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Introduction
This document summarizes the contributions [1 - 20] for AI 9.13.1 and email discussions.
The issues in this document are tagged and color coded with [H] or [M].
The previous FL summaries can be found in section 7.
Online/Offline
[H] Proposal 1A-2-v5:
Conclusion:
· the FAR definition does NOT include the impact of the falsely alarmed for wake-up due to the correct detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group
[H] Proposals 2A-v4:
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,
· FFS: latency
· 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., 
· FFS: latency
· 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.,
· FFS: latency
· 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.
[H] Proposals 1C-1-v3:
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)
· Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.

[H] Proposals 1B-v9:
For coverage evaluation, the following is used,
	Number of RX chains at the UE’s MR antenna elements for UE
	Case 1: 1 Rx for Redcap
Case 2: 2 Rx
Case 3: 4 Rx
[bookmark: _GoBack]Company to report which case is being used

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Reference data rates for MR eMBB
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)

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

	Aggregation level
	8, 16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER,
optional for 10% BLER




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

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns, [optional: 1000ns and companies to provide descriptions for such scenarios ]
Rural: 300ns
Rural with long distance: 30ns

	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: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
-	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 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Note: The descriptions above does not change the agreements for coverage in the RAN1#110-bis.

[H] Proposals 1A-1-v7:
For link-level simulation of LP-WUS, the following table is used as starting point,
Table XX. 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, e.g., 
· Sync signal/sequence length: {8, 14, 16, 28, 32, …} 
· Payload: {12, 32, 48, … }bits 
· CRC length: {5, 8, 16, … }bits
· Option 2: Sequence only: e.g.,
· Sequence length: {14, 16, 28, 32, …} 
· Number of information bits delivered: {1, 2, 4, …}
· Option 3: Payload+CRC, e.g.,
· Payload: {12, 32, 48, … }bits 
· CRC length: {0, 5, 8, 16, … }bits
· 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 waveform, # of segments in one OFDM symbol (M)/chip rates
· Option 1: M=1 and SCSs = 30kHz
· Option 2: M=1 and SCSs = 60kHz/120kHz/240kHz
· Option 3: M =2/4/8 for SCS = 30KHz
· Option 4: M =1/2/4/8 for SCS = 15 kHz
Note: the chip rates can be derived accordingly, e.g., chip rates are {28, 56, 112, 224} kbps for SCS=30KHz, respectively
For FSK: FFS
For OFDM: FFS

	WUS duration
	Number of symbols: e.g., 4, 8 symbols

	Performance metric
	MDR: 1% , [10%?]
FAR assumption: see proposal 1A-2

	Code scheme
	For data part, Manchester code, code rate {1/2, 1/4, ….}, others not precluded

	gNB Channel BW 
	20MHz (50 RB), FFS other values

	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 12 RBs for LP-WUS transmission for 30kHz SCS
Option 2: 
· {4,8} RBs for LP-WUS transmission for 30kHz SCS
FFS: other options


	Guard band
	E.g., 6 subcarriers, {1, 2, …} RBs on each side of LP-WUS.

	Filter 
	X-th Order Butterworth with Y MHz bandwidth,
· X = {3, 5}
· Y = 4.32MHz (12RB, 30KHz) or ({4,8} RB, 30kHz)
Other, cutoff frequency?

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

	Sampling Rate
	· 3.84Msps when 5MHz including subcarriers for guard band is assumed for LP-WUS
· FFS other values

	ADC bit width
	1-bit, 4-bit, 8-bit, ideal

	Channel Model
	TDL-C 300ns
FFS: other channels
See link coverage assumption table in Proposals 1B-v2 (will copy and paste here)

	Noise Figure for WUR
	Among [9, 12, 15, 18, 21, 24] dB.
Company to report
· RF Envelop detector:
· IF Envelope detector:
· BB envelope detector:
· FSK:
· OFDM: 

	Impairment modelling
	· FFS: Frequency and time error model see proposal 1A-3
· Phase noise up to company report, e.g. the modelling used for 802.11ba




[H] Proposal 1A-3-v6:
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	LO XO max frequency error [ppm], LO XO frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)

	RTC max frequency error [ppm]
	20


· Company to report how to use the clocks for LR on/off states 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
· Option 3/4 cannot be used when MR is in ULPS with [0.015] power units and LR is in off state or when LR monitoring power less than 1 unit 
· 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 state (e.g., ‘deep sleep’), 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 initial/residual 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 frequency error(ΔF), frequency drift( F’) over a time (T1) is ΔF = ±F’ * T1
· When ΔF 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.
· Model 2: random drifting, FFS details
· 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]:
· The relationship between a the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (saturated region)
· The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = ±0.5 * F’ * T2 (transient region)
· The transition between transient and saturated region (from synchronization or calibration point/time) occurs at time Ts= Fe /( 0.5F’)
[image: cid:image001.png@01D94D1E.F2C00B50]
· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach 
· Model 2: random drifting, FFS details
· FFS assumptions for different synchronization approach, e.g., companies report or list a few options to choose
· Note: 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
· Option 3/4 cannot be used when MR is in ULPS with [0.015] power units and LR is in off state or when LR monitoring power less than 1 unit 
· If MR is in other state (e.g., ‘deep sleep’), the clock running for MR can be used for LR.
· assumptions important for achieving performance by using MR clock for LR should be declared 
· FFS: Phase noise model


Discussion
Issue 1: Evaluations
1A: Link-level assumptions
1A-1: General assumptions
Link level assumptions are discussed by input contributions, and in some contributions, assumptions are provided for coverage evaluation although not discussed in detail. The following table summarizes LLS assumption proposed, or used for evaluation in the contributions.
	Attributes
	Assumptions
	FL Proposal

	Channel
	TDL-C 300ns: vivo, Nokia (for FR1), Qualcomm, Ericsson, Huawei, MTK
AWGN: Nokia (for FR1), Ericsson

TDL-C 30ns: Nokia (For FR2), Qualcomm
	TDL-C 300ns
FFS: other channels

	Cochannel interference
	Most companies propose to consider the cochannel interference

vivo: PDSCH mapped on RBs not used for LP-WUS and guard band; EPRE of LP-WUS vs EPRE of PDSCH =ρ, where ρ= {0, 3, 6} dB;
Samsung: QPSK modulated signal mapped on REs not used for LP-WUS and guard band, same average power to the average power of REs mapped for LP-WUS
MTK: PDSCH mapped on resources other than that for WUS and guard band; same power density as WUS
Intel: Interference to signal power ratio 0/3/6/10 dB
	· PDSCH mapped on resources other than that for WUS and guard band; 
· EPRE of LP-WUS vs EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional

	Inter-cell cell interference 
	Ericsson: Impact of inter-cell interference should be considered
	

	gNB Channel BW
	20MHz for FR1: vivo, Nokia, intel
100MHz: MTK
	20MHz

	LP-WUS Waveform
	OOK: vivo, Nokia, DCM, intel, Huawei, MTK, Xiaomi
FSK: DCM
	OOK, FSK and OFDM(receiver architecture?)

	SCS used in signal generation
	30kHz: vivo, DCM, Qualcomm(4GHz), intel, Huawei, Xiaomi (For TDD)
15kHz: Qualcomm(700MHz), Xiaomi (for FDD)
120kHz/240kHz: intel
	· Option 1: M=1 and SCSs = 30kHz
· Option 2: M=1 and SCSs =120kHz/240kHz
· Option 3: M =2/4/8 for SCS = 30KHz


	Number of segments/chips in one OFDM symbol
	vivo, Qualcomm: {1,2,4,8}
Huawei: 4
1: Ericsson, intel
	

	Channel structure
	Opt-1: sync + data + CRC
· Vivo, [Nokia], DCM, intel, MTK
Opt-2: Sequence Only
· Vivo, Samsung, MTK
	· Option 1: Sync, payload + CRC
· Sync length: 16 chips
· Payload: 12, 32, 48, … bits (2)
· CRC length: {5, 8, 16, … bits
· Option 2: Sequence only: 
· Sequence length: {14, 16, 28, 32, …} chips
· Number of information bits delivered: {1, 2, 4, …}

	Code scheme
	Manchester: vivo, DCM, intel, Huawei, MTK
Code rate {1/2, 1/4, ….}: vivo
Huawei, MTK: 1/2
Others not precluded
	For data part, Manchester code, code rate {1/2, 1/4, ….}, others not precluded


	LP-WUS Bandwidth
	vivo: {4, 6, 8, 10, 12, …} RBs
Samsung: 0.96MHz
Qualcomm: [5MHz or 20MHz]
Ericsson: 11 RBs
Intel: 12/8/4/2 PRBs with 30kHz
Huawei: 4, 12, 28 RB.
MTK: 12 RB
Xiaomi: 2, 4, 6, 8, 10
	Option 1:
· 5MHz including subcarriers for guard band
· 12 RBs for LP-WUS transmission for 30kHz SCS
Option 2: FFS

	Guard band
	vivo: {0.5, 1, 2, ….} RBs on each side of LP-WUS.
Samsung: 180kHz
Intel: 0/1/2/3/6 PRBs
	

	Filter
	vivo: X-th Order Butterworth with Y MHz bandwidth, X = {2, 3, 4, 5, …}, Y can be WUS BW + Z, where Z is the delta value on WUS BW.
Samsung: 3-rd order Butterworth low-pass filter with cut-off frequency at 0.5 MHz
Qualcomm: [X]-th order Butterworth low-pass filter with cutoff frequency at [Y] MHz
Ericsson: Receiver filter (e.g., 3rd order Butterworth, filter BW=K*(WUS BW), where K = {1, 1.2, 1.5, 2})
Intel: 3rd or 5th order Butterworth LP filter.
ZTE: 3-th order Butterworth low-pass filter can be used as baseline, report the cutoff frequency of the filter.
MTK: 5th Order Butterworth with 4.32MHz bandwidth and with cutoff frequency at approximately 2.16 MHz
	X-th Order Butterworth with Y MHz bandwidth,
· X = {3, 5}
· Y = 4.32MHz (12RB, 30KHz) or TBD?
· Other, cutoff frequency?

	Type of LR architecture
	Samsung: Zero-IF architecture
MTK: Homodyne/zero-IF architecture with baseband envelope detection
	· Homodyne/zero-IF architecture with baseband envelope detection
· FSK 
· OFDM(receiver architecture?)

	Frequency Error
	Need further Clarification According to company inputs, See 1A-3
	

	Sampling rate
	vivo: S*30.72MHz, where S = (2^-N) *30.72MHz, and N = 2, 3, 4, 5, ….
Samsung: 3.84MHz
Qualcomm: S = [1/4, ½, 1, 2, 4,…] times of LP-WUS bandwidth
Intel: Down-sampling factor 4
	· 3.84Msps when 5MHz including subcarriers for guard band is assumed for LP-WUS
· FFS other values

	ADC bit width
	vivo: {1, 2, 4, 8}
Intel: 1/2/3/4, ideal
Qualcomm: D = 1bit (comparator), or D = 8 bits ADC
Ericsson, MTK: 4
Company report: Nokia, DCM
	1-bit, 4-bit, 8-bit, ideal

	Assumed FAR
	Need further Clarification According to company inputs, See 1A-2
	FFS, see 1A-2

	MDR
	All inputs assume 1%
	1%




<companies inputs>
[H] Proposals 1A-1-v1 (draft…):
Table XX. Simulation assumptions for LP-WUS
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz/4GHz/700MHz

	Waveform
	OOK, FSK, OFDM(depending on receiver architecture)

	Channel structure
	· Sync+ payload + CRC
· Sync length: 16 chips
· Payload: 12, 32, 48, … bits (2)
· CRC length: {5, 8, 16, … bits
· Sequence only: 
· Sequence length: {14, 16, 28, 32, …} chips 
· Number of information bits delivered: {1, 2, 4, …}

	SCS of OFDM generator
	30kHz/15KHz

	# of segments in one OFDM symbol (M)/chip rates
	· Option 1: M=1 and SCSs = 30kHz
· Option 2: M=1 and SCSs =120kHz/240kHz
· Option 3: M =2/4/8 for SCS = 30KHz

Note: the chip rates can be derived accordingly, e.g., chip rates are {28, 56, 112, 224} kbps for SCS=30KHz, respectively

	WUS duration
	Number of symbols: e.g., 4, 8 symbols

	Performance metric
	FAR: {[0.1%, 1%, 10%]}; (FFS: further clarification of FAR)
MDR: 1%

	Code scheme
	For data part, Manchester code, code rate {1/2, 1/4, ….}, others not precluded

	gNB Channel BW 
	20MHz (50 RB), FFS other values

	WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 12 RBs for LP-WUS transmission for 30kHz SCS
Option 2: FFS

	Guard band
	E.g., 6 subcarriers, {1, 2, …} RBs on each side of LP-WUS.

	Filter 
	X-th Order Butterworth with Y MHz bandwidth,
· X = {3, 5}
· Y = 4.32MHz (12RB, 30KHz) or TBD?
Other, cutoff frequency?

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

	Sampling Rate
	· 3.84Msps when 5MHz including subcarriers for guard band is assumed for LP-WUS
· FFS other values

	ADC bit width
	1-bit, 4-bit, 8-bit, ideal

	Channel Model
	TDL-C 300ns
FFS: other channels

	Noise Figure for WUR
	Among [9, 12, 15, 18, 21, 24] dB.
· RF Envelop detector:
· IF Envelope detector:
· BB envelope detector:
· FSK:
· OFDM: 

	Impairment modelling
	· Frequency error model see 1A-3




	Company
	Comments

	ZTE, Sanechips
	1. For the Channel structure, it is not sure the sync part would not be used for measurement. We suggest to modify it as following
	· SyncSequence+ payload + CRC or Sequence only
· Sync length: 16 {14, 16, 28, 32, …} chips
· Payload: 12, 32, 48, … bits (2)
· CRC length: {5, 8, 16, … }bits
· Sequence only: 
· Sequence length: {14, 16, 28, 32, …} chips 
· Number of information bits delivered: {1, 2, 4, …}



2. for WUS duration, the symbols here refer to OFDM symbols or OOK symbols need clarification. Additionally, if payload size and code rate are provided, the WUS duration could be derived, and do we still need to define the WUS duration?



	Intel
	For OFDM waveform, it is better to clarify FFT-based reception or reception in time domain or both can be considered in the evaluation

	Xiaomi
	1. It is straightforward for the Channel structure to include payload and CRC. However, whether sync is included in LP WUS needs further discussion. So we propose to modify the Channel structure as following.
		Sync or preamble + payload + CRC
-	Sync or preamble length: 16 {0, 8, 14, 16, 28, 32, …} chips
-	Payload: 12, 16, 32, 48, … bits (2)
-	CRC length: {5, 8, 16, … }bits
	Sequence only: 
-	Sequence length: {14, 16, 28, 32, …} chips 
-	Number of information bits delivered: {1, 2, 4, …}



2. Small bandwidth should not be precluded for LP WUS design. We want to add things like 4, 8 RBs to WUS BW.
	Option 1:
· 5MHz including subcarriers for guard band
· {4, 8, 12 }RBs for LP-WUS transmission for 15/30kHz SCS
Option 2: FFS



3. Align with SCS of OFDM generator
	· Option 1: M=1 and SCSs = 30kHz
· Option 2: M=1 and SCSs =120kHz/240kHz
· Option 3: M =2/4/8 for SCS = 30KkHz
· Option 4: M =1/2/4/8 for SCS = 15 kHz
Note: the chip rates can be derived accordingly, e.g., chip rates are {28, 56, 112, 224} kbps for SCS=30KHz, respectively




	SONY
	Some of these parameters are specific to an OOK-based LP-WUS, such as:

-# of segments in one OFDM symbol (M)/chip rates (what is a “segment”?)
- code scheme (why would a sequence-based WUS need to use Manchester coding?)
- guard band (this would not be needed for an OFDMA-based receiver)


There seems to be some inconsistency in terms of SCS assumptions. E.g. SCS of OFDM generator (15/30kHz) and number of segments in one OFDM symbol (option 2 is 120KHz / 240kHz)



	OPPO
	OK with the proposal.

	QC
	We are OK with the proposal

	Samsung
	We want to clarify the purpose for this proposal. It is just to decide the kinds of attributes to be reported by company, or determine the potential values for each parameter to be evaluated. 
Some values are based on the previous agreement, but we think that some values are provide as an example. It is better to clarify which values are used as mandatory or which values are used as just examples.

Otherwise, as mentioned by Intel, how to detect LP-WUS (FFT-based or time domain energy detection/correlation based) can be also considered to be provided, especially for OFDM waveform based LP-WUS.

	FL
	See the update proposals



[H] Proposals 1A-1-v2:
Table XX. Simulation assumptions for LP-WUS
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz/4GHz/700MHz

	Waveform
	OOK option 1/2/3, FSK, OFDM

	Channel structure
	· Sequence + payload + CRC
· Sync length: {0, 8, 14, 16, 28, 32, …}  chips
· Payload: {12, 32, 48, … }bits 
· CRC length: {5, 8, 16, … }bits
· Sequence only: 
· Sequence length: {14, 16, 28, 32, …} chips 
· Number of information bits delivered: {1, 2, 4, …}

	SCS of OFDM generator
	30kHz/15KHz

	# of segments in one OFDM symbol (M)/chip rates
	For OOK waveform, 
· Option 1: M=1 and SCSs = 30kHz
· Option 2: M=1 and SCSs =120kHz/240kHz
· Option 3: M =2/4/8 for SCS = 30KHz
· Option 4: M =1/2/4/8 for SCS = 15 kHz
Note: the chip rates can be derived accordingly, e.g., chip rates are {28, 56, 112, 224} kbps for SCS=30KHz, respectively

	WUS duration
	Number of symbols: e.g., 4, 8 symbols

	Performance metric
	FAR: {[0.1%, 1%, 10%]}; (FFS: further clarification of FAR)
MDR: 1%

	Code scheme
	For data part, Manchester code, code rate {1/2, 1/4, ….}, others not precluded

	gNB Channel BW 
	20MHz (50 RB), FFS other values

	WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 12 RBs for LP-WUS transmission for 30kHz SCS
· {4,8} RBs for LP-WUS transmission for 15kHz SCS
Option 2: FFS

	Guard band
	E.g., 6 subcarriers, {1, 2, …} RBs on each side of LP-WUS.

	Filter 
	X-th Order Butterworth with Y MHz bandwidth,
· X = {3, 5}
· Y = 4.32MHz (12RB, 30KHz) or TBD?
Other, cutoff frequency?

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

	Sampling Rate
	· 3.84Msps when 5MHz including subcarriers for guard band is assumed for LP-WUS
· FFS other values

	ADC bit width
	1-bit, 4-bit, 8-bit, ideal

	Channel Model
	TDL-C 300ns
FFS: other channels

	Noise Figure for WUR
	Among [9, 12, 15, 18, 21, 24] dB.
· RF Envelop detector:
· IF Envelope detector:
· BB envelope detector:
· FSK:
· OFDM: 

	Impairment modelling
	· Frequency error model see 1A-3




[H] Proposals 1A-1-v3:
For link-level simulation of LP-WUS, the following table is used,
Table XX. Simulation assumptions for LP-WUS
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz/4GHz/700MHz

	Waveform
	OOK option 1/2/3/4, FSK, OFDM

	Channel structure
	· Sequence + payload + CRC
· Sync length: {0, 8, 14, 16, 28, 32, …}  chips
· Payload: {12, 32, 48, … }bits 
· CRC length: {5, 8, 16, … }bits
· Sequence only: 
· Sequence length: {14, 16, 28, 32, …} chips 
· Number of information bits delivered: {1, 2, 4, …}

	SCS of OFDM generator
	30kHz/15KHz

	# of segments in one OFDM symbol (M)/chip rates
	For OOK waveform, 
· Option 1: M=1 and SCSs = 30kHz
· Option 2: M=1 and SCSs =120kHz/240kHz
· Option 3: M =2/4/8 for SCS = 30KHz
· Option 4: M =1/2/4/8 for SCS = 15 kHz
Note: the chip rates can be derived accordingly, e.g., chip rates are {28, 56, 112, 224} kbps for SCS=30KHz, respectively

	WUS duration
	Number of symbols: e.g., 4, 8 symbols

	Performance metric
	FAR: {[0.1%, 1%, 10%]}; (FFS: further clarification of FAR)
MDR: 1%

	Code scheme
	For data part, Manchester code, code rate {1/2, 1/4, ….}, others not precluded

	gNB Channel BW 
	20MHz (50 RB), FFS other values

	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 12 RBs for LP-WUS transmission for 30kHz SCS
· {4,8} RBs for LP-WUS transmission for 15kHz SCS
Option 2: FFS

	Guard band
	E.g., 6 subcarriers, {1, 2, …} RBs on each side of LP-WUS.

	Filter 
	X-th Order Butterworth with Y MHz bandwidth,
· X = {3, 5}
· Y = 4.32MHz (12RB, 30KHz) or TBD?
Other, cutoff frequency?

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

	Sampling Rate
	· 3.84Msps when 5MHz including subcarriers for guard band is assumed for LP-WUS
· FFS other values

	ADC bit width
	1-bit, 4-bit, 8-bit, ideal

	Channel Model
	TDL-C 300ns
FFS: other channels
See link coverage assumption table in Proposals 1B-v2 (will copy and paste here)

	Noise Figure for WUR
	Among [9, 12, 15, 18, 21, 24] dB.
· RF Envelop detector:
· IF Envelope detector:
· BB envelope detector:
· FSK:
· OFDM: 

	Impairment modelling
	· Frequency error model see 1A-3



[H] Proposals 1A-1-v4:
For link-level simulation of LP-WUS, the following table is used,
Table XX. 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, e.g., 
· Sync signal/sequence length: {8, 14, 16, 28, 32, …} 
· Payload: {12, 32, 48, … }bits 
· CRC length: {5, 8, 16, … }bits
· Option 2: Sequence only: e.g.,
· Sequence length: {14, 16, 28, 32, …} 
· Number of information bits delivered: {1, 2, 4, …}
· Option 3: Payload+CRC: e.g.,
· Payload: {12, 32, 48, … }bits 
· CRC length: {0, 5, 8, 16, … }bits
· Other options are not precluded
· Company to report the sequence length, payload size, CRC length.

