[8A-11]
	LP-WUS
	8
	1.1200%
	4 symbols
	5.04MHz
	30kHz
	39
	39
	20MHz, 8beams
	Msg.3
	144.37
	

	[8A-11]
	LP-WUS
	8
	0.2800%
	4 symbols
	5.04MHz
	30kHz
	39
	10
	20MHz, 8beams
	Msg.3
	144.37
	

	[8A-11]
	LP-WUS
	8 or 12
	1.4000%
	5 symbols
	5.04MHz
	30kHz
	39
	39
	20MHz, 8beams
	Msg.3
	144.05
	

	[8A-11]
	LP-WUS
	8 or 12
	0.3500%
	5 symbols
	5.04MHz
	30kHz
	39
	10
	20MHz, 8beams
	Msg.3
	144.05
	

	[8A-13]

	LP-WUS
	8
	 <1%
	7 or 14 symbols
	5MHz
	15KHz/30kHz
	Paging rate:1%,0.1%,0.01%,0.001%;
POs number per PF: 1,2,4;
PFs number per cycle: 1,2,4,8,16
	
	20M, 100M;  Beams:1,4
	Msg.3
	For LP-WUS with 7 symbols, LP-WUS MIL is 152.28;
For LP-WUS with 14 symbols, LP-WUS MIL is 156.94
	Only one case when 20M system bandwidth, 4beams, no grouping, 15KHz, 14OFDM symbols, paging rate 1%, maximum POs per PF, maximum PFs per cycle are configured, the system overhead may reach 1.6%.
OOK LP-WUS is assumed.

	[8A-5]
	LP-WUS+LP-SS
	24
	0.1230%
	12 symbols (no repetition)
	5MHz
	30KHz
	50 paging per second
	50
	100M, 1 beam
	
	Sequence modulation w/o repetition: 149.06
Sequence on top of OOK with 3dB power boosting: 149.36
	Resource overhead for 56kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
sequence modulation w/o repetition 
Sequence on top of OOK with 3dB power boosting


	[8A-5]
	LP-WUS+LP-SS
	24
	0.2300%
	24 symbols for 2 repetitions
	5MHz
	30KHz
	50 paging per second
	50
	100M, 1 beam
	
	FSK-2 transmission with 2 repetitions: 149.18  
Sequence on top of OOK/FSK with 2 repetitions: 151

	Resource overhead for 28kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
FSK-2 transmission with 2 repetitions  
Sequence on top of OOK/FSK with 2 repetitions


	[8A-5]
	LP-WUS+LP-SS
	24
	0.4440%
	48 symbols for 4 repetitions
	5MHz
	30KHz
	50 paging per second
	50
	100M, 1 beam
	
	OOK transmission with 4 repetitions: 148.68
	Resource overhead for 14kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
OOK transmission with 4 repetitions


	[8A-5]
	LP-WUS+LP-SS
	24
	0.4910%
	12 symbols (no repetition)
	5MHz
	30KHz
	50 paging per second
	50
	100M, 4 beams
	
	Sequence modulation w/o repetition: 149.06
Sequence on top of OOK with 3dB power boosting: 149.36
	Resource overhead for 56kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
sequence modulation w/o repetition 
Sequence on top of OOK with 3dB power boosting


	[8A-5]
	LP-WUS+LP-SS
	24
	0.9200%
	24 symbols for 2 repetitions
	5MHz
	30KHz
	50 paging per second
	50
	100M, 4 beams
	
	FSK-2 transmission with 2 repetitions: 149.18  
Sequence on top of OOK/FSK with 2 repetitions: 151

	Resourceoverhead for 28kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
FSK-2 transmission with 2 repetitions  
Sequence on top of OOK/FSK with 2 repetitions


	[8A-5]
	LP-WUS+LP-SS
	24
	1.7770%
	48 symbols for 4 repetitions
	5MHz
	30KHz
	50 paging per second
	50
	100M, 4 beams
	
	OOK transmission with 4 repetitions: 148.68
	Resource overhead for 14kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
OOK transmission with 4 repetitions


	[8A-16]
	LP-WUS
	6
	0.1692%
	0.6ms
	5MHz
	30KHz
	20 Groups
I-DRX

	11.28

	20MHz
	Msg.3
	147.44
	I-DRX cycle = 1.28sec

	[8A-16]
	LP-WUS
	6
	0.1692%
	0.6ms
	5MHz
	30KHz
	20 Groups, I-DRX

	11.28

	20MHz
	Msg3
	147.44
	I-DRX cycle = 1.28sec

	[8A-16]
	LP-WUS
	6
	0.8461%
	0.6ms
	5MHz
	30KHz
	100 Groups, I-DRX

	56.43

	20MHz
	Msg3
	147.44
	I-DRX cycle = 1.28sec

	[8A-16]
	LP-WUS
	6
	0.8461%
	0.6ms
	5MHz
	30KHz
	100 Groups, I-DRX

	56.43

	20MHz
	Msg3
	147.44
	I-DRX cycle = 1.28sec

	[8A-16]
	LP-WUS
	6
	0.0036%
	0.6ms
	5MHz
	30KHz
	20 Groups, eDRX

	0.2413
	20MHz
	Msg3
	147.44
	eDRX cycle = 82.9sec

	[8A-16]
	LP-WUS
	6
	0.0036%
	0.6ms
	5MHz
	30KHz
	20 Groups, 

	0.2413
	20MHz
	Msg3
	147.44
	eDRX cycle = 82.9sec

	[8A-16]
	LP-WUS
	6
	0.0181%
	0.6ms
	5MHz
	30KHz
	100 Groups, eDRX

	1.2063
	20MHz
	Msg3
	147.44
	eDRX cycle = 82.9sec

	[8A-16]
	LP-WUS
	6
	0.0181%
	0.6ms
	5MHz
	30KHz
	100 Groups, eDRX

	1.2063

	20MHz
	Msg3
	147.44
	eDRX cycle = 82.9sec

	[8A-4]
	LP-WUS
	16
	0.2165%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	20MHz,1 beam
	Msg3
	154.68
	LP-WUS waveforms: OOK-4 when 24 OFDM symbols are used 

	[8A-4]
	LP-WUS
	16
	0.0541%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	20MHz,1 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.8660%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	20MHz,4beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.2165%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	20MHz,4 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	1.7321%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	20MHz,8 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.4330%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	20MHz,8 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0433%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	100MHz,1 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0108%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	100MHz,1 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.1732%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	100MHz,4beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0433%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	100MHz,4 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.3464%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	100MHz,8 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0866%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	100MHz,8 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0180%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,1 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0045%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,1 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0722%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,4beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0180%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,4 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.1443%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,8 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0361%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,8 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0036%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,1 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0009%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,1 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0144%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,4beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0036%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,4 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0289%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,8 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.0072%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,8 beam
	Msg3
	154.68
	

	[8A-4]
	LP-WUS
	16
	0.1083%
	12OFDM symbols
	5MHz
	30KHz
	10
	10
	20MHz,1 beam
	Msg3
	151.78
	LP-WUS waveform: FSK-2 (M=2) when 12 OFDM symbols are used

	[8A-4]
	LP-WUS
	16
	0.0271%
	12OFDM symbols
	5MHz
	30KHz
	10
	2.5
	20MHz,1 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.4330%
	12OFDM symbols
	5MHz
	30KHz
	10
	10
	20MHz,4beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.1083%
	12OFDM symbols
	5MHz
	30KHz
	10
	2.5
	20MHz,4 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.8660%
	12OFDM symbols
	5MHz
	30KHz
	10
	10
	20MHz,8 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.2165%
	12OFDM symbols
	5MHz
	30KHz
	10
	2.5
	20MHz,8 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0217%
	12OFDM symbols
	5MHz
	30KHz
	10
	10
	100MHz,1 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0054%
	12OFDM symbols
	5MHz
	30KHz
	10
	2.5
	100MHz,1 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0866%
	12OFDM symbols
	5MHz
	30KHz
	10
	10
	100MHz,4beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0217%
	12OFDM symbols
	5MHz
	30KHz
	10
	2.5
	100MHz,4 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.1732%
	12OFDM symbols
	5MHz
	30KHz
	10
	10
	100MHz,8 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0433%
	12OFDM symbols
	5MHz
	30KHz
	10
	2.5
	100MHz,8 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0090%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,1 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0023%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,1 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0361%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,4beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0090%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,4 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0722%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,8 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0180%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,8 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0018%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,1 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0005%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,1 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0072%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,4beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0018%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,4 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0144%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,8 beam
	Msg3
	151.78
	

	[8A-4]
	LP-WUS
	16
	0.0036%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,8 beam
	Msg3
	151.78
	

	[bookmark: _Hlk143604909][8A-3]
	OOK WUS+LP-SS
	1
	0,0427%
	5 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	Assume 250 idle UEs per cell, R_E=0.1%, 1UE/subgroup

	[8A-3]
	OOK WUS+LP-SS
	1
	0,0519%
	8 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,0549%
	9 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,0885%
	20 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,0580%
	10 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,1129%
	28 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,1434%
	38 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,2960%
	88 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	48
	0,1251%
	32 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	48
	0,3845%
	117 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	48
	0,4547%
	140 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	48
	1,2177%
	390 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,3418%
	5 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[bookmark: _Hlk143606516][8A-3]
	OOK WUS+LP-SS
	1
	0,4150%
	8 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,4395%
	9 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,7080%
	20 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,4639%
	10 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,9033%
	28 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	1,1475%
	38 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	2,3682%
	88 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	48
	1,0010%
	32 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	48
	3,0762%
	117 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	1
	0,00066%
	4 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	1
	0,00083%
	5 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	1
	0,00100%
	6 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	1
	0,00183%
	11 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	8
	0,00249%
	15 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	1
	0,00532%
	4 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	1
	0,00664%
	5 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	1
	0,00797%
	6 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	1
	0,01462%
	11 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	8
	0,01993%
	15 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,0427%
	5 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	Assume 250 idle UEs per cell, R_E=0.1%, 4UE/subgroup

	[8A-3]
	OOK WUS+LP-SS
	1
	0,0519%
	8 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,0549%
	9 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,0885%
	20 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,0580%
	10 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,1129%
	28 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,1434%
	38 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,2960%
	88 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,3418%
	5 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,4150%
	8 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,4395%
	9 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,7080%
	20 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,4639%
	10 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,9033%
	28 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	1,1475%
	38 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	2,3682%
	88 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	1
	0,00066%
	4 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	1
	0,00083%
	5 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	1
	0,00100%
	6 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	1
	0,00183%
	11 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	8
	0,00249%
	15 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	1
	0,00532%
	4 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	1
	0,00664%
	5 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	1
	0,00797%
	6 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	1
	0,01462%
	11 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	8
	0,01993%
	15 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	
	
	
	
	
	
	
	
	
	
	
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,0977%
	5 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 0rtx
	149.23
	Assume 250 idle UEs per cell, R_E=1%, 1UE/subgroup

	[8A-3]
	OOK WUS+LP-SS
	1
	0,1892%
	8 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,2197%
	9 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,5554%
	20 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,2477%
	10 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,7904%
	28 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	1,0919%
	38 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	2,5995%
	88 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	48
	0,9216%
	32 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	48
	3,5156%
	117 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	48
	4,2175%
	140 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	48
	11,8469%
	390 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,7813%
	5 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	1,5137%
	8 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	1,7578%
	9 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	4,4434%
	20 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	1,9814%
	10 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	6,3232%
	28 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	8,7354%
	38 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	20,7959%
	88 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	1
	0,0066%
	4 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	1
	0,0083%
	5 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	1
	0,0100%
	6 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	1
	0,0183%
	11 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	8
	0,0197%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	8
	0,0197%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	8
	0,0197%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	8
	0,0246%
	15 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	1
	0,0532%
	4 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	1
	0,0664%
	5 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	1
	0,0797%
	6 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	1
	0,1462%
	11 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	8
	0,1575%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	8
	0,1575%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	8
	0,1575%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	8
	0,1969%
	15 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,0972%
	5 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	Msg3 0rtx
	149.23
	Assume 250 idle UEs per cell, R_E=1%, 4UE/subgroup

	[8A-3]
	OOK WUS+LP-SS
	1
	0,1880%
	8 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,2183%
	9 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,5513%
	20 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,2246%
	10 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,7080%
	28 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	0,9766%
	38 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	2,3193%
	88 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	0,7773%
	5 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	1,5039%
	8 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	1
	1,7461%
	9 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	1
	4,4102%
	20 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	1,7969%
	10 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	5,6641%
	28 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OOK WUS+LP-SS
	8
	7,8125%
	38 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OOK WUS+LP-SS
	8
	18,5547%
	88 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	1
	0,0066%
	4 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	1
	0,0082%
	5 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	1
	0,0099%
	6 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	1
	0,0181%
	11 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	8
	0,0175%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	8
	0,0175%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	8
	0,0175%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	8
	0,0219%
	15 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	1
	0,0527%
	4 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	1
	0,0659%
	5 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	1
	0,0791%
	6 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	1
	0,1450%
	11 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	OFDM WUS
	8
	0,1403%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[8A-3]
	OFDM WUS
	8
	0,1403%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	[8A-3]
	OFDM WUS
	8
	0,1403%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	[8A-3]
	OFDM WUS
	8
	0,1754%
	15 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-9]
	LP-WUS
	48
	0.0720%
	8
	5.04
	30
	10
	10
	20
	[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Msg3
	143.78
	1 beam LP-WUS is assumed. OOK-4 when 8 OFDM symbols are used.
OOK-1 when 64 OFDM symbols are used

	[8A-9]
	LP-WUS
	48
	0.2808%
	8
	5.04
	30
	39
	39
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.3600%
	8
	5.04
	30
	50
	50
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.5760%
	64
	5.04
	30
	10
	10
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	2.2464%
	64
	5.04
	30
	39
	39
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	2.8800%
	64
	5.04
	30
	50
	50
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0144%
	8
	5.04
	30
	10
	10
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0562%
	8
	5.04
	30
	39
	39
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0720%
	8
	5.04
	30
	50
	50
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.1152%
	64
	5.04
	30
	10
	10
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.4493%
	64
	5.04
	30
	39
	39
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.5760%
	64
	5.04
	30
	50
	50
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0072%
	8
	5.04
	30
	10
	1
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0281%
	8
	5.04
	30
	39
	3.9
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0360%
	8
	5.04
	30
	50
	5
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0576%
	64
	5.04
	30
	10
	1
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.2246%
	64
	5.04
	30
	39
	3.9
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.2880%
	64
	5.04
	30
	50
	5
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0014%
	8
	5.04
	30
	10
	1
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0056%
	8
	5.04
	30
	39
	3.9
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0072%
	8
	5.04
	30
	50
	5
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0115%
	64
	5.04
	30
	10
	1
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0449%
	64
	5.04
	30
	39
	3.9
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0576%
	64
	5.04
	30
	50
	5
	100
	Msg3
	141.49
	


[bookmark: _Toc144508462]
[bookmark: _Toc149557215]8.5.1.1.2	LP-SS
The System overhead of LP-SS for RRC IDLE/INACTIVE is summarized in Table 8.5.1-2
Table 8.5.1-2: Summary of System overhead for LP-SS for RRC IDLE/INACTIVE
	[bookmark: MCCQCTEMPBM_00000170]Source
	Signal
	Overhead (%)
	T resources per beam
	F resources
	SCS
	number of pages UE per second or signal periodicity
	System configuration, e.g., BW and etc.
	the target channel
	LP-SS MIL
	Notes

	[8A-11]
	LP-SS
	0.0630%
	14 symbols
	5.04MHz
	30kHz
	320ms
	100MHz, 8beam
	> Msg.3 
	150.78
	The LP-SS coverage is better than msg.3 coverage;

The derivation of LP-SS frequency: 4.32MHz +2RB (30kHz) = 5.04MHz

	[8A-11]
	LP-SS
	0.0158%
	14 symbols
	5.04MHz
	30kHz
	1280ms
	100MHz, 8beam
	> Msg.3 
	150.78
	

	[8A-11]
	LP-SS
	0.0020%
	14 symbols
	5.04MHz
	30kHz
	10240ms
	100MHz, 8beam
	> Msg.3 
	150.78
	

	[8A-11]
	LP-SS
	0.3150%
	14 symbols
	5.04MHz
	30kHz
	320ms
	20MHz, 8beam
	> Msg.3 
	150.78
	

	[8A-11]
	LP-SS
	0.0790%
	14 symbols
	5.04MHz
	30kHz
	1280ms
	20MHz, 8beam
	> Msg.3 
	150.78
	

	[8A-11]
	LP-SS
	0.0100%
	14 symbols
	5.04MHz
	30kHz
	10240ms
	20MHz, 8beam
	> Msg.3 
	150.78
	

	[8A-13]
	LP-SS
	0.125%,
	14 symbols
	5MHz
	15KHz
	160ms
	100M, 4beam
	Msg.3
	158.44
	2.6GHz for LP-SS MIL

	[8A-13]
	LP-SS
	0.625%,
	14 symbols
	5MHz
	15KHz
	160ms
	20M, 4beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.0625%,
	14 symbols
	5MHz
	15KHz
	320ms
	100M, 4beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.3125%
	14 symbols
	5MHz
	15KHz
	320ms
	20M, 4beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.0625%,
	14 symbols
	5MHz
	30KHz
	160ms
	100M, 4beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.3125%
	14 symbols
	5MHz
	30KHz
	160ms
	20M, 4beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.125%,
	14 symbols
	5MHz
	30KHz
	160ms
	100M, 8beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.6250%
	14 symbols
	5MHz
	30KHz
	160ms
	20M, 8beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.03125%,
	14 symbols
	5MHz
	30KHz
	320ms
	100M, 4beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.1563%
	14 symbols
	5MHz
	30KHz
	320ms
	20M, 4beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.0625%,
	14 symbols
	5MHz
	30KHz
	320ms
	100M, 8beam
	Msg.3
	158.44
	

	[8A-13]
	LP-SS
	0.3125%
	14 symbols
	5MHz
	30KHz
	320ms
	20M, 8beam
	Msg.3
	158.44
	

	[8A-5]
	LP-SS
	0.0160%
	28symbols
	5MHz
	30KHz
	320ms
	100M, 1beam
	
	
	

	[8A-5]
	LP-SS
	0.0630%
	28symbols
	5MHz
	30KHz
	320ms
	100M, 4beam
	
	
	

	[8A-16]
	LP-SS
	0.1000%
	1ms, 4 repetitions
	5MHz
	30KHz
	1000ms
	20MHz
	Msg.3
	147.44
	

	[8A-16]
	LP-SS
	0.2000%
	1ms, 4 repetitions
	5MHz
	30KHz
	500ms
	20MHz
	Msg.3
	147.44
	

	[8A-16]
	LP-SS
	0.5000%
	1ms, 4 repetitions
	5MHz
	30KHz
	200ms
	20MHz
	Msg.3
	147.44
	

	[8A-16]
	LP-SS
	0.1500%
	1.5ms, 4 repetitions
	5MHz
	30KHz
	1000ms
	20MHz
	Msg.3
	147.44
	

	[8A-16]
	LP-SS
	0.3000%
	1.5ms, 4 repetitions
	5MHz
	30KHz
	500ms
	20MHz
	Msg.3
	147.44
	

	[8A-16]
	LP-SS
	0.7500%
	1.5ms, 4 repetitions
	5MHz
	30KHz
	200ms
	20MHz
	Msg.3
	147.44
	

	[8A-4]
	LP-SS
	0.0113%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0056%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0028%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0014%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0007%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0004%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0450%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0225%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0113%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0056%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0028%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0014%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0900%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0450%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0225%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0113%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0056%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0028%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0023%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0011%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0006%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0003%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0001%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0001%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0090%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0045%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0023%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0011%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0006%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0003%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0180%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0090%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0045%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0023%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0011%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	[8A-4]
	LP-SS
	0.0006%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	100MHz, 8beams
	Msg.3
	155.18
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The System overhead of LP-WUS for RRC CONNECTED is summarized in Table 8.5.1 - 3
Table 8.5.1-3: Summary of System overhead for LP-WUS for RRC CONNECTED
	Source
	Signal
	# of info bits carried by signal
	Overhead (%)
	T resources per beam
	F resources
	SCS
	traffic types
	Number of UEs per cell
	System configuration, e.g., BW and etc.
	the target channel
	LP-WUS MIL 
	Notes

	[8A-11]
	LP-WUS
	1
	0.8600%
	8 symbols
	5.04MHz
	30kHz
	XR (16.67ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	157.99
	The coverage of LP-WUS with 8/32/40 symbols is comparable to unicast PDCCH AL2-4Rx coverage.

	[8A-11]
	LP-WUS
	8
	3.4300%
	32 symbols
	5.04MHz
	30kHz
	XR (16.67ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	158.23
	

	[8A-11]
	LP-WUS
	12
	4.2900%
	40 symbols
	5.04MHz
	30kHz
	XR (16.67ms)
	10
	
	unicast PDCCH AL2-4Rx
	158.07
	

	[8A-11]
	LP-WUS
	1
	0.0700%
	8 symbols
	5.04MHz
	30kHz
	FTP3 (200ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	157.99
	

	[8A-11]
	LP-WUS
	8
	0.2900%
	32 symbols
	5.04MHz
	30kHz
	FTP3 (200ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	158.23
	

	[8A-11]
	LP-WUS
	12
	0.3600%
	40 symbols
	5.04MHz
	30kHz
	FTP3 (200ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	158.07
	



[bookmark: _Toc136522072][bookmark: _Toc144508464][bookmark: _Toc149557217]8.5.2	Observations
For RRC IDLE/INACTIVE,
-	For LP-WUS carrying 1-bit information, depending on the time-frequency occupation, traffic inter-arrival time, number of beams, system BW, the system overhead varies,
-	Results in [8A-11] shows that for OOK based LP-WUS system overhead is [0.003%~0.055%] for LP-WUS with 8 beams, 100MHz system BW based on varies configurations as described in the Table 8.5.1 - 1 (per beam LP-WUS duration is 1 symbol, coverage target is PUSCH Msg.3)
-	Results in [8A-11] shows that for OOK based LP-WUS, system overhead is [0.018%~0.28%] for LP-WUS with 8 beams, 20MHz system BW based on varies configurations as described in the Table 8.5.1 – 1 (LP-WUS duration is 1symbol coverage target is PUSCH Msg.3)
-	Results in [8A-3] shows that for LP-WUS with 1 or 8 beams, 20MHz system BW based on varies configurations as described in the Table 8.5.1 – 1, and coverage target is PUSCH Msg.3 with and without retransmissions (2 retransmissions)
-	For OOK based LP-WUS+LPSS with duration 5 or 8 slots, the system overhead is [0.0427%~1.5137%]
-	For OFDM based LP-WUS with duration 4 or 5 symbols, the system overhead is [0.00066%~0.0664%] 
-	Results in [8A-3] shows that for LP-WUS with 8 beams, 20MHz system BW based on varies configurations as described in the Table 8.5.1 – 1, and coverage target is PDCCH AL[16] with 1Rx or 2Rx
-	For OOK based LP-WUS+LPSS with duration 9~20 slots, the system overhead is [0.0549%~4.4434%]
-	For OFDM based LP-WUS with duration 6~11 symbols, the system overhead is [0.001%~0.1462%] 
-	For LP-WUS carrying multiple bits information, depending on the time-frequency occupation, traffic inter-arrival time, number of beams, system BW, the system overhead varies,
-	For LP-WUS carrying 48 bit information,
-	Results in [8A-3] shows that for LP-WUS with 1 or 8 beams, 20MHz system BW based on varies configurations as described in the Table 8.5.1 – 1
-	For OOK based LP-WUS+LPSS with duration 32 or 117 slots, the system overhead is [0.1251%~3.5156%], assuming coverage target is PUSCH Msg.3 with and without retransmissions (2 retransmissions),
-	For OOK based LP-WUS+LPSS with duration 140 or 390 slots, the system overhead is [0.4547%~11.8469%], assuming coverage target is PDCCH AL[16] with 1Rx or 2Rx
-	Results in [8A-9] shows that system overhead is [0.0014%~0.5760%] for OOK based LP-WUS with 1 beam, 100MHz system BW. (per beam LP-WUS duration is 8/64 symbols, coverage target is PUSCH Msg.3)
-	Results in [8A-9] shows that system overhead is [0.0072%~2.8800%] for OOK based LP-WUS with 1 beam, 20MHz system BW. (per beam LP-WUS duration is 8/64 symbols, coverage target is PUSCH Msg.3)
-	For LP-WUS carrying 6~24 bits information,
-	Results in [8A-3] [8A-4] [8A-11][8A-13][8A-16] show that system overhead is [0.0023%~1.9814%], for 6~24bits LP-WUS with 1~8 beams, 20MHz system BW;(per beam LP-WUS duration is 4/5/7/12/14/16.8/24 symbols or 10 slots, coverage target is PUSCH Msg.3 without retransmission)
-	The evaluated waveform for LP-WUS includes OOK, FSK-2
-	Results in [8A-3] shows that system overhead is [0.0580%~1.9814 %], for 8bits OOK based LP-WUS+LP-SS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 10 slots, coverage target is PUSCH Msg.3 without retransmission)
-	Results in [8A-3] shows that system overhead is [0.1129%~6.3232%], for 8bits OOK based LP-WUS+LP-SS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 28 slots, coverage target is PUSCH Msg.3 two retransmission)
-	Results in [8A-3] shows that system overhead is [0.1434%~20.7959%], for 8bits OOK based LP-WUS+LP-SS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 38 or 88 slots, coverage target is PDCCH [AL16] with 1Rx or 2Rx)
-	Results in [8A-3] shows that system overhead is [0.00199%~0.1575%], for 8bits OFDM based LP-WUS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 12symbols coverage target is PUSCH Msg.3 without retransmission or with two transmissions)
-	Results in [8A-3] shows that system overhead is [0.00199%~0.1969%], for 8bits OFDM based LP-WUS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 12 or 15 symbols, coverage target is PDCCH [AL16] with 1Rx or 2Rx)
-	Results in [8A-4] [8A-5] [8A-11] shows that system overhead is [0.0005%~1.777%] for 7~24bits LP-WUS with 1~8 beams, 100MHz system BW. (per beam LP-WUS duration is 4/5/12/24 symbols or 12symbols with 1/2/4 repetitions, coverage target is PUSCH Msg.3)
-	The evaluated waveform for LP-WUS includes OOK, FSK-2, sequence on top of OOK/FSK and OFDM sequence

[bookmark: _Hlk135682471]-	For LP-SS based on OOK with 320ms * X periodicity, 1 slot (30kHz) *Y and 5MHz * Z time-frequency occupation, with 8 beams*W and 20MHz*T system bandwidth, the system overhead is no more than 0.4% * Y * Z * W / X / T. 
-	Example setting for LP-SS, 
-	Set 1: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 320ms periodicity, 8 beams, 20MHz system bandwidth (overhead no more than 0.4%).
-	Set 2: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 160ms periodicity, 8 beams, 20MHz system bandwidth (overhead no more than 0.8%).
-	Set 3: approximately 5MHz LP-SS BW, 2 slot (30KHz) duration, 320ms periodicity, 8 beams, 20MHz system bandwidth (overhead no more than 0.8%).
-	Set 4: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 1000ms periodicity, 8 beams, 20MHz system bandwidth (overhead no more than 0.1%).
-	Note: the overhead for the above reference sets are derived based on the above formula.

For RRC CONNECTED
-	Results in [8A-11] shows that
-	For XR (16.67ms, 60FPS) and 10 UEs per cell (maximum system capacity), 100MHz system BW,
-	The overhead of LP-WUS based on OOK with 8 symbol duration and 1-bit information is 0.86%;
-	The overhead of LP-WUS based on OOK with 32/40 symbol duration and 8 or 12-bits information is 3.43%~4.29%;
-	For FTP3 (200ms mean arrival time) and 10 UEs per cell (RU is 40%), 100MHz system BW,
-	The overhead of LP-WUS based on OOK with 8 symbol duration and 1-bit information is 0.07%; 
The overhead of LP-WUS based on OOK with 32/40 symbol duration and 8 or 12-bits information is 0.29%~0.36%.
[bookmark: _Hlk495298459][bookmark: _Toc144508466][bookmark: _Toc149557218][bookmark: _Toc127570631]9	Conclusions
[bookmark: _Toc144508467][bookmark: _Toc149557219]9.1	Power/latency/coverage/overhead/network energy
RAN1 has identified use cases of LP-WUS/WUR for power sensitive devices including IoT, wearable and eMBB, and for both IDLE/INACTIVE and CONNECTED mode usage. RAN1 has identified the performance metrics and KPIs for the studies of LP-WUS/WUR including UE power consumption, coverage, latency and UPT as well as metrics and KPIs for network impact including the impact to system overhead, system capacity (XR traffic), and network energy consumption.
RAN1 has developed evaluation methodologies for the study of LP-WUS/WUR including power models for LR and MR, traffic characteristics, coverage targets, LR clocks and oscillator assumptions, etc. 
RAN1 has carried out system level evaluations for the UE power saving and latency benefit of using LP-WUS/WUR for IDLE/INACTIVE UEs.
-	UE power saving gain cannot be observed if the existing Rel-18 MR RRM measurement periodicity for serving and neighbour cells are applied and UE MR enters in ultra-deep sleep during LP LP-WUS monitoring, therefore MR serving and neighbour cell measurement with further time domain relaxation than that is allowed in Rel-18 specification for IDLE/INACTIVE and/or at least serving cell RRM offloaded from MR to LR are beneficial. 
-	Compared with existing I-DRX operation, 
-	Significant UE power saving gain (up to more than 90%) is observed by using LP-WUS/WUR to trigger UE MR paging monitoring compared with existing I-DRX operation (with and without PEI), if sufficient relaxation to MR RRM measurement is applied. 
-	For duty-cycled LP-WUS monitoring and same duty ratio, higher power saving gain is observed if the relative power consumption of LP-WUR ON for LP-WUS monitoring is lower.
-	For continuous LP-WUS monitoring, UE power saving gain is only observed if the relative power consumption of LP-WUR ON for LP-WUS monitoring is lower, e.g. no larger than 1 unit. 
-	If the MR enters ultra deep sleep while monitoring LP-WUS, compared with legacy I-DRX operation with same I-DRX cycle, moderate paging latency increase (e.g. ~400ms) is observed by using LP-WUS/WUR, due to the ramp up and re-sync procedure of MR from ultra-deep sleep state and if legacy paging occasion is reused. From RAN1 perspective, potential techniques to decrease the latency e.g. using shorter I-DRX cycles, dynamic paging occasion determination, UE MR transmit PRACH directly after wake-up by LP-WUS, UE MR entering deep sleep during LP LP-WUS monitoring, were proposed and evaluated. 
-	Compared with existing eDRX operation, significant paging latency reduction and moderate UE power saving gain is observed, if LP-WUS monitoring and the corresponding paging monitoring after MR wake-up is performed not restricted within existing PTW of eDRX. Significant UE power gain and moderate paging latency increase is observed if LP-WUS monitoring is restricted within existing PTW of eDRX and existing paging occasion determination is reused.  
RAN1 has carried out system level evaluations for the UE power saving and UPT benefit of using LP-WUS/WUR for CONNETED mode UEs with different traffic types including XR, FTP and IM. Existing power saving techniques, including Rel-15 long/short C-DRX cycle, Rel-16 DCP, Rel-17 PDCCH skipping/SSSG switching and Rel-18 enhanced C-DRX for non-integer periodicities are used for in the evaluation comparison. 
-	For XR traffic and LP-WUS to trigger the UE MR PDCCH monitoring, 
-	Moderate UE power saving gain (up to more than 10%) across different types of XR traffic and system load scenarios can be observed, larger UE power saving gain can be observed if the UE MR can enter light sleep instead of micro sleep during LP-WUS monitoring by LR. 
-	The impact to the XR capacity is marginal for low load scenarios. For high load scenarios, the impact to the XR capacity is also marginal when the UE MR enters the micro sleep state and relatively larger when MR enters the light sleep state during LR LP-WUS monitoring.
-	For FTP and IM traffic,
-	For the usage of LP-WUS to trigger the UE MR PDCCH monitoring, 
-	Compared with existing UE power saving techniques, significant UE power saving gain (up to more than 60%) and moderate UPT improvement (up to more than 10%) when the UE MR enters deep sleep state during LR LP-WUS monitoring, larger UPT improvement (up to more than 180%) is observed for traffic with small packets, e.g. IM. Relatively lower or no UE power saving gain can be observed when the UE MR enters light sleep during LR LP-WUS monitoring, but the UPT improvement is higher (up to more than 50%). 
-	Compared with UE MR always-on PDCCH monitoring, significant UE power saving gain (up to more than 40%) and similar UPT performance can be observed, when UE MR enters micro sleep during LR LP-WUS monitoring. 
-	For the usage of LP-WUS as the wake-up mechanism of C-DRX similar to DCP
-	Significant UE power saving gain (up to more than 30%) and moderate degradation to the UPT (less than 10%) can be observed, especially when the C-DRX cycle is shorter (e.g. 40ms) .
RAN1 has carried out coverage evaluation to compare the MIL performance of LP-WUS with that of legacy NR channels (e.g. PUSCH for MSG3, PDCCH for Paging). It is observed that for LP-WUS can achieve comparable MIL performance with that of NR PUSCH MSG3, with the assumed resource for each LP-WUS transmission is as the following, in which RedCap and non-RedCap UE cases are not further distinguished. 
-	For Urban scenario and single PUSCH MSG3 transmission 
-	For OOK-based LP-WUS, the required resource reported is 0.9~17.28 MHz*Symbol/bit 
-	For FSK-based LP-WUS, the required resource reported is 4.32~25.92 MHz*Symbol/bit 
-	For OFDM-based LP-WUS, the required resource reported is 0.31~4.32 MHz*Symbol/bit
-	For Urban scenario and PUSCH MSG3 transmission with two retransmissions (one source)
-	For OOK-based LP-WUS, the required resource reported is 241.92 MHz*Symbol/bit 
-	For OFDM-based LP-WUS, the required resource reported is 2.16 MHz*Symbol/bit
-	For Rural scenarios and single PUSCH MSG3 transmission 
-	For OOK-based LP-WUS, the required resource reported is 0.72~4.32 MHz*Symbol/bit 
-	For FSK-based LP-WUS, the required resource reported is 4.32 MHz*Symbol/bit (one source)
-	For OFDM-based LP-WUS, the required resource reported is 0.62~4.36 MHz*Symbol/bit
-	Note the above OFDM symbol assumes subcarrier spacing 30kHz
-	In general, it is much more challenging for LP-WUS to reach comparable MIL as legacy PDCCH with AL16/AL8, more resources occupancy and/or coverage enhancement techniques for LP-WUS transmission would be required to reach such challenging MIL target. 
For the overhead of LP-WUS used for RRC IDLE/INACTIVE UEs, it depends on the number of information bits, time-frequency occupation, traffic inter-arrival time, number of beams, system BW.
-	For 5MHz LP-WUS with single PUSCH MSG 3 as MIL target
-	For OFDM based LP-WUS carrying information of up to 24bits, the overhead is marginal (up to 0.16%) for 20MHz or 100MHz system BW
-	For OOK/FSK-2 based LP-WUS carrying information up to 24bit, the overhead is marginal (up to 1.98%) for 20MHz. Note that in this case, the overhead evaluation in some sources includes LP-WUS and LP-SS. The reported maximum payload and maximum overhead are from different sources and are not corresponds to each other.
-	For 5MHz LP-WUS with paging PDCCH (AL8/AL16) as the MIL target and 20MHz system BW,
-	For OFDM based LP-WUS carrying information up to 8bits, the overhead is marginal (up to 0.19%) (one source)
-	For OOK-based LP-WUS carrying information up to 48bits, the overhead can be significant (up to 21%). Note that in this case, the overhead evaluation in some sources includes LP-WUS and LP-SS
For the overhead of LP-WUS used RRC CONNECTED mode (One source)
-	For XR and 10 UEs per cell (maximum system capacity) and 100MHz system BW, the overhead of OOK-based LP-WUS carrying up to 12bits information bits is small (up to 4.3%);
-	For FTP3 traffic and 10 UEs per cell, RU 40%, 100MHz system BW, the overhead of OOK-based LP-WUS carrying up to 12 information bits is marginal (up to 0.36%); 
For OOK based LP-SS with 5MHz, 8 beams and 20MHz system bandwidth, the overhead is 0.4% for 320ms LP-SS periodicity and 1 slot (30kHz) duration per beam, and 0.3% for 1280ms LP-SS periodicity and 3 slots (30KHz) duration per beam. The overhead of other configurations can be derived by scaling accordingly. 
The additional increased network power consumption due to LP-SS is also studied assuming LP-SS is an additional signal transmission than the existing NR signal/channels. When 320ms LP-SS periodicity, 4 or 8 beams and no more than 14 symbols LP-SS duration is assumed, the additional increased network power consumption rate is marginal (0.06%~3.9%), (0.07%~2.716%), (0.388%~1.076%) for zero load, low load and medium load respectively. For 320ms LP-SS periodicity, 8 beams and 42 symbols LP-SS duration, one source shows the additional increase network power consumption rate is 11.4%.
Lower impact to the network power consumption is expected when LP-SS is transmitted FDM with NR SSB/SIB-1.
[bookmark: _Toc144508468][bookmark: _Toc149557220]9.2	LP-WUR architecture
For the LP-WUR architecture, 
-	For OOK waveform, 3 types of receiver architectures have been considered: RF envelope detection, heterodyne architecture with IF envelope detection, and homodyne/zero-IF architecture with baseband envelope detection.
-	For RF envelope detection, the reported relative power consumption for ON state is in the range of 0.01~0.2, and the reported noise figure is in the range of 12~22 dB.
-	For heterodyne architecture, the reported relative power consumption for ON state is in the range of 0.1~4, and the reported noise figure is in the range of 9~15 dB.
-	For homodyne/zero-IF architecture, the reported relative power consumption for ON state is in the range of 0.05~4, and the reported noise figure is in the range of 10~16 dB.
-	For FSK waveform, the architectures with parallel OOK receivers and with frequency to amplitude conversion have been considered. Among the architectures that have more than 2 sources providing the analysis,
-	For parallel heterodyne architecture, the reported relative power consumption for ON state is in the range of 0.1~1, and the reported noise figure is in the range of 9~15 dB.
-	For parallel homodyne/zero-IF architecture, the reported relative power consumption for ON state is in the range of 0.1~1, and the reported noise figure is in the range of 10~16 dB.
-	For OFDMA-based signals, sequence-based signals have been considered, where the LP WUR performs either time-domain correlation without FFT or frequency-domain correlation after FFT.
-	For time-domain correlation, the reported relative power consumption for ON state is in the range of 0.15~10/30, and the reported noise figure is in the range of 7~25.
-	For frequency-domain correlation, the reported relative power consumption for ON state is in the range of 1~30, and the reported noise figure is in the range of 7~12.
-	Note that:
-	Some of the inconsistent ranges for the architectures for OOK and FSK waveforms (e.g., power consumption for the homodyne/zero-IF architecture for OOK and the parallel homodyne/zero-IF architecture for FSK) is due to the fact that not all sources provided analysis for all the architectures.
-	For each individual source, the power consumption for FSK is similar as or slightly higher than the power consumption for OOK with the same architecture type.
-	Note that some of the wide ranges for the different architectures is due to the fact that different sources made different assumptions and there is a tradeoff between power consumption and noise figure.
[bookmark: _Toc144508469][bookmark: _Toc149557221]9.3	LLS performance and LP-WUS design/L1 procedure
RAN1 studied robustness of OOK-1, OOK-2, OOK-3, OOK-4, FSK-1, FSK-2 and OFDMA waveform to time and frequency offset in Clauses 8.3.1, and 8.3.2 resp. and observed the following:
-	OOK/FSK waveform with longer time segment and with a single or multiple frequency segments is comparable (0 us) or more robust (by 4us) to timing error than waveform with shorter time segment.  
-	One source shows that without sliding window, OFDMA tolerates up to 4us timing error, when SCS <=30kHz, and receiver did not perform FFT.   
-	For OFDMA, tolerance to timing error varies with sliding window size assumed by a receiver and was shown to tolerate timing error up to 4us if proper sliding window size is assumed by a receiver.
-	Single frequency segment OOK (except OOK3) waveform is more robust to frequency error (of 390kHz) than OOK/FSK waveforms with multiple frequency segments (depending on guard-band size between segments) and both are more robust than OFDMA waveform assuming no frequency compensation/synchronization.  
-	One source showed that single frequency segment FSK-envelop-IF waveform is more robust to frequency error (of 260 kHz) than OOK/FSK waveforms with multiple frequency segments (depending on guard-band size between segments) and both are more robust than OFDMA waveform assuming no frequency compensation/ synchronization. 
In RAN1 also the impact of sampling rate on performance has been studied.
RAN1 studied spectral efficiency of OOK-1, OOK-2, OOK-3, OOK-4, FSK-1, FSK-2 and OFDMA waveform, where the best results (of spectral efficiency) from results reported by each company for each waveform are summarized in Clause 8.3.3. Results among companies were combined across different receiver types, different power pooling assumption, different sampling rates, different tx antenna configurations, FAR target for the same waveform.
RAN1 studied RSRP and RSRQ measurement accuracy based on LP-SS (based on OOK which can be received by envelop detector) assuming TDL-C channel and observed that depending on SNR target X= {-3, -6, -9, -11} dB as seen by LP-WUR, and depending on 90% accuracy of 3 or 5 dB, different number symbols (1 -70) spread over 1-5 periods is required. Timing and frequency impairments were also considered. RAN1 studied RSRP and RSRQ measurement accuracy based on LP-SS (based on OOK which can be received by envelop detector) assuming AWGN channel and observed that depending on SNR target X= {-9, -11} dB as seen by LP-WUR, and depending on 90% accuracy of 3 or 5 dB, different number symbols (1 -20) spread over 1-3 periods is required. Timing and frequency impairments were also considered. Corresponding SNR observed by MR and LR is different due to NF difference between them. Accuracy of RSRP and RSRQ measurement depends on sampling rate.
RAN1 studied RSRP measurement accuracy based on SSS (OFDMA received by I/Q detector) and observed that depending on SNR target X= [-3, -6] dB as seen by LP-WUR, and depending on 90% accuracy of 3dB, 1 OFDMA symbol in 1 period is required, assuming TDL-C. Timing and frequency impairments were also considered. 
For waveform generation of OOK/FSK the following observations were made. Flat spectrum in frequency domain provides robustness against frequency selective fading compared to concentrated energy in frequency domain. For OOK-4, sequence before DFT/LS with variation in phase via such as ZC, M-sequence or QAM sequence can achieve more flattened spectrum. Sequence(s) used in LP-WUS symbol generation with different pulse shape or spectral shape may have different performances. Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches.
Pre-storing of the generated frequency domain samples to be mapped to LP-WUS sub-carrier segment of iFFT at gNB may reduce complexity of waveform generation at gNB with memory requirement depending on number of possible combinations. The number of combinations is function of number of supported LP-WUS bandwidth sizes, supported values of M for OOK-4, etc. Pre-storing of the generated frequency domain samples may be up to gNB implementation. For OOK4, Manchester coding will reduce the number of combinations for OOK-4 given the same time/frequency resource. 
RAN1 studied LP-WUS bandwidth, at least for IDLE/Inactive mode, at least one BW-size smaller or equal to 5MHz is recommended to be supported for FR1. Other BW sizes are not precluded, however if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz. LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs. From RAN1 perspective, LP-WUS and signals/channels by MR can be at least on the same carrier in the same band. From RAN1 perspective, for multiplexing with other NR signals and channels, it is beneficial if LP-WUS can be flexibly configured within a carrier. 
RAN1 studied synchronization of LP-WUR. At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following functionalities: (a) RRM measurements by LP-WUR, if supported (b) At least coarse time synchronization of LP-WUR. (c) At least coarse frequency synchronization of LP-WUR. Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, number of beams, and resource required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce the overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-specific) and further reduce system overhead. For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization, existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality. Periodic LP-SS coverage should be equal or better than that of LP-WUS. For fine time and frequency synchronization, a signal (e.g., preamble) preceding or part of LP-WUS may be used.
OFDMA waveform can provide coverage for LP-WUS with lower resource overhead. LP-WUR receiving OFDMA waveform can reuse PSS/SSS to perform RRM measurement and synchronization avoiding the introduction of periodic LP-SS within the carrier. Timing error robustness can be further improved using a sliding window at the receiver. 
Single frequency segment OOK-1/OOK-4 can provide a range of spectral efficiencies while being the most robust waveform to frequency error while robustness to timing error decreases with the increasing of M, but could be addressed by using a sliding window at the receiver or by pulse shaping in time domain. OOK-4 with variable M can provide a flexible range of spectral efficiencies for a fixed LP-WUS resource. Sequences to generate ON duration in OFDMA transmitter, if specified, can help receiver (with I/Q branches) performance.
FSK-2 can provide a range of spectral efficiencies by varying M while having good robustness to frequency error and moderate robustness to timing error. Frequency error robustness can be further improved using frequency error correction (i.e., utilizing 2^M parallel receiver structure or frequency domain sliding window), larger guard band between segments at the expense of less frequency diversity, and/or single frequency segment FSK2-envelope IF. Timing error robustness can be further improved using a sliding window or by pulse shaping in the time domain. Uniform distribution of frequency spectrum density can be achieved using single frequency segment FSK2-envelope IF which can provide robustness against frequency fading. Sequences to generate ON duration in OFDMA transmitter, if specified, can help receiver (with I/Q branches) performance.

[bookmark: startOfAnnexes][bookmark: _Toc144508470][bookmark: _Toc149557222]Annex 7.1.1a	Analysis of LP-WUR architectures
RAW data are attached as file in the TR.
[bookmark: _Toc144508471][bookmark: _Toc149557223]Annex 8.1	Power evaluation
RAW data are attached as file in the TR.
[bookmark: _Toc144508472][bookmark: _Toc149557224]Annex 8.2	Coverage
RAW data are attached as file in the TR.
[bookmark: _Toc144508473][bookmark: _Toc149557225][bookmark: _Ref135225892][bookmark: _Toc136522095]Annex 8.3	LLS results
RAW data can be found in 3GPP R1-2308647.
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[bookmark: _Toc144508475][bookmark: _Toc149557227]Annex8.4.1	[8A-11]
Table Annex8.4.1-1: Assumption on baseline and LP-SS configuration
	Parameter
	Assumption

	Baseline: 
SSB and SIB1 transmitted in FDM manner;
RACH monitoring
	- Periodicity of SSB/SIB1 transmission, RACH monitoring: 20ms
- SSB: 4 slots with 2 SSBs in each slot, where 1 SSB occupies 4 OFDM symbols and 20 PRBs
- SIB 1: occupies 4 slots and 48 PRBs
- RACH: occupies 1 slot

	System load
	Zero, low, light, medium load, which follows the agreed definition in R18 NES SI.

	LP-SS
	- Periodicity of LP-SS: P=320, 640, 1280, 2560, 5120, 10240ms
- One LP-SS (per beam) T-F duration is one slot and 11PRBs
- 4 or 8 beams assumed for LP-SS

	FDM pattern
	LP-SS fully FDM with SSB/SIB1; No time gap between them

	TDM pattern
	LP-SS is right after SSB/SIB1

	Note:	The NW power consumption of LP-WUS transmission is not accounted in the simulation due to sparse traffic arrival rate.



Table Annex8.4.1-2: Network power consumption caused by LP-SS with 8 beams for RRC idle/inactive mode
	[bookmark: MCCQCTEMPBM_00000171]Load
	Scheme
	Case
	Cat 1
	Cat 2

	
	
	
	Mean BS Power consumption
	Gain/loss (vs. Baseline)
	Mean BS Power consumption
	Gain/loss (vs. Baseline)

	Zero load
	FDM with SSB
	Baseline
	23.287
	
	3.466
	

	
	
	P=320ms
	23.706
	1.799%
	3.504
	1.097%

	
	
	P=640ms
	23.497
	0.900%
	3.485
	0.549%

	
	
	P=1280ms
	23.392
	0.450%
	3.476
	0.274%

	
	
	P=2560ms
	23.340
	0.225%
	3.471
	0.137%

	
	
	P=5120ms
	23.314
	0.113%
	3.468
	0.065%

	
	
	P=10240ms
	23.302
	0.061%
	3.467
	0.031%

	
	TDM with SSB
	Baseline
	23.287
	
	3.466
	

	
	
	P=320ms
	24.114
	3.551%
	3.538
	2.076%

	
	
	P=640ms
	23.701
	1.776%
	3.502
	1.038%

	
	
	P=1280ms
	23.494
	0.888%
	3.484
	0.519%

	
	
	P=2560ms
	23.391
	0.444%
	3.475
	0.259%

	
	
	P=5120ms
	23.332
	0.192%
	3.470
	0.124%

	
	
	P=10240ms
	23.309
	0.093%
	3.468
	0.055%

	Low load
	FDM with SSB
	Baseline
	27.992
	
	3.948
	

	
	
	P=320ms
	28.364
	1.328%
	3.984
	0.912%

	
	
	P=640ms
	28.168
	0.627%
	3.966
	0.459%

	
	
	P=1280ms
	28.087
	0.340%
	3.957
	0.233%

	
	
	P=2560ms
	28.040
	0.170%
	3.952
	0.118%

	
	
	P=5120ms
	28.017
	0.087%
	3.950
	0.057%

	
	
	P=10240ms
	28.004
	0.043%
	3.949
	0.029%

	
	TDM with SSB
	Baseline
	27.992
	
	3.948
	

	
	
	P=320ms
	28.753
	2.716%
	4.016
	1.725%

	
	
	P=640ms
	28.368
	1.343%
	3.982
	0.865%

	
	
	P=1280ms
	28.183
	0.681%
	3.965
	0.435%

	
	
	P=2560ms
	28.090
	0.350%
	3.956
	0.222%

	
	
	P=5120ms
	28.041
	0.173%
	3.952
	0.113%

	
	
	P=10240ms
	28.016
	0.084%
	3.950
	0.050%

	Medium load
	FDM with SSB
	Baseline
	53.788
	
	6.649
	

	
	
	P=320ms
	54.141
	0.657%
	6.675
	0.388%

	
	
	P=640ms
	53.952
	0.305%
	6.662
	0.198%

	
	
	P=1280ms
	53.875
	0.162%
	6.656
	0.105%

	
	
	P=2560ms
	53.822
	0.064%
	6.653
	0.059%

	
	
	P=5120ms
	53.805
	0.031%
	6.651
	0.030%

	
	
	P=10240ms
	53.796
	0.015%
	6.650
	0.015%

	
	TDM with SSB
	Baseline
	53.788
	
	6.649
	

	
	
	P=320ms
	54.367
	1.076%
	6.698
	0.742%

	
	
	P=640ms
	54.137
	0.648%
	6.674
	0.375%

	
	
	P=1280ms
	53.967
	0.333%
	6.662
	0.200%

	
	
	P=2560ms
	53.880
	0.172%
	6.656
	0.109%

	
	
	P=5120ms
	53.831
	0.080%
	6.653
	0.053%

	
	
	P=10240ms
	53.809
	0.039%
	6.651
	0.029%



Table Annex8.4.1-3: Network power consumption caused by LP-SS with 4 beams for RRC idle/inactive mode
	[bookmark: MCCQCTEMPBM_00000172]Load
	Scheme
	Case
	Cat 1
	Cat 2

	
	
	
	Mean BS Power consumption
	Gain/loss (vs. Baseline)
	Mean BS Power consumption
	Gain/loss (vs. Baseline)

	Zero load
	FDM with SSB
	Baseline
	23.2873
	
	3.4662
	

	
	
	P=320ms
	23.3048
	0.075%
	3.46826
	0.059%

	
	
	P=640ms
	23.296
	0.037%
	3.46723
	0.030%

	
	
	P=1280ms
	23.2917
	0.019%
	3.46671
	0.015%

	
	
	P=2560ms
	23.2895
	0.009%
	3.46645
	0.007%

	
	
	P=5120ms
	23.2884
	0.005%
	3.46633
	0.004%

	
	
	P=10240ms
	23.2884
	0.005%
	3.46633
	0.004%

	
	TDM with SSB
	Baseline
	23.2873
	
	3.4662
	

	
	
	P=320ms
	23.6888
	1.724%
	3.50218
	1.038%

	
	
	P=640ms
	23.488
	0.862%
	3.48419
	0.519%

	
	
	P=1280ms
	23.3877
	0.431%
	3.47519
	0.259%

	
	
	P=2560ms
	23.3375
	0.216%
	3.47069
	0.130%

	
	
	P=5120ms
	23.3124
	0.108%
	3.46845
	0.065%

	
	
	P=10240ms
	23.3124
	0.108%
	3.46845
	0.065%

	Low load
	FDM with SSB
	Baseline
	27.99219
	
	3.947543
	

	
	
	P=320ms
	28.00813
	0.057%
	3.949475
	0.049%

	
	
	P=640ms
	28.00016
	0.028%
	3.948511
	0.025%

	
	
	P=1280ms
	27.9962
	0.014%
	3.948034
	0.012%

	
	
	P=2560ms
	27.99417
	0.007%
	3.947789
	0.006%

	
	