	SCS of OFDM generator
	30kHz/15KHz

	# of segments in one OFDM symbol (M)/chip rates
	For OOK waveform, 
· Option 1: M=1 and SCSs = 30kHz
· Option 2: M=1 and SCSs = 60kHz/120kHz/240kHz
· Option 3: M =2/4/8 for SCS = 30KHz
· Option 4: M =1/2/4/8 for SCS = 15 kHz
Note: the chip rates can be derived accordingly, e.g., chip rates are {28, 56, 112, 224} kbps for SCS=30KHz, respectively

	WUS duration
	Number of symbols: e.g., 4, 8 symbols

	Performance metric
	FAR: {[0.1%, 1%, 10%]}; (FFS: further clarification of FAR)
MDR: 1%

	Code scheme
	For data part, Manchester code, code rate {1/2, 1/4, ….}, others not precluded

	gNB Channel BW 
	20MHz (50 RB), FFS other values

	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 12 RBs for LP-WUS transmission for 30kHz SCS
· {4,8} RBs for LP-WUS transmission for 15kHz SCS
Option 2: FFS

	Guard band
	E.g., 6 subcarriers, {1, 2, …} RBs on each side of LP-WUS.

	Filter 
	X-th Order Butterworth with Y MHz bandwidth,
· X = {3, 5}
· Y = 4.32MHz (12RB, 30KHz) or TBD?
Other, cutoff frequency?

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

	Sampling Rate
	· 3.84Msps when 5MHz including subcarriers for guard band is assumed for LP-WUS
· FFS other values

	ADC bit width
	1-bit, 4-bit, 8-bit, ideal

	Channel Model
	TDL-C 300ns
FFS: other channels
See link coverage assumption table in Proposals 1B-v2 (will copy and paste here)

	Noise Figure for WUR
	Among [9, 12, 15, 18, 21, 24] dB.
· RF Envelop detector:
· IF Envelope detector:
· BB envelope detector:
· FSK:
· OFDM: 

	Impairment modelling
	· Frequency and time error model see 1A-3




	Company
	comments

	Sharp
	1. On Channel structure, it is needed to clarify the definition of “chip”.
2. in the option 1 for WUS BW, there are only maximum 11 available PRB if 5MHz BWP is configured ,so less PRBs (e.g 8RB) should be included.
3. MDR can be further relaxed. For example, if the MDR is relaxed to 10%, the average delay only increases 10%, it also satisfies the latency requirements for this study(i.e. better than eDRX).

	Intel
	1. for WUS BW, not sure if it is intended or a typo, ‘{4,8} RBs for LP-WUS transmission for 15kHz SCS’, the proper number of PRB should be about 24 for SCS 15kHz since 12 PRBs is proposed for SCS 30kHz
2. we would like to confirm one understanding. so, the adjacent channel interference (i.e., from a cell in an adjacent 100Mhz or 20MHz BW) is not considered in the simulation, right?

	FL
	@ Intel
My understanding is that the adjacent channel interference (i.e., from a cell in an adjacent 100Mhz or 20MHz BW) is not considered in the simulation
Modifiered the {4,8} RBs for LP-WUS transmission

@Sharp
Adding 10% for discussion

	
	

	
	

	
	

	
	

	
	



[H] Proposals 1A-1-v5:
For link-level simulation of LP-WUS, the following table is used,
Table XX. 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, e.g., 
· Sync signal/sequence length: {8, 14, 16, 28, 32, …} 
· Payload: {12, 32, 48, … }bits 
· CRC length: {5, 8, 16, … }bits
· Option 2: Sequence only: e.g.,
· Sequence length: {14, 16, 28, 32, …} 
· Number of information bits delivered: {1, 2, 4, …}
· Option 3: Payload+CRC: e.g.,
· Payload: {12, 32, 48, … }bits 
· CRC length: {0, 5, 8, 16, … }bits
· Other options are not precluded
· Company to report the sequence length, payload size, CRC length.

	SCS of OFDM generator
	30kHz/15KHz

	# of segments in one OFDM symbol (M)/chip rates
	For OOK waveform, 
· Option 1: M=1 and SCSs = 30kHz
· Option 2: M=1 and SCSs = 60kHz/120kHz/240kHz
· Option 3: M =2/4/8 for SCS = 30KHz
· Option 4: M =1/2/4/8 for SCS = 15 kHz
Note: the chip rates can be derived accordingly, e.g., chip rates are {28, 56, 112, 224} kbps for SCS=30KHz, respectively

	WUS duration
	Number of symbols: e.g., 4, 8 symbols

	Performance metric
	MDR: 1% , [10%?]
FAR assumption: see proposal 1A-2

	Code scheme
	For data part, Manchester code, code rate {1/2, 1/4, ….}, others not precluded

	gNB Channel BW 
	20MHz (50 RB), FFS other values

	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 12 RBs for LP-WUS transmission for 30kHz SCS
Option 2: 
· {4,8} RBs for LP-WUS transmission for 30kHz SCS
FFS: other options


	Guard band
	E.g., 6 subcarriers, {1, 2, …} RBs on each side of LP-WUS.

	Filter 
	X-th Order Butterworth with Y MHz bandwidth,
· X = {3, 5}
· Y = 4.32MHz (12RB, 30KHz) or TBD?
Other, cutoff frequency?

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

	Sampling Rate
	· 3.84Msps when 5MHz including subcarriers for guard band is assumed for LP-WUS
· FFS other values

	ADC bit width
	1-bit, 4-bit, 8-bit, ideal

	Channel Model
	TDL-C 300ns
FFS: other channels
See link coverage assumption table in Proposals 1B-v2 (will copy and paste here)

	Noise Figure for WUR
	Among [9, 12, 15, 18, 21, 24] dB.
· RF Envelop detector:
· IF Envelope detector:
· BB envelope detector:
· FSK:
· OFDM: 

	Impairment modelling
	· Frequency and time error model see 1A-3



[H] Proposals 1A-1-v6:
For link-level simulation of LP-WUS, the following table is used,
Table XX. 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, e.g., 
· Sync signal/sequence length: {8, 14, 16, 28, 32, …} 
· Payload: {12, 32, 48, … }bits 
· CRC length: {5, 8, 16, … }bits
· Option 2: Sequence only: e.g.,
· Sequence length: {14, 16, 28, 32, …} 
· Number of information bits delivered: {1, 2, 4, …}
· Option 3: Payload+CRC: e.g.,
· Payload: {12, 32, 48, … }bits 
· CRC length: {0, 5, 8, 16, … }bits
· Other options are not precluded
· Company to report the sequence length, payload size, CRC length.

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

	Configuration for LP-WUS signal
	For OOK waveform, # of segments in one OFDM symbol (M)/chip rates
· Option 1: M=1 and SCSs = 30kHz
· Option 2: M=1 and SCSs = 60kHz/120kHz/240kHz
· Option 3: M =2/4/8 for SCS = 30KHz
· Option 4: M =1/2/4/8 for SCS = 15 kHz
Note: the chip rates can be derived accordingly, e.g., chip rates are {28, 56, 112, 224} kbps for SCS=30KHz, respectively
For FSK: FFS
For OFDM: FFS

	WUS duration
	Number of symbols: e.g., 4, 8 symbols

	Performance metric
	MDR: 1% , [10%?]
FAR assumption: see proposal 1A-2

	Code scheme
	For data part, Manchester code, code rate {1/2, 1/4, ….}, others not precluded

	gNB Channel BW 
	20MHz (50 RB), FFS other values

	LP-WUS BW
	Option 1:
· 5MHz including subcarriers for guard band
· 12 RBs for LP-WUS transmission for 30kHz SCS
Option 2: 
· {4,8} RBs for LP-WUS transmission for 30kHz SCS
FFS: other options


	Guard band
	E.g., 6 subcarriers, {1, 2, …} RBs on each side of LP-WUS.

	Filter 
	X-th Order Butterworth with Y MHz bandwidth,
· X = {3, 5}
· Y = 4.32MHz (12RB, 30KHz) or TBD?
Other, cutoff frequency?

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

	Sampling Rate
	· 3.84Msps when 5MHz including subcarriers for guard band is assumed for LP-WUS
· FFS other values

	ADC bit width
	1-bit, 4-bit, 8-bit, ideal

	Channel Model
	TDL-C 300ns
FFS: other channels
See link coverage assumption table in Proposals 1B-v2 (will copy and paste here)

	Noise Figure for WUR
	Among [9, 12, 15, 18, 21, 24] dB.
· RF Envelop detector:
· IF Envelope detector:
· BB envelope detector:
· FSK:
· OFDM: 

	Impairment modelling
	· Frequency and time error model see proposal 1A-3
· Phase noise up to company report, e.g. the modelling used for 802.11ba



	Company
	comments

	
	

	
	




1A-2: FAR/MDR
Agreement
For the performance evaluations of LP-WUS candidate designs, it is assumed that
· The miss-detection rate (MDR) of LP-WUS [1%],
· The false-alarm rate (FAR) of LP-WUS
· [0.1%, 1%, 10%]
· 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 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
· FFS: Note: FAR should be evaluated both in the absence of gNB transmissions and in the presence of transmissions from gNB. Proponent to provide the details.

Spreadtrum: Confirm that MDR of the LP-WUS is 1%.
· 1% joint MDR leading to even lower MDR requirements for LP-WUS.
· FAR of the LP-WUS can be 0.1%. (UE ID embedded in the content or the CRC attachment can keep FAR low enough.)

· ZTE
Clarify the following aspects for the FAR
· The definition of FAR based on each sample detection or a time duration,
· The mapping relationship between each sample detection and a time duration
· The step size of sliding detection.

Proposal 10: For the evaluation of FAR in link level simulation the following two cases should be evaluated and discuss how to model them in the simulation.
Case 1: Absence of gNB transmissions 
Case 2: Presence of transmissions from gNB

· Intel
· FAR of 10% is not desired since it wastes UE power due to unwanted waking up the main radio
· The actual FAR or MDR for the operation should jointly consider the detection of LP-WUS, PEI PDCCH and/or paging PDCCH.

· Samsung
The probabilities of false alarm for above cases can be expressed as follows:
= Prob. {LP-WUS i is detected in the monitoring window | signal j is present in the monitoring window}
Note that signal j can include three cases: 1) non-target LP-WUS, 2) Other NR signal(s)/channel(s), 3) only AWGN input
Because  can be different value depending on which signal j is transmitted by the gNB, in our evaluation, we defined  used for obtaining required SNR as follow:


· Nokia
Nokia evaluated the number of CRC bits required to keep the FAR low. It is assumed that false detection probabilities, PFD, for LP-WUR (), as a function of CRC length. It was also assumed that evaluation/detection of LP-WUS is done over one slot. For discontinuous reception it was assumed that the LP-WUS monitoring window was 8 slots (4ms) and the false detection was evaluated once per slot. For always-on operation it was also assumed that the evaluation was done at slot rate for sake of simplicity.


[H] Proposal 1A-2-v1:
· The false-alarm rate (FAR for LP-WUS) is about the false detection of a sequence within the LP-WUS due to presence of noise and/or interference across a period T, the values are provided as [0.1%, 1%, 10%] 
· Note1: the FAR definition here does NOT include the impact of the CRC protection in the WUS design if any
· Note2: the FAR definition here does NOT include the impact of the falsely alarmed for wake-up due to the correct detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group
· T = [WUS duration or 1 slot…] 

	Company
	Comments

	ZTE, Sanechips
	In last meeting, we have the agreement
	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


It seems the FAR should be defined for a whole WUS, not only for a sequence part.

If we define the FAR based on the sequence part of the WUS, we need to further discuss the FAR for a whole WUS.


	Intel
	Agree with ZTE that FAR should be defined by the two or parts jointly. Otherwise, can moderator clarify why FAR is only defined based on the first part (preamble) ?
The second note is quite reasonable to us
For the 3rd sub-bullet, is it to define FAR as the combined FAR across multiple LP-WUS transmissions? The current example [WUS duration or 1 slot…] is not clear 

	Spreadtrum
	FAR can be achieved by link level simulation (mainly related to SINR and CRC length). It is not related to UE grouping. For UE grouping impact, it should be “false alert”, which is always discussed in higher layer. We think “false alarm rate” should be false alert in the proposal. In summary:
· False alarm rate (FAR): link level simulation result. It can be find in RAN4 link level testing spec. MDR (BLER) and FAR can be plotted in a link level simulation figure. No UE grouping is needed. In R17 PEI, FAR means this one. Related to Channel design, e.g. CRC length.
· False alert: A part of per group paging probability due to other UEs in the same group is paged. For example, UE can detect a paging PDCCH successfully but fail to find its own ID in paging message. It needs system assumptions, e.g. #UE in a group, per group paging probability. In R17 PEI, we didn’t discuss it, but discussed per group paging probability instead. Related to PSG evaluation.

	xiaomi
	We agree with ZTE. In addition, if the ‘other sequence part (e.g. sync)’ is independent of LP WUS signal, its FAR needs to be clarified separately.

	Huawei, HiSilicon
	1. The intention of the proposal should be explained if possible. The mentioned FAR within a period T is for a single shot detection FAR or the accumulated FAR. In our view, this should be reported by companies clearly, but no need to restrict the period T here.
2. FAR should be common for either WUR carried by WUS or a bits block. Therefore, we cannot understand only “sequence” is listed there.
3. Regarding the note, why the CRC protection is not included, it should be included if CRC is used for protection.

	SONY
	The proposal is not consistent with the previous agreement (consider parts jointly when determining FAR) since the new proposal is about measuring FAR only on the sequence part.

The period T presumably needs to be larger than the WUS duration or slot since the LP-WUR is not synchronized to the gNB. There could hence be false alarms due to there being a correlation with a non-aligned LP-WUS.

	OPPO
	Similar views that the MDR/FAR should be defined for the whole LP-WUS. 
Why FAR is only defined based on the sequence within the LP-WUS needs to be clarified. 

	QC
	It is not clear why we need Note 1. The target PFA should be based on design, regardless of whether CRC is used or not. So, we suggest removing this the Note 1.

For fair comparison, we should fix the comparison to WUS reception, since this is detection of a WUS signal. Hence, we suggest to  

· The false-alarm rate (FAR for LP-WUS) is about the false detection of the LP-WUS due to presence of noise and/or interference across a period T during one LP-WUS detection, the values are provided as [0.1%, 1%, 10%] 
· Note1: the FAR definition here does NOT include the impact of the CRC protection in the WUS design if any
· Note2: the FAR definition here does NOT include the impact of the falsely alarmed for wake-up due to the correct detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group
· T = [WUS duration or 1 slot…] 



	Samsung
	For Note2, we don’t think that it is necessary, because it is common understanding that the FAR is calculated based on whether UE detects its group ID correctly or not. Therefore, if the gNB transmits WUS with group ID, then UE within that group should wake up and it is not considered as false alarm.
And for Note1, does it mean that the definition of FAR in this proposal is not applied to WUS which contains CRC?

Otherwise, the false alarm can be defined when the UE wakes up although the gNB does not transmit LP-WUS for that UE. And this case, in our understanding, false alarm can occur due to 1) sequence for wake-up other UEs or other UE group (LP-WUS sequence with different ID), 2) gNB transmission for other channels (e.g., PDSCH..), 3) no transmission (only AWGN input). Therefore, for LLS evaluation to calculate FAR, which signal can be transmitted from gNB to UE should be clarified. Or company should report which options are considered to evaluate FAR if various options are considered.

	FL
	


[H] Proposal 1A-2-v2:
· The false-alarm rate (FAR for LP-WUS) is about the false detection of a sequence within the LP-WUS due to presence of noise and/or interference across a period T, the values are provided as [0.1%, 1%, 10%], other values are not precluded.
· Note1: the FAR definition here does NOT include the impact of the CRC protection in the WUS design if any 
· Note2: the FAR definition here does NOT include the impact of the falsely alarmed for wake-up due to the correct detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group
· T = [WUS duration or 1 slot…] 


[H] Proposal 1A-2-v3:
Previous Agreement is revised as follows
· The false-alarm rate (FAR for LP-WUS) is about the false detection of a sequence within the LP-WUS due to presence of noise and/or interference, the values are provided as [0.1%, 1%, 10%], other values are not precluded.
· Note1: the FAR definition here does NOT include the impact of the CRC protection in the WUS design if any 
· Note: the FAR definition here does NOT include the impact of the falsely alarmed for wake-up due to the correct detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group

[H] Proposal 1A-2-v4:
Previous Agreement is revised as follows
· The false-alarm rate (FAR for LP-WUS) is about the false detection of a sequence within the LP-WUS due to presence of noise and/or interference, the values are provided as [0.1%, 1%, 10%], other values are not precluded.
· Note1: the FAR definition here does NOT include the impact of the CRC protection in the WUS design if any 
· Note: the FAR definition here does NOT include the impact of the falsely alarmed for wake-up due to the correct detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group
· FFS: continuous monitoring for LP-WUS
· FFS: whether or how to define any time-duration for FAR

	Company
	comment

	Sharp
	In 38.104, the FAR is defined for PRACH preamble :“The false alarm probability is the conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise”。 We can have similar definition for LP-WUS
-	The false-alarm rate (FAR for LP-WUS) is about the conditional total probability of erroneous detection of the LP-WUS when input is only noise, the values are provided as [0.1%, 1%, 10%], other values are not precluded.


	Intel
	We understood the intention to define T for FAR is to account for the frequent LP-WUS detection and low actual LP-WUS transmission from gNB (due to less paging event). It is understood that false alarm will be more frequent when a small duty cycle or continuous monitoring is used in LP-WUS detection. We think there can be two ways to account the impact
Option 1: assuming FAR is defined without considering T, we can evaluation more targeted FAR values in addition to [0.1%, 1%]
Option 2: as preferred by some companies, FAR can be defined in duration T and there are multiple LP-WUS occasions within T. The discussion on duration T is needed, e.g., the relation between T and paging cycle, traffic arrival rate, etc.     

Since parameter MDR is deleted from proposal 1A-1-v4, better to capture MDR in this proposal. 




1A-3: Frequency error/drifting
The assumption for frequency error/drifting were discussed in previous meetings. The impact of frequency error/drifting will impact the WUS detection performance from following two perspectives
· UE may need to start search for sync sequence in advance to handle time drift caused by frequency error
· the filter is not placed at the right frequency which results the desired signal not fully included or the adjacent NR signal not fully rejected.

Huawei
· 200 ppm for ring oscillator w/o RTC
· 50 ppm for ring oscillator with RTC
· using Phase noise to model random running frequency.

Nokia: Uniform distribution in the range [-X, +X] ppm
DCM: Initial frequency error (e.g., 200 ppm with Uniform distribution)
Intel: 0/50/100/200 ppm
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]ZTE: The frequency drift range with/without FLL/PLL should be clarified in LLS evaluation assumptions. A suitable phase noise modeling method should be discussed for LP-WUS.

vivo refers to R1-1712984, which provide the method to derive time drifts according to frequency error and frequency drift. And Ericsson also provide the same calculation.
vivo
· Clock 1: maximum frequency error [20, 200] ppm, Frequency drifting [1] ppm/s
· Clock 2: maximum frequency error [5] ppm, Frequency drifting [0.05] ppm/s, and Clock 2 cannot be available when MR is in ultra-deep sleep.
Ericsson: Clock accuracy (max freq. error, freq. drift)
· (200ppm, 0.1 ppm/s), 
· (20ppm, 0.1 ppm/s)
· (10ppm, 0.05 ppm/s)
· (5ppm, 0.05 ppm/s)


[H] Proposal 1A-3-v1:

	Frequency error / drift
	For evaluation, clock 1 and clock 2 can be used to model frequency error of LR as follows,
· Clock 1: 
· maximum frequency error [20 (for RTC), 200 (for oscillator)] ppm
· Frequency drifting [0.1] ppm/s(for oscillator)
· Clock 2: 
· maximum frequency error [5] ppm
· Frequency drifting [0.05] ppm/s
· Note: power consumption of clock 2 is not accounted in LR power consumption, i.e., it is accounted in MR power consumption.
· Clock 2 cannot be available when MR is in ultra-deep sleep.
· Clock 1 can be available for all states for MR and LR.
· [FFS: how to model minimum frequency error
· E.g., the initial frequency error is modeled as uniformed distributed in [-X X] ppm, where X is the maximum frequency error as described above.]
· Note: Company to report assumption on how to use clock 1 and 2 for on/off state and different DRX mode (I-DRX/eDRX).




	Company
	Comments

	ZTE, Sanechips
	Whether the PLL/FLL is taken into account for the Frequency error/drift and the power consumption of the clock needs clarification.


	Intel
	We are fine with the proposal 

	DOCOMO
	For Clock 1, we have question. Two cases of maximum frequency error are assumed: RTC and oscillator. On the other hand, The frequency drift appears to be a value for the oscillator only, but isn't there a separate value for the RTC?

	Huawei, HiSilicon
	Before the detailed agreement on the values of frequency drift, companies should first discuss how the two values are used. It seems some companies assumes the worst case, i.e. the frequency is drifted towards the same direction and frequency drifts are accumulated. This may be the worst case and in fact the frequency may be around the synchronized frequency with a randomly drift direction. Should we use a model closer to the reality?

	SONY
	OK

	OPPO
	Fine with the proposal.

	Samsung
	Based on the frequency error/drift model, the relationship between frequency error and time error also should be discussed as FFS to evaluate the impact of timing error on the detection performance.

Otherwise, we would like to know that RTC and oscillator in clock 1 mean oscillator with RTC and oscillator without RTC, respectively.

	
	



[H] Proposal 1A-3-v3:
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	LO XO frequency drift [ppm/s]
	0.1

	LO XO max frequency error [ppm]
	option 1: 200
option 2: 50

	RTC max frequency error [ppm]
	20



· Company to report the initial/residual frequency error assumption for the detection of LP-WUS/synchronization signal, 
· The relationship between a frequency error(ΔF), frequency drift( F’) over a time (T1) is ΔF = ±F’ * T1
· When ΔF 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.
· Company to report the timing drifting error assumption for the detection of LP-WUS/synchronization signal, 
· Model 1: 
· The relationship between a frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T 
· FFS: Model 2: random drifting
· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach 
· FFS assumptions for different synchronization approach, e.g., companies report or list a few options to choose
· Note: 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
· If MR is in other state (e.g., ‘deep sleep’), the clock running for MR can be used for LR.
· assumptions important for achieving performance by using MR clock for LR should be declared 

[H] Proposal 1A-3-v4:
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	LO XO frequency drift [ppm/s]
	0.1

	LO XO max frequency error [ppm]
	option 1: 200
option 2: 50

	RTC max frequency error [ppm]
	20



· Company to report the initial/residual frequency error assumption for the detection of LP-WUS/synchronization signal, 
· The relationship between a frequency error(ΔF), frequency drift( F’) over a time (T1) is ΔF = ±F’ * T1
· When ΔF 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.
· 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]:
· The relationship between a frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (saturated region)
· The relationship between a frequency drift( F’), and corresponding timing drift( ΔT) over a time(T) is ΔT = ±0.5 * F’ * T2 (transient region)
· The transition between transient and saturated region (from synchronization or calibration point/time) occurs at time Ts= Fe /( 0.5F’)
[image: cid:image003.png@01D94BC7.91109B20]
· Model 2: random drifting, FFS details
· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach 
· FFS assumptions for different synchronization approach, e.g., companies report or list a few options to choose
· Note: 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
· If MR is in other state (e.g., ‘deep sleep’), the clock running for MR can be used for LR.
· assumptions important for achieving performance by using MR clock for LR should be declared 
[H] Proposal 1A-3-v5:
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	LO XO max frequency error [ppm], LO XO frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)

	RTC max frequency error [ppm]
	20



· Company to report how to use the clocks for LR on/off state, MR state

· Company to report the initial/residual 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 frequency error(ΔF), frequency drift( F’) over a time (T1) is ΔF = ±F’ * T1
· When ΔF 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.
· Model 2: random drifting, FFS details
· 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]:
· The relationship between a frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (saturated region)
· The relationship between a frequency drift( F’), and corresponding timing drift( ΔT) over a time(T) is ΔT = ±0.5 * F’ * T2 (transient region)
· The transition between transient and saturated region (from synchronization or calibration point/time) occurs at time Ts= Fe /( 0.5F’)
[image: cid:image003.png@01D94BC7.91109B20]
· Model 2: random drifting, FFS details
· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach 
· FFS assumptions for different synchronization approach, e.g., companies report or list a few options to choose
· Note: 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
· If MR is in other state (e.g., ‘deep sleep’), the clock running for MR can be used for LR.
· assumptions important for achieving performance by using MR clock for LR should be declared 
· FFS: Phase noise model


	Company
	Comments

	Intel
	How to model impact of RTC frequency error in the simulation?

	FL
	By using the RTC, the time error can be calculated. The maximum frequency error is assumed for RTC.

	
	



[H] Proposal 1A-3-v6:
· For evaluation of LP-WUR frequency and time errors, the following is used,
	Parameter
	Value

	LO XO max frequency error [ppm], LO XO frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)

	RTC max frequency error [ppm]
	20



· Company to report how to use the clocks for LR on/off states 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
· Option 3/4 cannot be used when MR is in ULPS with [0.015] power units and LR is in off state or when LR monitoring power less than 1 unit 
· 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 state (e.g., ‘deep sleep’), 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 initial/residual 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 frequency error(ΔF), frequency drift( F’) over a time (T1) is ΔF = ±F’ * T1
· When ΔF 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.
· Model 2: random drifting, FFS details
· 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]:
· The relationship between a the maximum frequency error(Fe) and corresponding timing drift( ΔT) over a time(T) is ΔT = ±Fe * T (saturated region)
· The relationship between a frequency drift( F’), and corresponding timing drift(ΔT) over a time(T) is ΔT = ±0.5 * F’ * T2 (transient region)
· The transition between transient and saturated region (from synchronization or calibration point/time) occurs at time Ts= Fe /( 0.5F’)
[image: cid:image001.png@01D94D1E.F2C00B50]
· T is the time from the previous time synchronization. T may take different values depending on the chosen synchronization approach 
· Model 2: random drifting, FFS details
· FFS assumptions for different synchronization approach, e.g., companies report or list a few options to choose
· Note: 
· The above clock assumptions for LR assumes the MR is in ‘ultra-deep sleep’ power state. 
· Option 3/4 cannot be used when MR is in ULPS with [0.015] power units and LR is in off state or when LR monitoring power less than 1 unit 
· If MR is in other state (e.g., ‘deep sleep’), the clock running for MR can be used for LR.
· assumptions important for achieving performance by using MR clock for LR should be declared 
· FFS: Phase noise model

	Company
	Comments

	
	

	
	



1B: Coverage evaluation assumptions
In RAN1#110bis, the following is agreed,
Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is 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

There are proposals on the common assumptions for system configuration and main radio, for example following assumptions are discussed in the company inputs.
· Channel model, delay spread, UE speed
· Channel/BWP bandwidth
· Antenna configuration
· Reference NR channel data rate

· Noise figure
· Samsung: The presence of LNA should be reflected to select the NF value for link budget evaluation.
· ZTE: From our point of view, LNA and AMP are not need to be modeled in LLS. A suitable value should be specified in the corresponding link budget tables.

· InterDigital propose to further categorize the values for noise figure as follows.
· Cat 1: 9 and 12 dB
· Cat 2: 15 and 18 dB
· Cat 3: 21 and 24 dB
· Qualcomm assumes NF=15dB, and propose to study potential values.

· Other assumptions
· Vivo propose to assume 2Rx for paging PDCCH evaluation, since RRM requirements is also determined based on 2Rx. Hence, the typical Rx antenna number for Paging PDCCH is also 2Rx.
· ZTE: For DC offset and flicker noise for Zero-IF Receiver Image resister (IR) filter for IF Receiver
· Nokia point out that LR architecture specific aspects need to be considered, e.g., the antenna again may be different for cased ant for LR is shared from MR or separate antenna is used for LR. 
· Nokia propose not to focus solely on reference based on RedCap limitations may not result sufficient coverage in all deployments if full cell coverage is targeted. 

 [H] Proposals 1B-v1:
For coverage evaluation, the following is used,
	Number of antenna elements for UE
	1 Rx for IoT, Wearable (i.e., Redcap)
2 Rx for Normal UE)

	Number of antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Target data rates for eMBB
	Urban: DL 10Mbps, UL 1Mbps
Rural: DL 1Mbps, UL 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)

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

	BWP
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns
Rural: 300ns
Rural with long distance: 30ns

	UE velocity
	Urban: 3km/h for indoor
Rural: 3km/h for indoor, 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: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
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 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.

	Number of antenna elements for UE
	1 Rx for IoT, Wearable (i.e., Redcap)
2 Rx for Normal UE

	Number of antenna elements for LP-WUR
	1 Rx 
Note: agreed in RAN1#110bis


Note: The descriptions above does not change the agreements for coverage in the RAN1#110-bis.
	Company
	Comments

	ZTE, Sanechips
	For UE velocity, stationary use cases also need to be addressed.

	Intel
	We are OK for the proposal. The last two rows are duplicated of the first two rows 

	xiaomi
	We support the proposal. 

	Huawei, Hisilicon
	we are fine to remove some of the assumption with low interest. We can double check within the week which set of assumptions could be removed.

	SONY
	Support the proposal. Agree with the point made by Intel

	OPPO
	Support the proposal.

	QC
	We suggest the following changes

	Number of RX chains at the UE’s MR antenna elements for UE
	1 Rx for IoT, Wearable (i.e., Redcap)
2 Rx for Normal UE)

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis




	Samsung
	We are fine with the proposal.



[H] Proposals 1B-v2:
For coverage evaluation, the following is used,
	Number of RX chains at the UE’s MR antenna elements for UE
	1 Rx for IoT, Wearable (i.e., Redcap)
2 Rx for Normal UE)

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Target data rates for eMBB
	Urban: DL 10Mbps, UL 1Mbps
Rural: DL 1Mbps, UL 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)

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

	BWP
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns
Rural: 300ns
Rural with long distance: 30ns

	UE velocity
	Urban: 3km/h for indoor
Rural: 3km/h for indoor, 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: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
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 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Note: The descriptions above does not change the agreements for coverage in the RAN1#110-bis.


[H] Proposals 1B-v3:
For coverage evaluation, the following is used,
	Number of RX chains at the UE’s MR antenna elements for UE
	1 Rx for IoT, Wearable (i.e., Redcap)
2 Rx for Normal UE (for IDLE mode), 4 Rx (for CONNECTED mode)

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Target data rates eMBB
	Urban: DL 10Mbps, UL 1Mbps
Rural: DL 1Mbps, UL 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)


	Target data rates 
	For eMBB
Urban: DL 10Mbps, UL 1Mbps
Rural: DL 1Mbps, UL 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)

For Redcap:
…


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

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns
Rural: 300ns, [option: 1000ns]
Rural with long distance: 30ns

	UE velocity
	Urban: 3km/h for indoor
Rural: 3km/h for indoor, 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: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
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 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Note: The descriptions above does not change the agreements for coverage in the RAN1#110-bis.

[H] Proposals 1B-v4:
For coverage evaluation, the following is used,
	Number of RX chains at the UE’s MR antenna elements for UE
	1 Rx, 2 RX for Redcap
2 Rx, 4 Rx for Normal UE 

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Reference data rates for MR eMBB
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)


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

	Aggregation level
	8, 16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER

	
	optional for 10% BLER




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

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns
Rural: 300ns, [optional: 1000ns]
Rural with long distance: 30ns

	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: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
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 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Note: The descriptions above does not change the agreements for coverage in the RAN1#110-bis.

	Company
	comments

	Intel
	Can moderator or supporting company clarify why 10% BLER is considered for reference PDCCH?

	FL
	It is inherited from coverage study as optional choice.



[H] Proposals 1B-v5:
For coverage evaluation, the following is used,
	Number of RX chains at the UE’s MR antenna elements for UE
	1 Rx, 2 RX for Redcap
2 Rx, 4 Rx for Normal UE 

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Reference data rates for MR eMBB
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)


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

	Aggregation level
	8, 16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER

	
	optional for 10% BLER




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

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns
Rural: 300ns, [optional: 1000ns]
Rural with long distance: 30ns

	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: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
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 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Note: The descriptions above does not change the agreements for coverage in the RAN1#110-bis.
[H] Proposals 1B-v6:
For coverage evaluation, the following is used,
	Number of RX chains at the UE’s MR antenna elements for UE
	1 Rx, 2 RX for Redcap
2 Rx, 4 Rx for Normal UE 

	Number of RX chains antenna elements for LP-WUR
	1 Rx
Note: agreed in RAN1#110bis

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	Reference data rates for MR eMBB
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps
Rural with long distance: DL 1Mbps, UL 100kbps, 30kbps (optional)


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

	Aggregation level
	8, 16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER

	
	optional for 10% BLER




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

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS, TDL-D for LOS.

	Delay spread
	Urban: 300ns, [optional: 1000ns]
Rural: 300ns
Rural with long distance: 30ns

	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: 64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
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 2GHz, 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 
-	Optional: 32 TXRUs at 2 GHz
gNB modeling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Note: The descriptions above does not change the agreements for coverage in the RAN1#110-bis.


	Company
	Comments

	
	

	
	




Initial observation for coverage evaluation
FL prefer first align the LLS and coverage assumptions in this meeting, and following information are provided for information. We can discuss the evaluation results for coverage of LP-WUS in later meetings based on the assumptions discussed in this meeting.
· Xiaomi observes that frequency/time domain configuration and receiver algorithm has impacts on the performance of LP-WUS.
· Huawei, Sony, Nordic, MTK, Qualcomm, vivo observes LP-WUS can achieve close or better coverage compared with PUSCH in certain configuration.
· MTK and intel find LP-WUS have performance gap compared with PDCCH.
· Qualcomm observe LP-WUS can achieve similar MIL as PDCCH AL16 for Redcap UE for certain assumptions/configurations.
· Vivo observes coverage of LP-WUS is comparable with PDCCH with Low aggregation level for Normal UE, and comparable with PDCCH AL 8 for Redcap UE with 1Rx.
· Intel observes high frequency error will degrade performance if interference from adjacent subcarriers is high.
· Huawei raised some further enhancements to improve coverage of LP-WUS, such as power boosting, FEC, and time/frequency/space diversity, the coverage performance of LP-WUS can be further improved.

1C: Power model
1C-1: power model for MR ramp-up transition time and transition energy
For MR, feasibility analysis for ramp-up transition time and transition energy with aim to converge to one or two set of values in RAN1#112 (timeline and energy consumption for sync/re-sync up to companies to report)
Ramp-up time and ramp up and down energy assumptions:
Summary: energy /ramp-up time
FutureWei: [5000,10000,25000]/400ms (for total transition time).
Huawei: 10000/400ms
ZTE: 20000, 40000/not mentioned.
Intel: 10000/400ms
Qualcomm: 20000-40000, 25000 as start point/400ms;
Ericsson: 20000/400ms;
MediaTek: for eMBB cases, at least 10000/at least 2s; for IoT and wearable cases, 10000/400ms or optional 1s (for total transition time).
Vivo: 10000-40000, 25000 as start point/400ms
Spreadtrum： 9000 / 400ms
InterDigital: 10000 as baseline and 5000 as optional  / 200ms
Nordic: 10000 / 400ms
Samsung:10000 / 400ms
Apple: 40000 (unit multiplied by ms) or higher

Detailed:
FutureWei: [5000,10000,25000], 400ms.
[bookmark: _Ref126935297]Proposal 5: Adopt the power consumption model as specified in Tables 1-3 and support at least two of the main radio’s “Ultra-deep sleep” additional transition energy values in  for the evaluation of LP-WUS.
[bookmark: _Ref114063635]Table 2: UE Power Consumption for Main Radio during the State Transition.
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Ultra-deep sleep
	 [5000, 25000]**
	

	Deep sleep 
	450
	20 ms

	Light sleep 
	100
	6 ms

	Micro sleep 
	0
	0 ms*

	* Immediate transition is assumed for power saving study purpose from or to a non-sleep state
** Additional transition energy for ‘Ultra-deep sleep’ power state accounts for both ramp-up and ramp-down, it does not account for energy required for (re-)synchronization. 
Total transition time for ‘Ultra-deep sleep’ power state accounts for ramp-up time only, assumptions for (re-) synchronization time are discussed in Section 2.3



Huawei: 10000, 400ms
Proposal 1: The following power models are used ‘Ultra-deep sleep’ power state for main radio for evaluation.
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time

	Ultra-deep sleep
	0.015
	10000
	400ms



ZTE: ramp up and down transition energy is 20000 units*ms and 40000 units*ms
Proposal 2: The relative power of ultra-deep sleep is 0.015 unit for LP-WUS power consumption evaluation.
Proposal 3: The ramp up and down transition energy of ultra-deep sleep is 20000 units*ms and 40000 units*ms for power consumption evaluation.
Intel: 10000 and 400ms
Table 1: Proposed Power consumption and transition time for deeper sleep mode
	Power State
	Relative Power
	Ramp-up and down transition energy
	Ramp-up time
	Time for sync/re-sync

	Deeper Sleep
	0.015
	10000, optional 5000
	400 ms
	1,2,3 SSBs



Proposal 1: On power consumption of main radio
· For the ultra-deep sleep mode, the relative power, Ramp-up and down transition energy and ramp-up time can be respectively assumed as 0.015, 10000 and 400ms in the evaluation. 
· The sync/re-sync time based on 1,2,3 SSBs that should be detected according to the SNR at UE
Qualcomm: 20000-40000, 25000 as start point, 400ms;
Proposal 4: For IoT use cases under FR1 evaluation, the following Options are used for main radio power model,
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	# SSB for sync/re-sync 

	Ultra-deep sleep
	0.015
	
20000-40000, 25000 as start point for evaluation,
	400 ms
	Up to 10 SSB 

	FFS for eMBB use cases



Ericsson: 20000, 400ms
Proposal 4	For 400ms of ramp-up time, RAN1 uses 20000 as the additional transition energy for ultra-deep sleep for evaluations.
MediaTek: for eMBB cases, at least 10000/at least 2s; for IoT and wearable cases, 10000/400ms.optional 1s.
[image: ]
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Vivo: 10000-40000 /400ms
[bookmark: _Ref127527467]Table 3. Power model of MR
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	# SSB for sync/re-sync

	Ultra-deep sleep
	0.015
	Alt 1: 10000-40000, 25000 as start point for evaluation,
Alt 2: [50000-125000] as start point for evaluation
Alt 3: [2000]
	Alt 1: 400ms,
Alt 2: [800-2000ms]
Alt 3: [100ms]
	Up to 10 SSB



[bookmark: _Ref127562190]Proposal 7: Adopt Alt1 for ramp-up/down transition time and energy for ultra-deep sleep state of MR.

Spreadtrum：400ms / 9000
Table 1: The ramp-up/down time/energy
	
	The ramp-up/down time
	The ramp-up/down energy
	Note

	Deep sleep of the main radio
	20ms
	450
Using the triangle rule: (45-1)*20/2≈450
	Main radio: RF partial on (e.g. oscillator), controller on [3].

	Ultra deep sleep of the main radio
	400ms
	9000
Using the triangle rule: (45-0.015)*400/2≈9000
	Main radio: RF off, controller off [3].


Proposal 1: The ramp-up/down time could be 400ms, and the ramp-up/down energy could be 9000.

InterDigital: 10000 as baseline and 5000 as optional  / 200ms
· Ramp-up and down transition energy 
· The candidate values of ramp-up and down transition energy are also from the agreed candidate values from LPHAP. As the additional transition energy for LPHAP was agreed, the agreed values (10000 baseline and 5000 optional) can be reused for ultra-deep sleep state.
· Ramp-up time
In the above agreement, total transition time was agreed as 400ms, however, it does not include time for sync/re-sync. In addition, the total transition time that was assumed for NB-IoT was 200ms. Although LTE supports more frequent PSS/SSS with every slot CRS, advanced implementation from NB-IoT should be considered for NR. Given that, 200ms should be supported for total transition time.

Nordic: 10000 / 400ms
Proposal-3: Confirm that wake-up time (not including synch and cell search) from ultra-deep sleep is 400ms.
Regarding the wake-up power consumption penalty, it was 532ms with average consumption of 5,67mA, which is roughly 3000 mA x ms, this in comparison with 30mA x ms on average consumed by DL reception. Taking only relative value from RedCap PDSCH+PDCCH processing is 120units, the transient should be 12000unit. Therefore, assuming 10000units in the RAN1 methodology is realistic.


Samsung:10000 / 400ms
Proposal 1: To define new sleep state of MR “Ultra-deep sleep”, the following should be adopted:
· Relative power (unit): 0.015.
· Transition time/energy: 400ms/10000.

Apple:
Even if we take the approach in R16/R17 study, the transition energy for a 400 ms transition time should be 400 * 50 / 2 = 9000 (unit * ms). However, we think this value is too conservative because the power consumption during ramping-up should be more than the power consumption in micro-sleep state, and the assumption of gradual increase of power consumption is not valid either. During the ramping-up, the UE needs to power up the components from sleep and load the memory for processing, which is very different from micro-sleep state and is very power consuming. Therefore, we think 40000 or higher would be a more realistic assumption.


Hence, FL recommends the followings 
[H] Proposals 1C-1-v1:
At least for FR1 MR ultra-deep sleep state,
· (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (10000 or 20000, 400ms)
· Alt 2: (10000, 2000ms), only applicable for eMBB

	Company
	Comments

	ZTE，Sanechips
	Alt 1 makes things simple. For Alt 2, why the transition energy is 10000, but the Ramp-up time is 2000?

	Intel
	We prefer to prioritize Alt 1. 

	DOCOMO
	We support Alt1

	SONY
	Is the proposal to study both alternatives? If we did a down-selection and decided on Alt2, how would we model an IoT MR?

	OPPO
	We prefer Alt1.

	QC
	First, it seems there is a typo in Alt2. The transition energy must be in range of 100,000 due to increased total transition time.


We suggest the following modification.


At least for FR1, the MR ultra-deep sleep state,
· (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (10000 or 20000, 400ms) for IoT use case
· Alt 2: ([40000 to 100,000], [800ms to 2000ms]) for eMBB and wearable use cases


	Samsung
	We prefer to Alt 1 as baseline. And it is better to down-select the value for ramp-up/time transition energy among 10000 or 20000. Other values can be used as optional.