	P=5120ms
	27.99328
	0.004%
	3.947671
	0.003%

	
	
	P=10240ms
	27.99328
	0.004%
	3.947671
	0.003%

	
	TDM with SSB
	Baseline
	27.99219
	
	3.947543
	

	
	
	P=320ms
	28.34794
	1.271%
	3.981592
	0.863%

	
	
	P=640ms
	28.15971
	0.598%
	3.964701
	0.435%

	
	
	P=1280ms
	28.08326
	0.325%
	3.956271
	0.221%

	
	
	P=2560ms
	28.03778
	0.163%
	3.95196
	0.112%

	
	
	P=5120ms
	28.01555
	0.083%
	3.949791
	0.057%

	
	
	P=10240ms
	28.01555
	0.083%
	3.949791
	0.057%

	Medium load
	FDM with SSB
	Baseline
	53.7879
	
	6.649008095
	

	
	
	P=320ms
	53.79838571
	0.019%
	6.65037619
	0.021%

	
	
	P=640ms
	53.79342857
	0.010%
	6.649718571
	0.011%

	
	
	P=1280ms
	53.79104286
	0.006%
	6.649399524
	0.006%

	
	
	P=2560ms
	53.78975238
	0.003%
	6.649232381
	0.003%

	
	
	P=5120ms
	53.78898095
	0.002%
	6.649135238
	0.002%

	
	
	P=10240ms
	53.78898095
	0.002%
	6.649135238
	0.002%

	
	TDM with SSB
	Baseline
	53.7879
	
	6.649008095
	

	
	
	P=320ms
	54.14139048
	0.657%
	6.67342
	0.367%

	
	
	P=640ms
	53.95587143
	0.312%
	6.661481905
	0.188%

	
	
	P=1280ms
	53.87204286
	0.156%
	6.655593333
	0.099%

	
	
	P=2560ms
	53.83029524
	0.079%
	6.652702857
	0.056%

	
	
	P=5120ms
	53.80868571
	0.039%
	6.651096667
	0.031%

	
	
	P=10240ms
	53.80868571
	0.039%
	6.651096667
	0.031%
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Assumptions on baseline scheme, LP-SS and LP-WUS configuration are shown in Table Annex8.4.2-1.
Table Annex8.4.2-1: Assumption on baseline and LP-SS configuration
	Scheme
	Assumption

	Baseline: 
SSB and SIB1 transmitted in FDM manner
	- Periodicity of SSB transmission: 20ms
- Periodicity of SIB1 transmission: 40ms
- SSB: 4 slots with 2 SSBs in each slot, where 1 SSB occupies 4 OFDM symbols and 20 PRBs
- SIB1: occupies 8 slots and 12 PRBs

	LP-SS and LP-WUS
	- Periodicity of LP-SS: 320ms; Offset with SSB: 0 and 10ms; Beams: 4
- Periodicity of LP-WUS: 1280ms; Offset with SSB: 0 and 5ms; Beams: 4
- LP-SS: 4 slots with 1 LP-SS in each slot, where 1 LP-SS occupies 7 OFDM symbols and 12 PRBs
- LP-WUS: 4 slots with 1 LP-WUS in each slot, where 1 LP-WUS occupies 14 OFDM symbols and 12 PRBs
- No LP-WUS assumption under zero-load scenario

	Assumption for UE specific wake-up
	- Paging cycle: 1280ms
- Paging rate: 1%



Simulation results for zero-load and low-load scenarios based on Cat2 NW power model are shown in Table Annex8.4.2-2.
Table Annex8.4.2-2: Network power consumption and power increase under LP-SS and LP-WUS configuration
	[bookmark: MCCQCTEMPBM_00000173]Cell load
	Cases 
	Network power consumption (Cat2)
	Network power increase (%)

	Zero-load scenario
	Baseline
SSB+SIB1
	7.0249
	

	
	Case1: FDM
SSB+SIB1
LP-SS 320-0-4
	7.0292
	0.0624

	
	Case2: TDM
SSB+SIB1
LP-SS 320-10-4
	7.0602
	0.5027

	Low-load scenario
	Baseline
SSB+SIB1
	7.3673
	

	
	Case1: FDM
SSB+SIB1
LP-SS 320-0-4
LP-WUS 1280-0-4
	7.3726
	0.0716

	
	Case2: TDM
SSB+SIB1
LP-SS 320-10-4
LP-WUS 1280-5-4
	7.4192
	0.7048
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	Baseline assumption
	Zero load scenario, 8SSBs@20ms,  SIB1@160ms



Table Annex8.4.3-1: Additional power consumption for LP-SS (42 symbol duration (3 slots) per beam, 8 beams)
	LP-SS (42 symbol duration (3 slots) per beam, 8 beams)

	 
	8SSBs@20ms, SIB1@160ms, LP-SS@160ms
	8SSBs@20ms, SIB1@160ms, LP-SS@320ms
	8SSBs@20ms, SIB1@160ms, LP-SS@640ms
	8SSBs@20ms, SIB1@160ms, LP-SS@1280ms
	8SSBs@20ms, SIB1@160ms, LP-SS@2560ms
	8SSBs@20ms, SIB1@160ms, LP-SS@5120ms
	8SSBs@20ms, SIB1@160ms, LP-SS@10240ms

	Additional power consumption
	22.8%
	11.4%
	5.7%
	2.8%
	1.4%
	0.7%
	0.4%



Table Annex8.4.3-2: Additional power consumption for LP-SS (14 symbol duration (1 slot) per beam, 8 beams)
	LP-SS (14 symbol duration (1 slot) per beam, 8 beams)

	 
	8SSBs@20ms, SIB1@160ms, LP-SS@160ms
	8SSBs@20ms, SIB1@160ms, LP-SS@320ms
	8SSBs@20ms, SIB1@160ms, LP-SS@640ms
	8SSBs@20ms, SIB1@160ms, LP-SS@1280ms
	8SSBs@20ms, SIB1@160ms, LP-SS@2560ms
	8SSBs@20ms, SIB1@160ms, LP-SS@5120ms
	8SSBs@20ms, SIB1@160ms, LP-SS@10240ms

	Additional power consumption
	7.7%
	3.9%
	1.9%
	1.0%
	0.5%
	0.2%
	0.1%



Table Annex8.4.3-3: Additional power consumption for LP-SS (4 symbols per beam, 8 beams)
	LP-SS (4 symbols per beam, 8 beams)

	 
	8 SSBs@20ms, SIB1@160ms, LP-SS@160ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@320ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@640ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@1280ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@2560ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@5120ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@10240ms

	Additional power consumption
	2.2%
	1.1%
	0.6%
	0.3%
	0.1%
	0.1%
	0.0%
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Table Annex8.4.4-1: Assumptions for network energy consumption evaluation
	System bandwidth
	100M

	SCS
	30KHz

	LP-SS assumption
	Periodicity: 320ms
Time domain resources: 1ms (28 OFDM symbols) 
Frequency bandwidth: 5MHz

	Beam sweeping assumption
	{1, 4} beams



Table Annex8.4.4-2: Network power consumption due to LP-SS
	Number of paging per second
	Beam number
	Network energy increasing

	0 (LP-SS only)
	1
	0.031%

	0 (LP-SS only)
	4
	0.122%
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Table Annex 8.5.1-1: Resource overhead of LP-WUS to the overall system resource for RRC idle/inactive mode.
	[bookmark: MCCQCTEMPBM_00000174]Source
	# of info. bits
	Overhead (%)
	T-F resources
	Number of paged UE per second
	Number of LP-WUS transmissions per second
	System configuration, e.g., BW and beam number etc.
	Notes

	[8A-11]
	1
	0.015%
	1 symbol, 5.04MHz (30kHz SCS)
	10
	10
	100MHz, 8beams

	For IoT, cases,
Assuming 1,000,000 user/km2 connection density [ITU M.2412], with packet arrival every 1 message/2 hours/device [ITU M.2412], assuming 500m ISD with 3 sectors.

The coverage of LP-WUS with 1/4/5 symbols is comparable to or better than Msg 3 coverage


	
	1
	0.003%
	
	10
	3
	
	

	
	8
	0.06%
	4 symbols, 5.04MHz (30kHz SCS)
	10
	10
	
	

	
	8
	0.01%
	
	10
	3
	
	

	
	8 or 12
	0.075%
	5 symbols, 5.04MHz (30kHz SCS)
	10
	10
	
	

	
	8 or 12
	0.013%
	
	10
	3
	
	

	
	1
	0.073%
	1 symbol, 5.04MHz (30kHz SCS)
	10
	10
	20MHz, 8beams
	

	
	1
	0.018%
	
	10
	3
	
	

	
	8
	0.29%
	4 symbols, 5.04MHz (30kHz SCS)
	10
	10
	
	

	
	8
	0.07%
	
	10
	3
	
	

	
	8 or 12
	0.363%
	5 symbols, 5.04MHz (30kHz SCS)
	10
	10
	
	

	
	8 or 12
	0.088%
	
	10
	3
	
	

	
	1
	0.055%
	1 symbol, 5.04MHz (30kHz SCS)
	39
	39
	100MHz, 8beams
	For eMBB cases,
Assuming very high population density, e.g., sports event with 5,000 users/cell population density, and per UE paging arrival rate = 1% when paging i-DRX cycle is Tpagingcycle = 1.28s

The coverage of LP-WUS with 1/4/5 symbols is comparable to or better than Msg 3 coverage.

	
	1
	0.015%
	
	39
	10
	
	

	
	8
	0.22%
	4 symbols, 5.04MHz (30kHz SCS)
	39
	39
	
	

	
	8
	0.06%
	
	39
	10
	
	

	
	8 or 12
	0.275%
	5 symbols, 5.04MHz (30kHz SCS)
	39
	39
	
	

	
	8 or 12
	0.075%
	
	39
	10
	
	

	
	1
	0.280%
	1 symbol, 5.04MHz (30kHz SCS)
	39
	39
	20MHz, 8beams
	

	
	1
	0.070%
	
	39
	10
	
	

	
	8
	1.12%
	4 symbols, 5.04MHz (30kHz SCS)
	39
	39
	
	

	
	8
	0.28%
	
	39
	10
	
	

	
	8 or 12
	1.400%
	5 symbols, 5.04MHz (30kHz SCS)
	39
	39
	
	

	
	8 or 12
	0.350%
	
	39
	10
	
	



Table Annex 8.5.1-2: Resource overhead of LP-WUS to the overall system resource for RRC connected mode
	[bookmark: MCCQCTEMPBM_00000175]Source
	# of info. bits
	Overhead (%)
	T-F resources
	Traffic type
	Number of UE per cell
	System configuration, e.g., BW and beam number etc.
	Notes

	[8A-11]
	1
	0.86%
	8 symbols, 5.04MHz (30kHz SCS)
	XR (16.67ms)
	10
(maximum system capacity)
	100MHz, one beam

	The coverage of LP-WUS with 8/32/40 symbols is comparable to unicast PDCCH AL2-4Rx coverage.

	
	8
	3.43%
	32 symbols, 5.04MHz (30kHz SCS)
	
	10
	
	

	
	12
	4.29%
	40 symbols, 5.04MHz (30kHz SCS)
	
	10
	
	

	
	1
	0.07%
	8 symbols, 5.04MHz (30kHz SCS)
	FTP3
(mean packet interval= 200ms)
	10
	100MHz, one beam
	

	
	8
	0.29%
	32 symbols, 5.04MHz (30kHz SCS)
	
	10
	
	

	
	12
	0.36%
	40 symbols, 5.04MHz (30kHz SCS)
	
	10
	
	



Table Annex 8.5.1-3: Resource overhead of LP-SS to the system resource for RRC idle/inactive mode
	[bookmark: MCCQCTEMPBM_00000176]Source
	# of info. bits
	Overhead (%)
	T-F resources
	LP-SS periodicity (ms)
	System configuration, e.g., BW and beam number etc.
	Notes 

	[8A-11]
	1
	0.063%
	14 symbols, 5.04MHz (30kHz SCS)
	320ms
	100MHz, 8beam
	The LP-SS coverage is better than msg.3 coverage;
The derivation of LP-SS frequency: 4.32MHz +2RB (30kHz) = 5.04MHz

	
	1
	0.0158%
	
	1280ms
	100MHz, 8beam
	

	
	1
	0.002%
	
	10240ms
	100MHz, 8beam
	

	
	1
	0.315%
	
	320ms
	20MHz, 8beam
	

	
	1
	0.079%
	
	1280ms
	20MHz, 8beam
	

	
	1
	0.01%
	
	10240ms
	20MHz, 8beam
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Table Annex 8.5.2-1: Assumptions for system overhead evaluation
	System bandwidth
	100M,20M

	SCS
	15KHz, 30KHz

	LP-SS assumption
	Periodicity{160ms, 320ms}
Time domain resources:14 symbols 
Frequency bandwidth: 5MHz

	LP-WUS assumption
	Time domain resources:N2 symbols: 7, 14
Frequency bandwidth 5MHz

	Assumption for UE specific wake-up
	Number of beams:1,4 for 15KHz and 1,4,8 for 30KHz
RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28

	Assumption for group specific wake-up
	Number of UEs in a group: 4, 8



Table Annex 8.5.2-2: Results summary for system overhead
	Source
	Signal
	Overhead (%)
	T-F resources
	Inter-arrival time
	System configuration, e.g., BW and etc.
	Notes

	[8A-13] 
	LP-SS
	0.125%,
0.625%,
	14 symbols, 5MHz, SCS=15KHz
	160ms
	100M, 20M, 
4beam
	

	
	LP-SS
	0.0625%,
0.3125%
	14 symbols, 5MHz, SCS=15KHz
	320ms
	100M, 20M, 
4beam
	

	
	LP-SS
	0.0625%,
0.3125%
	14 symbols, 5MHz, SCS=30KHz
	160ms
	100M, 20M, 
4beam
	

	
	LP-SS
	0.125%,
0.625%
	14 symbols, 5MHz, SCS=30KHz
	160ms
	100M, 20M, 
8beam
	

	
	LP-SS
	0.03125%,
0.15625%
	14 symbols, 5MHz, SCS=30KHz
	320ms
	100M, 20M, 
4beam
	

	
	LP-SS
	0.0625%,
0.3125%
	14 symbols, 5MHz, SCS=30KHz
	320ms
	100M, 20M, 
8beam
	

	
	LP-WUS
	Almost all the cases has <1% system overhead
	SCS=15KHz/30kHz
Time domain: 7 / 14 symbols
Frequency domain: 5M
	
	System bandwidth: 20M, 100M;
Beams:1,4
Number of UE in a group:1,4,8
SCS:15KHz,30KHz
OFDM symbols:7,14
Paging rate:1%,0.1%,0.01%,0.001%
POs number per PF: 1,2,4
PFs number per cycle: 1,2,4,8,16
	Only one case when 20M system bandwidth, 4beams, no grouping, 15KHz, 14OFDM symbols, paging rate 1%, maximum POs per PF, maximum PFs per cycle are configured, the system overhead may reach 1.6%.



Table Annex 8.5.2-3: Some example configuration in extreme conditions and system overhead for LP-WUS
	System bandwidth
	SCS
	Grouping
	OFDM symbols
	Beams
	UE number
	Paging rate
	PO per PF
	PF per cycle
	System overhead (%)

	20
	0
	1
	14
	4
	20.48
	0.01
	4
	16
	1.6

	20
	0
	1
	7
	4
	20.48
	0.01
	4
	16
	0.8

	20
	0
	1
	14
	4
	10.24
	0.01
	4
	8
	0.8

	20
	0
	1
	14
	4
	10.24
	0.01
	2
	16
	0.8

	20
	1
	1
	14
	4
	20.48
	0.01
	4
	16
	0.8

	20
	0
	1
	7
	4
	10.24
	0.01
	4
	8
	0.4

	20
	0
	1
	7
	4
	10.24
	0.01
	2
	16
	0.4

	20
	0
	1
	14
	1
	20.48
	0.01
	4
	16
	0.4

	20
	0
	1
	14
	4
	5.12
	0.01
	4
	4
	0.4

	20
	0
	1
	14
	4
	5.12
	0.01
	2
	8
	0.4

	20
	0
	1
	14
	4
	5.12
	0.01
	1
	16
	0.4

	20
	0
	4
	14
	4
	20.48
	0.01
	4
	16
	0.4

	20
	1
	1
	7
	4
	20.48
	0.01
	4
	16
	0.4

	20
	1
	1
	14
	4
	10.24
	0.01
	4
	8
	0.4

	20
	1
	1
	14
	4
	10.24
	0.01
	2
	16
	0.4

	100
	0
	1
	14
	4
	20.48
	0.01
	4
	16
	0.32

	20
	0
	1
	7
	1
	20.48
	0.01
	4
	16
	0.2

	20
	0
	1
	7
	4
	5.12
	0.01
	4
	4
	0.2

	20
	0
	1
	7
	4
	5.12
	0.01
	2
	8
	0.2

	20
	0
	1
	7
	4
	5.12
	0.01
	1
	16
	0.2

	20
	0
	1
	14
	1
	10.24
	0.01
	4
	8
	0.2

	20
	0
	1
	14
	1
	10.24
	0.01
	2
	16
	0.2

	20
	0
	1
	14
	4
	2.56
	0.01
	4
	2
	0.2

	20
	0
	1
	14
	4
	2.56
	0.01
	2
	4
	0.2

	20
	0
	1
	14
	4
	2.56
	0.01
	1
	8
	0.2

	20
	0
	4
	7
	4
	20.48
	0.01
	4
	16
	0.2

	20
	0
	4
	14
	4
	10.24
	0.01
	4
	8
	0.2

	20
	0
	4
	14
	4
	10.24
	0.01
	2
	16
	0.2

	20
	0
	8
	14
	4
	20.48
	0.01
	4
	16
	0.2

	20
	1
	1
	7
	4
	10.24
	0.01
	4
	8
	0.2

	20
	1
	1
	7
	4
	10.24
	0.01
	2
	16
	0.2

	20
	1
	1
	14
	1
	20.48
	0.01
	4
	16
	0.2

	20
	1
	1
	14
	4
	5.12
	0.01
	4
	4
	0.2

	20
	1
	1
	14
	4
	5.12
	0.01
	2
	8
	0.2

	20
	1
	1
	14
	4
	5.12
	0.01
	1
	16
	0.2

	20
	1
	4
	14
	4
	20.48
	0.01
	4
	16
	0.2

	100
	0
	1
	7
	4
	20.48
	0.01
	4
	16
	0.16

	100
	0
	1
	14
	4
	10.24
	0.01
	4
	8
	0.16

	100
	0
	1
	14
	4
	10.24
	0.01
	2
	16
	0.16
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Table Annex 8.5.3-1: Assumptions for system overhead evaluation
	System bandwidth
	100M

	SCS
	30KHz

	LP-SS assumption
	Periodicity: 320ms
Time domain resources: 1ms (28 OFDM symbols) 
Frequency bandwidth: 5MHz

	LP-WUS assumption
	Bit length: 24
Time domain resources: {12, 24, 48} OFDM symbols, for {1, 2, 4} repetitions
Frequency bandwidth 5MHz

	Beam sweeping assumption
	{1, 4} beams

	Paging number per second
	0 for LP-SS only (i.e. empty load)
50 for LP-SS and LP-WUS



Table Annex 8.5.3-2: Results summary for system overhead
	Number of paging per second
	Repetition number of LP-WUS
	Beam number
	Resource overhead

	0 (LP-SS only)
	-
	1
	0.016%

	0 (LP-SS only)
	-
	4
	0.063%

	50 (LP-SS+LP-WUS)
	1
	1
	0.123%

	50 (LP-SS+LP-WUS)
	2
	1
	0.230%

	50 (LP-SS+LP-WUS)
	4
	1
	0.444%

	50 (LP-SS+LP-WUS)
	1
	4
	0.491%

	50 (LP-SS+LP-WUS)
	2
	4
	0.920%

	50 (LP-SS+LP-WUS)
	4
	4
	1.777%
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Table Annex 8.5.4-1: LP-WUS system overhead
	[bookmark: MCCQCTEMPBM_00000177]LP-WUS overhead

	
	Note
	IDRX, 20Groups, 10kbps
	IDRX, 20Groups, 5kbps
	IDRX, 100 Groups, 10kbps
	IDRX, 100 Groups, 5kbps
	eDRX, 20Groups, 10kbps
	eDRX, 20Groups, 5kbps
	eDRX, 100Groups, 10kbps
	eDRX, 100Groups, 5kbps

	System config
	system BW (MHz)
	20
	20
	20
	20
	20
	20
	20
	20

	
	total number of Idle UEs in the cell
	20
	20
	100
	100
	20
	20
	100
	100

	LP-WUS config
	# of info bits
	6
	6
	6
	6
	6
	6
	6
	6

	
	data rate (kbps)
	10
	10
	10
	10
	10
	10
	10
	10

	
	LP-WUS time duration (ms)
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	bandwidth (MHz)
	5
	5
	5
	5
	5
	5
	5
	5

	
	Monitoring occasion periodicity (ms)
	1280
	1280
	1280
	1280
	82900
	82900
	82900
	82900

	
	LP-WUS resource per group (ms*MHz)
	3
	3
	3
	3
	3
	3
	3
	3

	
	WUS group size 
	5
	5
	5
	5
	5
	5
	5
	5

	
	number of LP-WUS groups
	20
	20
	100
	100
	20
	20
	100
	100

	Page Traffic
	per group page inter arrival time (sec)
	1
	1
	1
	1
	1
	1
	1
	1

	
	R_G per group per peridocity 
	0.7220
	0.7220
	0.7220
	0.7220
	1.0000
	1.0000
	1.0000
	1.0000

	
	# of LP-WUS transmission per sec
	11.2807
	11.2807
	56.4033
	56.4033
	0.2413
	0.2413
	1.2063
	1.2063

	System Resources
	total system resources per LP-WUS periodicity (ms*MHz)
	25600
	25600
	25600
	25600
	1658000
	1658000
	1658000
	1658000

	LP-WUS resources
	actually used monitoring occasion resources used for LP-WUS tx per group per periodicity (ms*MHz)
	2.17
	2.17
	2.17
	2.17
	3.00
	3.00
	3.00
	3.00

	
	total LP-WUS resources per LP-WUS periodicity
	43.32
	43.32
	216.59
	216.59
	60.00
	60.00
	300.00
	300.00

	
	LP-WUS overhead (%)
	0.1692%
	0.1692%
	0.8461%
	0.8461%
	0.0036%
	0.0036%
	0.0181%
	0.0181%



[bookmark: _Hlk149233607]Table Annex 8.5.4-2: LP-SS system overhead
	[bookmark: MCCQCTEMPBM_00000178]LP-SS overhead

	
	Note
	10bits, periodicity = 1000ms 
	10bits, periodicity = 500ms 
	10bits, periodicity = 200ms 
	15bits, periodicity = 1000ms 
	15bits, periodicity = 500ms 
	15bits, periodicity = 200ms 

	System config
	system BW (MHz)
	20
	20
	20
	20
	20
	20

	LP-SS config
	# of info bits
	10
	10
	10
	15
	15
	15

	
	data rate (kbps)
	10
	10
	10
	10
	10
	10

	
	LP-WUS time duration (ms)
	1
	1
	1
	1.5
	1.5
	1.5

	
	bandwidth (MHz)
	5
	5
	5
	5
	5
	5

	
	Monitoring occasion periodicity (ms)
	1000
	500
	200
	1000
	500
	200

	
	LP-SS resource per periodicity  (ms*MHz)
	5
	5
	5
	7.5
	7.5
	7.5

	Resources
	total system resources per LP-WUS periodicity (ms*MHz)
	20000
	10000
	4000
	20000
	10000
	4000

	LP-SS resources
	# of LP-SS repetition per LP-SS burst
	4
	4
	4
	4
	4
	4

	
	total LP-SS resoruces per periodicity
	20
	20
	20
	30
	30
	30

	
	LP-SS overhead (%)
	0.10%
	0.20%
	0.50%
	0.15%
	0.30%
	0.75%



[bookmark: _Toc144508484][bookmark: _Toc149557236]Annex 8.5.5	[8A-4]
For coverage and resource overhead evaluation, we consider a LP-WUS consisting of a payload field carrying16 information bits and a Frame Check Sequence (FCS) field carrying 8 CRC bits. The LP-SS is a 32-bit low density sequence (i.e., a sequence with lower number of 1 bits compared to 0 bits, 2 ON bits are considered in every 8 bits) occupying 4 OFDM symbols.
-	LP-WUS-1: Waveform Option OOK-4 with M=2
-	LP-WUS-2: Waveform Option FSK-2 with M=2
-	LP-SS: Waveform Option OOK-4 with M=8
For both LP-WUS options, a SCS of 30 kHz, a 4.32 MHz LP-WUS bandwidth, and a 2.6 GHz Urban scenario (TDL-C 300) are considered. A 1/2 Manchester code is used for LP-WUS-1 resulting in an information data rate of 28kbps leading to payload+CRC occupying a total of 24 OFDM symbols. On the other hand, an information data rate of 56kbps is achieved by LP-WUS-2 leading to payload+CRC only occupying a total of 12 OFDM symbols. The coverage evaluation methodology in TR38.830 is used and the analysis is shown in Table Annex 8.5.5-1 below.
[bookmark: _Ref140830826]Table Annex 8.5.5-1: Link budget analysis for PUSCH (Msg.3) and LP-WUS/LP-SS
	[bookmark: MCCQCTEMPBM_00000179]Channel for evaluation
	Msg.3 PUSCH
	LP-WUS-1
	LP-WUS-2
	LP-SS

	Scenario and Carrier Frequency
	FR1: Urban 2.6 GHz
	FR1: Urban 2.6 GHz
	FR1: Urban 2.6 GHz
	FR1: Urban 2.6 GHz

	Cell area reliability (%)
	90%
	99%
	99%
	99%

	 Transmitter
	
	

	(1) Number of transmit antenna elements
	1
	192
	192
	192

	(2) Number of transmit TxRUs
	-
	64
	64
	64

	(2a) Number of transmit chains modelled in LLS
	1
	2
	2
	2

	(3) Total transmit power (dBm) 
	23
	53
	53
	53

	Note: total transmit power for system bandwidth 
	
	
	
	

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	720000
	100000000
	100000000
	100000000

	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz)
	24.42667504
	33
	33
	33

	(3c) Bandwidth used for the evaluated channel (Hz)
	720000
	4320000
	4320000
	4320000

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)
	23
	39.35483747
	39.35483747
	39.35483747

	(4) Total antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter = (4a) – (4b)  (dB)
	0
	12.77121255
	12.77121255
	12.77121255

	(4a) Antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter
	0
	12.77121255
	12.77121255
	12.77121255

	=   (4c) + 10 log ( (1) / (2) ) (dB)  for downlink, and
	
	
	