	FL 
	Most companies seems fine with Alt 1. It is better to agree Alt 1 first and leave Alt 2 as optional



[H] Proposals 1C-1-v2:
At least for FR1 MR ultra-deep sleep state,
· (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1(baseline): (downselect from 10000 or 20000, 400ms) for all cases
· Alt 2 (optional): (10000, 2000ms), only applicable for eMBB
	Company
	comment

	
	

	
	



[H] Proposals 1C-1-v3:
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)
· Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.
	Company
	comment

	
	

	
	




1C-2: LR Ramp-up time
Summary: LR Ramp-up time
ZTE: 10ms
CATT: 1ms or 0ms
Intel: 1ms for a low LP-WUR power and 10ms for LP-WUR power 1 to 4.
Qualcomm: should lower than 15ms.
MediaTek: 0ms
Vivo: 10ms or 20ms 
Spreadtrum：1/5/10ms for different relative power of WUR “ON” 0.01/0.1/1
Proposal 3: Confirm whether the transition energy for the LP-WUR is the additional energy on top of the off state. If it is, the transition energy should be TLR, ramp-up *(PON-POFF)/2.Otherwise, confirm it as TLR, ramp-up *(PON+POFF)/2

Details:
ZTE: the ramp-up time of WUR is 10ms
Proposal 5: For LP-WUS power consumption evaluation, at least three levels of WUR ‘on’ state relative power should be used.
Proposal 6: For LP-WUS power consumption evaluation, the ramp-up time of WUR is 10ms.
CATT:
Proposal 5: The suggested power model for LP-WUR is shown in the following Table:
Table: Power model for LP-WUR
	Power State
	Characteristics
	Relative Power 
	Ramp-up time

	Periodic low power WUS
“ON” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO.  
	[0.01 – 0.1]
	---

	Periodic low power WUS
“OFF” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO. Otherwise, the wakeup receiver is shut down.
	[0.001]
	[1ms]

	Continuous low-power WUS monitoring
	Front end wakeup receiver with free-running clock in the active device or passive device monitoring of wakeup signals continuously
	[0.001 – 0.01]
	[0 ms]



Intel: 1ms for a low LP-WUR power and 10ms for LP-WUR power 1 to 4.
Proposal 2: On power consumption of LP-WUR
· The transition time can be modeled as 1ms for a low relative power consumption of LP-WUR
· The transition time can be modeled as 10ms for low relative power consumption of LP-WUR from 1 to 4
Qualcomm: ramp-up time should lower than 15ms.
Proposal 5: The following power model for LP-WUR is used for evaluation for FR1,
[image: ]
MediaTek: 
For a non-OFDM-based LPWUR, relative power of LP-WUR on is 0.01/0.05/0.1/0.5; and 0 ramp-up time;
For an OFDM-based LPWUR, relative power of LP-WUR on is 40, relative power of LP-WUR off is 0.2; and 0 ramp-up time;
[image: ]
Vivo: 10 or 20ms of LP-WUR transition time
[bookmark: _Ref127562205]Proposal 8: Transition time between LP-WUR ‘on’ and ‘off’ states can be assumed as 10 or 20ms.

Spreadtrum：
Proposal 3: Confirm whether the transition energy for the LP-WUR is the additional energy on top of the off state. If it is, the transition energy should be TLR, ramp-up *(PON-POFF)/2.Otherwise, confirm it as TLR, ramp-up *(PON+POFF)/2.
For the power value of the LP-WUR ‘on’, for simplicity, we select three “typical” values, i.e. 0.01, 0.1 and 1, and calculate the transition energy using the equation TLR, ramp-up *(PON+POFF)/2. 
Table 3: The relative power values for the LP-WUR
	
	Relative power (unit)
	Transition energy: (unit multiplied by ms)
	Ramp-up time TLR, ramp-up
(ms)
	Note

	Off
	0.001
	-
	-
	-

	On
	0.01
	1*(0.01+0.001)/2≈0.006
	1
	Example: Without mixer, without FLL

	
	0.1
	5*(0.1+0.001)/2≈0.25
	5
	Example: With mixer, with FLL

	
	1
	10*(1+0.001)/2≈5
	10
	Example: With mixer, with PLL



Samsung:
Proposal 4: Ramp-up time and transition energy from ‘off’ to ‘on’ states should be different according to the power level of ‘on’ state for LR.
E.g., on state for 1/2/4 relative power unit, ramp-up time should not be neglected.

Hence, FL recommends the followings 
[H] Proposals 1C-2-v1:
For LP-WUR, 
· Update the transition energy as TLR, ramp-up *(PON - POFF)/2
· the transition energy for the LP-WUR is the additional energy on top of the LP-WUR power off state. 
· For ramp-up time TLR, ramp-up
· If relative On power is within {0.01/0.05/0.1/0.5}, TLR, ramp-up = 1ms,
· Else if relative On power is within {1/2/4} TLR, ramp-up = 10ms,

	Company
	Comments

	ZTE，Sanechips
	We are generally OK. 

	Intel
	we are OK for the proposal

	xiaomi
	We are fine with the proposal

	OPPO
	OK with the proposal.

	QC
	We think that it is early to put exact numbers for rampup times for LP-WUR for different monitoring power levels

So, we suggest the following
For LP-WUR, 
· Update the transition energy as TLR, ramp-up *(PON - POFF)/2
· the transition energy for the LP-WUR is the additional energy on top of the LP-WUR power off state. 
· Update the LP-WUR range to include [10,15,20,40]
· For ramp-up time TLR, ramp-up
· If relative On power is within {0.01/0.05/0.1/0.5/1/2/4}, TLR, ramp-up = [0]ms,
· Else if relative On power is within {10/15/20/40} TLR, ramp-up = FFS,


	Samsung
	We don’t understand why the transition energy for LP-WUR should be calculated on top of the energy for the LP-WUR power off state. We think that there is no need to modify the equation because the energy of LP-WUR off state during the transition should be calculated even if it is not reflected to the equation for calculation of the transition energy.



1C-3: measurement assumptions details
Summary: RRM measurement assumption
RRM measurement options mentioned by FutureWei, vivo, Huawei, Nokia, Samsung, Qualcomm
· Option 1: RRM measurement is only performed by MR.
· Option 2: MR performs relaxed RRM measurement every X I-DRX cycles; Optionally, LP-WUR performs RRM measurement based on periodic lower power signal e.g., LP-SS/ beacon.
· Option 3: RRM measurement is only performed by LP-WUR.
FutureWei, Nokia think that eDRX configuration can be considered for relaxed RRM measurement by MR.
Detailed:
Futurewei: 4 RRM measurement options; a MR can be configured with an eDRX cycle for RRM purpose; beacon transmission to alleviate the impact of MR’s low periodicity RRM measurements on latency
[bookmark: _Ref117842583][bookmark: _Ref117849021]Proposal 10: For LP-WUR power consumption evaluation, study the following RRM measurement options
· Meas_Option (1): MR performs serving cell and intra/inter-frequency measurements.
· Meas_Option (2): LP-WUR performs serving cell measurements and MR performs intra/inter-frequency measurements.
· Meas_Option (3): LP-WUR performs serving cell and intra-frequency measurements and MR performs inter-frequency measurements.
· Meas_Option (4): LP-WUR performs serving and intra/inter-frequency measurements.
[bookmark: _Ref117849066]Observation 7: Power saving gain from LP-WUR will be limited, if any, compared to DRX power saving scheme when the MR is still configured to perform RRM measurements according to the DRX cycle.
[bookmark: _Ref117849083]Proposal 11: For RRM measurement purposes only when LP-WUR is actively monitoring for LP-WUS, consider a MR configured with an eDRX cycle of, e.g., [10485.76] s, and a PTW of length, e.g., 4 DRX cycles.
[bookmark: _Ref117849090]Proposal 12: Consider LP-WUR monitoring of at least a tracking and/or a RAN notification area level beacon that is transmitted with reasonable periodicity to alleviate the impact of MR’s low periodicity RRM measurements on latency.
Vivo: 3 options for RRM measurement assumptions
[bookmark: _Ref127562210]Proposal 9: For RRM measurement assumptions, the following options can be considered.
· Option 1: RRM measurement is only performed by MR.
· Option 2: LP-WUR performs RRM measurement based on periodic lower power signal e.g., LP-SS. MR performs relaxed RRM measurement every X I-DRX cycles, where X can be 10 or 20. And 
· Option 3: RRM measurement is only performed by LP-WUR. 
Huawei: relax RRM requirements and/or offload RRM from MR to LP-WUR can increase power saving gain.
Observation 1: Reducing the number of MR transitions by reducing the RRM measurement by MR can increase the power saving gain, which can be achieved by: 
a) Relaxing the RRM measurements requirements; and/or
b) Offloading partially or completely the RRM measurements from MR to be done by LP-WUR. 

Nokia: evaluate way to relax MR mobility measurement; eDRX can limit MR based RRM measurement.
Proposal 9: At least IDLE/Inactive mode power saving evalautions, use the updated values from Rel-17 UE PS work for RRM.
Observation 5: For eDRX based operation the power saving benefits can be maintained with limited MR based measurements. 
Proposal 12: Evalaute further possible ways to relax MR mobility measurement activity to maintain power saving benefits.

Qualcomm: RRM offloading and/or relaxation can significantly reduce power consumption.
Observation 1:
· Compared with PEI and PO, for both DS and ULPS, the PSGs when using LP-WUR is significant. For example, in Figure 7, for case of  sec and RRM offloading to LP-WUR, at paging cycle of 1.28 sec, the total power consumption at the UE is 0.4 power units under ULPS while the power consumption using PEI/PO under DS (since it achieves more power saving for UE under PEI/PO) is approximately 1.3-1.4 power units. Hence, the PSG of LP-WUR relative to PEI/PO is around 70%
· [bookmark: _Hlk127957455]RRM offloading and/or relaxation can significantly reduce power consumption. This is because the MR can stay in ULPS for long time, which will allow for significant power saving as shown in Figure 7.

· At low latency, DS achieves the lowest power consumption for a UE, due to the cost of transition time and energy of entering an ULPS. On the other hand, at 1.28 seconds to high latency requirements (or paging cycle durations), UE can enter ULPS and achieve the most power saving. In general, the optimal sleep state depends on latency requirement.

Xiaomi:
Proposal 3 – Consider low-power mechanism to support mobility and cell re-selection mechanism for UEs with LP-WUR. 

Spreadtrum：
It seems fair to consider the serving-cell measurement relaxation for R17 PEI, but the serving-cell measurement is included in SSB processing for sync before PEI in each paging cycle, and thus there seems no additional power saving for the serving-cell measurement relaxation. On the contrary, we think the serving-cell measurement can be supported by the LP-WUS, so there could be fair comparison.
Observation 10: For R17 PEI as baseline scheme, the serving-cell measurement relaxation is not considered.

Samsung:
Observation 1:
· There is no gain from UDS in the short time of .
· For an e-DRX cycle of , Rel-18 UE w/o RRM offloading has lower power consumption compared to i-DRX cycle.
· For an e-DRX cycle of , the average power consumption of the Rel-18 UE w/o RRM offloading is slightly lower than that of the Rel-17 UE . But it still has a very low PSG compared to the Rel-17 UE.
· Rel-18 UE w/ RRM offloading can achieve PSG of 23.74% for i-DRX and {78.58, 90.23}% for e-DRX cycles, respectively, compared to Rel-17 UE.

Proposal 7: Study RRM measurement offloading from MR to LR to achieve a high PSG.


Hence, FL recommends the followings
[H] Proposals 1C-3-v1:
For evaluation, the following options for RRM measurement can be considered,
· Option 0: RRM measurement is only performed by MR (i.e., legacy mechanism without relaxing of the serving cell).
· Option 1: MR performs relaxed RRM measurement every [XX] s; Optionally, LP-WUR performs RRM measurement, e.g., based on periodic lower power signal e.g., LP-SS/ beacon.
· Option 2: RRM measurement is only performed by LP-WUR.
· Further discuss the detail values for evaluation during the meeting 
	Company
	Comments

	ZTE，Sanechips
	For option1, to make it more general and does not preclude some other options
·  e.g., based on periodic/aperiodic lower power signal e.g., LP-SS/ beacon/preamble.


	Intel
	we are generally OK to the proposal. One point needs clarification is what is the difference between LP-SS and beacon?

	xiaomi
	Generally fine with the proposal. But for option1, we think the intention is to say at least part of RRM measurement can be done by LP WUR so MR can performs relaxed RRM measurement. So we suggest the following wording,
Option 1: MR performs relaxed RRM measurement every [XX] s; Optionally, LP-WUR performs RRM measurement, e.g., based on periodic lower power signal e.g., LP-SS/ beacon. At least part of RRM measurement can be done by LP WUR based on periodic lower power signal e.g., LP-SS/ beacon so that MR can performs relaxed RRM measurement


	DOCOMO
	we are OK for the proposal

	SONY
	Ok with the proposal.

	OPPO
	OK with the proposal.

	QC
	We suggest the following changes

For evaluation, the following options for RRM measurement can be considered,
· Option 0: RRM measurement is only performed by MR (i.e., legacy mechanism without relaxing of the serving cell).
· Option 1: MR performs relaxed RRM measurement every [XX] s or every M i-DRX/e-DRX cycles; Optionally, LP-WUR performs RRM measurement, e.g., based on periodic lower power signal e.g., LP-SS/ beacon.
· Option 2: RRM measurement is only performed by LP-WUR.
· Further discuss the detail values for evaluation during the meeting 


	Samsung
	For option1, if LP-WUR also performs RRM measurement, some cases that MR performed relaxed RRM measurement which occurs non-periodically can be considered. Therefore, we think it is better to separate the cases whether LP-WUR can performs RRM measurement or not.
e.g., Option 1-1) MR performs relaxed RRM measurement every [XX] s.
Option 1-2) MR performed relaxed RRM measurement with the aid of RRM measurement on LP-WUR. (The detail assumption for evaluation should be provided by companies)

	FL
	Updated as follows,



[H] Proposals 1C-3-v2:
For evaluation, the following options for RRM measurement can be considered,
· Option 0: RRM measurement is only performed by MR (i.e., legacy mechanism without relaxing of the serving cell).
· Option 1: MR performs relaxed RRM measurement every [XX] s (i.e., every M i-DRX if i-DRX configured or every 1 e-DRX cycles e-DRX configured); Optionally, LP-WUR performs RRM measurement, e.g., based on periodic lower power signal e.g., LP-SS/ beacon.
· Option 2: RRM measurement is only performed by LP-WUR, e.g., based on periodic lower power signal
· Further discuss the detail values for evaluation during the meeting 

	Company
	comment

	Intel
	At this stage, better to also mention aperiodic signal for LP measurement, i.e. ‘based on periodic/aperiodic lower power signal’


	
	




1C-4: Sync/re-sync assumption:
· Summary: SSB number or sync/re-sync time X and energy
Futurewei: PSS/SSS inter-F measurement (40/80/120ms) + 1~3 SSBs, assume X=180ms
ZTE: at least 3 SSBs
CATT: 1~3 SSB, (1 SSB for high SINR, 3SSBs for low SINR).
Nokia: X=40/100/160ms and corresponding sync/re-sync energy=36600/24400/12200
Intel: 1,2,3 SSBs
Qualcomm: X = 50 ms for low SNR; 20 ms for high SNR
Ericsson: depends on many factors: MR sleep period, MR sleep state, operating SNR and sync starting point (i.e., UE ability to pass on WUR acquired sync to MR)
MediaTek: X= at least 82ms
Vivo: X= 100ms and energy can be 1760, 1960, 2260; X=200ms and energy can be 2860, 3060, 3360.
Spreadtrum：3/6/9 SSBs for sync/re-sync for ultra-deep sleep can be assumed for different channel condition
InterDigital: support up to 10 SSBs for FR2 as well as FR1
· Detailed:
Futurewei: PSS/SSS inter-F measurement + 1~3 SSBs
[image: ]
[bookmark: _Ref117690881]Figure 11: Assumptions on MR Processing during Ramp-up and (Re-)Synchronization after Waking-up from ‘Ultra-deep sleep’ Power State. 
ZTE: at least 3 SSBs
Proposal 4: For LP-WUS power consumption evaluation, at least 3 SSBs are required for sync/re-sync when main radio wakes up from the state of ultra-deep sleep.
CATT: 1~3 SSB
Proposal 7: 1~3 SSB for main radio re-sync is enough for acquiring T/F synchronization after wakeup triggered by LP-WUR. 1 SSB and 3 SSB are enough for high SINR and low SINR, respectively.
Nokia: as table 4
[image: ]
[bookmark: _Ref118294180]Table 4. Summary of re-synchornisation total energy and time for different SINR levels
	SINR level
	SSS search time 
(slots)
	Confirmation/PBCH DMRS acquisition 
(SSB periods)
	Total energy 
(relative units)
	Total time
(ms)

	Low
	[240]*
	[3]
	[36600]
	[160]

	Medium
	[160]*
	[2]
	[24400]
	[100]

	High
	[80] *
	[1]
	[12200]
	[40]

	Note: 30kHz sub-carrier spacing is assumed



Proposal 10: Account the timeline illustrated in Figure 1 and summarised in Table 4 for defining the UE re-sycnhronisation time and power consumption after ultra-deep sleep.
Intel: 1,2,3 SSBs
Proposal 1: On power consumption of main radio
· For the ultra-deep sleep mode, the relative power, Ramp-up and down transition energy and ramp-up time can be respectively assumed as 0.015, 10000 and 400ms in the evaluation. 
· The sync/re-sync time based on 1,2,3 SSBs that should be detected according to the SNR at UE
Qualcomm: X = 50 ms for low SNR; 20 ms for high SNR
Proposal 3: Use the following values for additional X time units required for sync/re-sync of the MR:
· X = 50 ms for low SNR
· X= 20 ms for high SNR
[image: ]
[bookmark: _Ref118491770]Figure 2: Timeline for wakeup at low SNR case

[image: ]
[bookmark: _Ref118491790]Figure 3: Timeline for wakeup at high SNR case
Ericsson: depends on many factors: MR sleep period, MR sleep state, operating SNR and sync starting point (i.e., UE ability to pass on WUR acquired sync to MR)
Observation 2	The time X for MR to sync/resync depends on MR sleep period, MR sleep state, operating SNR and sync starting point (i.e., UE ability to pass on WUR acquired sync to MR)
MediaTek: at least 82ms
Vivo: two sets of sync time and energy: 5 or 10 SSBs.
[bookmark: _Ref127527372]Table 2. The assumptions of Sync/re-sync time and energy
	
	Sync/re-sync time [ms]
	Sync/re-sync energy [ms*units]

	Number of SSBs for sync/re-sync =5[1]
	100
	1760, 1960, 2260

	Number of SSBs for sync/re-sync =10[1]
	200
	2860, 3060, 3360

	Note 1: the continuous monitoring duration from the beginning of sync-re-sync time is 5/10/20ms.



[bookmark: _Ref118739974][bookmark: _Ref127562174]Proposal 6: For sync/re-sync time and energy, Table 2 of R1-2300476 can be assumed.

Spreadtrum：
Table 2: Sync/re-sync time/energy
	
	The number of SSBs
	Sync/re-sync time
	Sync/re-sync energy

	Deep sleep of the main radio
	{1, 2, 3}
	{2, 22, 42}ms
Assume 2ms for duration of a SSB burst and 20ms for periodicity of SSB bursts
	{60*2, 60*2 + 20*18 + 100 + 60*2, (60*2 + 20*18 + 100)*2 + 60*2} = {120, 700, 1280}

	Ultra deep sleep of the main radio in worse channel condition
	9
3 SSBs for timing acquisition, 3 SSBs for frequency error correction, 3 SSBs for fine sync for PO reception
	162ms
	(60*2 + 20*18 + 100)*8 + 60*2 = 4760

	Ultra deep sleep of the main radio in general channel condition
	6
2 SSBs for timing acquisition, 2 SSBs for frequency error correction, 2 SSBs for fine sync for PO reception
	102
	(60*2 + 20*18 + 100)*5 + 60*2 = 3020

	Ultra deep sleep of the main radio in good channel condition
	3
1 SSB for timing acquisition, 1 SSB for frequency error correction, 1 SSB for fine sync for PO reception
	42ms
	 (60*2 + 20*18 + 100)*2 + 60*2 = 1280


Proposal 2: 3/6/9 SSBs for sync/re-sync for ultra-deep sleep can be assumed for different channel condition respectively.

InterDigital: support up to 10 SSBs for FR2 as well as FR1
· Total time for sync/re-sync
For total time for sync/re-sync, two alternatives were discussed in RAN1#111. The first alternative is to support 3 – 10 SSBs and the second alternative is to support 1 – 3 SSBs as total time for sync/re-sync. If main radio is totally powered off and needs to achieve time and frequency synchronization the first alternative (3 – 10 SSBs) can be a reasonable choice. On the other hand, there can be potential implementations which possibly utilize LP-WUS as a reference. In this case, supporting 1 – 3 SSBs can be a possible option. In that regard, supporting up to 10 SSBs was agreed as total time for sync/re-sync at least for FR1. In our view, keeping the same option for FR2 is a reasonable choice.


	Company
	Comments

	Huawei, HiSilicon
	For proposal 1C-1-v1: 
	At least for FR1 MR ultra-deep sleep state,
· (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (10000 or 20000, 400ms)
· Alt 2: (10000, 2000ms), only applicable for eMBB



We support Alt.1 as baseline and it should be clarified to be applicable for all devices.
For Alt.2, we are open to list it as optional for company report.

For [H] Proposals 1C-2-v1:
	For LP-WUR, 
· Update the transition energy as TLR, ramp-up *(PON - POFF)/2
· the transition energy for the LP-WUR is the additional energy on top of the LP-WUR power off state. 
· For ramp-up time TLR, ramp-up
· If relative On power is within {0.01/0.05/0.1/0.5}, TLR, ramp-up = 1ms,
· Else if relative On power is within {1/2/4} TLR, ramp-up = 10ms,



We feel it is not very urgent to discuss this LP-WUR wake-up transition energy, considering the dominate power consumption part is the wake-up of MR. But we are open for the further discussion.

For [H] Proposals 1C-3-v1: 
	For evaluation, the following options for RRM measurement can be considered,
· Option 0: RRM measurement is only performed by MR (i.e., legacy mechanism without relaxing of the serving cell).
· Option 1: MR performs relaxed RRM measurement every [XX] s; Optionally, LP-WUR performs RRM measurement, e.g., based on periodic lower power signal e.g., LP-SS/ beacon.
· Option 2: RRM measurement is only performed by LP-WUR.
Further discuss the detail values for evaluation during the meeting



We think it is reasonable to investigate the above three options for RRM measurement. Therefore, we are fine in general with the proposal.



	
	

	
	





1D: Others	
· Latency definition:
FutureWei: For a LP-WUS carrying a UE unique ID, the latency is the average time between the data arrival and the UE’s completion of MR synchronization.
[bookmark: _Ref117848749]Proposal 3: For a LP-WUS carrying a UE unique ID, the latency is defined as the average time between the arrival of data at gNB and the UE’s completion of MR synchronization upon detection of a corresponding LP-WUS.
[bookmark: _Ref125029368]Proposal 4: Consider ignoring the impact of system information update on IDLE/INACTIVE state latency due to its infrequent occurrence as part of paging procedure.
Huawei: if UE is not required to monitor a PO after wake-up, latency is defined as the time interval between the data arrival and the first RO UE can transmit PRACH.
[image: ]
[bookmark: _Ref125791411]Figure 1 The definition of latency when UE does not receive PO after wake-up
Proposal 2: If UE is not required to monitor a PO after wake-up, latency is the time interval between the data arrival time at the gNB, and the time of the first RO UE can transmit PRACH in after LP‑WUS detection.

ZTE: configure dynamic PO, as that UE can monitor the PO after main radio ramp up and sync/re-sync
Proposal 8: Dynamic PO is used for LP-WUS latency evaluation.
CATT: LP-WUS should not replace PO.
Proposal 2:  LP-WUS is used in place of the PO indication is not feasible due to it requires UE-specific LP-WUS and carrying paging indication and paging information in the registration area.
Proposal 3: The Latency_2 is mainly affected by the MR ramp-up and preparation for paging message reception with the addition of the RACH response time.  The Latency_2 is suggested in a range of 500ms~2200ms.
· Latency_0:
Latency_0 is the time interval between the data arrival time at the gNB and the first LP-WUS transmission occasion. It is the time for gNB to prepare and transmit the LP-WUS in a cell or a registration area based on paging strategy.
· Latency_1:
Latency_1 is the time interval between the time for gNB transmitting LP-WUS and the time of LP-WUR detecting the LP-WUS successfully by the UE, which depends on the paging strategy in the registration area and activating main radio with the detailed formulation in the following: 
Latency_1 = Average receiving delay of LP-WUS + Activating delay for main radio.
· Latency_2:
Latency_2 is the time interval between the time of main radio activated by LP-WUR and the time of the first PO UE can monitor the paging message. In detail, the Latency_2 is the sum of the transition time of MR, the synchronization duration MR and the average waiting delay for paging occasion, which can be modeled as:
Latency_2 = Transition time of MR + synchronization duration of MR + average waiting delay for PO Occasion.

Proposal 4: The total latency can be divided into three independent parts associated with different dependent components: Latency_0 for gNB preparation, Latency_1 for LP-WUR monitoring the LP-WUS and Latency_3 for main radio waking up and detecting paging message, the expression of latency can be formulated as: Total Latency = Latency _0 + Latency_1 + Latency _2.
Observation 2: Additional performance metrics that could be considered in the study on top of the agreed should cover: coverage, selectivity/robustness data rate/capacity (from LP-WUS and system perspective). 
Proposal 8:		Consider implications to network energy efficiency in studied LP-WUS designs.

Sony：
Average delay = ½ sleep time + transition time + signal miss detection × average time for re-transmission
· Paging rate:
Nordic:
	Agreement
Update the IDLE/INACTIVE state traffic model option 1 as follows and remove traffic model option 2,
· The traffic arrival is modeled 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 i-DRX cycle duration Y second, 
· Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· For e-DRX with K i-DRX cycles duration, L 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)Y/YREF for the first i-DRX cycle within the PTW
· RE = 1 – (1 – RE, REF )LY/YREF for each of the remaining L-1 i-DRX cycles within the PTW
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· L=4 (as agreed in RAN1#110bis)


As can be seen above, for e-DRX it was agreed to set UE paging probability higher for the first i-DRX cycle within PTW. The equation for the first i-DRX cycle within the PTW takes into account only the probability of K-L i-DRX cycles, the equation for the remaining i-DRX cycles is only used for L-1 i-DRX cycles. As a result, probabilities of K-1 DRX cycles and the equation for the first i-DRX cycle should take into account one more i-DRX cycle probability.
Observation-1: For e-DRX, the per UE paging probability of the first i-DRX cycle after K-L long sleep is ignored in the above agreed equation.
Proposal-3: For e-DRX Per UE paging probability is RE = 1 – (1 – RE, REF )(K-L+1)Y/YREF


[M] Proposals 1D-v1:
Update as followings for the e-DRX paging probability
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 

	Company
	Comments

	Intel
	We are fine with the proposal

	
	

	
	




Issue 2: Use cases and KPIs
2A: Use case descriptions
Use cases can be considered for the study are as follows,
[bookmark: _Hlk115806311]IoT cases (supported according to SID), e.g, Actuator control, On-demand sensing application (the case age of sensed information matters), On-demand location tracking
· power-sensitive, 
· vivo(last at least few years), Qualcomm(e.g., the battery should last at least few years.), MTK (battery life in years),sony,LG(e.g., the battery should last at least few years)
· small form devices, 
· Nordic,sony,LG
· latency-insensitive 
· vivo (several or tens of seconds)
· latency-sensitive
· vivo (1 or 2 seconds), Qualcomm (Low latency requirement), 
· Mobility
· Vivo (static or nomadic), Qualcomm (static, nomadic or limited mobility), LG

Wearable cases (supported according to SID)
· power-sensitive, 
· vivo (last a few weeks), Qualcomm(up to 1-2 weeks)
· small form devices, 
·  Nordic
· Latency-sensitive
· Vivo (several seconds), Qualcomm (Low latency requirement), sony,LG
· Mobility
· Vivo (low/medium speed), Qualcomm (low/medium speed), 
· 
eMBB cases, e.g., XR, smartphone, 
· General support 
· vivo, MediaTek, Apple, , Ericsson, Qualcomm,DOCOMO
· Higher power saving gain, 
· vivo, Qualcomm (b.	provide even higher power saving gains compared to the legacy solutions)
· Low latency, 
· vivo(in the order of milliseconds), Ericsson(tight delay requirements (e.g., XR)), Qualcomm (Low latency requirement)
· Mobility
· Vivo (low/medium speed), Qualcomm (low/medium speed), 

Detailed:
Nokia: need to consider Redcap devices; down prioritize sidelink study; deployment consideration of LP-WUS
Observation 1: Many of the target use cases for the new WUS, are the same as those for the Reduced Capability devices developed for Release 17 and the being developed for Release 18.
Proposal 1:		The SI considers the constraints of RedCap devices.
Proposal 2:		Down prioritize the sidelink related studies for time being.
Proposal 3: 	LP-WUS design and LP-WUR architecture should support flexible placement in frequency domain.
Proposal 4:		The wake-up signal design and wake up receiver architecture defined, allows efficient reuse of gNB hardware for signal generation.
Proposal 5:		The LP-WUS/WUR design should ensure that legacy receiver performance is not affected and efficient multiplexing with existing NR signals and channels is possible to limit the resource reservation.
Proposal 6:		Coverage and mobility implications should be accounted for in LP-WUS design and LP-WUR architecture assumptions.
Proposal 7:		Consider in LP-WUS design and LP-WUR architecture the possibility to accommodate use cases with some degree of limited mobility.
Qualcomm:
Proposal 1:
· The following characteristics for target use cases are considered in the study item:
1. IoT cases including e.g., industrial wireless sensors, controllers, actuators, etc., including the following characteristics,
a. Low latency requirement
b. small form devices
c. [power-sensitive, e.g., the battery should last at least few years.]
d. E.g., targeting for limited data activity
e. static, nomadic or limited mobility
2. Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc.,
a. Low latency requirement
b. small form devices
c. [power-sensitive, the battery should last multiple days (up to 1-2 weeks).]
d. E.g., targeting for limited data activity
e. low/medium speed
3. eMBB cases including e.g., XR/smart glasses, smart phones, etc.,
a. Low latency requirement
b. provide even higher power saving gains compared to the legacy solutions with acceptable latency impact of some typical NR services
c. E.g., targeting for [typical eMBB traffic (e.g., FTP, IM, VoIP, etc.) and intensive traffic arrival with delay requirements]
d. low/medium speed
· Note: other use cases are not precluded if any.
Proposal 2: Include following KPIs: data rate, false wakeup probability (due to grouping and false alarm), and misdetection probability.
Ericsson: applicability of RRC modes; deployment consideration of LP-WUS
[bookmark: _Toc127522005][bookmark: _Toc118667557]Observation 1 Latency requirements for use cases mentioned in the SID such as industrial controllers, actuators etc., and wearables range from tens of milliseconds, hundreds of milliseconds to several seconds. For XR, the requirements are in few milliseconds to few tens of milliseconds range.
[bookmark: _Toc127521833]Proposal 1 Study the following further:
· [bookmark: _Toc127521834]Applicability of RRC IDLE/INACTIVE vs. RRC CONNECTED mode operation of LP-WUS/WUR considering latency requirements and expected data activity for different use cases mentioned in the SID.
· [bookmark: _Toc127521835]Feasible latency at which LP-WUR can wake up MR while still providing power saving gain.
Vivo:
[bookmark: _Ref115447104]Proposal 1: Capture the following use cases in the TR of LP-WUS/WUR:
· For IoT cases: The battery should last at least few years; Latency would be within several or tens of seconds; For latency sensitive IoT cases, the latency requirement is within 1 or 2 seconds; The mobility would be stationary or nomadic.  
· For wearable cases: The battery should last for a few weeks; Latency need to be within several seconds; Low/medium speed is required.
· For XR or smart phone cases: support to provide higher power saving gains on top of existing solutions; Latency need to be within several milliseconds for XR traffic and within tens of milliseconds for other eMBB traffics; Low/medium speed is required.
Sony：
Proposal 1 – Prioritize studying LP-WUS/WUR for power-sensitive, low-traffic, small form factor devices in IoT use cases (such as industrial sensors, controllers) and wearables where delay requirement or device reachability in time is short. 

LG:
Proposal 1: Adopt the following characteristics for target use cases of IoT and wearables.
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· latency is required within e.g., [the order of seconds], [latency in-sensitive IoT cases can also work]
· primary for small form devices
· power-sensitive, e.g., the battery should last at least few years.
· E.g., targeting for limited data activity
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· latency is required within, e.g., the order of [seconds]
· primary for small form devices,
· power-sensitive, the battery should last multiple days (up to 1-2 weeks).
· E.g., targeting for limited data activity
low/medium speed

DOCOMO:
Proposal 1: Study eMBB use cases for LP-WUS/WUR study in addition to IoT/wearable use cases. 


[H] Proposals 2A-v1:
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,
· latency is required within e.g., [the order of seconds], [latency in-sensitive IoT cases can also work]
· primary for small form devices
· power-sensitive, e.g., the battery should last at least few years.
· E.g., targeting for limited data activity
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· latency is required within, e.g., the order of [seconds]
· primary for small form devices,
· power-sensitive, the battery should last multiple days (up to 1-2 weeks).
· E.g., targeting for limited data activity
· low/medium speed 
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· latency is required within e.g., the order of [milliseconds]
· devices form is various and not restricted
· provide even higher power saving gains compared to the legacy solutions with acceptable latency impact of some typical NR services
· E.g., targeting for intensive traffic arrival with delay requirements (e.g., XR for RRC connected mode)
· low/medium speed
Note: other use cases are not precluded if any.

	Company
	Comments

	ZTE, Sanechips
	For the IoT cases and wearables, we think the latency should also satisfy the requirement defined for RedCap UE.

	· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)





	Intel
	We are OK for the proposal 

	Spreadtrum
	Fine

	Xiaomi
	We are fine with the proposal

	Huawei, HiSilicon
	Regarding the use case, discussion, SID does not ask RAN1 to develop them. We noticed rapporteur already copy & paste use cases in the WID into the introduction section of the draft TR. We feel there is no need for further discussion on this. It would be better to spend TU elsewhere.
For the listed battery life, battery life has not been set as a qualifier for feasibility of the SI, rather the test is “substantial gains compared to Rel-15/16/17”, hence that is what we should demonstrate, rather than setting a risky barrier for ourselves.

	SONY
	Ok with the proposal.

	OPPO
	OK with the proposal.

	QC
	We agree with this proposal

	Samsung
	For all cases, we don’t think that the E.g., bullets are necessary. We suggest to remove all E.g., bullets. 

	FL
	@ZTE, the 100ms latency for Redcap is connected mode. For IDLE mode, it may not be 100ms.
@Huawei: in the SID it asked us to “Identify evaluation methodology (including the use cases) & KPIs [RAN1]”. So I think it is OK we should discuss on it.
@Samsung, remove the e.g. For latency, I expect there are some merits to keep so that we evaluating the latency people can check whether it is satisfied or not.  I put FFS for them.




[H] Proposals 2A-v2:
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,
· FFS: latency is required within e.g., [the order of seconds], [latency in-sensitive IoT cases can also work]
· primary for small form devices
· power-sensitive, e.g., the battery should last at least few years.
· E.g., targeting for limited data activity
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency is required within, e.g., the order of [seconds]
· primary for small form devices,
· power-sensitive, the battery should last multiple days (up to 1-2 weeks).
· E.g., targeting for limited data activity
· low/medium speed 
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency is required within e.g., the order of [milliseconds]
· devices form is various and not restricted
· provide even higher power saving gains compared to the legacy solutions with acceptable latency impact of some typical NR services
· E.g., targeting for intensive traffic arrival with delay requirements (e.g., XR for RRC connected mode)
· low/medium speed
Note: other use cases are not precluded if any.
	Company
	Comments

	
	

	
	



2B: target power for LP-WUR
Summary: the target relative power of LP-WUR “ON” state
vivo: less than 1unit
MTK: suggest to remove relative power of LP-WUR ON of 1, 2 and 4 for a non-OFDM-based LP-WUR.
Detailed:
vivo:
[bookmark: _Ref127561775][bookmark: _Ref118739706][bookmark: _Ref115447006]Observation 1: In the case that the relative power of LP-WUR “ON” state is 0.03~0.5 unit, 
· substantial power saving gain e.g., up to 80% can be achieved.
· LP-WUR should address all traffic arrival cases for IoT/Wearable/eMBB, thus keeping the “ON” state power consumption as low as possible is important for increasing the battery life of the device.
[bookmark: _Ref127562121]Proposal 2: The target relative power of LP-WUR “ON” state should be less than 1 unit. 
MediaTek:
[image: ]


[M] Proposals 2B:
Alt 1
Design target for a low power-wake up receiver is active power consumption not more than [1000 uW]. 
· FFS detailed value of target maximum active power consumption.
Alt 2:
Design target for a low power-wake up receiver is to have active power consumption that is less than 1 unit 
· FFS: Whether to have design target for absolute active power consumption, i.e., absolute active power to relative power mapping relation.

	Company
	Comments

	Intel
	We are generally fine with both proposals. However, it seems hard to get a common understanding before discussion evaluation results for power consumption and link budget.  

	Spreadtrum
	Fine for Alt 2. We don’t support Alt-1 as an absolute value is not welcome.

	Huawei, HiSilicon
	We don’t think Alt.1 is useful considering we don’t have any assumption of the absolute power value of main radio.

For Alt.2, we are fine with the framework of the proposal, but with similar comments on Alt.1, we don’t think the FFS bullet is needed.

	SONY
	Fine with the proposal.

	OPPO
	OK with the proposal.

	QC
	We already agreed on a set of LP-WUR monitoring power. Hence, we cannot see a need to constraint the upper value or a need for this proposal at the mean time. The current results showed that regardless of monitoring power, with duty cycle, the power saving gains relative to PEI are reasonable for the case of interest latency requirements.

	
	

	
	

	
	

	
	

	
	



2C: target coverage for LP-WUS

Use the bottleneck channel, i.e. PUSCH, as the reference for coverage evaluation of LP-WUS.
· Supported by Huawei, vivo, Nordic, Docomo, [MTK]
Qualcomm and Ericsson: strive similar coverage as NR PDCCH.
[M] Proposals 2C:
FFS
	Company
	Comments

	Intel
	It is generally preferred that the LP-WUS can provide same coverage as other NR channels. It is slightly preferred to take PDCCH as reference since PUSCH is not involved in idle/inactive mode

	Spreadtrum
	It is big problem that NW cannot wake a UE up. So, we prefer the target coverage is NR PDCCH.

	DOCOMO
	We are open whether the coverage of LP-WUS match to the coverage of PUSCH or not. 

	SONY
	Similar to DOCOMO, we are open on whether the coverage of LP-WUS match to the coverage of PUSCH or not.

	QC
	We think RAN1 should stive to match LP-WUR coverage with PDCCH coverage

	
	

	
	

	
	

	
	

	
	

	
	




[bookmark: _Toc529948047]Issue 3: evaluation results
3A Template for simulation results
Many companies submitted their simulation results according to the assumptions made in RAN1#111. Moderator recommends to work on a template to collect the results during this meeting. Including
· Collecting results for power, latency, overhead, capacity and etc.
· Collecting results for link budget for LP-WUS and NR channel (for comparison purpose)
https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_112/Inbox/drafts/9.13(FS_NR_LPWUS)/9.13.1/results%20collecting

3B evluation results (to be consolidated after the results being collected)
FL: Discussion on how to consolidate results collected by the templates 

3B-1: RRC IDLE/INACTIVE
Power evaluation (including latency)
Futurewei:
Observation 8: LP-WUS latency (without accounting for miss-detections) can be ~15% more than that of DRX power saving scheme due to MR’s required transition and synchronization time when in “Ultra-deep sleep” power state.
[bookmark: _Ref124944962]Table 7: Power Saving Gain of LP-WUS Compared to DRX with PEI at  and .
[image: ]
[bookmark: _Ref124944970]Table 8: Power Saving Gain of LP-WUS Compared to DRX with PEI at  and .
[image: ]
[bookmark: _Ref124944976]Table 9: Power Saving Gain of LP-WUS Compared to DRX with PEI at  and .
[image: ]
Observation 9: A LP-WUR in ‘always-on’ monitoring mode can achieve a two-digit power saving gain compared to DRX with PEI configuration only for LP-WUR relative power < 1 and a FAR <0.01%.
Observation 10: A LP-WUR in ‘always-on’ monitoring mode can result in a significant power loss compared to DRX with PEI configuration by considering a number of UEs per paging group for a reference traffic arrival rate .
[bookmark: _Ref124946075]Table 10: Power Saving Gain of LP-WUS Compared to DRX with PEI at  and .
[image: ]
[bookmark: _Ref124946084]Table 11: Power Saving Gain of LP-WUS Compared to DRX with PEI at  and .
[image: ]
[bookmark: _Ref124946091]Table 12: Power Saving Gain of LP-WUS Compared to DRX with PEI at  and .
[image: ]
[bookmark: _Ref124946102]Table 13: Power Saving Gain of LP-WUS Compared to DRX with PEI at  and .
[image: ]

Observation 11: Increasing the number of UEs per paging group, , has minimal impact on cases with reference traffic arrival rates , but can significantly degrade the performance of LP-WUR at .
Observation 12: A LP-WUR configured with a short ‘duty-cycle’ can suffer from a significant degradation in power saving gain compared to DRX with PEI scheme by increasing above , especially at high reference traffic arrival rates . 
Observation 13: A LP-WUR can achieve reasonable power saving gains compared to DRX with PEI power saving scheme at  of , but only at ‘Low’ or ‘Med’ SNR cases and for . 
Observation 14: ‘Duty-cycled’ configuration of LP-WUR can enable its effective operation at higher s (up to ) and higher relative power (up to  units) compared to ‘always-on’ configuration, but potentially at a higher network resource overhead requirement. 
[bookmark: _Ref124951652]Table 14: Power Saving Gain of LP-WUS Compared to eDRX with PEI at N=4 and FAR=0.001%.
[image: ]
[bookmark: _Ref124951660]Table 15: Power Saving Gain of LP-WUS Compared to eDRX with PEI at N=10 and FAR=1%.
[image: ]
[bookmark: _Ref124951667]Table 16: Power Saving Gain of LP-WUS Compared to eDRX with PEI at N=4 and FAR=10%.
[image: ]

Observation 15: Reduction of  below  and/or  below  has minimal impact on LP-WUS power saving gain compared to eDRX with PEI configuration, i.e., for a relatively high target latency, mainly due to the configured long duty-cycle for both LP-WUS and eDRX power saving schemes. 
Observation 16: A reasonable positive LP-WUS power saving gain compared to eDRX with PEI configuration is achieved only for LP-WUR relative power , a reference traffic arrival rate , and . 
Huawei:
[image: ]
[bookmark: _Ref118233199]Figure 4 Evaluation results of power saving gain for per UE indication vs. per UE group indication
[image: ]
[bookmark: _Ref121473015]Figure 5 Evaluation results of latency reduction for per UE indication vs. per UE group indication
Observation 2: Reducing the number of MR transitions by reducing how often a UE is woken up by LP-WUS can increase the power saving gain, which can be achieved by: 
a) Minimizing the use of UE grouping but maintaining a good trade off with the supported data rate; and/or  
b) Minimizing the FAR value but maintaining a good trade off with the coverage performance.
Observation 3: For the case without RRM measurement and per-UE indication, ~89% power saving gain can be achieved.
Observation 4: If LP-WUS carries per-group indication, the latency is larger than R17 baseline since the MR needs to wait for the legacy PO to receive paging. If UE can receive paging in the nearest PO, the latency is comparable to per-UE indication.
[image: ]
[bookmark: _Ref121423975]Figure 6 Evaluation results of power saving gain for different transition energy
Observation 5: Reducing the number of MR transitions by reducing the RRM measurement by MR can increase the power saving gain, which can be achieved by: 
c) Relaxing the RRM measurements requirements; and/or
d) Offloading partially or completely the RRM measurements from MR to be done by LP-WUR. 
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[bookmark: _Ref121424615]Figure 7 Evaluation results of power saving gain for continuous monitoring vs duty cycle based monitoring
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[bookmark: _Ref121424669]Figure 8 Evaluation results of latency reduction for continuous monitoring vs duty cycle based monitoring

Observation 6: When the power consumption of LP-WUR is high, only with duty cycle LP-WUS can provide power saving gain, which means that it has difficulty to support latency sensitive traffics, e.g. voice traffic.

[image: ]
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[bookmark: _Ref121475967]Figure 11 Evaluation results of latency reduction for different time requirement on sync/re-sync
Observation 7: With shorter required time on sync/re-sync, larger power saving gain and smaller latency can be obtained.