	

	=   (4c) + 10 log ( (1) / (2a) ) (dB)   for uplink
	
	
	
	

	(4b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of transmitter (dB)
	0
	0
	0
	0

	(4c) Gain of antenna element (dBi) 
	0
	8
	8
	8

	(5) Total antenna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
	0
	15.05149978
	15.05149978
	15.05149978

	Note: zero for uplink
	
	
	
	

	(5a) Antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
	0
	15.05149978
	15.05149978
	15.05149978

	Note: zero for uplink
	
	
	
	

	(5b) Antenna gain correction factor at antenna gain component 2 of transmitter (dB)
	0
	0
	0
	0

	Note: zero for uplink
	
	
	
	

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	1
	3
	3
	3

	(9) EIRP = (3bis) + (4) + (5) – (8) dBm
	22
	64.1775498
	64.1775498
	64.1775498

	 Receiver
	
	

	(10) Number of receive antenna elements
	192
	1
	1
	1

	(10a) Number of receive TxRUs
	64
	-
	-
	-

	Note: this row is void (empty) for downlink
	
	
	
	

	(10b) Number of receive chains modelled in LLS
	2
	1
	1
	1

	(11) Total antenna gain at antenna gain component 3 & antenna gain component 4 of receiver = (11a) - (11b)  (dB) 
	12.77121255
	0
	0
	0

	(11a) Antenna gain at antenna gain component 3 & antenna gain component 4 of receiver
	12.77121255
	0
	0
	0

	=  (11c) + 10 log (  (10)/(10a) )     (dB) for uplink
	
	
	
	

	 =  (11c) + 10 log (  (10)/(10b) )    (dB) for downlink
	
	
	
	

	(11b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of receiver (dB)
	0
	0
	0
	0

	(11c) Gain of antenna element (dBi)
	8
	0
	0
	0

	(11bis) Total antenna gain at antenna gain component 2 of receiver = (11bis-a) - (11bis-b) (dB)
	15.05149978
	0
	0
	0

	Note: zero for downlink
	
	
	
	

	(11bis-a) Antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
	15.05149978
	0
	0
	0

	Note: zero for downlink
	
	
	
	

	(11bis-b) Antenna gain correction factor at antenna gain component 2 of receiver (dB)
	0
	0
	0
	0

	Note:  zero for downlink
	
	
	
	

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	3
	1
	1
	1

	(13) Receiver noise figure (dB)
	5
	12
	12
	12

	(14) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(15) Receiver interference density (dBm/Hz) 
	-165.7
	-169.3
	-169.3
	-169.3

	(16) Total noise plus interference density        = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)
	-164.0335231
	-161.2583889
	-161.2583889
	-161.2583889

	(18) Effective noise power = (16) + 10 log ((3c))   (dBm)
	-105.4601981
	-94.90355143
	-94.90355143
	-94.90355143

	(19) Required SNR (dB)
	-2.2
	1.4
	4.3
	0.9

	(20) Receiver implementation margin (dB)
	2
	2
	2
	2

	(21) H-ARQ gain (dB)
	0.5
	0
	0
	0

	Note: Only applicable if HARQ is not considered in LLS
	
	
	
	

	(22) Receiver sensitivity = (18) + (19) + (20) – (21)  (dBm)
	-106.1601981
	-91.50355143
	-88.60355143
	-92.00355143

	(22bis) MCL = (3bis) – (22) + (5) + (11bis)   (dB)
	144.2116979
	145.9098887
	143.0098887
	146.4098887

	(23) Hardware link budget, a.k.a. MIL  = (9) + (11) + (11bis) − (12) − (22)   (dB)
	152.9829104
	154.6811012
	151.7811012
	155.1811012



The resource overhead incurred only by the LP-SS is evaluated in Table Annex 8.5.5-2 where system bandwidths  and number of beams  are considered. Further, periodicities  are considered.
Table Annex 8.5.5-2: Resource overhead for LP-SS
	System Bandwidth
	20 MHz
	100 MHz

	Number of Beams
	1
	4
	8
	1
	4
	8

	LP-SS Periodicity
	
	
	
	
	
	

	320 ms
	0.0113%
	0.0450%
	0.0900%
	0.0023%
	0.0090%
	0.0180%

	640 ms
	0.0056%
	0.0225%
	0.0450%
	0.0011%
	0.0045%
	0.0090%

	1280 ms
	0.0028%
	0.0113%
	0.0225%
	0.0006%
	0.0023%
	0.0045%

	2560 ms
	0.0014%
	0.0056%
	0.0113%
	0.0003%
	0.0011%
	0.0023%

	5120 ms
	0.0007%
	0.0028%
	0.0056%
	0.0001%
	0.0006%
	0.0011%

	10240 ms
	0.0004%
	0.0014%
	0.0028%
	0.0001%
	0.0003%
	0.0006%



Next, the resource overhead for LP-WUS-1 and LP-WUS-2 is evaluated in Table Annex 8.5.5-3 for IoT use case according to the mMTC usage scenario with a connection density requirement of  devices/ as defined in the ITU-R M.2410 report on "Minimum requirements related to technical performance for IMT-2020 radio interface(s)". Additionally, paging arrival is considered according to the traffic model with 1 message/2 hours/device or 1 message/day/device as defined in the ITU-R M.2412 report on "Guidelines for evaluation of radio interface technologies for IMT-2020". Further, a hexagonal network layout with inter-site distance (ISD) of 500m and 3 Transmission Reception Points (TRxPs) per site is considered. The average number of UEs to be simultaneously addressed in a LP-WUS is assumed to be . The results in Table Annex 8.5.5-2 and Table Annex 8.5.5-3 suggest that LP-SS/LP-WUS can be supported for IoT use case in urban deployments with coverage close to or exceeding that of PUSCH Msg3 at a resource overhead  considering  devices/km2 connection density, system bandwidth  MHz, number of transmission beams , and per UE paging arrival rate  1 message/2 hours. 
Table Annex 8.5.5-3: Resource overhead for LP-WUS considering  devices/km2 connection density
	[bookmark: MCCQCTEMPBM_00000180]System Bandwidth
	20 MHz
	100 MHz

	Number of Beams
	1
	4
	8
	1
	4
	8

	Waveform
	Traffic Model, 
	
	
	
	
	
	

	LP-WUS-1
	Model-1, 
	0.2165%
	0.8660%
	1.7321%
	0.0433%
	0.1732%
	0.3464%

	
	Model-1, 
	0.0541%
	0.2165%
	0.4330%
	0.0108%
	0.0433%
	0.0866%

	
	Model-2, 
	0.0180%
	0.0722%
	0.1443%
	0.0036%
	0.0144%
	0.0289%

	
	Model-2, 
	0.0045%
	0.0180%
	0.0361%
	0.0009%
	0.0036%
	0.0072%

	LP-WUS-2
	Model-1, 
	0.1083%
	0.4330%
	0.8660%
	0.0217%
	0.0866%
	0.1732%

	
	Model-1, 
	0.0271%
	0.1083%
	0.2165%
	0.0054%
	0.0217%
	0.0433%

	
	Model-2, 
	0.0090%
	0.0361%
	0.0722%
	0.0018%
	0.0072%
	0.0144%

	
	Model-2, 
	0.0023%
	0.0090%
	0.0180%
	0.0005%
	0.0018%
	0.0036%

	
	Model-1: 1 message/2 hours/device
Model-2: 1 message/day/device
	



[bookmark: _Toc144508485][bookmark: _Toc149557237]Annex 8.5.6	[8A-3]
We show network overhead impact with LP-WUS for different cases below. Evaluation details are given in RAN1#113 contribution [4].
-	The total available resources are calculated assuming carrier bandwidth of 20 MHz (51 PRBs with 30 kHz SCS) and a TDD pattern with 4:1 ratio for DL:UL
-	WUS payload: 
-	1bit,8bits,48bits
-	WSU Coverage target
-	Msg3-PUSCH: {w/o retransmission, w/ two retransmissions}
-	PDCCH: {1Rx, AL16}, {2Rx, AL16}
-	Note: WUS structure to meet the coverage target is based on results in clause 2.1
-	Beam-sweeping assumptions:
-	No beam-sweeping
-	Beam-sweeping for both RRM and WUS monitoring assuming 8 beams
-	Traffic
-	R_E = 0.1% (additional results for R_E = 1% included in the spreadsheet attached to this document) 
-	Total 250 idle-mode UEs in a cell
-	FAR assumption (FAR_target, N, T)
-	{0.1%, 1, 1.28s} 
-	Number of UEs per subgroup: 
-	{1, 4}, 4 only applied for {1, 8} bit WUS payload
-	Duty cycled WUS monitoring with 1.28s duty cycle is assumed for the results
-	LP-SS overhead of 3slots per 1.28s assumed for case of P_WUR=0.5, no extra sync signal overhead assumed for P_WUR = {4, 10}.
Table Annex 8.5.6-1: Network overhead for different cases with 1UE/subgroup
	[bookmark: MCCQCTEMPBM_00000181]1UE per
subgroup
	Payload
	1bit
	8bit
	48bit

	R_E = 0.1%
	
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx

	No beam sweeping
(single beam)
	PWUR = 0.5
	0,0427%
	0,0519%
	0,0549%
	0,0885%
	0,0580%
	0,1129%
	0,1434%
	0,2960%
	0,1251%
	0,3845%
	0,4547%
	1,2177%

	
	PWUR = 4
	0,00066%
	0,00083%
	0,00100%
	0,00183%
	0,00199%
	0,00199%
	0,00199%
	0,00249%
	
	
	
	

	
	PWUR = 10
	0,00066%
	0,00083%
	0,00100%
	0,00183%
	0,00199%
	0,00199%
	0,00199%
	0,00249%
	
	
	
	

	Beam sweeping on LP-SS +LP-WUS
(eight beams)
	PWUR = 0.5
	0,3418%
	0,4150%
	0,4395%
	0,7080%
	0,4639%
	0,9033%
	1,1475%
	2,3682%
	1,0010%
	3,0762%
	**
	**

	
	PWUR = 4
	0,00532%
	0,00664%
	0,00797%
	0,01462%
	0,01595%
	0,01595%
	0,01595%
	0,01993%
	
	
	
	

	
	PWUR = 10
	0,00532%
	0,00664%
	0,00797%
	0,01462%
	0,01595%
	0,01595%
	0,01595%
	0,01993%
	
	
	
	

	**	Due to long WUS duration, beam-sweeping for LP-WUS with 48bits payload will be longer than paging cycle 1.28s
Baseline overhead based on PDCCH, AL16, 2 OFDM symbols with 8 beams is 0.012%.



Table Annex 8.5.6-2: Network overhead for different cases with 4UE/subgroup
	[bookmark: MCCQCTEMPBM_00000182]4UE per
subgroup
	Payload
	1bit
	8bit

	R_E = 0.1%
	
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx

	No beam sweeping
(single beam)
	PWUR = 0.5
	0,0427%
	0,0519%
	0,0549%
	0,0885%
	0,0580%
	0,1129%
	0,1434%
	0,2960%

	
	PWUR = 4
	0,00066%
	0,00083%
	0,00100%
	0,00183%
	0,00199%
	0,00199%
	0,00199%
	0,00249%

	
	PWUR = 10
	0,00066%
	0,00083%
	0,00100%
	0,00183%
	0,00199%
	0,00199%
	0,00199%
	0,00249%

	Beam sweeping on LP-SS +LP-WUS
(eight beams)
	PWUR = 0.5
	0,3418%
	0,4150%
	0,4395%
	0,7080%
	0,4639%
	0,9033%
	1,1475%
	2,3682%

	
	PWUR = 4
	0,00532%
	0,00664%
	0,00797%
	0,01462%
	0,01595%
	0,01595%
	0,01595%
	0,01993%

	
	PWUR = 10
	0,00532%
	0,00664%
	0,00797%
	0,01462%
	0,01595%
	0,01595%
	0,01595%
	0,01993%

	Baseline overhead based on PDCCH, AL16, 2 OFDM symbols with 8 beams is 0.012%.



Overall following observations can be made on NW overhead based on the results in this and previous contributions.
[bookmark: _Toc142661967]For WUS to match PDCCH 2Rx coverage, following overhead values for different WUS candidates (including sync resource overhead) are observed from the evaluations (250 Idle UEs/cell assumed):
[bookmark: _Toc142661968]-	For per UE paging rate of 0.1% (1%)
[bookmark: _Toc142661969]-	Baseline overhead for paging PDCCH is 0.012% (0.12%) 
[bookmark: _Toc142661970]-	For OFDM (SSS-sequence-based) WUS with 8-bit payload (4UEs/subgroup): ~1.65x (~1.45x) higher overhead compared to baseline is required
[bookmark: _Toc142661971]-	For OOK-WUS with 8 bit payload (4UEs/subgroup): ~196x (~154x) higher overhead compared to baseline is required
[bookmark: _Toc142661972]-	For OOK-WUS with 48 bit payload (no subgrouping): ~830x higher overhead compared to baseline (for 1% UE paging rate, overhead is prohibitively high)
[bookmark: _Toc142661973]Following general observations can be made for network overhead from the evaluations.
[bookmark: _Toc142661974]-	Regarding WUR on power (P_WUR)
[bookmark: _Toc142661975]-	Overhead for OOK-based-WUS (e.g., P_WUR=0.5) is roughly ~50-100x higher compared to that of OFDM-based-WUS (e.g., P_WUR=4, 10) as the OOK-based WUS duration required to achieve the same coverage target as OFDM-based WUS is much higher and there is a need for additional periodic LP-SS transmissions.
[bookmark: _Toc142661976]-	Regarding WUS payload
[bookmark: _Toc142661977]-	Overhead for OOK-based WUS with 48-bit payload is significantly higher than that of OOK-based WUS with 1- or 8-bit payload (~ 5x higher for single beam and eight beams).  
[bookmark: _Toc142661978]-	Overhead for 8-bit WUS is slightly higher than that of 1-bit WUS.
[bookmark: _Toc142661979]-	Regarding number of UEs per subgroup
[bookmark: _Toc142661980]-	Overhead with 4 UEs per subgroup is similar to that of 1 UE per subgroup as the assumed low paging rate results in low probability of having UEs being paged in the same group in the same paging cycle.  
[bookmark: _Toc144508486][bookmark: _Toc149557238]Annex 8.5.7	[8A-9]
Table Annex 8.5.7-1: System overhead for LP-WUS for RRC IDLE/INACTIVE
	[bookmark: MCCQCTEMPBM_00000183]Signal
	# of info bits carried by signal
	Overhead (%)
	T resources per beam
	F resources
	SCS
	number of paged UE per second or signal periodicity
	number of UE per group
	Number of LP-WUS transmissions per second
	System configuration, e.g., BW and etc.
	the target channel
	Notes

	LP-WUS
	48
	0.0720%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	10
	20MHz, 1beam
	Msg.3
	OOK-4 when 8 OFDM symbols are used.
OOK-1 when 64 OFDM symbols are used

	LP-WUS
	48
	0.2808%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	39
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.3600%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	50
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.5760%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	10
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	2.2464%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	39
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	2.8800%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	50
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0144%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	10
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0562%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	39
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0720%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	50
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.1152%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	10
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.4493%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	39
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.5760%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	50
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0072%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	1
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0281%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	3.9
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0360%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	5
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0576%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	1
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.2246%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	3.9
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.2880%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	5
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0014%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	1
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0056%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	3.9
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0072%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	5
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0115%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	1
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0449%
	48 symbols
	5.04MHz
	30kHz
	39
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	0.3.0
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	1.1.0

	2023-10
	RAN1#114bis
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	MCC clean-up
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min:Power saving gain [%]	
8A-3	8A-16	8A-12	8A-4	8A-3	8A-16	8A-8	8A-12	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.63	0.2087	0.59599999999999997	-0.17699999999999999	0.37	0.20030000000000001	0.65080770781784303	0.82299999999999995	-0.18100000000000002	0.58030231232576401	mean:Power saving gain [%]	
8A-3	8A-16	8A-12	8A-4	8A-3	8A-16	8A-8	8A-12	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.82916666666666661	0.71606000000000003	0.84562941176470574	0.30007499999999993	0.59833333333333327	0.70749999999999991	0.89526983314216357	0.92496666666666671	0.27829761904761913	0.75489558870107987	max:Power saving gain [%]	
8A-3	8A-16	8A-12	8A-4	8A-3	8A-16	8A-8	8A-12	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.97	0.91090000000000004	0.99	0.65200000000000002	0.82	0.90229999999999999	0.98980000000000001	0.9738	0.59399999999999997	0.94365082946589096	


























min:LP-WUS Latency [ms]	
8A-3	8A-16	8A-4	8A-3	8A-16	8A-8	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	26050.25	42679	31180	26050.25	42679	6940.9133527794702	31180	6940.9133527794702	mean:LP-WUS Latency [ms]	
8A-3	8A-16	8A-4	8A-3	8A-16	8A-8	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	161730.25	42679	31240	161730.25	42679	19862.863827970868	31240	16953.028712756382	max:LP-WUS Latency [ms]	
8A-3	8A-16	8A-4	8A-3	8A-16	8A-8	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	297410.25	42679	31300	297410.25	42679	31515.863455414001	31300	26965.144072733299	mean:eDRX latency[ms]	
8A-3	8A-16	8A-4	8A-3	8A-16	8A-8	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	25920	16696.743592943811	25920	16926.502223539279	






























min:Power saving gain [%]	
8A-11	8A-7	8A-8	8A-11	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.1093519319859492	0.26	0.26348486455336534	9.3870705427932438E-2	-0.8379596226634789	mean:Power saving gain [%]	
8A-11	8A-7	8A-8	8A-11	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.1093519319859492	0.32666666666666666	0.57952745958922969	9.3870705427932438E-2	-0.14543502202752134	max:Power saving gain [%]	
8A-11	8A-7	8A-8	8A-11	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.1093519319859492	0.41	0.84230926139723583	9.3870705427932438E-2	0.42568551136625543	




























min:LP-WUS Latency [ms]	
8A-11	8A-7	8A-8	8A-11	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	599	982	564.760371439849	599	564.760371439849	mean:LP-WUS Latency [ms]	
8A-11	8A-7	8A-8	8A-11	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	599	1035.3333333333333	565.71913632950304	599	565.71913632950304	max:LP-WUS Latency [ms]	
8A-11	8A-7	8A-8	8A-11	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	599	1062	566.67790121915698	599	566.67790121915698	mean:eDRX latency[ms]	
8A-11	8A-7	8A-8	8A-11	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	27524.3027	28192	16926.502223539275	26481.288799999998	16926.502223539279	



























min:Power saving gain [%]	
8A-3	8A-16	8A-8	8A-15	8A-11	8A-12	8A-3	8A-9	8A-16	8A-8	8A-15	8A-1	8A-3	8A-13	8A-9	8A-8	8A-15	8A-1	8A-11	8A-12	8A-4	8A-3	8A-13	8A-17	8A-16	8A-8	8A-15	8A-1	8A-11	8A-4	8A-3	8A-7	8A-5	8A-17	8A-16	8A-8	8A-10	8A-15	8A-11	8A-4	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-3.01	-4.5499999999999999E-2	-3.1966530998631901	0.19	-7.0215350000000001	-0.498	-1.03	-0.28199999999999997	0.13389999999999999	-1.3559513777188199	0.49	-0.188	0.45	-2.5442772990604201	0.25259999999999999	2.45749138898947E-2	0.56000000000000005	0.34799999999999998	-1.0493429999999999	0.75800000000000001	-0.314	0.72	-1.93048050240981	0.22479499999999999	0.44769999999999999	0.268197200644266	0.85	0.57299999999999995	-0.40846500000000002	0.30399999999999999	0.87	0.75	0.67600000000000005	0.334227	0.46310000000000001	0.41610419180703201	0.65	0.89	0.22933000000000001	0.76200000000000001	mean:Power saving gain [%]	
8A-3	8A-16	8A-8	8A-15	8A-11	8A-12	8A-3	8A-9	8A-16	8A-8	8A-15	8A-1	8A-3	8A-13	8A-9	8A-8	8A-15	8A-1	8A-11	8A-12	8A-4	8A-3	8A-13	8A-17	8A-16	8A-8	8A-15	8A-1	8A-11	8A-4	8A-3	8A-7	8A-5	8A-17	8A-16	8A-8	8A-10	8A-15	8A-11	8A-4	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-3.01	-4.5499999999999999E-2	-2.9040059395182301	0.20750000000000002	-6.2359039999999997	-0.498	-0.10166666666666667	6.7465393939393936E-2	0.13389999999999999	-0.19992745722492691	0.50249999999999995	-0.17649999999999999	0.60222222222222233	-0.18095777086941114	0.60273737373737368	0.45512259992463161	0.57499999999999996	0.36049999999999999	0.22956003124999999	0.75800000000000001	0.203420634920635	0.73499999999999999	0.22141779159451169	0.51260451666666673	0.44769999999999999	0.68281277237051785	0.89954545454545454	0.7877222222222221	0.52798370833333352	0.55096031746031704	0.94353351982271982	0.82750000000000001	0.82096666666666662	0.75704502380952376	0.76995121951219503	0.78847676640265696	0.78666666666666663	0.91500000000000004	0.84156243686868648	0.86723809523809536	max:Power saving gain [%]	
8A-3	8A-16	8A-8	8A-15	8A-11	8A-12	8A-3	8A-9	8A-16	8A-8	8A-15	8A-1	8A-3	8A-13	8A-9	8A-8	8A-15	8A-1	8A-11	8A-12	8A-4	8A-3	8A-13	8A-17	8A-16	8A-8	8A-15	8A-1	8A-11	8A-4	8A-3	8A-7	8A-5	8A-17	8A-16	8A-8	8A-10	8A-15	8A-11	8A-4	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-3.01	-4.5499999999999999E-2	-2.7599858381067799	0.22	-5.5581269999999998	-0.498	0.38	0.1663	0.13389999999999999	0.39550282842703599	0.52	-0.16500000000000001	0.7	0.57645684241273598	0.70230000000000004	0.691329890914408	0.59	0.373	0.57354799999999995	0.75800000000000001	0.55100000000000005	0.75	0.78107200233678997	0.66414300000000004	0.44769999999999999	0.89500000000000002	0.95	0.93	0.78274900000000003	0.73199999999999998	0.9852420166329966	0.88	0.92049999999999998	0.90723500000000001	0.96499999999999997	0.92141620686890502	0.85	0.93	0.99258400000000002	0.92299999999999993	






























min:Power saving gain [%]	
8A-16	8A-15	8A-11	8A-9	8A-16	8A-15	8A-13	8A-5	8A-9	8A-15	8A-11	8A-4	8A-13	8A-5	8A-17	8A-16	8A-8	8A-15	8A-11	8A-4	8A-7	8A-5	8A-17	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-6.8000000000000005E-2	0.2	-7.2429540000000001	-0.13370000000000001	0.1113	0.49	-8.1933693588432999E-2	0.20330000000000001	0.40100000000000002	0.55000000000000004	-0.163078	-1.0329999999999999	0.531863103062168	0.53690000000000004	-7.0205000000000004E-2	0.42509999999999998	0.6109	0.77	7.2791999999999996E-2	-0.41499999999999998	0.87	0.45169999999999999	3.9127000000000002E-2	1.4999999999999999E-2	0.71710736605717496	0.42827920140834702	0.81	0.30696000000000001	4.2000000000000003E-2	mean:Power saving gain [%]	
8A-16	8A-15	8A-11	8A-9	8A-16	8A-15	8A-13	8A-5	8A-9	8A-15	8A-11	8A-4	8A-13	8A-5	8A-17	8A-16	8A-8	8A-15	8A-11	8A-4	8A-7	8A-5	8A-17	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-6.8000000000000005E-2	0.2	-6.43829575	7.2670740740740758E-2	0.1113	0.49	0.24876466579037049	0.20330000000000001	0.60798333333333332	0.55000000000000004	0.30229531805555554	2.0170370370370387E-2	0.65113675088846701	0.53690000000000004	0.43802118750000002	0.42509999999999998	0.80088000000000004	0.79727272727272724	0.52509448611111142	0.36770555555555562	0.87	0.83976923076923071	0.6819052499999998	0.52480000000000004	0.75193469721758155	0.69585300413216644	0.82000000000000006	0.77079224999999996	0.68397777777777791	max:Power saving gain [%]	
8A-16	8A-15	8A-11	8A-9	8A-16	8A-15	8A-13	8A-5	8A-9	8A-15	8A-11	8A-4	8A-13	8A-5	8A-17	8A-16	8A-8	8A-15	8A-11	8A-4	8A-7	8A-5	8A-17	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-6.8000000000000005E-2	0.2	-5.6674429999999996	0.1638	0.1113	0.49	0.56584392191227295	0.20330000000000001	0.69979999999999998	0.55000000000000004	0.56904100000000002	0.54700000000000004	0.77041039871476602	0.53690000000000004	0.740201	0.42509999999999998	0.89239999999999997	0.83	0.77871699999999999	0.72799999999999998	0.87	0.93879999999999997	0.98215200000000003	0.89019999999999999	0.78676202837798803	0.85861950763360895	0.83	0.98851699999999998	0.91900000000000004	

































min:Power saving gain [%]	
8A-16	8A-4	8A-7	8A-5	8A-8	8A-4	8A-17	8A-9	8A-10	8A-11	8A-4	MR sync/re-sync energy consumption	<	=1000	1000	<	MR sync/re-sync energy consumption	<	=3000	MR sync/re-sync energy consumption	>	3000	0.70440000000000003	0.18	0.85	0.67600000000000005	0.51189200553563496	0.45299999999999996	0.22479499999999999	0.61309999999999998	0.81	0.32142300000000001	-0.05	mean:Power saving gain [%]	
8A-16	8A-4	8A-7	8A-5	8A-8	8A-4	8A-17	8A-9	8A-10	8A-11	8A-4	MR sync/re-sync energy consumption	<	=1000	1000	<	MR sync/re-sync energy consumption	<	=3000	MR sync/re-sync energy consumption	>	3000	0.82262000000000002	0.5756904761904762	0.86499999999999999	0.82096666666666662	0.73926744178614234	0.65917142857142874	0.61325649019607864	0.67474027777777756	0.83250000000000002	0.77188554861111092	0.41149206349206369	max:Power saving gain [%]	
8A-16	8A-4	8A-7	8A-5	8A-8	8A-4	8A-17	8A-9	8A-10	8A-11	8A-4	MR sync/re-sync energy consumption	<	=1000	1000	<	MR sync/re-sync energy consumption	<	=3000	MR sync/re-sync energy consumption	>	3000	0.96499999999999997	0.92299999999999993	0.88	0.92049999999999998	0.92141620686890502	0.92200000000000004	0.90723500000000001	0.70230000000000004	0.85	0.99258400000000002	0.88500000000000001	




