ZTE:
[image: ][image: ]
              （a） EUDS=40000                         （b）EUDS=20000 
Figure 3. Power consumption evaluation results based on R_E=0.01%
Observation 1: Compared with DRX with/without PEI, The LP-WUS for one UE or multiple UEs can achieve lower power consumption. 
Observation 2: Compared with eDRX without PEI, the LP-WUS brings more UE power consumption only when PWUR on=1 or PWUR_on=0.5, UE_num=10 and EUDS=20000.
Observation 3: Compared with eDRX with PEI, the LP-WUS brings more UE power consumption when PWUR on=1 and EUDS=40000, PWUR_on=0.5/1 and EUDS=20000. 
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Figure 4. Power consumption evaluation results based on LP-WUS monitoring
Observation 4: Compared with LP-WUS with always on monitoring, the extra power consumption caused by LP-WUS with on-off duty cycled monitoring is small when the WUR-on power is not large. 
[image: ]    [image: ]
Figure 6. Power consumption evaluation results based on RRM measurement
Observation 5: When N is relaxed to 12, LP-WUS has power saving gain compared with DRX with PEI when R_E=1%, EUDS=20000 and PWUR on=0.5, and N is 22 when EUDS =40000 and other parameters remain the same.
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Figure 7. Power consumption evaluation results based on FAR
Observation 6: Compared with DRX with/without PEI, the LP-WUS has power saving gain when the probability of extra MR power on caused by FAR is lower than 10%.
Table 3. Initial latency evaluation
	
	
Latency
	T1
	T2

	
	
	Reduction(%)
	Reduction(%)

	DRX/DRX+PEI
	0.64s
	-115
	29.6%

	eDRX/eDRX+PEI
	26.46s
	94.7
	98.2%

	T1
	1.38s
	-
	67.3%

	T2
	0.45s
	-206%
	-



Observation 7: Compared with DRX/eDRX, the latency reduction of legacy PO is -115%/94.7%.
Observation 8: Compared with DRX/eDRX, the latency reduction of dynamic PO is 29.6%/98.2%.
Observation 9: Compared with legacy PO, the latency reduction of dynamic PO is 67.3%.
Observation 10: The latency for periodic monitoring mechanism would be larger than that for always on monitoring and the different periodic monitoring scheme has different impacts on the latency. 
Observation 11: The latency impact caused by miss detection is small if dynamic PO is used.
CATT:
[bookmark: _Ref127534259]Table 8: Evaluation results for LP-WUS scheme and PEI scheme
	
	1% paging rate
	0.1% paging rate
	0.01% paging rate

	1 SSB synchronization duration for MR 
	77.1%
	96.9%
	98.9%

	2 SSB synchronization duration for MR
	81.4%
	97.5%
	99.1%

	3 SSB synchronization duration for MR
	84.3%
	97.9%
	99.2%



Observation 1: Comparing to i-DRX with PEI, LP-WUR/WUS can obviously reduce the power in a range of 77.1%~84.3%, 96.9%~97.9%, 98.9%~99.2% with the assumption that LP-WUR having the same receiver sensitivity as that of NR receiver under 1%, 0.1%, 0.001% paging rate, respectively.
Observation 2: The lower paging rate is, the more power saving gain would be obtained by LP-WUR.
Nokia:
Observation 3: For always-on or frequent LP-WUS monitoring, false detection needs to be kep very low or the MR transition energy needs be reduced to ensure good power saving gain. 
Observation 4: If non-zero false detection probability is assumed, assuming constrained time occasions for LP-WUS monitoring can offer better power saving performance.
Proposal 11: Consider LP-WUS operation assuming defined monitoring occasions i.e. duty cycled operation.
[image: ]
[bookmark: _Ref127281522]Figure 2: Average power consumed with different false detection probabilites without mobility measurements, RE,REF=1%, N=8
Observation 5: For eDRX based operation the power saving benefits can be maintained with limited MR based measurements. 
Proposal 12: Evalaute further possible ways to relax MR mobility measurement activity to maintain power saving benefits.
[bookmark: _Ref127442365]Table 5. Relative power saving of LR based operation over Rel15 eMBB (DRX) with different measurement assumptions, RE,REF=1%, N=8, PFD=0.001%
	
	Assumed LR operation [relative power]

	Case
	Always-on [0.1]
	Duty cycled [4]
	Duty cycled [12]

	No MR based measurements
	70%
	83%
	81%

	Measurement in 4 DRX cycles in every PTW
	66%
	78%
	76%

	Measurement in 2 DRX cycles in every PTW
	68%
	80%
	79%

	Measurement in 4 DRX cycles in every second PTW
	68%
	80%
	79%



Observation 6: Reducing false alarm probability via LP-WUS design would need to account the impact to overhead, feasibility of multiplexing (LP-WUS) and latency of transmitting LP-WUS. 
Proposal 13: Evaluate further the need and ways to limit the false alarm impact to power saving gain.
[bookmark: _Ref127443735]Table 6. Relative power saving of different schemes over Rel15 eMBB (DRX) with paging probabities and number of UEs per sub-group without mobility measurements
	Per UE paging probability, RE,Ref
	0 %
	
	0.1%
	
	1 %

	Number of UEs per subgroup, N
	-
	
	1
	4
	8
	12
	
	1
	4
	8
	12

	R15 (EPI)
	23 %
	
	23 %
	23 %
	23 %
	23 %
	
	23 %
	22 %
	22 %
	21 %

	R15 (eDRX)
	76 %
	
	76 %
	76 %
	76 %
	76 %
	
	76 %
	76 %
	76 %
	76 %

	R15 (EPI+eDRX)
	78 %
	
	78 %
	78 %
	78 %
	78 %
	
	78 %
	77 %
	77 %
	77 %

	R18 (AO)
	85 %
	
	84 %
	82 %
	80 %
	78 %
	
	79 %
	71 %
	70 %
	69 %

	R18 (DS-4)
	98 %
	
	98 %
	96 %
	93 %
	91 %
	
	92 %
	85 %
	83 %
	82 %

	R18 (DS-12)
	97 %
	
	96 %
	94 %
	92 %
	90 %
	
	90 %
	83 %
	81 %
	81 %



[bookmark: _Ref127444548]Table 7. Relative power saving of different schemes over Rel15 eMBB (DRX) with paging probabities and number of UEs per sub-group with mobility measurements.
	Per UE paging probability, RE,Ref
	0 %
	
	0.1%
	
	1 %

	Number of UEs per subgroup, N
	-
	
	1
	4
	8
	12
	
	1
	4
	8
	12

	R15 (EPI)
	23 %
	
	23 %
	23 %
	23 %
	23 %
	
	23 %
	22 %
	22 %
	21 %

	R15 (eDRX)
	76 %
	
	76 %
	76 %
	76 %
	76 %
	
	76 %
	76 %
	76 %
	76 %

	R15 (EPI+eDRX)
	78 %
	
	78 %
	78 %
	78 %
	78 %
	
	78 %
	77 %
	77 %
	77 %

	R18 (AO)
	80 %
	
	80 %
	78 %
	76 %
	74 %
	
	75 %
	68 %
	66 %
	66 %

	R18 (DS-4)
	93 %
	
	92 %
	90 %
	88 %
	86 %
	
	87 %
	80 %
	78 %
	77 %

	R18 (DS-12)
	91 %
	
	90 %
	88 %
	86 %
	85 %
	
	85 %
	78 %
	76 %
	76 %




	[image: ] (a) eMBB device
	[image: ] 
(b) RedCap device


[bookmark: _Ref127453165]Figure 3: Average power consumption over all SNR scenarios  with MR based measurements
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(a) eMBB device
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(b) RedCap device


[bookmark: _Ref118384366]Figure 4: Average power saving against Rel-15 UE 
[image: ]
[bookmark: _Ref115437906]Figure 5: Comparison of average latency to receive paging (eDRX = 48 x iDRX cycle)
Observation 7: The overall service/paging latency including sub-systems boot-up, calibration, and re synchronization, incurs the average delay of approximately 1200ms, which is bit more than DRX latency of 640ms.
Intel:
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(A)                                                   		 (B)
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(C)                                                  		(D)
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(E)                                                  		(F)
Figure 1: Power consumption/latency in idle/inactive mode without RRM by MR
Observation 1: For idle/inactive mode, without consideration on RRM by main radio
· Significant benefit on power saving in LP-WUS based operation are observed except that LP-WUS is always ON with ON power of e.g., 4 units. The issue can be simply solved by duty-cycle based LP-WUS detection.  
· Large power saving gain is still observed even when extremely high total transition energy 40000 units. 
· LP-WUS enables a latency slightly higher than IDRX and significantly lower than eDRX.  
· The lowest power consumption is observed when paging subgroup is indicated by LP-WUS 
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(A)                                                  		 (B)
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(C)                                                  	 	(D)
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(E)                                                  		(F)
Figure 2: Power consumption/latency in idle/inactive mode with relaxed RRM by MR
Observation 2: For idle/inactive mode with relaxed RRM by main radio
· Large gain on power saving in LP-WUS based operation are observed. For the case LP-WUS ON power of 4 units, power saving gain can be achieved in duty-cycle based LP-WUS detection.  
· There is a loss for extremely high total transition energy 40000 units. 
· LP-WUS enables a latency slightly higher than IDRX and significantly lower than eDRX.  
· The lowest power consumption is observed when paging subgroup is indicated by LP-WUS 
Proposal 3: For idle/inactive mode
· Further study the cases that LP-WUS can provide an indication on paging group, paging subgroup or UE ID
Qualcomm:
[image: ]
Figure 7: Comparison between different schemes in terms of power consumption for a given latency at  under different RRM relaxation factor 
Observation 1:

· Compared with PEI and PO, for both DS and ULPS, the PSGs when using LP-WUR is significant. For example, in Figure 7, for case of  sec and RRM offloading to LP-WUR, at paging cycle of 1.28 sec, the total power consumption at the UE is 0.4 power units under ULPS while the power consumption using PEI/PO under DS (since it achieves more power saving for UE under PEI/PO) is approximately 1.3-1.4 power units. Hence, the PSG of LP-WUR relative to PEI/PO is around 70%
 
· RRM offloading and/or relaxation can significantly reduce power consumption. This is because the MR can stay in ULPS for long time, which will allow for significant power saving as shown in Figure 7.

At low latency, DS achieves the lowest power consumption for a UE, due to the cost of transition time and energy of entering an ULPS. On the other hand, at 1.28 seconds to high latency requirements (or paging cycle durations), UE can enter ULPS and achieve the most power saving. In general, the optimal sleep state depends on latency requirement.

[image: ]
Figure 8: PSG with respect to PEI for different values of per UE paging rate, , and under paging cycle of 1.28 sec


[image: ]
Figure 9: PSG with respect to PEI for different values of per UE paging rate, , and under paging cycle of 6.4 sec
Observation 2: Large paging rate can reduce PSG relative to PEI.
[image: ]
Figure 10: Impact of false alarm (PFA) on power consumption
Observation 3: If PFA increases from 1% to 10%, this will result in around 70% PSG loss.

Proposal 10: For the performance evaluations of LP-WUS candidate designs, the following false-alarm rate (FAR) of LP-WUS can be assumed: [0.1%, 1%, 10%].
[image: ]
Figure 11: Power consumption versus latency for different LP-WUR monitoring power
Observation 4: Monitoring power consumption and WUR monitoring duration are two key aspects to determine UE’s average power consumption

Observation 5: Duty cycling could reduce average LP-WUR power consumption significantly.

Observation 6: Power consumption is insensitive to LP-WUR Monitoring power at low and moderate paging cycle durations (low to moderate latency requirements).
[image: ]
Figure 12: PSG relative to PEI for LP-WUS based on OOK and OFDM
Observation 7: For low paging cycle durations (e.g., 1.28 sec), power consumption is insensitive for LP-WUR monitoring power.
Proposal 10: For the performance evaluations of LP-WUS candidate designs, the following false-alarm rate (FAR) of LP-WUS can be assumed: [0.1%, 1%, 10%].
Ericsson:
Table 4.1-1: Power consumption evaluation for specific scenarios (WUR active power PWUR=0.5 units).
	Scenario 
	Baseline power (RE =1%)
	Baseline power (RE = 0.1%)
	Baseline power (RE =0.01%)
	Power with WUR (RE =1%)
	Power with WUR (RE =0.1%)
	Power with (RE =0.01%)

	Scenario A (500 ms latency bound)
	9.66
	9.66
	9.66
	1.05
	1.03
	1.03

	Scenario B (2 s latency bound)
	3.17
	3.17
	3.17
	0.20
	0.04
	0.02

	Scenario C (60 s latency bound)
	0.69
	0.69
	0.69
	0.15
	0.03
	0.02

	Scenario D (10 min latency, latency insensitive)
	0.07
	0.07
	0.07
	0.05
	0.03
	0.02



Table 4.1-2: Power consumption evaluation for specific scenarios (WUR active power PWUR=4 units).
	Scenario 
	Baseline power (RE =1%)
	Baseline power (RE = 0.1%)
	Baseline power (RE =0.01%)
	Power with WUR (RE =1%)
	Power with WUR (RE =0.1%)
	Power with (RE =0.01%)

	Scenario A (500 ms latency bound)
	9.66
	9.66
	9.66
	1.22
	1.20
	1.19

	Scenario B (2 s latency bound)
	3.17
	3.17
	3.17
	0.24
	0.08
	0.07

	Scenario C (60 s latency bound)
	0.69
	0.69
	0.69
	0.15
	0.03
	0.02

	Scenario D (10 min latency, latency insensitive)
	0.07
	0.07
	0.07
	0.05
	0.03
	0.02



Table 4.1-3: Power consumption evaluation for specific scenarios (PWUR =10 units).
	Scenario 
	Baseline power (RE =1%)
	Baseline power (RE = 0.1%)
	Baseline power (RE =0.01%)
	Power with WUR (RE =1%)
	Power with WUR (RE =0.1%)
	Power with (RE =0.01%)

	Scenario A (500 ms latency bound)
	9.66
	9.66
	9.66
	1.51
	1.49
	1.49

	Scenario B (2 s latency bound)
	3.17
	3.17
	3.17
	0.31
	0.15
	0.14

	Scenario C (60 s latency bound)
	0.69
	0.69
	0.69
	0.15
	0.03
	0.02

	Scenario D (10 min latency, latency insensitive)
	0.07
	0.07
	0.07
	0.05
	0.03
	0.02



Table 4.1-4: Power saving evaluation for specific scenarios (PWUR =0.5 units).
	Scenario 
	Power saving (RE =1%)
	Power saving (RE =0.1%)
	Power saving (RE =0.01%)

	Scenario A (500 ms latency bound)
	89%
	89%
	89%

	Scenario B (2 s latency bound)
	94%
	99%
	99%

	Scenario C (60 s latency bound)
	78%
	95%
	97%

	Scenario D (10 min latency, latency insensitive)
	27%
	59%
	76%



Table 4.1-5: Power saving evaluation for specific scenarios (PWUR =4 units).
	Scenario 
	Power saving (RE =1%)
	Power saving (RE =0.1%)
	Power saving (RE =0.01%)

	Scenario A (500 ms latency bound)
	87%
	88%
	88%

	Scenario B (2 s latency bound)
	92%
	97%
	98%

	Scenario C (60 s latency bound)
	78%
	95%
	97%

	Scenario D (10 min latency, latency insensitive)
	27%
	59%
	76%



Table 4.1-6: Power saving evaluation for specific scenarios (PWUR =10 units).
	Scenario 
	Power saving (RE =1%)
	Power saving (RE =0.1%)
	Power saving (RE =0.01%)

	Scenario A (500 ms latency bound)
	84%
	85%
	85%

	Scenario B (2 s latency bound)
	90%
	95%
	96%

	Scenario C (60 s latency bound)
	78%
	95%
	97%

	Scenario D (10 min latency, latency insensitive)
	26%
	59%
	75%



Observation 3	In general, WUR provides higher power saving for use cases with smaller latency bound relative to mean inter-arrival time of traffic bursts.
Observation 4	For duty-cycled WUR operation, results for the evaluated cases indicate that power savings are possible when assuming WUR active power PWUR = 0.5, 4, 10 units.
[image: ]
Figure 4.1.2-1: Power saving gain versus sync/re-sync time after ultra-deep sleep [X] (duty-cycled WUR).
Observation 5	The additional sync/re-sync time for MR has a higher impact on cases with a higher paging rate and the overall power saving gain is less sensitive to the sync/re-sync time for small paging rates (e.g., 1%).
[bookmark: _Toc127522010]Observation 6	WUR power saving gain is significantly reduced by using the MR for RRM measurements
[image: ]
Figure 4.1.3.-1: Power saving achieved by WUR when main radio performs RRM measurements every K DRX cycle (duty-cycled WUR).
[image: ]
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[bookmark: _Toc127522013][bookmark: _Toc118667566][bookmark: _Toc118669166]Observation 9 LP-WUS/WUR operation in RRC_INACTIVE/RRC_IDLE incurs additional latency in terms of paging delay compared to DRX-based operation if the main-radio waking-up/ramp up time is large.
[bookmark: _Toc127522014][bookmark: _Toc118667567][bookmark: _Toc118669167]Observation 10 For duty-cycled WUR, value of the offset between WUS monitoring occasion and paging occasion can be adjusted such that the latency is minimized.
MediaTek:
[bookmark: _Ref127432545]Table 3: IDLE Power Consumption Analysis with I-DRX for IoT/wearables
	Items
	Descriptions

	Case identifier
	Case A7: provide power and latency for different RRM assumptions

	DRX configuration
	I-DRX cycle = 1.28s

	LP-WUR (LP)
	Continuously monitoring

	
	ON state power[unit] = 0.05

	
	OFF state power[unit] = 0.001

	Main Radio (MR)
	Ramp-up time for ultra-deep sleep[ms] = 400ms

	
	Ultra-deep sleep relative power [unit] = 0.015

	
	Ramp-up/down energy [unit*ms] = 10000

	
	Sync/re-sync = 110 ms 
Energy consumption = 4225.25

	
	Power model = TR 38.875 (IoT and wearables)

	Other configurations
	PEI used = Yes

	
	Number of SSB before PO / PEI = 6

	Traffic
	Per group/UE = group

	
	Mean arrival time = 128s

	
	R_E = 1%

	
	I-DRX cycle = 1280ms

	
	Number of UE = 10

	Measurement
	RRM included = Yes

	
	Measured by MR

	
	Measurement Period = 8ms

	Miscellaneous
	LPWUS FAR = 1%

	
	total time used for evaluation = 1.28s

	Power consumption
	Relative Power Consumption = 11529.95

	
	Power saving gain = -12%

	
	baseline schemes = 10249.32


[bookmark: _Toc127546033]Observation 6 Introducing of LPWUS has no power saving benefit if IDLE UE has RRM duty per I-DRX cycle of 1.28s. The power saving gain is -12% compared to R17 PEI with 0.05 as LPWUR ON power.
[bookmark: _Toc127546034]Proposal 5 RAN1 to postpone the study on LPWUS used with I-DRX until the current NR RRM requirement can be relaxed.
Table 5 provides an evaluation for Case A7 given an eDRX cycle of 61.44s.
Table 4: IDLE Power Consumption Analysis with eDRX for IoT/wearables
	Items
	Descriptions

	Case identifier
	Case A7: provide power and latency for different RRM assumptions

	eDRX configuration
	e-DRX cycle = 61.44s

	
	i-DRX cycle in PTW [s] = 5.12 s

	LP-WUR (LP)
	Continuously monitoring

	
	ON state power[unit] = 0.05

	
	OFF state power[unit] = 0.001

	Main Radio (MR)
	Ramp-up time for ultra-deep sleep[ms] = 400ms

	
	Ultra-deep sleep relative power [unit] = 0.015

	
	Ramp-up/down energy [unit*ms] = 10000

	
	Sync/re-sync = 110 ms 
Energy consumption = 4225.25

	
	Power model = TR 38.875 (IoT and wearables)

	Other configurations
	PEI used = Yes

	
	Number of SSB before PO / PEI = 6

	Traffic
	Per group/UE = group

	
	Mean arrival time = 128s

	
	R_E = 1%

	
	I-DRX cycle = 1280ms

	
	Number of UE = 10

	Measurement
	RRM included = Yes

	
	Measured by MR

	
	Measurement Period = 8ms

	Miscellaneous
	LPWUS FAR = 1%

	
	total time used for evaluation = 1.28s

	Power consumption
	Relative Power Consumption = 28307.99

	
	Power saving gain = 51%

	
	baseline schemes = 57544.84



[bookmark: _Toc127546035]Observation 7 LPWUS can achieve a 51% power-saving gain with an eDRX cycle of 61.44s.
[bookmark: _Toc127546036]Proposal 6 RAN1 to consider focusing on the study of LPWUS used with eDRX in RRC IDLE. 
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[bookmark: _Ref126857086]Figure 6: Power saving gain analysis with the following assumptions: MR model (TR 38.875), group paging rate = 10%, SCS = 15kHz, and the OFDM-based LPWUR monitoring PSS and LPWUS only one time per e-DRX cycle. 
[image: ]
Vivo:


[bookmark: _Ref127536488]Figure 2.  Initial simulation results of power consumption and latency for different schemes
[bookmark: _Ref127561841]Observation 2: Compared with I-DRX paging, LP-WUR/WUS scheme with continuously monitoring configuration can achieve around 50%~98% power saving gain when the relative power of LP-WUR “ON” state is no more than 1 unit, with marginal latency increase.
[bookmark: _Ref127561871]Observation 3: Compared with eDRX, LP-WUR/WUS scheme with continuously monitoring configuration can largely reduce the paging latency (22x), with comparable UE power consumption.
[bookmark: _Ref127561877]Observation 4:  LP-WUR/WUS scheme provides a much better trade-off between latency and power consumption when relative power of LP-WUR “ON” state is no more than 1unit, compared with I-DRX paging and eDRX scheme.
[bookmark: _Ref127537390]Table 6. Configurations for evaluation with different relative power of LP-WUR “ON” state.
	Parameters
	Baseline: 
	Ramp-up time and transition energy
	Sync/re-sync time and energy
	FAR of LP-WUS
	LP-WUS monitoring configuration
	Per UE paging rate
	LP-WUR on-off transition time
	RRM

	Values
	I-DRX paging with PEI
	400ms; 20000
	100ms; 2260
	0%, 0.1%
	Option 1;
Option2
	0.001%
	20ms
	Option 1 for baseline scheme;
Option 3 for LP-WUS scheme.

	Notes: Considering latency sensitive use cases, the configuration for Option 2 is: [200ms] as the duty cycle, and [4ms] as the active time for monitoring LP-WUS every cycle.



 Note

(Notes: With discontinuously monitoring operation, the main reason for the high power consumption of WUR is the high transition power consumption of WUR between “ON” and “OFF”; When the WUR ON power=10/20, it is assumed that WUR OFF power = 0.1, which is different to other WUR ON power value cases.)

[bookmark: _Ref127537402]Figure 3.  The performance of LP-WUS/WUR scheme with different relative powers of LP-WUR.
[bookmark: _Ref127561892]Observation 5: High relative power of LP-WUR “ON” state is not feasible when continuously LP-WUS monitoring is configured.
[bookmark: _Ref127561897]Observation 6: Discontinuous LP-WUS monitoring can significantly reduce UE power consumption of LP-WUS scheme, but latency will increase accordingly, compared with continuous LP-WUS monitoring configuration.
·  [200ms, 600ms, 1000ms] as the period for an on-and-off cycle, and for each cycle the duty cycle ratio is [0.1%, 2%, 10%, 60%, 100%].
[bookmark: _Ref127538630]Table 7. Configurations for evaluation with different LP-WUS monitoring configurations.
	Parameters
	Baseline: 
	Ramp-up time and transition energy
	Sync/re-sync time and energy
	FAR of LP-WUS
	Relative power of LP-WUR ON
	Per UE paging rate
	LP-WUR on-off transition time
	RRM

	Values
	I-DRX paging with PEI
	400ms; 20000
	100ms; 2260
	0.1%
	0.1, 2 units
	0.001%
	20
	Option 1 for baseline scheme;
Option 3 for LP-WUS scheme.






[bookmark: _Ref127538618] Figure 4. The power and latency performances of LP-WUS/WUR scheme with different DRX cycle lengths and ratio.
[bookmark: _Ref127561916]Observation 7: With fixed duty cycle ratio and relative power of LP-WUR “ON” state, different LP-WUR DRX cycle lengths have no or less impact on UE power consumption of LP-WUS scheme, and the difference only depends on the number of LP-WUR ON-OFF transition.
[bookmark: _Ref127561927]Observation 8错误!未指定顺序。: For LP-WUS scheme, latency will be reduced with the increase of duty cycle ratio of LP-WUS monitoring, while UE power consumption will increase accordingly.
[bookmark: _Ref127561932]Observation 9错误!未指定顺序。: Up to 65% power saving gain can be achieved by LP-WUS scheme  when duty cycle ratio is extremely low e.g., 0.1% or 2% even in the case of high relative power of LP-WUS “ON” state e.g., 20units.
Table 8. Configurations for evaluation with different FAR.
	Parameters
	Baseline: 
	Ramp-up time and transition energy
	Per UE paging rate
	Sync/re-sync time and energy
	LP-WUS monitoring configuration
	Relative power of LP-WUR ON
	RRM

	Values
	I-DRX paging with PEI
	400ms; 20000
	0.001%
	100ms; 2260
	Option1
	0.1 or 4units
	Option 1 for baseline scheme;
Option 3 for LP-WUS scheme.



 

[bookmark: _Ref127550134]Figure 5.  The power and latency performances of LP-WUS/WUR scheme with different FAR. 
(Note: FAR here refers to the FAR of channel which not contain the FAR caused by group paging. If we both consider FAR and group wake-up, UE power consumption of LP-WUS scheme will sharply increase.)
[bookmark: _Ref127561944]Observation 10: As FAR for LP-WUS increases, UE power consumption goes up. And a sharp raising of UE power consumption is observed when FAR reaches 10%.
[bookmark: _Ref127550195]Table 9. Configurations for evaluation with different RRM assumptions.
	Parameters
	Baseline
	Relative power of LP-WUR
	Ramp-up time and transition energy
	Sync/re-sync time and energy
	FAR of LP-WUS
	LP-WUS monitoring configuration
	Per UE paging rate 

	Values
	I-DRX paging with PEI
	0.1/2 unit
	400ms; 20000
	100ms; 2260
	0.1%
	Option 1
Option 2
	0.001%

	the configuration for Option 2 is: [200ms] as the duty cycle, and [4ms] as the active time for monitoring LP-WUS every cycle.






[bookmark: _Ref127550238]Figure 6.  The power and latency performances of LP-WUS/WUR scheme with different RRM measurement.
[bookmark: _Ref127561951]Observation 11: Even if RRM measurement is performed by main radio at a relaxed level, the total UE power consumption of LP-WUS scheme increases distinctly.
[bookmark: _Ref127561955]Observation 12: RRM measurement performed by WUR only will greatly help reduce UE power consumption of LP-WUS scheme. 
[bookmark: _Ref127550314]Table 10. Configurations for evaluation with different paging rate.
	Parameters
	Baseline 
	Relative power of LP-WUR ON
	Ramp-up time and transition energy
	Sync/re-sync time and energy
	FAR of LP-WUS
	LP-WUS monitoring configuration
	RRM

	Values
	I-DRX paging with PEI
	0.1 unit
	400ms; 20000
	100ms; 2260
	0.1%
	Option 1
	Option 1 for baseline scheme;
Option 3 for LP-WUS scheme.

	Note: RE = 0.001% or 1%, N = [1 10 20] when calculate per group paging rate. 





[bookmark: _Ref127550302]Figure 7. The power and latency performances of LP-WUS/WUR scheme with different paging rate.
[bookmark: _Ref127561960]Observation 13: As the paging rate and the number of UE in group increase, power consumption of LP-WUS scheme will increase but latency will slightly decrease.
[bookmark: _Ref127550453]Table 11. Configurations for evaluating different ramp-up and sync time/energy.
	Parameters
	Baseline 
	Relative power of LP-WUR ON
	Per UE paging rate 
	Ramp up time
	Sync/re-sync time and energy
	FAR of LP-WUS
	LP-WUS monitoring configuration
	RRM

	Values
	I-DRX paging with PEI
	0.1 unit
	1%
	100ms; 2000
400ms; 20000
800ms; 50000
	100ms; 2260
200ms; 3360
	0.1%
	Option 1
	Option 1 for baseline scheme;
Option 3 for LP-WUS scheme.

	Note: RE = 1%, N = [10] when calculate per group paging rate.





[bookmark: _Ref127550417]Figure 8. The power and latency performances of LP-WUS/WUR scheme with different ramp-up time/energy and sync/re-sync time/energy.
[bookmark: _Ref127561965]Observation 14: The UE power consumption and latency of LP-WUS scheme will increase as ramp-up and sync/re-sync time/energy increase.
[bookmark: _Ref127561973]Observation 15: The impact of ramp up and sync time/energy on UE power consumption of LP-WUS scheme will be remarkable in intensive traffic scenario (i.e., larger paging rate) due to larger number of MR transition. 

Spreadtrum：
UE processing timeline can be found in Appendix A.2. When PEI indicates not to monitor PO, the power consumption is about 2350. When PEI indicates to monitor PO, the power consumption is about 4011. Therefore, when per group paging probability is 10%, the total power consumption is about 2350*0.9+4011*0.1≈2516.
UE processing timeline can be found in Appendix A.3. When the LP-WUS indicates not to monitor PO, the power consumption is about 1.7. When the LP-WUS indicates to monitor PO, the power consumption is about 15456. Therefore, when per group paging probability is 10%, the total power consumption is about 1.7*0.9+15456*0.1≈1547.
Therefore, the power saving gain is (2516-1547)/2516≈38%.

OPPO：
· Processing Timeline
Rel-17 UE paging reception procedure with PEI is used as baseline, which is shown in Figure 1. The number of SSB bursts processed, PEI-O monitoring duration, PO monitoring duration, and intermediate sleep states are shown for three different SNR cases (low, medium, and high) when PEI is configured.


Figure 1: Rel-17 UE paging reception procedure with PEI (baseline)
Assume UE monitors one paging occasion in a paging cycle for I-DRX cycle length of 1.28s after waking up from deep sleep. The power consumption in a paging cycle for UE operations can be calculated as follows.
Table 4: Power consumption of Rel-17 UE operations in a paging cycle 
	UE operations in a paging cycle
	Duration (ms)
	Relative Power (unit)
	Relative Power Consumption (unit*ms)

	Not Paged

	(1) SSB Processing
	2
	100
	100*2 = 200

	(2) PEI-O Monitoring
	4
	100
	100*4 = 400

	(3) Deep Sleep
	1274
	1
	1*1274 + 450 Transition Energy = 1724

	Total
	1280
	-
	2324

	Average power consumption = Total Energy / Length of I-DRX cycle
	2324 / 1280 = 1.8156

	Low SINR case (Paged)

	[bookmark: _Hlk127451446](1) SSB Processing
	2
	100
	100*2 = 200

	(2) PEI-O Monitoring
	4
	100
	100*4 = 400

	(3) Light Sleep
	14
	20
	20*14 + 100Transition Energy = 380

	(4) SSB Processing
	2
	100
	100*2 = 200

	(5) Light Sleep
	18
	20
	[bookmark: OLE_LINK6][bookmark: OLE_LINK5]20*18 + 100 Transition Energy = 460

	(6) SSB Processing
	2
	100
	100*2 = 200

	(7) Light Sleep
	8
	20
	20*8 + 100 Transition Energy = 260

	(8) PO Monitoring
	4
	300
	300*4 = 1200

	(9) Deep Sleep
	1226
	1
	1*1226 + 450 Transition Energy = 1676

	Total
	1280
	-
	4976

	Average power consumption = Total Energy / Length of I-DRX cycle
	4976 / 1280 = 3.8875

	Medium SINR case (Paged)

	(1) SSB Processing
	2
	100
	100*2 = 200

	(2) PEI-O Monitoring
	4
	100
	100*4 = 400

	(3) Light Sleep
	14
	20
	20*14 + 100Transition Energy = 380

	(4) SSB Processing
	2
	100
	100*2 = 200

	(5) Deep Sleep
	28
	1
	1*28 + 450 Transition Energy = 478

	(6) PO Monitoring
	4
	300
	300*4 = 1200

	(7) Deep Sleep
	1226
	1
	1*1226 + 450 Transition Energy = 1676

	Total
	1280
	-
	4534

	Average power consumption = Total Energy / Length of I-DRX cycle
	4534 / 1280 = 3.5422

	High SINR case (Paged)

	(1) SSB Processing
	2
	100
	100*2 = 200

	(2) PEI-O Monitoring
	4
	100
	100*4 = 400

	(3) Deep Sleep
	44
	1
	1*44 + 450 Transition Energy = 494

	(4) PO Monitoring
	4
	300
	300*4 = 1200

	(5) Deep Sleep
	1226
	1
	1*1226 + 450 Transition Energy = 1676

	Total
	1280
	-
	3970

	Average power consumption = Total Energy / Length of I-DRX cycle
	3970 / 1280 = 3.1016


Rel-18 UE paging reception procedure with LP-WUR is shown in Figure 2. The MR is in ultra-deep sleep state before the trigger from the LP-WUR. We assume ramp-up time is 400ms, and MR need consider SSB search and synchronization after wake-up. In our assumption, the SSB search time is 20ms, while the time of (re-)synchronization is 120ms (6 SSB bursts) in Low SINR case.


Figure 2: Rel-18 UE paging reception procedure with LP-WUR
Assume UE monitors one paging occasion in a paging cycle for I-DRX cycle length of 1.28s after waking up from ultra-deep sleep. The power consumption in a paging cycle for UE operations can be calculated as follows.
Table 5: Power consumption of Rel-18 UE with LP-WUR operations in a paging cycle 
	UE operations in a paging cycle
	Duration (ms)
	Relative Power (unit)
	Relative Power Consumption (unit*ms)

	Not Paged

	MR Power Consumption:

	(1) Ultra-deep sleep
	1280
	0.015
	1280*0.015 = 19.2

	LP-WUR Power Consumption: (continuously monitoring)

	(1) On state
	1280
	0.5
	1280 * 0.5 = 640

	Total
	-
	-
	19.2MR + 640LP-WUR =659.2

	Average power consumption = Total Energy / Length of I-DRX cycle
	659.2 / 1280 = 0.515

	LP-WUR Power Consumption: (discontinuously monitoring)

	(1) On state
	64
(Transition time = 10ms)
	0.5 
	64 * 0.5 + 2.505 Transition Energy = 34.505

	(2) Off state
	64
	0.001
	64 * 0.001 = 0.064

	(3) cycle of (1)&(2)
	10 times
	34.505+0.064 = 34.569
	34.569 * 10 = 345.69

	Total
	-
	-
	19.2MR + 345.69LP-WUR = 364.89

	Average power consumption = Total Energy / Length of I-DRX cycle
	364.89 / 1280 = 0.2851

	Low SINR case (Paged)

	(1) SSB Search
	20
	100
	100*20 = 2000

	(2) Freq. sync
	60 (3 SSB bursts)
	200 + 460 = 660
	660*3 = 1980

	(3) SSB Processing
	2
	100
	100*2 = 200

	(4) Light Sleep
	18
	20
	20*18 + 100 Transition Energy = 460

	(5) SSB Processing
	2
	100
	100*2 = 200

	(6) Light Sleep
	18
	20
	20*18 + 100 Transition Energy = 460

	(7) SSB Processing
	2
	100
	100*2 = 200

	(8) Light Sleep
	8
	20
	20*8 + 100 Transition Energy = 260

	(9) PO Monitoring
	4
	300
	300*4 = 1200

	(10) Ultra-deep Sleep
	1146
	0.015
	0.015*1146 + 25000 Transition Energy = 25017.19

	Total (continuously monitoring)
	1280
	-
	31977.19MR + 640LP-WUR = 32617.19

	Average power consumption = Total Energy / Length of I-DRX cycle
	32617.19 / 1280 = 25.4822

	Total (discontinuously monitoring)
	1280
	-
	31977.19MR + 345.69LP-WUR = 32322.88

	Average power consumption = Total Energy / Length of I-DRX cycle
	32322.88 / 1280 = 25.2523

	Medium SINR case (Paged)

	(1) SSB Search
	20
	100
	100*20 = 2000

	(2) SSB Processing
	2
	100
	100*2 = 200

	(3) Light Sleep
	18
	20
	20*18 + 100 Transition Energy = 460

	(4) SSB Processing
	2
	100
	100*2 = 200

	(5) Light Sleep
	18
	20
	20*18 + 100 Transition Energy = 460

	(6) SSB Processing
	2
	100
	100*2 = 200

	(7) Light Sleep
	18
	20
	20*18 + 100 Transition Energy = 460

	(8) SSB Processing
	2
	100
	100*2 = 200

	(9) Light Sleep
	8
	20
	20*8 + 100 Transition Energy = 260

	(10) PO Monitoring
	4
	300
	300*4 = 1200

	(11) Ultra-deep Sleep
	1186
	0.015
	0.015*1186 + 10000 Transition Energy = 10017.79

	Total (continuously monitoring)
	1280
	-
	30657.79MR + 640LP-WUR = 31297.79

	Average power consumption = Total Energy / Length of I-DRX cycle
	31297.79 / 1280 = 24.4514

	Total (discontinuously monitoring)
	1280
	-
	30657.79MR + 345.69LP-WUR = 31003.48

	Average power consumption = Total Energy / Length of I-DRX cycle
	31003.48 / 1280 = 24.2215

	High SINR case (Paged)

	(1) SSB Search
	20
	100
	100*20 = 2000

	(2) SSB Processing
	2
	100
	100*2 = 200

	(3) Light Sleep
	18
	20
	20*18 + 100 Transition Energy = 460

	(4) SSB Processing
	2
	100
	100*2 = 200

	(5) Light Sleep
	8
	20
	20*8 + 100 Transition Energy = 260

	(6) PO Monitoring
	4
	300
	300*4 = 1200

	(7) Ultra-deep Sleep
	1226
	0.015
	0.015*1226 + 10000 Transition Energy = 10018.39

	Total (continuously monitoring)
	1280
	-
	29338.39MR + 640LP-WUR = 29978.39

	Average power consumption = Total Energy / Length of I-DRX cycle
	29978.39 / 1280 = 23.4206

	Total (discontinuously monitoring)
	1280
	-
	29338.39MR + 345.69LP-WUR = 29684.08

	Average power consumption = Total Energy / Length of I-DRX cycle
	29684.08 / 1280 = 23.1907


Different SINR levels, e.g. low, medium and high could be assumed to evaluation. UE need different number of SSB bursts to acquire synchronization. LP-WUR can monitor LP-WUS under “continuously monitoring” manner or “discontinuously monitoring” manner. 
Table 5: Power Saving Gain of LP-WUS compared to DRX with PEI (Per UE Paging)
Additional transition energy from ultra-deep sleep is 25000
	DRX settings
	SINR
	Paging Rate
(Per UE)
	Scheme
	Relative Power for LP-WUR on
	Average power
	PS gain

	I-DRX = 1.28s
(107 Cycle)
(FAR = 0.1%)
	Low
	1%
	Rel-17 UE with PEI
	-
	1.8384
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	0.2996
	83.71%

	
	
	
	
	0.05
	0.3396
	81.53%

	
	
	
	
	0.1
	0.3897
	78.80%

	
	
	
	
	0.5
	0.7895
	57.05%

	
	
	
	
	1
	1.2895
	29.86%

	
	
	
	
	2
	2.2896
	-24.54%

	
	
	
	
	4
	4.2894
	-133.32%

	
	
	
	LP-WUR discontinuously monitoring
	0.01
	0.2955
	83.93%

	
	
	
	
	0.05
	0.3171
	82.75%

	
	
	
	
	0.1
	0.3442
	81.28%

	
	
	
	
	0.5
	0.5596
	69.56%

	
	
	
	
	1
	0.8291
	54.90%

	
	
	
	
	2
	1.3682
	25.58%

	
	
	
	
	4
	2.4462
	-33.06%

	
	Medium
	
	Rel-17 UE with PEI
	-
	1.8346
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	0.2882
	84.29%

	
	
	
	
	0.05
	0.3283
	82.11%

	
	
	
	
	0.1
	0.3784
	79.38%

	
	
	
	
	0.5
	0.7782
	57.58%

	
	
	
	
	1
	1.2782
	30.33%

	
	
	
	
	2
	2.2782
	-24.18%

	
	
	
	
	4
	4.2780
	-133.19%

	
	
	
	LP-WUR discontinuously monitoring
	0.01
	0.2841
	84.51%

	
	
	
	
	0.05
	0.3058
	83.33%

	
	
	
	
	0.1
	0.3328
	81.86%

	
	
	
	
	0.5
	0.5483
	70.11%

	
	
	
	
	1
	0.8178
	55.43%

	
	
	
	
	2
	1.3569
	26.04%

	
	
	
	
	4
	2.4348
	-32.72%

	
	High
	
	Rel-17 UE with PEI
	-
	1.8298
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	0.2769
	84.87%

	
	
	
	
	0.05
	0.3169
	82.68%

	
	
	
	
	0.1
	0.3670
	79.94%

	
	
	
	
	0.5
	0.7669
	58.09%

	
	
	
	
	1
	1.2668
	30.76%

	
	
	
	
	2
	2.2669
	-23.89%

	
	
	
	
	4
	4.2667
	-133.18%

	
	
	
	LP-WUR discontinuously monitoring
	0.01
	0.2728
	85.09%

	
	
	
	
	0.05
	0.2944
	83.91%

	
	
	
	
	0.1
	0.3215
	0.8243

	
	
	
	
	0.5
	0.5369
	70.65%

	
	
	
	
	1
	0.8064
	55.93%

	
	
	
	
	2
	1.3456
	26.46%

	
	
	
	
	4
	2.4235
	-32.45%


Observation 1: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per UE= 1% and per UE paging, when relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.5/1, LP-WUR monitor LP-WUS under “continuously monitoring” manner can have 29.86%~83.71% power saving gain under Low SINR case, while have 30.33%~84.29% power saving gain under Medium SINR case, and have 30.76%~84.87% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Observation 2: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per UE= 1% and per UE paging, when relative power for ‘LP-WUR on state’ is 2/4, LP-WUR monitor LP-WUS under “continuously monitoring” manner have not power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Observation 3: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per UE= 1% and per UE paging, when relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.5/1/2, LP-WUR monitor LP-WUS under “discontinuously monitoring” manner can have 25.58%~83.93% power saving gain under Low SINR case, while have 26.04%~84.51% power saving gain under Medium SINR case, and have 26.46%~85.09% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Observation 4: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per UE= 1% and per UE paging, when relative power for ‘LP-WUR on state’ is 4, LP-WUR monitor LP-WUS under “discontinuously monitoring” manner have not power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Assume the number of UEs in the group is 10, when RE is 1%, the per group paging probability RG is 9.56%. Evaluation results on power saving gain is summarized in Table 6.
Table 6: Power Saving Gain of LP-WUS compared to DRX with PEI (Per UE Group Paging) 
Additional transition energy from ultra-deep sleep is 25000
	DRX settings
	SINR
	Paging Rate
(Per Group)
	Scheme
	Relative Power for LP-WUR on
	Average power
	PS gain

	I-DRX = 1.28s
(107 Cycle)
(FAR = 0.1%)
	Low
	9.56%
	Rel-17 UE with PEI
	-
	2.0247
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	2.5439
	-25.65%

	
	
	
	
	0.05
	2.5839
	-27.62%

	
	
	
	
	0.1
	2.6339
	-30.09%

	
	
	
	
	0.5
	3.0339
	-49.85%

	
	
	
	
	1
	3.5339
	-74.55%

	
	
	
	
	2
	4.5339
	-123.94%

	
	
	
	
	4
	6.5339
	-222.72%

	
	
	
	LP-WUR discontinuously monitoring
	0.01
	2.5399
	-25.45%

	
	
	
	
	0.05
	2.5614
	-26.51%

	
	
	
	
	0.1
	2.5884
	-27.84%

	
	
	
	
	0.5
	2.8040
	-38.49%

	
	
	
	
	1
	3.0735
	-51.81%

	
	
	
	
	2
	3.6126
	-78.43%

	
	
	
	
	4
	4.6907
	-131.68%

	
	Medium
	
	Rel-17 UE with PEI
	-
	1.9898
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	2.4399
	-22.62%