min:Power saving gain [%]	
8A-16	8A-7	8A-8	8A-9	8A-10	8A-11	MR sync/re-sync energy consumption	<	=1000	1000	<	MR sync/re-sync energy consumption	<	=3000	MR sync/re-sync energy consumption	>	3000	0.44769999999999999	0.75	2.45749138898947E-2	0.25259999999999999	0.65	-1.0493429999999999	mean:Power saving gain [%]	
8A-16	8A-7	8A-8	8A-9	8A-10	8A-11	MR sync/re-sync energy consumption	<	=1000	1000	<	MR sync/re-sync energy consumption	<	=3000	MR sync/re-sync energy consumption	>	3000	0.70742272727272715	0.79	0.45526667068284782	0.41072962962962967	0.69500000000000006	0.41739243103448209	max:Power saving gain [%]	
8A-16	8A-7	8A-8	8A-9	8A-10	8A-11	MR sync/re-sync energy consumption	<	=1000	1000	<	MR sync/re-sync energy consumption	<	=3000	MR sync/re-sync energy consumption	>	3000	0.91279999999999994	0.83	0.85159398330346003	0.56340000000000001	0.74	0.92910999999999999	






























min:Power saving gain [%]	
8A-3	8A-7	8A-10	8A-1	8A-11	8A-3	8A-13	8A-7	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-4	8A-13	8A-17	8A-1	450	15000	40000	0.62	0.34	0.4	0.46899999999999997	0.50358400000000003	0.45	0.145708582834331	0.85	0.67600000000000005	0.22479499999999999	0.61309999999999998	0.70440000000000003	0.46076140214281902	0.81	0.59	0.34799999999999998	0.32142300000000001	-0.314	0.81082391736579196	-0.70467000000000002	-0.60199999999999998	mean:Power saving gain [%]	
8A-3	8A-7	8A-10	8A-1	8A-11	8A-3	8A-13	8A-7	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-4	8A-13	8A-17	8A-1	450	15000	40000	0.64230769230769247	0.34	0.43	0.50664285714285717	0.53317933333333323	0.9184260825351569	0.80496111049283414	0.86499999999999999	0.82096666666666662	0.61325649019607842	0.67474027777777756	0.82261999999999991	0.72535415914156365	0.83250000000000002	0.90208333333333324	0.73299999999999998	0.77188554861111092	0.42990343915343893	0.81912855826584552	0.14237220000000003	0.36699999999999999	max:Power saving gain [%]	
8A-3	8A-7	8A-10	8A-1	8A-11	8A-3	8A-13	8A-7	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-4	8A-13	8A-17	8A-1	450	15000	40000	0.65	0.34	0.45	0.54400000000000004	0.54287700000000005	0.99	0.98529125267874496	0.88	0.92049999999999998	0.90723500000000001	0.70230000000000004	0.96499999999999997	0.92141620686890502	0.85	0.98	0.93	0.99258400000000002	0.92299999999999993	0.82546918190194496	0.89657699999999996	0.83699999999999997	

































min:Power saving gain [%]	
8A-7	8A-10	8A-1	8A-11	8A-3	8A-13	8A-7	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-13	8A-1	450	15000	40000	0.28999999999999998	0.25	0.505	4.7211999999999997E-2	0.87	-2.5442772990604201	0.75	0.25259999999999999	0.44769999999999999	2.45749138898947E-2	0.65	0.56000000000000005	0.82699999999999996	-1.0493429999999999	-0.26914310654187501	0.66200000000000003	mean:Power saving gain [%]	
8A-7	8A-10	8A-1	8A-11	8A-3	8A-13	8A-7	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-13	8A-1	450	15000	40000	0.28999999999999998	0.29000000000000004	0.50950000000000006	0.30302313888888888	0.93425135870400255	-0.10911234251403132	0.79	0.41072962962962967	0.70742272727272715	0.45526667068284782	0.69500000000000006	0.76400000000000001	0.85299999999999998	0.41739243103448209	0.24886038504437225	0.72500000000000009	max:Power saving gain [%]	
8A-7	8A-10	8A-1	8A-11	8A-3	8A-13	8A-7	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-13	8A-1	450	15000	40000	0.28999999999999998	0.33	0.51400000000000001	0.434475	0.97018674179858932	0.77060198714202199	0.83	0.56340000000000001	0.91279999999999994	0.85159398330346003	0.74	0.91	0.879	0.92910999999999999	0.61170651277823596	0.78800000000000003	



Power saving gain (DL only traffic)























汇总	
[8A-3]	[8A-3]	[8A-11]	[8A-11]	[8A-3]	[8A-11]	[8A-11]	[8A-3]	[8A-11]	[8A-11]	[8A-11]	[8A-11]	[8A-14]	[8A-13]	[8A-7]	[8A-7]	[8A-7]	[8A-13]	[8A-14]	[8A-13]	micro sleep	micro sleep	micro sleep	light sleep	micro sleep	micro sleep	light sleep	micro sleep	micro sleep	light sleep	micro sleep	light sleep	micro sleep	micro sleep	micro sleep	micro sleep	micro sleep	micro sleep	micro sleep	WUR ON power =4 unit	WUR ON power =4 unit	WUR ON power 	<	=1 unit	WUR ON power =4 unit	WUR ON power 	<	=1 unit	WUR ON power =4 unit	WUR ON power 	<	=1 unit	WUR ON power 	<	=1 unit	WUR ON power 	<	=1 unit	WUR ON power 	<	=1 unit	WUR ON power =10 unit	WUR ON power =4 unit	WUR ON power 	<	=1 unit	WUR ON power 	<	=1 unit	WUR ON power 	<	=1 unit	low load	high load	low load	high load	low load	high load	low load	high load	high load	low load	high load	jitter range: [-4, +4]ms	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	compared to short CDRX	Compared to R17 PDCCH+R18 enh.CDRX	Compared to R17 PDCCH	Compared to R18 enh. C-DRX	0.11799863387978149	0.10800887405376014	8.2854906054279601E-2	0.14013569937369499	1.5627977892128886E-2	7.2101090188305197E-2	0.123141724479683	1.7923134930948215E-2	0.15463917525773199	0.25726335520150001	0.14749494495619001	0.23994607953268901	0.22632896480636133	0.108	0.18790525827828286	6.9089311246409602E-2	0.14109918525616172	0.12	6.5262288310615535E-2	0.17799999999999999	


Capacity (DL only traffic, low load)








汇总	
[8A-11]	[8A-14]	[8A-3]	[8A-11]	[8A-14]	[8A-3]	[8A-11]	[8A-3]	[8A-11]	[8A-3]	[8A-14]	[8A-14]	[8A-11]	[8A-11]	[8A-11]	[8A-11]	-	micro sleep	light sleep	-	-	-	-	-	micro sleep	light sleep	-	alwayson	LP-WUS	short C-DRX	R17 PDCCH+R18 enh.C-DRX	R17 PDCCH	R18 enh. C-DRX	alwayson	LP-WUS	R17 PDCCH+R18 enh.C-DRX	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	1	0.98255000000000003	0.99919999999999998	1	0.96704999999999997	0.99860000000000004	0.99439999999999995	0.99309999999999998	1	0.99919999999999998	0.95	0.98409999999999997	1	1	0.99439999999999995	1	


Capacity (DL only traffic, high load)







汇总	
[8A-11]	[8A-13]	[8A-3]	[8A-11]	[8A-13]	[8A-3]	[8A-7]	[8A-11]	[8A-3]	[8A-11]	[8A-3]	[8A-13]	[8A-7]	[8A-11]	[8A-13]	[8A-11]	[8A-13]	[8A-11]	[8A-11]	[8A-13]	[8A-13]	-	micro sleep	light sleep	-	-	-	-	micro sleep	light sleep	-	-	-	alwayson	LP-WUS	short C-DRX	R17 PDCCH+R18 enh.C-DRX	R17 PDCCH	alwayson	LP-WUS	R17 PDCCH+R18 enh.C-DRX	R17 PDCCH	R18 enh. C-DRX	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	0.97799999999999998	0.93899999999999995	0.95255000000000001	0.97799999999999998	0.93899999999999995	0.91489999999999994	0.80479999999999985	0.81899999999999995	0.86539999999999995	0.97799999999999998	0.94294999999999995	0.90300000000000002	0.80479999999999996	0.97799999999999998	0.93899999999999995	0.95799999999999996	0.90180000000000005	0.82499999999999996	0.96899999999999997	0.90900000000000003	0.90180000000000005	


Power saving gain (DL+ UL traffic)















汇总	
[8A-3]	[8A-3]	[8A-11]	[8A-11]	[8A-3]	[8A-11]	[8A-11]	[8A-3]	[8A-11]	[8A-11]	[8A-11]	[8A-11]	micro sleep	micro sleep	micro sleep	light sleep	micro sleep	micro sleep	light sleep	micro sleep	micro sleep	light sleep	micro sleep	light sleep	WUR ON power =4 unit	WUR ON power =4 unit	WUR ON power 	<	=1 unit	WUR ON power =4 unit	WUR ON power 	<	=1 unit	WUR ON power =4 unit	WUR ON power 	<	=1 unit	WUR ON power 	<	=1 unit	low load	high load	low load	high load	low load	high load	jitter range: [-4, +4]ms	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	compared to short CDRX	Compared to R17 PDCCH+R18 enh.CDRX	3.6412677006068761E-2	3.2857191908559014E-2	0.1	0.182	3.7393839523387484E-3	8.8599999999999998E-2	0.16470000000000001	-3.0247380571005733E-3	0.121	0.19700000000000001	0.104	0.17198676337462199	


Capacity (DL +UL traffic, low load) 












汇总	
[8A-11]	[8A-3]	[8A-11]	[8A-3]	[8A-11]	[8A-3]	[8A-11]	[8A-3]	[8A-11]	[8A-11]	[8A-11]	[8A-11]	-	micro sleep	light sleep	-	-	-	micro sleep	light sleep	-	alwayson	LP-WUS	short C-DRX	R17 PDCCH+R18 enh.C-DRX	alwayson	LP-WUS	R17 PDCCH+R18 enh.C-DRX	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	1	0.99939999999999996	1	0.98860000000000003	0.99	0.98470000000000002	1	0.98809999999999998	1	0.99	0.93	0.99	


Capacity (DL +UL traffic, high load)













汇总	
[8A-11]	[8A-3]	[8A-11]	[8A-3]	[8A-11]	[8A-3]	[8A-11]	[8A-3]	[8A-11]	[8A-11]	[8A-11]	[8A-11]	-	micro sleep	light sleep	-	-	-	micro sleep	light sleep	-	alwayson	LP-WUS	short C-DRX	R17 PDCCH+R18 enh.C-DRX	alwayson	LP-WUS	R17 PDCCH+R18 enh.C-DRX	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	0.97599999999999998	0.94304999999999994	0.97599999999999998	0.8879999999999999	0.81550000000000011	0.87309999999999999	0.97599999999999998	0.92344999999999999	0.97599999999999998	0.95599999999999996	0.82350000000000001	0.96699999999999997	


Power saving gain (for LP-WUS scheme 1, WUR on power <=4unit, MR enter deep sleep) 


















汇总	
[8A-11]	[8A-7]	[8A-11]	[8A-7]	[8A-13]	[8A-14]	[8A-13]	[8A-5]	[8A-5]	FTP3	FTP3	IM	FTP3	FTP3	IM	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to C-DRX (160ms)	compared to R17 PDCCH+CDRX(160ms)+DCP	compared to R17 PDCCH+CDRX(320ms)+DCP	0.68441771954116071	0.23815785493712588	0.456112064063175	0.6936270577287168	0.754	0.86279000979001563	0.61733128834355833	0.442	0.78700000000000003	


Power saving gain (for LP-WUS scheme 1, WUR on power <=4unit, MR enter light sleep) 
















汇总	
[8A-11]	[8A-11]	[8A-13]	[8A-14]	[8A-13]	[8A-5]	[8A-5]	FTP3	FTP3	FTP3	FTP3	IM	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to C-DRX (160ms)	compared to R17 PDCCH+CDRX(160ms)+DCP	compared to R17 PDCCH+CDRX(320ms)+DCP	0.2756193181874016	-3.1542861669215154E-2	0.28799999999999998	0.41366299304410548	-0.11042944785276054	0.17899999999999999	-1.496	


Power saving gain (for LP-WUS scheme 1, WUR on power <= 4unit, MR enter micro sleep) 

















汇总	
[8A-11]	[8A-14]	[8A-11]	[8A-11]	[8A-14]	[8A-5]	[8A-5]	FTP3	FTP3	FTP3	FTP3	FTP3	IM	Compared to alwayson	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to C-DRX (160ms)	compared to R17 PDCCH+CDRX(160ms)+DCP	compared to R17 PDCCH+CDRX(320ms)+DCP	0.40402027545317942	0.53400000000000003	-0.30202331735800825	-0.73632456310581729	-0.25486593787224954	-0.26100000000000001	-4.5229999999999997	


Power saving gain (for LP-WUS scheme1, WUR ON power >=10units) 












汇总	
[8A-7]	[8A-11]	[8A-11]	[8A-11]	[8A-7]	[8A-13]	[8A-13]	[8A-13]	[8A-13]	deep sleep	micro sleep	light sleep	deep sleep	deep sleep	light sleep	deep sleep	light sleep	deep sleep	FTP3	FTP3	IM	FTP3	FTP3	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to C-DRX (160ms)	compared to R17 PDCCH+CDRX(160ms)+DCP	0.23152479080907329	-1.1353759954193032	-0.33341114292913304	0.23666177610471886	0.56052048904149143	0.11700000000000001	0.58199999999999996	-0.39608895705521441	0.33167177914110435	


UPT gain (for LP-WUS scheme1, MR enter deep sleep) 












































Min:UPT gain	
[8A-11]	[8A-7]	[8A-11]	[8A-7]	[8A-13]	[8A-14]	[8A-13]	[8A-5]	[8A-5]	FTP3	FTP3	IM	FTP3	FTP3	IM	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to C-DRX (160ms)	compared to R17 PDCCH+CDRX(160ms)+DCP	compared to R17 PDCCH+CDRX(320ms)+DCP	-3.6657258920747893E-2	0.12620000000000001	0.14546173415954899	0.44479999999999997	-0.26100000000000001	1.23E-2	-9.1999999999999998E-2	0.94399999999999995	Mean:UPT gain	
[8A-11]	[8A-7]	[8A-11]	[8A-7]	[8A-13]	[8A-14]	[8A-13]	[8A-5]	[8A-5]	FTP3	FTP3	IM	FTP3	FTP3	IM	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to C-DRX (160ms)	compared to R17 PDCCH+CDRX(160ms)+DCP	compared to R17 PDCCH+CDRX(320ms)+DCP	-3.6657258920747893E-2	0.54978571428571421	0.18052150495411728	1.8387142857142855	-0.26100000000000001	1.23E-2	-9.1999999999999998E-2	0.94399999999999995	Max:UPT gain	
[8A-11]	[8A-7]	[8A-11]	[8A-7]	[8A-13]	[8A-14]	[8A-13]	[8A-5]	[8A-5]	FTP3	FTP3	IM	FTP3	FTP3	IM	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to C-DRX (160ms)	compared to R17 PDCCH+CDRX(160ms)+DCP	compared to R17 PDCCH+CDRX(320ms)+DCP	-3.6657258920747893E-2	1.9362999999999999	0.20380466415245499	7.7359	-0.26100000000000001	1.23E-2	-9.1999999999999998E-2	0.94399999999999995	



UPT gain (for LP-WUS scheme1, MR enter light sleep) 















































汇总	
[8A-11]	[8A-11]	[8A-13]	[8A-13]	[8A-5]	[8A-5]	FTP3	FTP3	FTP3	FTP3	IM	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to C-DRX (160ms)	compared to R17 PDCCH+CDRX(160ms)+DCP	compared to R17 PDCCH+CDRX(320ms)+DCP	0.65435808609185853	0.87256009146466873	0.36	0.85599999999999998	0.58899999999999997	4.5250000000000004	


UPT gain (for LP-WUS scheme1, MR enter micro sleep) 









































汇总	
[8A-11]	[8A-11]	[8A-11]	[8A-11]	[8A-5]	[8A-5]	FTP3	FTP3	FTP3	FTP3	FTP3	IM	alwayson	LP-WUS scheme 1	alwayson	LP-WUS scheme 1	LP-WUS scheme 1	LP-WUS scheme 1	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	compared to R17 PDCCH+CDRX(160ms)+DCP	compared to R17 PDCCH+CDRX(320ms)+DCP	1.242893544941174	1.242893544941174	1.8027467229085556	1.8027467229085601	1.276	22.602	


Power saving gain (for LP-WUS scheme 2, FTP3 traffic) 
















Min:Power saving gain [%]	
[8A-11]	[8A-2]	[8A-8]	[8A-15]	[8A-11]	[8A-15]	[8A-2]	[8A-8]	[8A-2]	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to CDRX (640ms)+DCP	5.7039969104107469E-2	0.114930875576037	0.1105	1.0033444816053417E-2	0.19092264132457101	0.18035714285714288	0.110353982300885	8.7999999999999995E-2	0.10403225806451601	Mean: Power saving gain [%]	
[8A-11]	[8A-2]	[8A-8]	[8A-15]	[8A-11]	[8A-15]	[8A-2]	[8A-8]	[8A-2]	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to CDRX (640ms)+DCP	6.8447201337249686E-2	0.46628819825612777	0.1105	1.7861261676853844E-2	0.29769250219560567	0.24483100711548986	0.40956739221348687	8.7999999999999995E-2	0.33564908319690484	Max:Power saving gain [%]	
[8A-11]	[8A-2]	[8A-8]	[8A-15]	[8A-11]	[8A-15]	[8A-2]	[8A-8]	[8A-2]	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to CDRX (640ms)+DCP	7.9854433570391903E-2	0.88095238095238104	0.1105	2.5862068965517151E-2	0.47174344528532203	0.3065134099616858	0.78260869565217395	8.7999999999999995E-2	0.63414634146341498	



UPT gain (for LP-WUS scheme2 ) 




































Min:UPT gain	
[8A-11]	[8A-2]	[8A-15]	[8A-11]	[8A-15]	[8A-2]	[8A-2]	FTP3	FTP3	FTP3	FTP3	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to CDRX (640ms)+DCP	-6.2021154817761159E-2	0	0	-0.220048144355315	0	0	0	Mean:UPT gain	
[8A-11]	[8A-2]	[8A-15]	[8A-11]	[8A-15]	[8A-2]	[8A-2]	FTP3	FTP3	FTP3	FTP3	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to CDRX (640ms)+DCP	-4.5188910195756493E-2	0	0	-0.11384591201423917	0	0	0	Max:UPT gain	
[8A-11]	[8A-2]	[8A-15]	[8A-11]	[8A-15]	[8A-2]	[8A-2]	FTP3	FTP3	FTP3	FTP3	Compared to CDRX (160ms)+DCP	Compared to CDRX (40ms)+DCP	Compared to CDRX (320ms)+DCP	Compared to CDRX (640ms)+DCP	-2.8356665573751827E-2	0	0	-2.29801796141453E-2	0	0	0	



Power saving gain (for LP-WUS scheme 2, FTP3 traffic) 















汇总	
deep sleep	light sleep	micro sleep	[8A-1]	compared to R17 PDCCH+CDRX(160ms)+DCP	0.498	0.29299999999999998	0.08	


UPT gain (for LP-WUS scheme2 ) 



































汇总	
deep sleep	light sleep	micro sleep	[8A-1]	FTP3	compared to R17 PDCCH+CDRX(160ms)+DCP	-0.35199999999999998	-0.14599999999999999	0.34399999999999997	











min:Power saving gain [%]	
8A-3	8A-13	8A-17	8A-16	8A-15	8A-1	8A-11	8A-12	8A-4	8A-3	8A-13	8A-7	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-12	8A-4	8A-3	8A-8	8A-10	8A-15	8A-1	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.94043597517017341	0.145708582834331	0.58831299999999997	0.86919999999999997	0.92	0.373	0.39024799999999998	0.75800000000000001	-0.311	0.45	0.90616361961107605	0.85	0.67600000000000005	0.22479499999999999	0.61309999999999998	0.70440000000000003	0.46076140214281902	0.81	0.59	0.34799999999999998	0.32142300000000001	0.90099999999999991	-0.314	0.7744650989963463	0.39199175026757899	0.55000000000000004	0.78	0.223	mean:Power saving gain [%]	
8A-3	8A-13	8A-17	8A-16	8A-15	8A-1	8A-11	8A-12	8A-4	8A-3	8A-13	8A-7	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-12	8A-4	8A-3	8A-8	8A-10	8A-15	8A-1	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.97263841140351581	0.78352379183379084	0.73040941891891886	0.91709999999999992	0.95333333333333337	0.75355555555555542	0.82978958148148163	0.86799999999999999	0.43441071428571448	0.89771575465286313	0.91482736862043024	0.86499999999999999	0.82096666666666662	0.30363803571428566	0.67474027777777756	0.79899999999999982	0.72535415914156376	0.83250000000000002	0.8713333333333334	0.71244444444444444	0.67537882716049336	0.90099999999999991	0.42088888888888926	0.80457650283867499	0.62030356205933801	0.68	0.83125000000000004	0.52666666666666673	max:Power saving gain [%]	
8A-3	8A-13	8A-17	8A-16	8A-15	8A-1	8A-11	8A-12	8A-4	8A-3	8A-13	8A-7	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-12	8A-4	8A-3	8A-8	8A-10	8A-15	8A-1	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.99	0.98529125267874496	0.90723500000000001	0.96499999999999997	0.98	0.93	0.99258400000000002	0.97799999999999998	0.92299999999999993	0.97231745317660412	0.92148780369526195	0.88	0.92049999999999998	0.39413700000000002	0.70230000000000004	0.87990000000000002	0.92141620686890502	0.85	0.96	0.876	0.92632300000000001	0.90099999999999991	0.89700000000000002	0.8308201878542476	0.851191583822694	0.79	0.92	0.65	















min:Power saving gain [%]	
8A-3	8A-3	8A-7	8A-15	8A-3	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.95012318069886992	0.91125012865490418	0.91	0.57999999999999996	0.78414628188268676	mean:Power saving gain [%]	
8A-3	8A-3	8A-7	8A-15	8A-3	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.97554812975212712	0.94722892396572589	0.91	0.87124999999999997	0.80822020425118046	max:Power saving gain [%]	
8A-3	8A-3	8A-7	8A-15	8A-3	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.98429030417712826	0.97090474080364864	0.91	0.92	0.82557878310686583	















min:Power saving gain [%]	
8A-3	8A-13	8A-16	8A-15	8A-1	8A-11	8A-3	8A-13	8A-7	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-3	8A-8	8A-10	8A-15	8A-1	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.91748285124230644	-2.5442772990604201	0.44769999999999999	0.9	0.879	-0.91481400000000002	0.87	-1.78389562338737	0.75	0.25259999999999999	0.46310000000000001	2.45749138898947E-2	0.65	0.56000000000000005	0.82699999999999996	-1.0493429999999999	0.7515262452783934	-3.1752671051931101E-2	0.4	0.75	0.60099999999999998	mean:Power saving gain [%]	
8A-3	8A-13	8A-16	8A-15	8A-1	8A-11	8A-3	8A-13	8A-7	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-3	8A-8	8A-10	8A-15	8A-1	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.95479539666891178	-0.1256586840426599	0.78810000000000002	0.93000000000000016	0.879	0.51134758333333308	0.9245396316660458	-4.2926976399517175E-2	0.79	0.41072962962962967	0.67716874999999987	0.45526667068284782	0.69500000000000006	0.8466666666666669	0.82699999999999996	0.26364763636363625	0.78801760222827122	0.42118480046533618	0.54500000000000004	0.8075	0.60099999999999998	max:Power saving gain [%]	
8A-3	8A-13	8A-16	8A-15	8A-1	8A-11	8A-3	8A-13	8A-7	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-3	8A-8	8A-10	8A-15	8A-1	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.97018674179858932	0.77060198714202199	0.91279999999999994	0.96	0.879	0.92910999999999999	0.95714520683613702	0.70772513457155295	0.83	0.56340000000000001	0.82630000000000003	0.85159398330346003	0.74	0.93	0.82699999999999996	0.84123999999999999	0.80302594247688619	0.78173189286530997	0.67	0.9	0.60099999999999998	


























min:LP-WUS Latency [ms]	
8A-3	8A-13	8A-7	8A-5	8A-17	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-4	1090.25	1909	982	1149.961	1192.26	1052.8	1059.50246305419	1880	1220	1090	1242.3835999999999	1100	mean:LP-WUS Latency [ms]	
8A-3	8A-13	8A-7	8A-5	8A-17	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-4	1093.9089147286822	1909	1022	1149.961	1217.2376470588208	1052.8000000000002	1106.8082692522128	1880	1220	1090	1263.513313589744	1150	max:LP-WUS Latency [ms]	
8A-3	8A-13	8A-7	8A-5	8A-17	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-4	1230.25	1909	1062	1149.961	1252.92	1052.8	1691.6190957823401	1880	1220	1090	1286.8626999999999	1220	mean:I-DRX latency[ms]	
8A-3	8A-13	8A-7	8A-5	8A-17	8A-16	8A-8	8A-10	8A-15	8A-1	8A-11	8A-4	672	670	768.49470588235306	691.83489785607321	640	690	637.62312384615461	640	



























min:LP-WUS Latency [ms]	
8A-13	8A-8	8A-11	1080	568.320096511511	599	mean:LP-WUS Latency [ms]	
8A-13	8A-8	8A-11	1080	568.32009651151043	599	max:LP-WUS Latency [ms]	
8A-13	8A-8	8A-11	1080	568.320096511511	599	mean:I-DRX latency[ms]	
8A-13	8A-8	8A-11	687.21333065245801	637.62312384615461	















min:Power saving gain [%]	
8A-13	8A-2(1)	8A-2(2)	8A-5	8A-17	8A-16	8A-15	8A-11	8A-4	8A-3	8A-13	8A-7	8A-2(1)	8A-2(2)	8A-5	8A-17	8A-9	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	8A-8	8A-15	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	-8.1933693588432999E-2	0.94899999999999995	0.4264	0.86799999999999999	0.28970899999999999	0.18240000000000001	0.81	-9.1300999999999993E-2	-1.032	-0.18	0.37782970644077701	0.87	0.92300000000000004	0.4148	0.20330000000000001	-7.0205000000000004E-2	0.40100000000000002	1.4999999999999999E-2	0.6109	0.42827920140834702	0.55000000000000004	-0.163078	-1.0329999999999999	0.32347100056582601	0.66	mean:Power saving gain [%]	
8A-13	8A-2(1)	8A-2(2)	8A-5	8A-17	8A-16	8A-15	8A-11	8A-4	8A-3	8A-13	8A-7	8A-2(1)	8A-2(2)	8A-5	8A-17	8A-9	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	8A-8	8A-15	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.62116692271635787	0.97162499999999996	0.47971666666666674	0.91283333333333327	0.65287788135593228	0.5927	0.83444444444444443	0.67301775462962954	0.25100833333333328	-0.11499999999999999	0.64904419326461538	0.87	0.94350000000000001	0.46581666666666655	0.74616428571428572	0.20600904761904759	0.62639166666666668	0.48487272727272734	0.8122474495362636	0.69585300413216644	0.78000000000000014	0.49021144351851831	0.23793333333333322	0.45153070656805827	0.71750000000000003	max:Power saving gain [%]	
8A-13	8A-2(1)	8A-2(2)	8A-5	8A-17	8A-16	8A-15	8A-11	8A-4	8A-3	8A-13	8A-7	8A-2(1)	8A-2(2)	8A-5	8A-17	8A-9	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	8A-8	8A-15	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	0.98134619131112399	0.99399999999999999	0.53316666666666701	0.93879999999999997	0.98215200000000003	0.89019999999999999	0.86	0.98851699999999998	0.91900000000000004	-0.05	0.91760826342078505	0.87	0.96399999999999997	0.51683333333333303	0.8962	0.43180299999999999	0.70099999999999996	0.87439999999999996	0.89380000000000004	0.85861950763360895	0.84	0.92217700000000002	0.89200000000000002	0.58125627587881901	0.8	


















min:Power saving gain [%]	
8A-17	8A-16	8A-11	8A-4	8A-5	8A-17	8A-9	8A-16	8A-8	8A-14	8A-11	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	-0.88815900000000003	-2.177	-10.194459	-3.327	-0.96060000000000001	-1.237751	-8.1941000000000006	-3.11	-7.6394499001576701	-3.39172516854314	-10.265593000000001	-3.3210000000000002	-7.8524937614023704	mean:Power saving gain [%]	
8A-17	8A-16	8A-11	8A-4	8A-5	8A-17	8A-9	8A-16	8A-8	8A-14	8A-11	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	-0.75347193333333329	-2.177	-6.4652425347222282	-1.2993333333333335	-0.60594999999999999	-1.1689205000000003	-2.3113577777777783	-2.8233333333333328	-2.6218612701830102	-0.8529479819102751	-6.7390566944444457	-1.3084305555555558	-7.7848516376920447	max:Power saving gain [%]	
8A-17	8A-16	8A-11	8A-4	8A-5	8A-17	8A-9	8A-16	8A-8	8A-14	8A-11	8A-4	8A-8	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	-0.58375900000000003	-2.177	-3.573105	-5.5E-2	-0.25130000000000002	-1.087766	0.38290000000000002	-2.33	0.60960000000000003	0.57307602501372701	-3.639195	-7.9000000000000001E-2	-7.7163259894250498	

































min:LP-WUS Latency [ms]	
8A-3	8A-13	8A-7	8A-5	8A-17	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	1090.75	1382	902	420	1153.21	1052.8	1059.50246305419	1076	1220	1104.1436000000001	1100	mean:LP-WUS Latency [ms]	
8A-3	8A-13	8A-7	8A-5	8A-17	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	1090.75	1382	902	571.33333333333337	1177.6354455445564	1052.8	1133.3324841660815	1189.3333333333333	1220	1136.4607833333343	1150	max:LP-WUS Latency [ms]	
8A-3	8A-13	8A-7	8A-5	8A-17	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	1090.75	1382	902	990	1213.3800000000001	1052.8	1281.04	1526	1220	1162.0328	1220	mean:I-DRX latency[ms]	
8A-3	8A-13	8A-7	8A-5	8A-17	8A-16	8A-8	8A-14	8A-15	8A-11	8A-4	672	670	768.10920792079105	715.30285599391084	640	640	636.93630555555637	640	

































min:LP-WUS Latency [ms]	
8A-13	8A-5	8A-11	450	420	500	mean:LP-WUS Latency [ms]	
8A-13	8A-5	8A-11	450	420	500	max:LP-WUS Latency [ms]	
8A-13	8A-5	8A-11	450	420	500	mean:I-DRX latency[ms]	
8A-13	8A-5	8A-11	670	636.93630555555637	






























min:Power saving gain [%]	
8A-3	8A-13	8A-17	8A-16	8A-11	8A-12	8A-4	8A-3	8A-17	8A-16	8A-15	8A-4	8A-3	8A-13	8A-16	8A-11	8A-13	8A-16	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.98394627576610094	0.145708582834331	0.62765899999999997	0.96499999999999997	0.4531	0.52600000000000002	-0.19399999999999998	0.94043597517017341	0.61709700000000001	0.95579999999999998	0.92	-0.22600000000000001	0.91748285124230644	-0.57066355094688703	0.44769999999999999	-0.166383	-2.5442772990604201	0.85780000000000001	-0.787408	mean:Power saving gain [%]	
8A-3	8A-13	8A-17	8A-16	8A-11	8A-12	8A-4	8A-3	8A-17	8A-16	8A-15	8A-4	8A-3	8A-13	8A-16	8A-11	8A-13	8A-16	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.98606130079849152	0.660666844458908	0.74872425806451615	0.96499999999999997	0.85086106666666694	0.84025000000000005	0.57240222222222148	0.96850829158967777	0.73832749999999991	0.95579999999999998	0.95500000000000007	0.54675000000000029	0.95479539666891178	0.29406937256778715	0.75776666666666659	0.63892689285714277	-0.7915638525729316	0.85780000000000001	0.41572741666666679	max:Power saving gain [%]	
8A-3	8A-13	8A-17	8A-16	8A-11	8A-12	8A-4	8A-3	8A-17	8A-16	8A-15	8A-4	8A-3	8A-13	8A-16	8A-11	8A-13	8A-16	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.99	0.98529125267874496	0.90723500000000001	0.96499999999999997	0.99258400000000002	0.97799999999999998	0.92299999999999993	0.98	0.89232100000000003	0.95579999999999998	0.98	0.90900000000000003	0.97018674179858932	0.77060198714202199	0.91279999999999994	0.92910999999999999	0.30693551529320101	0.85780000000000001	0.85696300000000003	

































min:Power saving gain [%]	
8A-3	8A-13	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-1	8A-11	8A-12	8A-4	8A-3	8A-7	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-4	8A-3	8A-13	8A-7	8A-9	8A-16	8A-10	8A-15	8A-1	8A-11	8A-13	8A-9	8A-16	8A-8	8A-10	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.45	0.90616361961107605	0.86639999999999995	0.23512	0.65469999999999995	0.71599999999999997	0.46076140214281902	0.8	0.872	0.32142300000000001	0.88099999999999989	-0.28100000000000003	0.89	0.85	0.67600000000000005	0.22479499999999999	0.61309999999999998	0.70440000000000003	0.87929999999999997	0.77	0.59	0.34799999999999998	-0.314	0.87	0.18966944160459601	0.75	0.52990000000000004	0.6643	0.66	0.56000000000000005	0.82699999999999996	-0.35954700000000001	-1.78389562338737	0.25259999999999999	0.46310000000000001	2.45749138898947E-2	0.54	-1.0493429999999999	mean:Power saving gain [%]	
8A-3	8A-13	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-1	8A-11	8A-12	8A-4	8A-3	8A-7	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-4	8A-3	8A-13	8A-7	8A-9	8A-16	8A-10	8A-15	8A-1	8A-11	8A-13	8A-9	8A-16	8A-8	8A-10	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.80459786899793861	0.91482736862043024	0.89344999999999997	0.30542159090909088	0.68407962962962954	0.80091000000000001	0.71704385172796181	0.82833333333333348	0.874	0.67537882716049336	0.90099999999999991	0.49075238095238094	0.93826709195420199	0.86499999999999999	0.67600000000000005	0.2970983333333333	0.6467222222222222	0.79581666666666662	0.88324999999999998	0.79	0.87809523809523837	0.66628571428571426	0.46492857142857114	0.9245396316660458	0.49874729493914793	0.79	0.5495444444444445	0.75428333333333342	0.7	0.82090909090909081	0.82699999999999996	0.40013819230769226	-0.58460124773818245	0.34132222222222225	0.63090000000000013	0.45526667068284782	0.59499999999999997	6.6494611111111088E-2	max:Power saving gain [%]	
8A-3	8A-13	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-1	8A-11	8A-12	8A-4	8A-3	8A-7	8A-5	8A-17	8A-9	8A-16	8A-8	8A-10	8A-15	8A-1	8A-4	8A-3	8A-13	8A-7	8A-9	8A-16	8A-10	8A-15	8A-1	8A-11	8A-13	8A-9	8A-16	8A-8	8A-10	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.97231745317660412	0.92148780369526195	0.92049999999999998	0.39413700000000002	0.70230000000000004	0.87990000000000002	0.92141620686890502	0.85	0.876	0.92632300000000001	0.92900000000000005	0.89700000000000002	0.96677071041879081	0.88	0.67600000000000005	0.37890699999999999	0.67459999999999998	0.86919999999999997	0.88719999999999999	0.81	0.96	0.85699999999999998	0.88300000000000001	0.95714520683613702	0.70772513457155295	0.83	0.56340000000000001	0.82630000000000003	0.74	0.91	0.82699999999999996	0.84123999999999999	0.24591435914844101	0.4244	0.79990000000000006	0.85159398330346003	0.65	0.74755000000000005	

































min:Power saving gain [%]	
8A-3	8A-11	8A-15	8A-11	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.94123810046872791	0.49643799999999999	0.76	-0.33534199999999997	-1.20516	mean:Power saving gain [%]	
8A-3	8A-11	8A-15	8A-11	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.97245692410432383	0.84382196666666687	0.85	0.24134939999999999	-0.339755645	max:Power saving gain [%]	
8A-3	8A-11	8A-15	8A-11	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.98429030417712826	0.99221400000000004	0.94	0.477352	2.8766999999999998E-3	




































min:Power saving gain [%]	
8A-3	8A-7	8A-8	8A-11	8A-8	8A-15	8A-15	8A-11	8A-8	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.90237057237698681	0.91	0.86550000000000005	0.38345299999999999	0.77690000000000003	0.57999999999999996	0.53	-0.48984100000000003	0.30659999999999998	-1.406328	mean:Power saving gain [%]	
8A-3	8A-7	8A-8	8A-11	8A-8	8A-15	8A-15	8A-11	8A-8	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.9430507838339528	0.91	0.88524000000000014	0.67822211111111108	0.80649999999999999	0.87454545454545451	0.82272727272727275	1.3233833333333334E-2	0.30659999999999998	-0.63366972222222218	max:Power saving gain [%]	
8A-3	8A-7	8A-8	8A-11	8A-8	8A-15	8A-15	8A-11	8A-8	8A-11	P_WURon	<	=1	2	<	=P_WURon	<	=4	5	<	=P_WURon	<	=10	20	<	=P_WURon	<	=30	0.97071963496552072	0.91	0.89470000000000005	0.92589399999999999	0.83609999999999995	0.92	0.88	0.39756200000000003	0.30659999999999998	-9.0726000000000001E-2	



image1.emf
 


oleObject1.bin
[image: image1.png]~

5G







image2.emf
 


oleObject2.bin
[image: image1.png]=

A GLOBAL INITIATIVE







image3.png
Timing dof = a7

e Time: ¢

otk Tt | oo
T




image68.png
-5.00

1000 9.18
e -10.29-9-79 -9.72 -9.72 -9.72 -9.62
500 -11.5810.91 3 19711-29 -12.02-12.02-11.82°11.32
-14.5813.92 -14.2914.29-14.29 > 15071422 14.7514.08"
2000 -16.31 -16.29-16.09 16721662 007 16.01-15.89-15.54-15.38°
Y 1932 -18.79 18817181
: -20.79 -20.32
2500 23562330
-30.00
-35.00
_35.72°34.72
-40.00
¢ 2 % 5 o2 2 5 o2 s < g e o 2 c o v v vc oo @ o e - o | - o e - - o e -
g|8|/g|g 8|8 |8/ |3 | 8|28 &8 /8 58288 85/z/g|f|f|g|jg|g|yg||f|gjg|f|Y g g gzl ilT
o/ 9%/ olo 9% % o 9 o/ 9/ 93 £ 93 £ 23 323 3 229 0o o o o o o o o o o o © © o0 o ©o© o o o o © o o o o o o o o o
(=] a (=] (=] a a (=] a (=] (=] (=] o o |5 o o g @ 5 = = &% O (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
7 SR 7 g FE 33 ¢ 35393958
< ORI < =z 8% = 87 - 8T 87 87 8=
o o 0o o = 890 = 29 2 89808932
9] o o s) H wS = aQ 2 3080802
3 c M c NEES c c =y
x ] 3 o x o o @ T
Q H Q H Q H H H 20
8 s 8 s 8 & & & &
] ] 8 8 8 82
g 8 8 8 8 8 8 8 48 8 8 48 48 1 48 8 1 8 1 1 1 1 4 4 4 4 4 4 1 1 1 1 1 1 1 1 1 1 1 1 4 4 4 4 4 4 4 4 4 4 4 4 4
20 20 15 20 15 20 15 15 13 13 13 13 13 13 13 13 13 13 13 13 13 13 12 12 12 12 12 |12 12 12 12 12 12 12 12 12 |12 12 12 12 15 15 15 15 15 15 15 15 15 15 15 15 15
432 432 432 864 432 864 864 864 261 486 972 13.0510.44 17.28 26.1 19.44 60.48 77.76120.9041.92302.4 604.8 864 8.64 864 864 864 864 864 432 17.28 864 17.28 432 69.12 34.56 30.24 77.76138.2460.48 6.48 6.48 324 324 6.48 648 12.96 6.48 12.96 6.48 648 12.96 12.96
19.32-16.31-14.58-13.92-11.58-10.91 -9.18 | -6.18 -20.79-18.79-16.29-16.09 -14.29 -13.29-11.2910.29 -9.79 -7.69 -6.99 -4.79 -35.72-34.72-24.72-19.72-18.72-17.72-16.72-16.62-1502-14.22  -12.02 -11.82-11.32 9.72 -9.62 -23.56 -23.3 -20.32-18.81-18.13-17.44-16.01-15.89-15.54-15.38-14.75-14.08-13.31
[8A-2] [8A-3] [8A-6] [8A-7] [8A-8]





image69.png
722 122 122

1159 1159 1150

13,59 -1339
1422 1812

sequence based LPWUS
sequence based LPWUS

00K with repetition
sequence based LPWUS
sequence based LPWUS
sequence based LPWUS
sequence based LPWUS
(00K-1) with repetition

& OOK4withrepetition

s 24 8 48 8 8

1111 11 1111 11 4 a4 s 4 a4 a 4 | a4 | a4
2 1 12 13 13 13

131

2 012 12 1 12 12 12 12 12 12 12 1 15 15 15 15 1518 15 15 15 15 15
432 4608 60.12 486 972 1305 6048 120,96 241.92

3

864 432 1728 864 1728 432 6012 3456 3024 77.76 13824 6048 648 648 324 324 648 1296 1206 648 648 1295 1296

956 04 069 1609 1359 1339 709 499

©
2

1422|1402 1252|1172 952 93 88 722 712 1747 1721 1423 1272 1135 992 945 | 929 866 799 722

[8A-13] [8A-7] [8A-8]





image70.png
0

5
-10
98 941
-15
20
25
o 8 o
5 8 3
o e m
2 00% 9
a4 a
s ¥ ¥
M x| ox
[=] [=] [=]
(=] (=] (=]
12 8 12
12 12 12
09 108 168

-9.8 -9.41 -893/-8.89 -857 -8.28 -8.24 -7.96 -7.47 -5.52 -4.01 -0.66 -0.62 -0.53 -0.38 -0.12 0.25 0.48 0.7

-8.93 -8.89

00K-4, p=3 dB

8

12

18

8,57 -8.28 -8.24 7-96

0OOK-4

8

12

27

0OOK-4

12

12

18

0OOK-4

12

12

252 216 432 864 17.28 40.32 43.2 28.8 34.56120.9680.64138.24 86.4

0OOK-4

8

12

-7.47

0OOK-4

1

12

-5.52

0OOK-4

1

12

-
I -0.66 -

-4.01

0OOK-4

1

12

[8A-11]

0OOK-4

12

12

0.62 -0.53 -0.38 012

0OOK-4

8

12

0OOK-4

12

12

0OOK-4

8

12

0OOK-4

1

12

0.25 0.48 0.7

0OOK-4

12

12

0OOK-4

1

12

0OOK-4

8

12

0.98 117

-11.83
11 ¢
Q Q »
o =] a
o
M
[=]
(=]
12 8 20
12 12 12

-9.55

00K-1, p=3 dB

20

12

-7.47

00K-1, p=3 dB

20

12

-10.59-10.39

-13.09
-15.09
T3 3
i3 3
Q Q Q
(=] (=] (=]
48 8 8
13 13 13

00K-4 with repetition

IS
®

13

-8.59 -8.59 -8.59

0O0K-1

48

13

|
| L
199 120
459 409
-5.59

sequence based LPWUS
(00K-1)

-

13

57.6 69.12 3.24 346 3.02 261 486 9.72 13.0510.44/17.28

098 1.17 -11.83 -9.55 -7.47 -15.09-13.09-10.59-10.39

[8A-14]

-8.59

0.91

o

I I I I I 160 2%
536
662 -6.5 615 599
874

-7.59 805
9.42 0.76
-10.93
-12.54
14171391
-22.05
c | aly clw v v uc = o « |l el o o o
§lz8 |58 8|8 88z g g\ glg/fjg ¥ 2/ 2 |i g ¢
£ 02 £ 2 2 2 220 0 o ©o0|/o o/ ©o o ©o o ©lgoglo 9ol o
g ©% T &5 & &5 36 6 60 0 ©0 ©0 ©0 6 6 060 6 o0 o0 6 o0 ¢©
2 TS 2 TSToToTE
= gL g 8L 82832 %
s 80 £ 2080 80 8=
z 8S 2 3882 8S g2
3 c I e 7T T
x o x g o o RS
Q H Q H H S 20
(=] = o =4 =4 T T
] 8 8 8 82
488 | 1 8 1 1 1 1|4 |4 4|4 4 4 4 4 4| 4 4| 4| 4 48 48 48

13 13 | 13 13 13 13 | 13 13 15 15 | 15 15 | 15 15 15 | 15 15 | 15 15 15 | 15 15 15 15
26.1 19.44 60.48 77.76120.96241.92302.4 604.8 6.48 6.48 3.24 324 648 6.48 12.96 6.48 12.96 6.48 6.48 12.96 12.96 0.72 576 0.72
-7.59 -5.59 -4.59 -4.09 -1.99 -1.29 0.91 -14.17-13.91-10.93 -9.42 -8.74 -8.05 -6.62 -6.5 -6.15 -5.99 -5.36 -4.69 -3.92 -22.05-12.54 -9.76

[8A-3] [8A-8] [8A-9]




image71.png
o

047 047

19 88 8287

I I s

gy 2334 B S22

21167155162 198

P

I

7.0

I 2

525256251

352352 352342

I I I,m”.,ssg,s.»s

336
g 113

o1
139

1009989

e
10521047

556 818

1037

s s 1w s s
22 2 22 2 o2n
728 108 8.5 0252016 144 216 1728
a6 220922 238 167 185 18 10

0w
2 2
228 346,
119901

8434)

EIRRE RN
25 5 5|8

202 576 288 1152 576 22

I
436)

s

56 e
55| s
2161295
aar o

5 B
285188

1as1as:
8427

s
EEIE)
56432 42
s 512 201

ook

002wt repestan

=
B

ook

e b LS

B

0¢éwit repesiton

B

972 1303 1048 1728 261

1009 5

wm

ookt

ook
004wt repestan

e b WS
(006 1wt rpeion

1
»

1t
22 e 2 2|

[AERERERR
22 w2 s

422 1728 804 728 32 6512 2450 024 7775138 246048 650

09508 409|359 1.9 079 101 0521047 8 802 5w

s
(87

s sw s

s
5
e 320

raasto

slalslas s

5| |s|s|s|s

48 548 1296 5.40 1296 6.0

818705 605 554 555 540
2]

slals
55|
48 1296 1296
RRIRTIEES





image72.png
1
n

an

a6

2
©

10 105

052
- m

n
»

72 17 108 86 302 2016 104

07

058052 052 103 105

108 121
[ ]

s s w8 w
»iu oo on
216 1728 288 432 576
198121 40 34 0n2

)

s

ook

s
n»
st 2
05 81

§ —

s

ook

.
H
E

s

ook

| Ery
T

)

00K with repetian

s s s s w5 8
n s 505 o6 B ou
856 43 st 86 864 261 486 972 105

132198 a3
w2l

67297 1189 98 7239 719

cequence baced LPWUS.

539 539

00k with repettan
00K with repeiion

seqvence based LPWUS.

s
B ou 0
261 104 6048 7776
439239139
3l

a3 an an 28

LR
102 102 102 092
2

I | 352
2 | | Ery

10271000

Sequence besed LOWUS.

sequence besed LOWUS.
100K1)wit repetton

1 1 sl
B onn 2 n 5|
209901973024 6008 884 432 1725 861 178 032 6912 3455 3024 7176138246048 545 648 324 320 12 648 648 12061296
08121191 4n 82 7% &2 SR 3R AR 2@ 1@ |09 10271001703 52
a7l

225 209 145 078 02




image73.png
1146 1165
Losq 107310361128
982 9.86 995 101107

745 765
435 673 696 718
582 586 595 61

3.
4 252

22 22
, s 159 100

o 245 241 2
EES

@ 00K4,p-3d8
00K-1,p=38
00K-1,p=38
00K-1,p=38

@ 0O0K1,p=308

ook1.

@ 0O0K1,p=308

@ 00K1,p=3dB

@ 0O0K1,p=308
00K-4,p=38

@ 00K4,p-3d8
00K-4,p=3d8

208 111 12 8 12 8 1 1 1 28 2 8
niL R 2 2 R R R LR 2 R 2 2 2 2

8
8

EREY

& 00K4,p=3dB

11 12 8 128 1 12 1 12
2R o2 2 2R R R FERIEF)

15 20
252 216|432 864 17.28 4032 432 288 3456120.9680.64138.24 864 | 57.6 69.12 288 432 46,08 69.12 432 854 432

3
o =

18 854 17.2840.32 432 | 285 34.56120.9680.64138.2 576 6912

224 252 301 496 647 952 986 995 10.1 1036 1073 10.9 1118 1145 1165 078 145 1061 117 124 . 361 295 061 2412 096 247 582 556 595 61 636 673 695 7.6 765

[8a-11] [8a-13] 1842

(8112





image74.png
236 236 236 246

006 006 026 076 I I I I
=
I 13 I 1 nE
093 126
21 e
294

83 263

464 454

756 756 763 7.48 743 T3

956 936 083

512

1206 iy 1LEFI1531143

ooks
ooK4
ook4
ooK4
ooxz

(00K

00K4 with repetition
sequence based LWUS
00K4 with repetition
sequence based LAWUS
(00K
00K4 with repetition
sequence based LWUS
sequence based LIWUS
(00K 1}
sequence based LAWUS
sequence based LAWUS
(00K with repeition
QOKHFSK Joint Modulation
QOKsESK Joint Modulation
QOKHFSK Joint Modulation

0OK-4 with concentrated wave form
£ 00K with concentrated waveform

4 a8 |1 a8 s | 18 1 1 1 1 48 48

&
&
&

a8

a8 a4 4 a a1 11111 101144 a4 a s alalala 4

BB B B3 630850858 558 115 15 15 s 115 151518 22 R R R 2R R R R R DR 2R 22 s s s s 1508 1015 15 15 s

261 486 972 1305 10.44/17.28 26.1 19.44 6048 77.76 1209041923024 6045 216 216 216 216 216 215 216 216 216 216 864 432 864 864 56 554 864 563 864 B3 54 432 1725 564 1728 432 6912 3455 3024 7776136246048 6.48 645 324 324 648 648 1295 648 1295 648 645 1296 1295

L14061206-956-936 756 |-656 -4.56 3.5 -306-096|-0.26 194 121311631153 1143 953 812 7.63 744 -7.43| 7.3 |-7.03 393 -283 263|093 603|503 437 997 1097 1197 464 454|294 214 006 | 026|076 236 246 152126 172|323 381 46 603 615 65 686 729 796 873
2] ) [0} 1w ()





image75.png
603 615 65 B8

812

763 744 743

73

006 006 026

076

236 236 236 246

7.03

116311531143
Lpgy 11631153

953

OOK-4 with repetition

sequence based LPWUS

a8 a8 1
1313 B

936 756

K4 with repetition

s 8
1313

1305/1044/17.28 261 19.44

656
[8a3]

sequence based LPWUS
0OK-4 with repetition
sequence based LPWUS

18 1
1B 13 13
60.4877.76 12096

456|356 3.06

sequence based LPWUS

1
13
41.9;

sequence based LPWUS

sequence based LPWUS
(0OK-1) with repetition

w as s
515 | 15
216 216|216
2131163115

00K-4 with concentrated waveform

00K+ FSK Joint Modulation

00K+ FK Joint Modulation

00K-4 with concentrated waveform

1
12 12
432 17.08

45429

1

11

2 12 B

1728 432 6912

006

026
7]

1
2 2
3024/77.76

236

3821





image76.png
2
-4
6
-8
-10
o
2
@
i
&
5
M
[=]
(=]
12
12
09
068

g 191 22 224 2.

1.5¢
2 0.68 107 I I I I
0

g g 3
707 8

a a =]
5
MY

Q Q

o o

8 8 8
12 12 12
108 18 27

0OOK-4

12
12
18

1.07/159 191 22

g 3
® 9
a (=]
¥
M
[=]
(=]
12 12
12 12

6.44 6.47 6.47 6.63 6.65

4.96
Ja 252 301 I

0OOK-4
0OOK-4
0OOK-4
0OOK-4

8 1 1 32
12 12 12 12

i3
I3
Q Q
(=] (=]
12 1
12 12

0OOK-4
0OOK-4
0OOK-4
0OOK-4

8 8 1 12
12 12 12 12

0OOK-4

12
12

0OOK-4

8
12

7.69 82 8‘22 8‘5 8‘8

0OOK-4

8
12

0.78

0OOK-4

24
12

6.16 6.16
4.97

5.7 5.6
3.52
2.16
1.45 124
0.16 0.16 I

-1.84

0OOK-4
0OOK-4
0OOK-4
0OOK-4
0OOK-4
0OOK-4
0OOK-4
0OOK-4
0OOK-4

00K-1, p=3 dB
00K-1, p=3 dB
00K-1, p=3 dB

8 24 8

~
S
~
S
~
S
o

6 6 6 6 6

12 12 12 12 |12 12 15 15|15 15 15 15

0.06
-
-0.61
-2.95
-3.61

534

-8.35

¢ 2 5 o5 e

x T x| x T

o % o 9 %

6 &L o o &
ol ol
< <
o o
9] 9]

g 8 8 8 8

20 | 20 | 15 20 15

®  QO0K-1,p=3dB

20

1.79

0O0K-1

8
15

4.79

®  QO0K-1,p=3dB

15

-3.32

00K-4, p=3 dB

-
Iy

12

168 252 2.16 432 864 3.78 7.2 17.28 10.8 8.64 30.2420.16 14.4 21.6 17.28 2.88 4.32 576 864 3.24 3.46 3.02 576 2.88 1152 5.76 23.0492.16 432 4.32 432 864 432 864 864 864 09

224

252 301 496 6.44

[8A-11]

6.47

6.63 665 7.69 82 822 825 838 078 1.45 497578 1.24 352 56 -1.84 0.16 216 6.16

[8A-13] [8A-14] [8A-16]

-8.35-5.34-3.61 -2.95 -0.61 0.06 | 1.79 4.79 -3.32 -2.93-2.41 -2.09

[8A-2]

-2.93

0  0OK-4,p=3 dB

-
Iy

1.08

1.8 -1.76-1.76 148

2417209

0  0OK-4,p=3 dB

-
Iy

18

0OOK-4

8
12
27

0OOK-4

12
18

-18

00K-4, p=3 dB

-
Iy

12

0OOK-4

12
12

4.38
3.69 42 422 425

2.44 2.47 2.47 2.63 2.65
096I I I I I

-0.99

0OOK-4
0OOK-4
0OOK-4
0OOK-4

8 1 1 32
12 12 12 12

0OOK-4

12

12

0OOK-4

1
12

0OOK-4
0OOK-4
0OOK-4
0OOK-4
0OOK-4
0OOK-4
0OOK-4

8 8 1 12 12 8 8
12 12 12 12 12 12 12

168 252 2.16 432 864 3.78 7.2 17.28 10.8 8.64 30.2420.16 14.4 21.6 17.28

-176

-1.48-0.99 0.96 2.44
[8A-11](2)

247

263265 369 42 422 425 438




image77.png
I 828
1128
2109

2679

FSK-1,p-3dB | FSK-1,p-3dB FSK-1 FSK-10rFSK-2 | FSK-1or Fsk-2
8 8 8 8 8
15 20 13 13 13





image78.png
FSK-1 0r FSK-2 FSK-1 or FSK-2

ag 8
13 13





image79.png
1539

FSK-1Lor FSK-2 FSK-1or FSK-2

s B
13 13





image80.png
592
5 2.92 I
1.19
o - 0
[ | L o3 [ | [ |
5 -1.82 232 232
=3.50
511 5.84 -5.66
E 8.12
0 9.22
-15 -13.59
-14.89
20 -17.59
2059
25
FSK-1 | FSK-1,p=3  FSK-1 FSK-1 | FSK-1,p=3 FSK-1,p=3 = FSK-1  FSK-1,p=3  FSK-1 FSK-2  FSK-1or FSK-FSK-1 or FSK-  FSK-1 FSK-1 FSK-1 FSK-1 FSK-1
dB dB dB dB 2 2
8 8 8 8 8 8 8 8 8 8 13 8 1 1 1 1 1
20 20 15 20 15 20 15 15 13 13 13 13 12 12 12 12 12
432 432 432 432 432 432 432 432 4.86 4.86 522 972 8.64 25.92 34.56 51.84 138.24
-8.12 511 338 182 038 119 292 592 2059 -17.59 -14.89 -13.59 9.22 5.84 5.66 232
[8A-2] [8A-3] [8A-7]





image81.png
FSK-1,p=3dB  FSK-1,p=3dB FSK-1 FSK-1,p=3dB FSK-1or FSK-2 | FSK-1or FSK-2

8 8 8 8 a8 8
15 20 15 15 13 13





image82.png
I 017 I 004 022
o — —
l -031 -0.43
204
- 334
. 3.61
5.05
661
834

o 0.03 873 -8.63

1135 -11.43

1213
-13.06
15 1436
-17.06
20
-20.06

25

FSK-L | FSK-Lp=3 | FSK-1 FSK-L | FSK-1,p=3 FSK-1,p=3  FSk-1 | FSK-1,p=3  FSK-1 FSK-2 | Fsk-lor | Fsk-lor | Fsk-l FSK-1 FSK-2 FSK-2 FSK-2 FSK-2 FSK-2 FSK-2 FSK-1 FSK-1 FSK-1 FSK-1 FSK-1

B B B B FSK-2 FSK-2

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 1 1 1 1 1

20 20 15 20 15 20 15 15 13 13 13 13 15 15 15 15 15 15 15 15 12 12 12 12 12

432 432 432 432 432 432 432 432 486 486 522 972 216 216 216 216 216 432 8.64 8.64 8.64 25.92 34.56 5184 | 13824

1135 834 -6.61 5.05 361 2.04 031 269 2006 | -1706 | -1436 | -1306 | -1213 | -1143 | -9.03 873 863 043 017 247 334 004 022 356

18A-2] [8A-3] [8A-5] 18A-7]





image83.png
454 -45) -437 -430 -414 401

-4.71

-4.83

514 514 -5.03
639 633 -622 603 595 58 577 576 559
715 :

-7.18

-11.42

-12.32

-3.91

-7.31

0.00

-2.00

-4.00

-6.00

-6.91

-8.00

-8.14

-7.92

-8.75

-8.22

-10.00

-12.00

-14.00

Waio

uonnadai /m bas-37 56
‘%T¥V4-(INa40) Auo bas

uonnadai /m bas-W /2T
%T ¥4 -(INa40) Ajuo bas

uossjwsuesn has adninw /m bas-17 56
%T ¥4 -(INa40) Ajuo bas

Waio

Waio

uossiusue bas ajdnnw /m bas- 2T
%47°0 ¥v4-(Na40) Ajuo bas

uossjwsuesn has adninw /m bas-17 56
%47°0 ¥v4-(Na40) Ajuo bas

Waio

Waio

Waio

uonnada /m bas-37 56
%47°0 ¥v4-(Na40) Ajuo bas

uossiusuen bas adninw /m bas-W /2T
%47°0 ¥v4-(Na40) Ajuo bas

Waio

uonnadai /m bas-W /2T
%47°0 ¥v4-(Na40) Ajuo bas

Waio

Waio

Waio

Waio

Waio

Waio

Waio

Waio

Waio

(HD2ad) wado

(HD2ad) wado

(HD2ad) wado

(HD2ad) wado

(maso)
SNMdT paseq @duanbas

(maso)
SNMdT paseq @duanbas

(maso)
SNMdT paseq @duanbas

24

42

24

42

12

12

12

12

10

10

10

17.28 216 108 432 216 864 043 043 043 036 036 043 054 031 054 185 036 031 324 036 031 054 054 031 054 031 054 185 324 031

17.28

483 | -471 | -454 | -452 | -437 | -43 | -414 | -401

5.14 5.03

-691  -391 -1232 -1142 822 -7.92 | -875 -814  -718 -7.15 639 -638  -622 -6.03  -595 -58 | -577  -576  -559

-7.31

-8]

[

-7]

[

-3]

[




image84.png
65 1.67 182 189 2.05 2.18

105 105 116 136 148 1
- m m m N . . I I I

0.16 0.24 034 042 0.43 0.6

i 0.2 -0.19 -0.03
-0.96

-0.99

-1.91
259 227 -2.26 I I
411 27t

‘ ‘ 625 291
g5 791

4
0

:
§
L
m
:

Average:Gap w/ AL16, 2Rx

2
4
6

-10

Waio

uonnada /m bas-17 56
‘%1 4V4-(INa40) Auo bas
uonnadal /am bas-I £2T
‘%1 4V4-(INa40) Auo bas
ossjwsuesn bas adninw /m bas-17 56
‘%1 4V4-(INa40) Auo bas

Waio

Waio

uossIusuen ‘bas ajdninu /m bas-W 27T
‘%T°0 ¥v4-(INa40) Ajuo bas

uossjwsuesn has ajdninw /m bas-17 56
‘%T°0 ¥v4-(INa40) Ajuo bas

Waio
Waio

Waio

uonnada /m bas-17 56

‘%T°0 ¥v4-(INa40) Ajuo bas

uossiusuen bas adninw /m bas-W /2T
‘%T°0 ¥v4-(INa40) Ajuo bas

Waio

uonnadai /m bas-W /7T
‘%T°0 ¥v4-(INa40) Ajuo bas

Waio
Waio
Waio
Waio
Waio
Waio
Waio
Waio

Waio

(waio)
SN paseq aouanbas

(waio)
SN paseq aouanbas

(waio)
SN paseq aouanbas

Waio

Waio

Waio

Waio

Waio

Waio

Waio

Waio

42

24
116 136 148 165 167 182 189 205 218

1.05

-8]

-0.03 016 024 034 042 043 06

-0.2 -0.19
~ Waveform

-0.96

-0.99

v # of info bits

-2.56  -1.95

10
-0.71

~ Noise figure (dB)

10
-3.71
-3]

10
-4.11

95
-191

12
-2.26

12
95
10.8 216 1296 17.28 17.28 2.16 043 043 043 036 036 043 054 031 054 185 036 031 324 036 031 054 054 031 054 031 054 185 324 031
-2.27

12

12

18
-2.59

95

432

5.91
[8A-11]

12
95
-6.25

12
-7.91

12
12
36 432 36

-8.25

Sources ~ Gapw/ AL16,2Rx .Y per bit resource (MHz*symbol/bit)




image85.png
Waveform family 'Y Scenario .Y

Average:Gap w/ ALS, 4Rx

2.59

g mmm
2
o
8
¢ m—
»
2
2 —
o
Q
S -
o
e
5
p
4
5
&
%
? mm
©
g
<
©
8
S mm
o
8
g m
o
8
g m
o
om
o
?
i |
o
3
il |
o
3
by
-
s
21
©
=
=
2
13
g
13
o
LIRS
8
. S
g
m S
g
-
©
_—
o
&
I
[
o
I
o
o
I
*?
I
3
v
-
—
b
.
I
b
—
o
5
C
.
8
Sm
?
LI
o
I
b
o
I
b4
o
I
N
o
I
*?
LR R T . -

-9.82

-12

Waio

uoiiadal /mbas-3z 56
‘%T ¥vd -(INa40) Ajuo bas

uonnadal /m bas-N £2T

‘%T ¥vd -(INa40) Ajuo bas

uoissiwsuely ‘bas ajdiynw /m bas-37 g6
‘%1 ¥v4 -(Na40) Ajuo bas

Waio

Waio

uolissiwsuely *bas ajdiynw /m bas- £zT
‘%T°0 ¥v4 -(INa40) Ajuo bas

uoissiwsuely ‘bas ajdiynw /m bas-37 g6
‘%T°0 ¥v4 -(INa40) Ajuo bas

Waio

Waio

Waio

uoiiadal /mbas-3z 56
‘%T°0 ¥v4 -(INa40) Ajuo bas
uolissiwsuely *bas ajdiynw /m bas- £zT
‘%T°0 ¥v4 -(INa40) Ajuo bas

Waio

uoiyiadal /m bas-IN £TT
‘%T°0 ¥v4 -(INa40) Ajuo bas

Waio

Waio

Waio

Waio

Waio

Waio

Waio

Waio

Waio

(H22ad) waio

(H22ad) waio

(H22ad) waio

(H22ad) waio

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

(wado)
SNAAd1 paseq adu anbas

24

42

24

42

24

24

24

24

12 9.5 95 12 12 9.5 95 10 10 10 12 12 12 12

12

432 432 432 432 3456 3456 3456 34.56 17.28 17.28 2.16 1.08 432 2.16 864 043 043 043 036 036 043 054 031 054 18 036 031 324 036 031 054 054 031 054 031 054 1.85 324 031

106 1.26 138 155 157 172 179 195 2.08

0.95

0.5

-0.13| 0.06 0.14 024 0.32 | 0.33

-4.21 -1.21 9.82 -892 -5.72|-5.42 -2.66 -2.05 -1.09 -1.06 -0.3 -0.29

-4.61

-0.33 059 1.67 | 2.59

-7.19/-6.81 -5.19

-8.81

[8A-8]

[8A-7]
~ # ofinfo bits

[8A-3]
~ Noise figure (dB)

[8A-13]

Sources + Gapw/ AL8,4Rx .Y per bit resource (MHz*symbol/bit)

Waveform




image4.jpeg
sor

atcnng|
network

R

 Emvelope]

Detecor

Lbtor
ol

ool
Jprocessing|





image86.png
525 538
436 456 468 485 487 502 5.09
425 425 3

3.8

3.54 3.62 3.63

3 301 317 3i5 3i"

2.24

1.25 I I

2.21

1.79
0.64

-1.21
-1.61

.7

0.

0.02 034 035

-3.3

-5.3

| | -3.64
-5.64

0
4
6

Waio

uonnadai /m bas-37 56
‘%T¥V4-(INa40) Auo bas

1adau /m bas-Iy 22T
%T ¥4 -(INa40) Ajuo bas

ossjwsuesn has ajdninw /m bas-17 56
%T ¥4 -(INa40) Ajuo bas

Waio

Waio

uossiwsues bas ajdninw /m bas-W £ZT
%47°0 ¥v4-(Na40) Ajuo bas

uossiwsues) bas ajdnnw /m bas-3z7 56
%47°0 ¥v4-(Na40) Ajuo bas

Waio

Waio

Waio

uonnada /m bas-37 56
%47°0 ¥v4-(Na40) Ajuo bas

uossiwsues bas ajdninw /m bas-W £ZT
%47°0 ¥v4-(Na40) Ajuo bas

Waio

uonnadai /m bas-W /7T
%47°0 ¥v4-(Na40) Ajuo bas

Waio

Waio

Waio

Waio

Waio

Waio

Waio

Waio

Waio

(waso)
SNMdT paseq @duanbas

(waso)
SNMdT paseq @duanbas

(waso)
SNMdT paseq @duanbas

Waio

Waio

Waio

Waio

Waio

Waio

Waio

Waio

185 324 031

24
054

054 031

42

24
436 456 468 4.85 487 502 509 525 538

054 054 031

425

324 036 031
38

42
[8A-8]

185 036 031

0.54
3.17 | 336 344 | 354 362 363

3 3.01

224

125 221

10

-3]

10
-121 179 064

10
-161
[

95
07

12

12
10.8 216 1296 17.28 17.28 2.16 043 043 043 036 036 043 054 031

95

12
12

18
002 034 035

95

432

33
[8A-11]

12
95
36

-3.64

12
432
-5.3

12
12
36

-5.64




image87.png
a3 594
5.41 5. 5.58 5.65 5.81
a1 e a1 4z 481 s 4% 3 524
356 3.57 373 3.92 4 3 !
277 2.8
181
N I I
I 20 AT

522

229
612

071

1

waio

vonadas m

594

031

bes-37 56 %1 4V
-(Wa10) Avo bas

uonadas /m

324
581

S £2T AT W4
-(NG30) Auo bas
orssiwsuer bas aidinu /m
52537 56 %T V4
~(Wa40) Ao bas

Waio

Waio

185

565

2
054
558

031

543

054
541

olssiwsuen bas aidin /i
BOS-W £21 %1 ¥4
-(Na0) Auo bas
vorssiwsuer bas adainu /m
357 56 ‘%10 U4
-(Wa40) Ajuo bas

Waio

Waio

a2
031
524

2
054
512

031 o054
481 492

036

09597 56 %10 UV
(Wa40) Ao bas
Gojsswsues 'bas afdRn /m

.08

.

-
-0.48

I I I 208
P 248
I I a0 269 2
469

5.03

4

©

bas-y £21 %10 UV 38
-(Na10) Ao bos.
waio 88
wonada /i .
B35 21 %1 0V 83
-(Na10) Ao bos.
waio 3
waio a8
S a
wai0 3R
Waio 3G
S
waio 28
e
@
Wai0 g e
waio 38R
Wai0 g8
waio 3
(H230d) Was0 838
B
(0304 was0 R
3
(H2204) Waz0 P
(9204) Waz0 + 83
(waz0) o2
S0 poseq o2uabos 254
(waio) s8R 7T
Sna paseq sauaNDaS 2SR5 3
(wa30) o & 3
SMd1 poseq ouanbas 2R i
waio 238
PRI
waio Y33
Wai0 ~ 38
EaR
waso s ¥
P
waio 258
Waio o9 8
Wai0 FIER:
R
waio PR

324
436

18a8]




image88.png
naso

omadas
3532 56 T Uvd -
040) Auo bas
T vomnadaim
IS L2 KT ~
“(N010) Ao bas
osswsuen bas adinu
03537 55 %THYS
{a30) Auo b3s

9

877 892 899 | ‘

875

naso

naso

s8

ofssUSUELy 538 3R A
DI LTT KT NS
-(Na30) Ao bas
opswsue1s bas adIn /4
03532 56 “%TOWV
“{Na30) Ao bas

846

naso

815

526

815

naso

oruiadai o
25256 KOS
(w0101 Auo b5
Gotssuser 59 S /4
DI 2T ATOUYS
-(Wa0) Ao b2s

77

253

naoso

wonaa: /m
baN 71 KT UV
-{a30) Auo bas.

748 152

734

naso

65 6o 707 728
611 61
s15 I I I I

asa

(92041 W0

§
21

(H2204) W0

(H9304) W0

(9204) nato

(waso)
SN paseq Banbas

499

(ao)
SN poseq axuanbas

(as0)
S pseq axuanbas

Ius‘l”

251

(waso)
SN paseq axuanbas

(waso)
SN paseq uanbas

179

(aso)
SN poseq anbas

097
| ]

(o)
SN paseq 3uanbas

051
-

(waso)
SN poseq 3uanbas

(waso)
S poseq 3uanbas

(waso)
SN paseq uanbas

(wa0)
SN paseq uanbas

naso

naso





image89.png
165 169 17.01172117.33 175 17.5217.671774 17.0 1803

15.6515.6615.8216.0116.0916.1916.2716.28 1615

118
105 10821085

65 682 6 718

Uounadas o by 221

T wvA-{Wai0) Ao b
%1 W¥3-in10) Ao b

a0

a0

| ostusuen b s bR W ITE = B
50UV (WQ10) Aob
i i 03255

17011721/17.38 175 17,52 17.67 1774179 18,03 084 | 118|288 318 65 652 683 7.18

169

| wrodviiwaiolobs T T S &
naio

ot i 21
naio
[wo 83
fwo <. 28
[mo w38
o e a8 8
naso
w0 e g ¥
waio
wo w38
[pmoawan <838
[powaman < n 5§
Cwowinao -3 B8
iH2204) Wa40
W e i 100

a0l
a1 paseg ouanss
Wiojare paRe RS W 10D

T

S paseq wusnbs

ol a e 2

a1 paseq v
wasol

S poseq wusnbs.
aso)

St paseq musntes

.
18 43) 215 864 108 432 216 864 043 043 043 036 035 043 054 031 054 185 036 031 324 036 031 054 054 031 054 031 054 185 324 031 36 432 36 432 18 108 216129

a8
15

s
5 | 15
18216 18
165072055 014/ 006|139 237|417 024 066|386 416 13.29] 139 1486 14,89 15.65/15,66 1582 16.01 1609 16.19 16,2716 281645

a8
1

s
15
15

2

s
s
1
18

2

St paseq musntas
taio)
a1 paseg wuanvss

a8
15

Wiojane paRe RS W 140D

1

Wiojanem poRe RS WA 100

1

8 e

15

wiopem w00

inaiol
St paseq musntes
D - I
a1 paseq wuans
a0l

0 10

10

faio)

St paseq musntas
taio)

a1 paseg wouanss
wasol

S paseq wusnbs
waso)

a1 paseq wuanvas
wasol

S poseq wusnbs.
aso)

St paseq musntes
{naio)
a1 paseq wuans
a0l

2
95 95

s
1

2%
n
36 432 35 43) 18 108 2161296 432 432 432 432 345634563456 3456 1708 17.08 216 216 216 216 15

W

s

484|518 68 7,15 105 108210831118 22 382 u‘m‘;m 1161268 135 058 015|282 521/ 425 325 279

2

12 95 9s

2

a0

29

a0
o

w0

1 es

a0

a0

12 95 9s

oo

a0

1

S paseq wuanbss

St paseq musntes




image90.png
waso
waso

waso
waso

a0

250 318 339 370

a0
aio
W0

o
55-32.56 4T WV
111010} Ao s
54 L2 AL WS
(va40} Ao box
5-37.56 4T WV
1010} Ao b

a0

7
f

;»

M

7
s

a0

o
i

Fewarwed o o om 8
a10) Aobs.
b7 56 UL 0 s
vinio) uo b

o

@
99

f
17011721/17.38) 175 17.52117.67 1778 179 18,03 084 | 118|288 3.18 339 379539 5.9

a0

9
169

o

165 169 17.01172117.33 175 17.5217.671774 17.0 1803
6
f

N

2
B
18 432 216 864 108 432 216 86 043 043 0.43 036 036 043 054 031 054 185 036 031 324 036 031 054 054 031 054 031 054 185 324 031 36 432 36 432 72 664 72 864

53756 T
{00} uo b
b L2 0 W
a10) Auo b

a0
b 2T w0 W
040} Ao s
w0

B
s

i

9
16191627/16.2816.45

f

o

s

a0

f

o

f

a0

15.6515.6615.8216.0116.0916.1916.2716.28 1615
s

W0

s

a0

i

w0

9

o

f

n

IS

Hu a0

1

2

IR

1

2

W00 Hai0 -

1

1

[

a0l 2
a1 paseg ouanss
wiojanem pare RS iR 1HOD

[ Iy

S paseq wusnbs

O T

a1 paseq v
wasol

S poseq wusnbs.
aso)

St paseq musntes

a8 e
FERRTRET

s
5 | 15
18216 18
165072/ 055|014/ 006 139|237 417 024/ 06| 386 4.16 1329/ 13916.861489/15.65 15.66/15.82 1601 1

a
1

a8
1
18

2

s
s
-
18

2

St paseq musntas
taio)
a1 paseg wuanvss

Wiojane paRe RS W 140D

a8
1

-

| a8

Wiojanem poRe RS WA 100

-

wiopem w00

inaiol

St paseq musntes

[ - I

a1 paseq wuans
a0l

S paseq wuanbss

el . ga

St paseq musntas
taio)

a1 paseg wouanss
wasol

S paseq wusnbs
waso)

a1 paseq wuanvas
wasol

S poseq wusnbs.
aso)

St paseq musntes
{naio)

a1 paseq wuans
a0l

St paseq musntes

a0

0 10

10

2
95 95

N

s
36 432 36 43 72 864 72 854 432 432 432 864 864 432 864 864 1708178 216 216 216 216 18
484518 684 7.18|7.39 779|939 979 22 382 42 | 464|536/ 582 664 736 058 018|282 521 425 325 279

% 2|8
9512 12 98

s
2

a0
o
w0

a0

779
g4 718 739

a0
oo

a0





image91.png
0
I I I I I B B B B =
16y 127 -124 -122 -116 -0.96
258 -2.42 -2.34 222
-5
553 o1 o T
-7.24 -
-10
9.12
-10.32-10.05 -9.96 978 9.6 9.51
_11.88 -11.59 -11.26-11.16
-15
-16.64
20 -18.32
-21.64
25
2571
-26.71
-30
v | a
g/ 88/ 3 3 /I P /T LY XYL L 8 888 83 2 2 gL £ 8¢
9 9 9 9 Q Q Q Q o o o o o o o o o o o o o @ @ 0 3 2 o o o o o o
& & & &4 6 © o ©6 ©6 ©o o ©6 o6 o6 ©6 o6 o6 o6 o o o & a |  a & & © ©o o o o o
I3 33 s 7 7 39379
MV N T T T 8Z gg
o o o o o o | o =235 838
6 o6 o6 o 6 o o 8 <3
g§= 8=
e e
g g
g g
z |3
£l £l
12 8 12 8 12 8 8 12 1 1 112 8 12 8 112 1 12 8 8 20 20 20 8 1 4 4 4 4 4 4
12 012 12 12 12 12 12 12 12 12 12 12 12 | 12 12 12 12| 12 12 12 12 12 12 12 13 13 12 |12 12 12 | 12 12
09 | 108 126 135 18 216 27 252 432 864 17.28 288 34.56 4032 432 12096 80.64 (13824 57.6 864 69.12| 324 3.46 302 194412096 432 | 432 432 432 | 432 432
-11.88/-11.59|-11.26|-11.16 -10.32 -10.05 -9.96 | -9.78 | -9.12 | -7.24 | -5.53 | -2.58 | -2.42  -2.34 | -2.22 |-162 | -127  -124 | -122 -116 |-0.96 -21.64-1832-1664 -9.6 -61 -2671-2571-1371 -951 -671 | -571
[8A-11] [8A-14] [8A-3] [8A-6]





image92.png
14 143 145 151 L71

1.05
009 025 033 045 I I I I I
0 — - - .

-
0.5
2.86
N -4.57
6.45
E 711
765 738 729
R -8.49
- 5oy 859
- 95
-10.06
1352
15
152

0.88

-18.52

20
0OK-4, OOK-4, OOK-4, OOK-4, OOK-4 OOK-4 | OOK4 OOK4 OOK-4 OOK-4 OOK-4 | OOK4 OOK4 OOK-4 OOK4  OOK4 OOK4 OOK-4 OOK4 | OOK4 OOK4 OOK-4 OOK-4 OOK4 | OOK4 OOK-1, OOK-1, OOK-1,
p=3dB p=3dB p=3dB p=3dB p=3dB p=3dB p=3dB
12 g 12 g 12 g g 12 1 1 1 12 g 12 g 1 12 1 12 g g 24 g 24 g 20 20 20

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
09 1.08 126 135 18 216 27 252 432 864 1728 288 | 3456 4032 432 12096 80.64 13824 576 86.4  69.12 2.88 432 | 46.08 6912 324 3.46 3.02
921 892 859 | -849 -765  -738 | -7.29  -7.11 | -645  -457 @ -2.86 0.09 0.25 033 0.45 1.05 14 143 145 151 171 | -10.06 95 -0.25 088 | -1852  -152 -1352

[8A-11] [8A-13] [8A-14]





image93.png
(vemozCap/ALIG ARy
5
192 192
0 iifinpeEREE 0
184 -158 14 121 -L08 s
5 324 -3.05 -302 -28 -279 .
h -4.56 -4.08
5.8
-6.44
764 737 -728 1.1 .08
10 ; 858  -8.48 -8,
9.2 8.91
-12.87
15 14.55 -14.08 -14.08
20 -17.87
=] =] =] =] < < < < < < < < < < < < < < < < =] =] =] < < < < < < v v
o o o o N N N N N N N N N N N N N N N N o o o N N N N N N 2 2
o o o o s} s} s} s} s} s} s} s} s} s} s} s} s} s} s} s} o o o s} s} s} s} s} 5 = =
I3 I3 I3 I3 IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS I3 I3 I3 IS IS IS IS IS ISE g
5 5 5 5 o o o T B9
5 5 5 5 5 5 5 §% 23
S] S] S] S] S] S] S] 28 =28
g= g7
o o
3 3
o o
3 3
12 8 12 8 12 8 8 12 1 1 12 8 32 1 8 1 12 8 12 8 20 | 20 20 6 6 6 6 6 6 8 1
2 12 12 12 12 12 12 12 12 | 12 12 12 12 12 | 12 12 12 12 12 12 12 12 12 15 15 15 | 15 15 15 13 13
09 108 126 135 18 | 216 27 252 432 864 72 864 378 1728 108 3024 144 1728 2016 216 324 346 302 072 | 018 576 576 4608 18432 19.44 12096
92 | 891  -858 848 | -764  -737 728 | -71 | -644  -456  -324 | -305 -3.02  -285 -279  -184 | -158 -14  -121 | -1.08 -17.87  -1455 -12.87 -14.08 -8.08 | -4.08 192 58 | 23
[8A-11] [8A-14] [8A-16] [8A-3]





image94.png
00K-4, 0O0K-4, 0OK-4, OOK-4 =~ OOK-4 OOK-4 OOK-4 OOK-4 0OK-4 00K-4 OOK-4 = OOK-4 | OOK-4 OOK-4 OOK-4 0OK-4 | OOK-4 = 0OK-4
p=3dB p=3dB p=3dB

12 8 12 8 12 8 8 12 1 1 12 32 8 1 12 8 12 8 2 8

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

09 1.08 1.26 135 18 2.16 27 2.52 432 8.64 72 108 3024 144  17.28 2016 432 1152 17.28
-5.96 -0.62 0.29

[8A-13]

-6.5 -6.21 -5.88 -5.78 -4.94 -4.67 -4.58 -4.4 -3.74 -1.86 -0.54 -0.09 0.86 112 13 149

[8A-11]





image95.png
g77 1012 1015 10.17

1023 1043

1 ERREET)
12 2 1
17.28 3456 | 4032

586 897 905

[8a-11]

(00K1)

sequence based LPWUS
(00K-1)

sequence based LPWUS

s 1
RIS
19.4 12096
194 156

[8a3]

OKFSK Joint Modulation

& 0OK4vith concentrated waveform





image5.jpeg
g
et

st oq

g o]





image96.png
1665 1665

{(00K1)

sequence based LAWUS
(00K1)

sequence based LPWUS

OKFSK Joint Modulation

& 00K vith concentrated waveform

6 6 8 1
15015 1313

46.08 18432 19.44 12096

&

1665 | 19 156

[8a3)





image97.png
Average:Gap w/ PUSCH MsG3 ==
2
0.73
2 L
0 —
-2
-4
-6
-8
-8.17
-10
-10.87
-12
FSK-1 FSK-2 FSK-2 FSK-2 FSK-2
48 48 48 48 48
15 15 15 15 15
216 216 432 864 864
-10.87 -8.17 0.13 0.73 3.03
[8A-5]





image98.png
0 I I
71 I
-2
I 247 e
-2.79

-3
-2.96
-4
-5
-5.4
-5.59
-7
-7.4
-7.59
OFDM OFDM OFDM OFDM OFDM OFDM OFDM OFDM
12 8 12 8 12 8 12 8
12 12 95 95 95 95 12 12
36 432 36 432 72 864 14.4 17.28
-7.59 -7.4 -5.59 -5.4 -2.96 -2.79 -2.47 -2.36

[8A-11]





image99.png
4
2.86
1.82
2
0.86
0.2 0.31 =
0 _— —_— — —
-0.29 012 -0.18
2
o 273
4
492 -4.73
6
8
-10
-10.41
12 11.2
-12.41
14 13.2
-16
OFDM OFDM OFDM OFDM OFDM OFDM OFDM OFDM sequence | sequence | sequence | sequence | sequence | sequence | sequence | sequence
based LPWUS | based LPWUS based LPWUS based LPWUS based LPWUS based LPWUS based LPWUS based LPWUS
(OFDM) (OFDM) (OFDM) (OFDM) (OFDM) (OFDM) (OFDM) (OFDM)
12 8 12 8 12 8 12 8 2 8 2 8 2 8 2 8
12 12 95 95 95 95 12 12 12 12 95 95 12 12 95 95
36 432 36 432 72 864 14.4 17.28 216 216 216 216 34.56 34.56 34.56 34.56
-4.92 473 2.9 273 -0.29 -0.12 02 031 1327 1241 1127 -1041 -0.18 0.86 182 2.86

[8A-11] [8A-13]





image100.png
[ | —
0.8 0.11
1
2
28 211
3 2.
2,91 !
4
5
-4.91 e
6
OFDM OFDM OFDM OFDM OFDM OFDM OFDM OFDM
12 8 12 8 12 8 12 8
12 12 95 95 12 12 95 95
36 432 36 432 72 8.64 72 8.64
491 472 291 272 2.8 211 -0.28 011

[8A-11]





image101.png
Average:Gap w/ ALS, 1RX
6
4 37
2.42 2.59 225
2 1.7
0.42 0.59 0.25 l I
0 — | . —
-0.21 -0.02
-2
221 -2.02
-4
-6
-6.87
-8 773
-8.87
-10 973
-12
OFDM OFDM OFDM OFDM OFDM OFDM OFDM OFDM sequence sequence sequence sequence sequence sequence sequence sequence
based LPWUS based LPWUS based LPWUS based LPWUS based LPWUS based LPWUS based LPWUS based LPWUS
(OFDM) (OFDM) (OFDM) (OFDM) (OFDM) (OFDM) (OFDM) (OFDM)
12 8 12 8 12 8 12 8 24 8 24 8 24 8 24 8
12 12 9.5 9.5 12 12 9.5 9.5 12 12 9.5 9.5 12 12 9.5 9.5
3.6 4.32 3.6 4.32 7.2 8.64 7.2 8.64 2.16 2.16 2.16 2.16 17.28 17.28 17.28 17.28
-2.21 -2.02 -0.21 -0.02 0.42 0.59 242 2.59 -9.73 -8.87 -7.73 -6.87 0.25 1.7 2.25 37
[8A-11] [8A-13]
Sources. ~ Gap w/ ALS, IRX Y per bitresource (Mrz"symbol/bit)  ~ Noise figure (d8) ~ # of info bts ~ Wiaveform ~ (]





image102.png
4.73

WI0JaARM PIIEAUBILOD YIIM 10O

2.93

(waso)
SNAdT paseq 2ouanbas

1.95 I

15
864

473

48
15
216
293

WI0JaARM PIIEAUBILOD YIIM 10O

0.62

(waso)
SNAdT paseq 2ouanbas

0.01

(maso)
SNAdT paseq 2ouanbas

-1.09

(waso)
SNAdT paseq 2ouanbas

-2.69

15
432
1.95

15
18
062

[8A-5]

48

48
15
216
0.01

48
15
18

-1.09

WI0JaARM PIIEAUBILOD YIIM 10O

17.63

(waso)
SNAdT paseq 2ouanbas

16.59
24

(waso)
SNAdT paseq 2ouanbas

15.63

(waso)
SNAdT paseq 2ouanbas

14.59

(waso)
SNAdT paseq 2ouanbas

(waso)
SNAdT paseq 2ouanbas

3.5

(waso)
SNAdT paseq 2ouanbas

2.36

(maso)
SNAdT paseq 2ouanbas

(waso)
SNAdT paseq 2ouanbas

9.03

Waio

| | -

8.92

Waio

8.6

Waio

8.43

Waio

5.99

Waio

5.8

Waio

3.99

Waio

3.8

Waio

11

15
10

15
216
-2.69

95
17.63

34.56

95
34.56
16.59

12
15.63

34.56

24
12
34.56
14.59

[8A-13]

95
216
4.36

24
95
216
35

12
216
236

24
12
216
15

12
17.28
9.03

12
12
14.4
892

95
864

86

12
95
72

8.43

95
432
5.99
[8A-11]
Sources. . Gapw/ PUSCH Msg3 Y per bitresource (Wz"symbol/bi)  ~ Noise igure (dB) = # of nfobits ~ Waveform

12
95
36
58

12
432
399

12
12
36
38





image103.png
|

4.73

WI0JaARM PIIEAUBILOD YIIM 10O

2.93

(waso)
SNAdT paseq 2ouanbas

1.95

15
864

473

48
15
216
293

WI0JaARM PIIEAUBILOD YIIM 10O

0.62

(waso)
SNAdT paseq 2ouanbas

0.01

(maso)
SNAdT paseq 2ouanbas

-1.09

(waso)
SNAdT paseq 2ouanbas

-2.69

15
432
1.95

15
18
062

[8A-5]

48

48
15
216
0.01

48
15
18

-1.09

WI0JaARM PIIEAUBILOD YIIM 10O

14.93

(waso)
SNAdT paseq 2ouanbas

24

(waso)
SNAdT paseq 2ouanbas

12.93

(waso)
SNAdT paseq 2ouanbas

(waso)
SNAdT paseq 2ouanbas

4.36

(waso)
SNAdT paseq 2ouanbas

(waso)
SNAdT paseq 2ouanbas

2.36

(maso)
SNAdT paseq 2ouanbas

(waso)
SNAdT paseq 2ouanbas

8.6

Waio

8.43

Waio

6.6

Waio

6.43

Waio

5.99

Waio

5.8

Waio

3.99

Waio

3.8

11

Waio

14
12
10
4
0

15
216
-2.69

95
17.28

14.93

95
17.28

13.48

12
17.28
12.93

24
12
17.28

11.48

[8A-13]

95
216
4.36

24
95
216
35

12
216
236

24
12
216
15

95
864

86

12

95

72
8.43

12
864

6.6

12

12
72
6.43

95
432
5.99
[8A-11]
Sources ~ Gapw/ PUSCHMNsG3 - perbit resource (WHz*symboljbi) - Noie figure (¢8) = # ofnfo bits = Wavefom -

12
95
36
58

12
432
399

12
12
36
38





image104.png
€ {20 MHz,100 MHZ}




image105.png
€{1,4,8)




image6.jpeg
R





image106.png
€ [320ms, 10240ms]




image107.png
> 10°




image108.png
N, € {1,4}




image109.png




image110.png




image111.png




image7.png
Sontt)





image8.png
BBBPFf,

Tbitor
R ¢
e N Jt-bit ADC|

e e e sa)





image9.png
IF BPF fo BB LPF

IF envelopg_, |B
RF BPF [ detector AMP

e
2

v

Digital
BB

IFBPF £, BB LPF decision

IF envelopq_ [BB
Al

detector p

©
R
2





image10.jpeg
FSK signal

VAV

Tow order

BPF

detector |

ADC

8B proc





image11.jpeg
R





image12.jpeg
‘Guadratrs frequeney dscrminator




image13.png
A4

cos{2a(f, + 80t + 4]

Bandpass  |NA
Filter

AMP

Digital BB processing





image14.jpeg
RF BPF

Matching
network

&

Lo

IF BPF

&

FM-to-AM

conversion

BB LPF

1-bit or

Imulti-bit ADC|

Digital B8
processing





image15.jpeg
RF BPF

Matching
network

&

>

. BB
Mixer AMP

BB LPF

Lo

ADC

ADC

Digital BB
processing





image16.jpeg
detection

Stored sequence





image17.jpeg
_
_
_
_ 5 _
: 8 |
_ = |
_ 53 _
_ ° _
_ |
_ |
_ |
_ |
_ |
_ |
_ |
_ |
_ |
_ |
| e _
| = = = |
| = 2 5|1
_ = |
_ 21
_ H|
_ 33|
L 2e|!
_ & 3 3 23!
| o= o ! )
| © 101 b |
_ g |
_ |
_ |
_ |
| |
_ |
|
|
|





image18.emf
WUS 

UE channel BW [MHz]

NR

NR 

Guardband of UE channel 

Guard RBs for WUS

NR

Channel edge

Channel edge

Transmission Bandwidth Configuration N

RB


Microsoft_Visio_Drawing.vsdx
WUS
UE channel BW [MHz]
NR
NR
Guardband of UE channel
Guard RBs for WUS
NR
Channel edge
Channel edge
Transmission Bandwidth Configuration NRB



image19.png
Magnitude (dB)

-10

2nd Order Butterworth Filter

94

96 98 100 102 104
Frequency (MHz)

106

108

110




image20.png
Magnitude(dB)

3rd Order Butterworth Filter

94 % 98 100 102 104
Frequency (MHz)

106

108

110




image21.png
Magnitude (dB)

10

40

60
90

4th Order Butterworth Filter

%

9% 9 100 102
Frequency (MHz)

104

106

108

110




image22.png
5th Order Butterworth Filter

& &
8 3

Magritude (dB)
A
3

50

60

920 92 94 9 98 100 102 104 106 108 110
Frequency (MHz)




image23.emf
WUS 24RBs 

NR cell 1 

20/100MHz

NR NR 

ASCS Guard RBs 

Case 2: WUS At edge of the channel

 

ACS Guard RBs 

5MHz 

BW

interferer

NR cell 2 

Guardband of NR cell 1

Guardband of NR cell 2

Required Guard RBs for 

WUS


Microsoft_Visio_Drawing1.vsdx
WUS 24RBs
NR cell 1 20/100MHz
NR
NR
ASCS Guard RBs
Case 2: WUS At edge of the channel


ACS Guard RBs
5MHz BWinterferer



NR cell 2
Guardband of NR cell 1
Guardband of NR cell 2
Required Guard RBs for WUS



image24.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

2.6G-w/ ACS-OOK-1, 8 bit ADC

CFO=0ppm-GB =810+510+180kHz-3rd order filter

CFO=0ppm-GB =810+510+180kHz-5th order filter

CFO=0ppm-GB =810+510+360kHz-3rd order filter

CFO=0ppm-GB =810+510+360kHz-5th order filter

CFO=0ppm-GB =810+510+720kHz-3rd order filter

CFO=0ppm-GB =810+510+720kHz-5th order filter


image25.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

2.6G-w/ ACS-OOK-2, 8 bit ADC

CFO=0ppm-GB =810+510+180kHz-3rd order filter

CFO=0ppm-GB =810+510+180kHz-5th order filter

CFO=0ppm-GB =810+510+360kHz-3rd order filter

CFO=0ppm-GB =810+510+360kHz-5th order filter

CFO=0ppm-GB =810+510+720kHz-3rd order filter

CFO=0ppm-GB =810+510+720kHz-5th order filter


image26.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

2.6G-w/ ACS-OOK-4, 8 bit ADC

CFO=0ppm-GB =810+510+180kHz-3rd order filter

CFO=0ppm-GB =810+510+180kHz-5th order filter

CFO=0ppm-GB =810+510+360kHz-3rd order filter

CFO=0ppm-GB =810+510+360kHz-5th order filter

CFO=0ppm-GB =810+510+720kHz-3rd order filter

CFO=0ppm-GB =810+510+720kHz-5th order filter


image27.png
Option OOK-1

—

Guard band

LPWUS

Guard band

Option OOK-2 Option OOK-4

Legacy NR signal - Legacy Nrmgml-

Guerd band Guard band
1 Dash lines
represent the
LPWUS seg0 - time domain
segment
boundaries
CIeRNaT band

LP WUS seg1

LP WUS seg2—

LP WUS seg3

Guard band Guard band

Legacy NR signal - Legacy NR signal -

Option FSK-1

Guard band

Inner guard band

Segment pair0 -

Segment pair1 - 1merguerd band

Guard band

Option FSK-2

Guard band

LPWUS seg0

' Inner guard band
LP WUS seg1

~ loner guard band

LP WUS seg2

(

P WUS seg3\‘

Inner Guard band

Guard band




image28.emf
-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

SNR [dB]

10

-3

10

-2

10

-1

10

0

B

L

E

R

OOK1

No ACI

ACI GB=510kHz

ACI GB=510+360kHz

ACI GB=510+360x2 kHz


image29.png
BLER

—+—NoAcI
—©—ACI GB=510kHz
—H—ACI GB=510+360kHZ

SNR [dB]




image30.png
BLER

10¢

107

102

107

OO0K4

—+—NoAci
—E©— ACI GB=510kHz
=% ACI GB=510+360kHz

SNR [dB]





image31.png
BLER

—
-
——

No ACI
ACI GB=510kHz
ACI GB=510+360kHzZ

SNR [dB]





image32.png
BLER

FSK2

—

No ACI

—E©— ACI GB=510kHz
=% ACI GB=510+360kHz

SNR [dB]





image33.png
—&— ACI off|
—&— AClon

5

10




image34.png
SINR(dB)

10

3
SNR(dB)

10




image35.png
BER

S,
S

—&— GB off
—&—GBon

0
SNR(dB)

10




image36.png
SINR(dB)

(—o—Gcaoff|
[—e—c8on

10

)
SNR(dB)

10




image37.png
10°
107

o
2
W10

1073 | |82 order filter
—6— 3 order filter
—&— 4 order filter
—6— 5 order filter
104
-10 -5 0
SNR(dB)

10

—o6— 2 order filter
—6— 3 order filter
&~ 4 order filter
—6— 5 order filter

-5

0
SNR(dB)

10




image38.png
-2 2
& 10 B 10

1073 [—#— 2 order filter 1073 k| @ 2orderfilter
—&— 3 order filter —6— 3 order filter
—&— 4 order filter —&— 4 order filter
—&— 5 order filter —&— 5 order filter

10 104

-10 -5 0 10 -10 -5 0 5 10
SNR(dB) SNR(dB)




image39.png
10°

0
10 10°
1 1 »
10 0 10"
[-4
-2 2 -4
&0 &0 & 102
103} [—e—2orderfilter 103 L [—e—2 orderfitter 101 [ Zorderite
—o— 3 order filter —o— 3 order filter —o—3 order filter
—— 4 order filter —&— 4 order filter o 4 order filter
|—o— 5 order filter —o— 5 order filter —e— 5 order filter
104 10 10
10 5 [ 5 10 10 5 0 5 10 10 5 0
SNR(dB) SNR(dB) SNR(dB)

10




image40.png
)
10 10° 10°

o > > e

.
10 107 107
& 102
© & 102 & 107
103 [—8—2order fier
|—— 3 order filter 1078 L [—e—2order filter 103 [—e—2orderfiter
|~ d order fiter —o— 3 order filter —o— 3 order filter
|—— 5 order fiter —o— 4 order filter —&— 4 order filter
10 —&— 5 order filter —6— 5 order filter
10 5 0 5 10 -4 -4
10 10
SNR(dB) 10 5 0 5 10 -10 5 0

SNR(dB) SNR(dB)




image41.png
BLER

OOK1 (1bit per symbol), 12 OFDM symbol

107"

102

—©— without phase noise.
%5 MHz, NF=9, 12, or 15

10°

SNR [dB]




image42.png
BLER

OOK4 (2-bit per symbol), 12 OFDM symbols

10°,
%\‘\ N%H"(—)(—)(%H@H
107 *s
\ ey
N i o
-
102 S\N\ﬂ\aaﬁﬂfE—E—f
O~ without phase noise
———5MHz, NI 12,0r 15
5 10 MHz, NF=12
—+— 10 Mz, NF=15
15 MHz, NF=12
100 ~ 15MHz NF=15 \

0




image43.emf
 

~5MHz WUR bandwidth

WUS 24RBs 

NR cell 20/100MHz

NR NR 

ASCS Guard 

RBs 0~2

Case 1: WUS at center of NR channel, Adjacent NR 

SubCarrier wider than WUS signal

ASCS Guard 

RBs 0~2

5MHz 

BW

interferer

5MHz 

BW

interferer

Guardband of NR cell 

Required Guard RBs for 

WUS


image44.emf
-10 -5 0 5 10 15

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

2.6G-OOK-1, GB=6SC

CFO=0ppm-3rd order filter

CFO=0ppm-5th order filter

CFO=10ppm-3rd order filter

CFO=10ppm-5th order filter

CFO=20ppm-3rd order filter

CFO=20ppm-5th order filter

CFO=50ppm-3rd order filter

CFO=50ppm-5th order filter

CFO=200ppm-3rd order filter

CFO=200ppm-5th order filter


image45.emf
-10 -5 0 5 10 15

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

2.6G-OOK-1, GB=12SC

CFO=0ppm-3rd order filter

CFO=0ppm-5th order filter

CFO=10ppm-3rd order filter

CFO=10ppm-5th order filter

CFO=20ppm-3rd order filter

CFO=20ppm-5th order filter

CFO=50ppm-3rd order filter

CFO=50ppm-5th order filter

CFO=200ppm-3rd order filter

CFO=200ppm-5th order filter


image46.emf
-10 -5 0 5 10 15

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

2.6G-OOK-2, GB=6SC

CFO=0ppm-3rd order filter

CFO=0ppm-5th order filter

CFO=10ppm-3rd order filter

CFO=10ppm-5th order filter

CFO=20ppm-3rd order filter

CFO=20ppm-5th order filter

CFO=50ppm-3rd order filter

CFO=50ppm-5th order filter

CFO=200ppm-3rd order filter

CFO=200ppm-5th order filter


image47.emf
-10 -5 0 5 10

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

2.6G-OOK-2, GB=12SC

CFO=0ppm-3rd order filter

CFO=0ppm-5th order filter

CFO=10ppm-3rd order filter

CFO=10ppm-5th order filter

CFO=20ppm-3rd order filter

CFO=20ppm-5th order filter

CFO=50ppm-3rd order filter

CFO=50ppm-5th order filter

CFO=200ppm-3rd order filter

CFO=200ppm-5th order filter


image48.emf
-10 -5 0 5 10 15

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

2.6G-OOK-4, GB=6SC

CFO=0ppm-3rd order filter

CFO=0ppm-5th order filter

CFO=10ppm-3rd order filter

CFO=10ppm-5th order filter

CFO=20ppm-3rd order filter

CFO=20ppm-5th order filter

CFO=50ppm-3rd order filter

CFO=50ppm-5th order filter

CFO=200ppm-3rd order filter

CFO=200ppm-5th order filter


image49.emf
-10 -5 0 5 10 15

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

2.6G-OOK-4, GB=12SC

CFO=0ppm-3rd order filter

CFO=0ppm-5th order filter

CFO=10ppm-3rd order filter

CFO=10ppm-5th order filter

CFO=20ppm-3rd order filter

CFO=20ppm-5th order filter

CFO=50ppm-3rd order filter

CFO=50ppm-5th order filter

CFO=200ppm-3rd order filter

CFO=200ppm-5th order filter


image50.emf
-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

SNR [dB]

10

-3

10

-2

10

-1

10

0

B

L

E

R

OOK1, GB=6SC

No CFO

CFO=10ppm

CFO=20ppm

CFO=50ppm


image51.png
BLER

00K1, GB=125C

——nocro
—©—cro=toppm
|——CFo=20ppm
| —E—cro-stppm

107

102

10°

EEl 43 2 a0 1 2

SNR [dB]





image52.png
BLER

107

107

0OK2, GB=65C

——nocro

—©—CFo=10ppm
|——CFo=20ppm
| —8—CFO=50ppm

SNR [dB]





image53.png
BLER

107

107

00K2, GB=125C

——nocro

—©—CFo=10ppm
|——CFo=20ppm
| —8—CFO=50ppm

SNR [dB]





image54.png
BLER

107

107

0OK4, GB=65C

——nocro

—©—CFo=10ppm
|——CFo=20ppm
| —8—CFO=50ppm

SNR [dB]





image55.png
BLER

107

107

0OK4, GB=125C

——nocro

—©—CFo=10ppm
|——CFo=20ppm
| —8—CFO=50ppm

SNR [dB]





image56.png
BLER

107

107

FSK1, GB=6SC

——nocro

—©—CFo=10ppm
|——CFo=20ppm
| —8—CFO=50ppm

SNR [dB]





image57.png
BLER

107

FSK1, GB=125C

——nocro

—©—CFo=10ppm
|——CFo=20ppm
| —8—CFO=50ppm

SNR [dB]





image58.png
BLER

107

107

FSK2, GB=6SC

——nocro

—©—CFo=10ppm
|——CFo=20ppm
| —8—CFO=50ppm

3 2
SNR [dB]





image59.png
BLER

FSK2, GB=125C

107

107

——nocro

—©—CFo=10ppm
|——CFo=20ppm
| —8—CFO=50ppm

3 2
SNR [dB]





image60.png
BER

108

1-bit 00K

10°

107!

102

—©— 1st order filter
= 2nd order

~—++— 3rd order filter
—+— 5th order

SNR [dB]





image61.png
BER

10°

1-bit OOK, 1st order filter

~—5— 1 RB GB (total)
~2RBsGB
—=—4RBsGB
—+—6RBSGB

SNR[dB]





image62.emf
-10 -8 -6 -4 -2 0 2

SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

B

E

R

OOK1, 2nd order filter, 5 MHz BW

no GB

1 RB GB (total)

2 RBs GB

4 RBs GB

6 RBs GB


image63.jpeg
5 MHz WUS bandwidth

—r]
|——1 Retors o8
o2 R8s trm 2|
| —e—3 R ot 2|
|5 Res e 2|
| crewmcs|

0

107

BER

Fy B P 2 o 2
SNR [dB]




image64.emf
iFFT

+CP 

SC#0

SC#1

SC#K-1

Legacy NR 

signal

LP

-

WUS

0..(N

-

1)

1 OFDM 

symbol


image65.emf
iFFT

+CP 

SC#0

SC#1

SC# K-1

Legacy NR 

signal

1 OFDM 

symbol

m

=1

n=N/2...N

-

1

m=0

n=0...N/2

-

1


image66.emf
iFFT

+CP 

SC#0

SC#1

SC# K-1

Legacy NR 

signal

1 OFDM 

symbol

l=1

n=N/2...N

-

1

t0:00010000t1:00000000

l=0

n=0...N/2

-

1

t0:01000000t1;00000000


image67.emf
M=4 bits

e.g. 1001

iFFT

+CP 

SC#0

SC#1

SC#K-1

Legacy NR 

signal

LP-WUS time

0..(N'-1)

1 OFDM 

symbol 

including

CP

LP

-

WUS

0..(N

-

1)

DFT/

Least 

Square

Signal 

generation 

and 

modificatio

n

Truncation

N'->N

and  

modification