	
	
	
	
	0.05
	2.4799
	-24.63%

	
	
	
	
	0.1
	2.5299
	-27.14%

	
	
	
	
	0.5
	2.9299
	-47.25%

	
	
	
	
	1
	3.4299
	-72.37%

	
	
	
	
	2
	4.4299
	-122.63%

	
	
	
	
	4
	6.4299
	-223.14%

	
	
	
	LP-WUR discontinuously monitoring
	0.01
	2.4359
	-22.42%

	
	
	
	
	0.05
	2.4574
	-23.50%

	
	
	
	
	0.1
	2.4844
	-24.86%

	
	
	
	
	0.5
	2.7000
	-35.69%

	
	
	
	
	1
	2.9695
	-49.24%

	
	
	
	
	2
	3.5086
	-76.33%

	
	
	
	
	4
	4.5867
	-130.51%

	
	High
	
	Rel-17 UE with PEI
	-
	1.9454
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	2.3359
	-20.08%

	
	
	
	
	0.05
	2.3759
	-22.13%

	
	
	
	
	0.1
	2.4259
	-24.70%

	
	
	
	
	0.5
	2.8259
	-45.27%

	
	
	
	
	1
	3.3259
	-70.97%

	
	
	
	
	2
	4.3259
	-122.37%

	
	
	
	
	4
	6.3259
	-225.18%

	
	
	
	LP-WUR discontinuously monitoring
	0.01
	2.3319
	-19.87%

	
	
	
	
	0.05
	2.3534
	-20.98%

	
	
	
	
	0.1
	2.3804
	-22.36%

	
	
	
	
	0.5
	2.5960
	-33.45%

	
	
	
	
	1
	2.8655
	-47.30%

	
	
	
	
	2
	3.4046
	-75.01%

	
	
	
	
	4
	4.4827
	-130.43%


Observation 5: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per Group= 9.56% and per UE Group paging, LP-WUR monitor LP-WUS have not power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Table 7: Power Saving Gain of LP-WUS compared to DRX with PEI (Per UE Group Paging) 
Additional transition energy from ultra-deep sleep is 10000
	DRX settings
	SINR
	Paging Rate
(Per Group)
	Scheme
	Relative Power for LP-WUR on
	Average power
	PS gain

	I-DRX = 1.28s
(107 Cycle)
(FAR = 0.1%)
	Low
	9.56%
	Rel-17 UE with PEI
	-
	2.0247
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	1.3618
	32.74%

	
	
	
	
	0.05
	1.4018
	30.77%

	
	
	
	
	0.1
	1.4518
	28.30%

	
	
	
	
	0.5
	1.8518
	8.54%

	
	
	
	
	1
	2.3518
	-16.16%

	
	
	
	
	2
	3.3518
	-65.55%

	
	
	
	
	4
	5.3518
	-164.33%

	
	
	
	LP-WUR discontinuously monitoring
	0.01
	1.3577
	32.94%

	
	
	
	
	0.05
	1.3793
	31.88%

	
	
	
	
	0.1
	1.4062
	30.55%

	
	
	
	
	0.5
	1.6218
	19.90%

	
	
	
	
	1
	1.8914
	6.58%

	
	
	
	
	2
	2.4304
	-20.04%

	
	
	
	
	4
	3.5086
	-73.29%

	
	Medium
	
	Rel-17 UE with PEI
	-
	1.9898
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	1.2578
	36.79%

	
	
	
	
	0.05
	1.2978
	34.78%

	
	
	
	
	0.1
	1.3478
	32.27%

	
	
	
	
	0.5
	1.7478
	12.17%

	
	
	
	
	1
	2.2478
	-12.96%

	
	
	
	
	2
	3.2478
	-63.22%

	
	
	
	
	4
	5.2478
	-163.73%

	
	
	
	LP-WUR discontinuously monitoring
	0.01
	1.2537
	36.99%

	
	
	
	
	0.05
	1.2753
	35.91%

	
	
	
	
	0.1
	1.3022
	34.56%

	
	
	
	
	0.5
	1.5178
	23.72%

	
	
	
	
	1
	1.7874
	10.17%

	
	
	
	
	2
	2.3264
	-16.92%

	
	
	
	
	4
	3.4046
	-71.10%

	
	High
	
	Rel-17 UE with PEI
	-
	1.9454
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	1.1538
	40.69%

	
	
	
	
	0.05
	1.1938
	38.64%

	
	
	
	
	0.1
	1.2438
	36.07%

	
	
	
	
	0.5
	1.6438
	15.50%

	
	
	
	
	1
	2.1438
	-10.20%

	
	
	
	
	2
	3.1438
	-61.60%

	
	
	
	
	4
	5.1438
	-164.41%

	
	
	
	LP-WUR discontinuously monitoring
	0.01
	1.1497
	40.90%

	
	
	
	
	0.05
	1.1713
	39.79%

	
	
	
	
	0.1
	1.1982
	38.41%

	
	
	
	
	0.5
	1.4138
	27.32%

	
	
	
	
	1
	1.6834
	13.47%

	
	
	
	
	2
	2.2224
	-14.24%

	
	
	
	
	4
	3.3006
	-69.66%


Observation 6: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per Group= 9.56% and per UE Group paging, LP-WUR monitor LP-WUS can have power saving gain compared to I-DRX with PEI in some low “Relative Power for LP-WUR on”, e.g.0.01/0.05/0.1/0.5(Additional transition energy from ultra-deep sleep is 10000).

Xiaomi：


Fig. 1 Case 1, LP WUS and legacy paging mechanism



Fig. 2 Case 2, LP WUS and enhanced paging mechanism
Table 1: Evaluation results of energy consumption and delay
	SINR level
	Cases
	Sleep state for MR
	Delay(ms)
	Energy consumption
	Power saving gain（Compared with baseline1）
	Power saving gain（Compared with baseline2）

	Low SINR
	Case 1
	Ultra-deep sleep
	226
	626.6 
	84.6%
	73.2%

	
	
	Deep Sleep
	146
	755.1 
	81.4%
	67.7%

	
	Case 2
	Ultra-deep sleep
	156
	595.4 
	85.3%
	74.6%

	
	
	Deep Sleep
	76
	723.9 
	82.2%
	69.1%

	
	baseline1
	Deep Sleep
	76
	4058.0 
	0.0%
	-73.3%

	
	baseline2
	Deep Sleep
	76
	2341.2 
	42.3%
	0.0%

	Medium SINR
	Case 1
	Ultra-deep sleep
	206
	528.5 
	83.0%
	76.9%

	
	
	Deep Sleep
	126
	657.0 
	78.9%
	71.3%

	
	Case 2
	Ultra-deep sleep
	136
	497.4 
	84.0%
	78.3%

	
	
	Deep Sleep
	56
	625.9 
	79.9%
	72.7%

	
	baseline1
	Deep Sleep
	56
	3118.0 
	0.0%
	-36.2%

	
	baseline2
	Deep Sleep
	56
	2289.6 
	26.6%
	0.0%

	High SINR
	Case 1
	Ultra-deep sleep
	186
	370.5 
	74.5%
	76.5%

	
	
	Deep Sleep
	106
	499.0 
	65.7%
	68.3%

	
	Case 2
	Ultra-deep sleep
	116
	339.3 
	76.7%
	78.4%

	
	
	Deep Sleep
	36
	467.9 
	67.8%
	70.3%

	
	baseline1
	Deep sleep
	36
	1454.0 
	0.0%
	7.6%

	
	baseline2
	Deep sleep
	36
	1573.2 
	-8.2%
	0.0%


As shown by the evaluation results, the average delay of case2 is shorter than case 1, which stems from, in case1, the nearest PO after UE completes synchronization is not the target PO, and the UE has to wait for the target PO. The power consumption of both case 1 and case 2 are much smaller than that of baseline1 and baseline2. This is mainly because the power consumption of LP-WUR in on state is much lower than that of MR in deep sleep or PEI detection. 
Proposal 1: For RRC idle/inactive state, two use cases can be considered for evaluation:
Case 1, LP WUS combined with legacy paging mechanism;
Case 2, LP WUS combined with enhanced paging mechanism

Sony：
[image: ]
[bookmark: _Ref118365486]Figure 4 - Average power consumption per UE as a function of duty-cycle length

Observation 2 – Introducing a LP-WUS/WUR in DRX results in 6-10 times power saving for paging rate of 10% and in 36-43 times power saving when paging rate is reduced to 0.1%. In eDRX, using LP-WUS/WUR we can reach as high as 27 times power saving for 10% paging rate and this increases to up to 85 times for a 0.1% paging rate.
Observation 3 –Introducing an LP-WUS/WUR allows a large reduction in cycle length at a fixed power consumption. For example, at a power consumption of 0.1 units, the cycle length can be reduced by 290 times, leading to correspondingly reduced wake-up delays. 
Now we compare power consumption for scenarios where the UE also needs to perform measurements. The results are shown in Figure 5 for two measurement periodicities, i.e., every DRX cycle and every 10 DRX cycles, and a paging rate of 0.1%. When calculating the power consumption, we assume measurements cannot be supported by the LP-WUS and the main radio needs to wake-up for measurement purposes. We observe that when the LP-WUS itself does not support mobility measurements, the amount of power saving is limited, and we cannot reach as high a power saving gain as when LP-WUR is also used for measurement purposes, see Figure 4. This also means we cannot have the same reduction in cycle length as can be achieved using an LP-WUR.
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[bookmark: _Ref118477747]Figure 5 - Average power consumption per UE as a function of duty-cycle length, measurements in all cases are performed by the main radio.

Observation 4 – Power saving gain is limited if the main receiver needs to wake up to perform measurements.
Proposal 3 – Consider low-power mechanism to support mobility and cell re-selection mechanism for UEs with LP-WUR.

Nodic:
We evaluated power consumption for the following case
· Static case, LR is able to detect presence of serving cell, RRM measurements are relaxed to once 24h is assumed, and thus RRM neighbor cell measurements energy consumption contribution becomes negligible, and has been omitted in the study.
· LR wakes-up every DRX cycle (1,28s) for 10ms with 5ms ramp-up time 
· Main radio operates with 1.28s DRX cycle. When LR is active, main radio sleeps in ultra-deep sleep, unless being waken-up LR.
· Table 3 and Table 4 summarizes the remaining assumptions.

Table 3 WUR prams
	Parameter
	Value

	WUR passive
	0,001 [units x ms]

	WUR consumption
	4 [units x ms]

	Preamble tracking cycle
	1280ms

	Active time
	10ms

	Transition time 
	5ms



Table 4 Main radio params
	Parameter
	Value

	PO in PTW
	4

	iDRX
	1280ms

	eDRX 
	No

	SSB periodicity
	20ms

	Number of SSBs ahead PO
	3

	Paging rate 
	0

	Wake up from ultra-deep sleep penalty
	10000units x ms

	PEI
	no



Table 5 Average power consumption [unit x ms] for IoT use-case FAR=0%, N=10
	
	1,000 %
	0,100 %
	0,010 %
	0,001 %

	
	9,562 %
	0,996 %
	0,100 %
	0,010 %

	MR
	2,805
	2,805
	2,805
	2,805

	WUS+MR
	1,051
	0,145
	0,051
	0,041

	Gain
	2,668
	19,296
	55,397
	68,217


Table 5 Average power consumption [unit x ms] for IoT use-case FAR=0%, N=5
	Re 
	1,000 %
	0,100 %
	0,010 %
	0,001 %

	Rg
	9,562 %
	0,996 %
	0,100 %
	0,010 %

	MR
	2,805
	2,805
	2,805
	2,805

	WUS+MR
	0,558
	0,093
	0,045
	0,041

	Gain
	5,022
	30,211
	61,853
	69,106



Table 5 and Table 6 shows that for all cases of reference probability , there is a benefit from LP-WUS even if the consumption is 4 units x ms. With smaller paging group as well as with smaller reference probability, gain from LP-WUS improves.

Samsung:
The timeline for i-DRX/e-DRX operation of the Rel-17 UE with low SINR are illustrated in Figure 2.1. 


Figure 2.1. Illustration of the timeline for i-DRX/e-DRX operation of Rel-17 UE

Figure 2.2. Illustration of the timeline for i-DRX/e-DRX operation of Rel-18 UE.
Evaluation result 1: Average power consumption vs. DRX cycle
Figure 2.3 shows the power consumption evaluation results of the Rel-17 and Rel-18 UE over DRX cycles. Both average power consumption and power saving gain (PSG) are provided. For evaluations of Rel-18 UEs, we categorized them into two types: 'Rel-18 UE w/o RRM offloading' and 'Rel-18 UE w/ RRM offloading'. 'Rel-18 UE w/o RRM offloading' has the same procedure as Rel-17 UE to measure RRM per the i-DRX cycle in the MR regardless of whether the UE is paged or not paged in the MR, while 'Rel-18 UE w/ RRM offloading' assumes that when the UE is not paged, the RRM measurement is entirely offloaded from the MR to the LR instead of waking up periodically to perform the RRM measurement. The accuracy and additional power consumption of RRM measurements performed by the LR are not considered in this evaluation. For UEs in the paged group, the average power for PO (P_po) was calculated according to whether UEs were paged or not. It is assumed that the paged UEs in paged group decode PDCCH+PDSCH and the not-paged UEs in paged group decode only PDCCH: P_po=50*(1-R_E)+120*R_E. Note that the average power consumption was calculated considering both UEs in paged group and UEs in not-paged groups: R_G*(average power consumption of UEs in the paged group)+(1-R_G)*(average power consumption of UEs in the not-paged group). And PSG was calculated as (B-A)/B×100(%) where A is the power consumption of a Rel-18 UE and B is the power consumption of the baseline scheme (Rel-17 PEI).
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Figure 2.3. Average power consumption vs. DRX cycle
In Figure 2.3, the average power consumption of the Rel-18 UE w/o RRM offloading (orange bar) is significantly higher compared to the average power consumption of the Rel-17 UE (blue bar) at. This is because the Rel-18 UE w/o RRM offloading has to go through a ramp-up and (re)-synchronization process that cause large energy consumption for Rel-18 UEs to satisfy the requirement for RRM measurement not only when paged but also when not paged. Therefore, it is observed that there is no gain from UDS in the short time of 1.28s. 
The e-DRX cycle has more time for UDS compared to i-DRX cycle, so higher PSG can be expected than i-DRX cycle. For the average power consumption evaluation of Rel-18 UE w/o RRM offloading in the e-DRX cycle, it is assumed that the UE turns to UDS state after RRM measurement every L i-DRX cycles within the PTW. For an e-DRX cycle of , we observe that Rel-18 UE w/o RRM offloading has lower power consumption compared to 1.28s i-DRX cycle, but still higher power consumption compared to Rel-17 UE due to L times of ramp-up and (re)-synchronization process. On the other hand, for an e-DRX cycle of , we observe that the average power consumption of the Rel-18 UE w/o RRM offloading is slightly lower than that of the Rel-17 UE. This is because the power consumption saved from the longer DRX cycle is more than the transition energy required for the UDS. However, we can see that it still has a very low PSG compared to the Rel-17 UE, so in order to further reduce the power consumption, RRM measurements of the UE can be offloaded to the LR. In this case, we observed that Rel-18 UE w/ RRM offloading (yellow bar) can achieve PSG of 23.74% for i-DRX and {78.58, 90.23}% for e-DRX cycles, respectively, compared to Rel-17 UE.
Observation 1:
· There is no gain from UDS in the short time of .
· For an e-DRX cycle of , Rel-18 UE w/o RRM offloading has lower power consumption compared to i-DRX cycle.
· For an e-DRX cycle of , the average power consumption of the Rel-18 UE w/o RRM offloading is slightly lower than that of the Rel-17 UE . But it still has a very low PSG compared to the Rel-17 UE.
· Rel-18 UE w/ RRM offloading can achieve PSG of 23.74% for i-DRX and {78.58, 90.23}% for e-DRX cycles, respectively, compared to Rel-17 UE.

Proposal 7: Study RRM measurement offloading from MR to LR to achieve a high PSG.

Evaluation result 2: Average power consumption vs. Relative power unit for LP-WUR ‘on’ state 
Figure 2.4 shows the power consumption evaluation results of the Rel-17 and Rel-18 UE according to relative power unit for LP-WUR ‘on’ state, . This simulation is performed to find the appropriate  by comparing it with the average power consumption of Rel-17 UE, assuming continuous monitoring by LR. Figure 2.4(a) shows the average power consumption results as a function of  in i-DRX cycles. As can be inferred from the results in Figure 2.3, regardless of , the average power consumption of Rel-18 UE w/o RRM offloading is significantly higher than that of Rel-17 UE. On the other hand, when the RRM measurement is offloaded to LR, the average power consumption of Rel-18 UE w/ RRM offloading is lower than that of Rel-17 UE regardless of .
Figure 2.4(b) shows the average power consumption results as a function of  in e-DRX cycles. It can be seen that when the RRM measurement is offloaded to LR, the average power consumption of Rel-18 UEs w/ RRM offloading is lower than the average power consumption of Rel-17 UEs regardless of , similar to i-DRX cycle. On the other hand, when the RRM measurement is not offloaded to LR, it can be only observed that the average power consumption of Rel-17 UEs and Rel-18 UEs w/o RRM offloading have a cross point depending on  at . In this case, the cross point occurs at ~0.052. It is noted that in our evaluation, only continuous monitoring was considered and additional power consumption for RRM measurement offloading was not reflected. Further discussion can be made in order to reflect several variables for RRM measurement offloading to LR and discontinuous monitoring at LR in the evaluation.
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	(a) I-DRX cycle
	(b) e-DRX cycle


Figure 2.4. Average power consumption vs. 
Observation 2:
· Regardless of , the average power consumption of Rel-18 UE w/o RRM offloading is significantly higher than that of Rel-17 UE in i-DRX cycle.
· The average power consumption of Rel-18 UE w/ RRM offloading is lower than that of Rel-17 UE regardless of .
· For e-DRX cycle, the average power consumption of all Rel-18 UEs w/ RRM offloading is lower than that of Rel-17 UEs regardless of , similar to i-DRX cycle.

Evaluation result 3: Average power consumption vs. False alarm rate (FAR)
Figure 2.5 shows the power consumption evaluation results of the Rel-17 and Rel-18 UE according to FAR,  in i-DRX cycle. In this evaluation, due to false alarm, not paged UE is waked up as if it is paged UE and then follows the timeline of the paged group in Figure 2.1 and 2.2. Accordingly, we expect the average power consumption of Rel-17 and Rel-18 UEs to increase as  changes from 0% to 10%. As shown in Figure 2.5, we observe that the average power consumption in Rel-17 UE and Rel-18 UE w/o RRM offloading increases only about 2.99% and 9.73%, respectively. This is because the RRM measurement for both Rel-17 and Rel-18 UEs w/o RRM offloading, which has a significant impact on the average power consumption regardless of the FAR, is already performed by the not paged UE, and the power consumption is calculated only for additional PO reception. On the other hand, Rel-18 UE w/ RRM offloading should wake up due to FA, which causes a huge increase in power consumption by ramp-up and (re)- synchronization energy. According to the results of Figure 2.5, when the FAR increases from 0% to 10%, an additional PSG loss of about 94.58% can be observed for Rel-18 UE w/ RRM offloading. Therefore, in order to reduce the impact on the FAR, a tight requirement for the FAR of the LP-WUS is required.
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Figure 2.5. Average power consumption vs. FAR (i-DRX)
Observation 3:
· When FAR increases from 0% to 10%, the average power consumption of the Rel-17 and Rel-18 UE w/o RRM offloading increases only about 2.99% and 9.73%, respectively.
· For Rel-18 UEs w/ RRM offloading, an increase in FAR from 0% to 10% results in an additional PSG loss of approximately 94.58%.
· In order to reduce the impact on the FAR, a tight requirement for the FAR of the LP-WUS is required.

Evaluation result 4: Average latency vs. DRX cycle
Table 2.4 shows the average latency evaluation results of the Rel-17 and Rel-18 UE according to DRX cycle. We assumed that the Rel-18 UE can perform PO reception according to the legacy DRX cycle even if the traffic is generated and LP-WUS can be transmitted earlier than the legacy PO reception location. Therefore, in the i-DRX cycle, the average latency of the Rel-18 UE is very high compared to that of the Rel-17 UE because of the ramp-up time (400ms) from UDS to MR ON.
In addition, as the e-DRX cycle increases, the time between PTWs increases significantly, resulting in a significant increase in average latency for both Rel-17 and Rel-18 UE. It is noted that the average latency gap between the Rel-17 and Rel-18 UE is reduced as the e-DRX cycle increases since the impact by the ramp-up time from UDS to MR ON become reduced. 
Similar to a consideration of RRM measurement offloading for power consumption reduction as shown in the above evaluation results, how to reduce the average latency when LP-WUS is introduced can be further discussed. (e.g., PO reception behavior for Rel-18 UE)
Table 2.4: Average latency (ms) vs. DRX cycle
	DRX cycle
	
	
	

	Rel-17 UE
	736.37 (0%)
	6555.01 (0%)
	26671.38 (0%)

	Rel-18 UE
	1216.37 (-65.19%)
	7035.59 (-7.33%)
	27151.58 (-1.80%)



Observation 4:
· In the i-DRX cycle, the average latency of the Rel-18 UE is very high compared to that of the Rel-17 UE because of the ramp-up time (400ms).
· As the e-DRX cycle increases, the time between PTWs increases significantly, resulting in a significant increase in average latency for both Rel-17 and Rel-18 UE.

Proposal 8: Study how to reduce the average latency when LP-WUS is introduced.

Apple:
Table 1 Assumptions for power saving evaluation for idle/inactive UEs
	Parameter
	Value
	Note

	Bandwidth
	20 MHz
	

	SCS
	30 kHz
	

	iDRX cycle
	1.28 s
	

	Group paging rate per iDRX cycle
	10%
	

	MR ultra-deep sleep state
	Relative power
	0.015
	

	
	Transition energy (unit x ms)
	10000, 40000
	

	
	Ramp up time
	400 ms
	

	LP WUS/WUR
	Relative power for ON state
	0.1, 1, 4
	

	
	Relative power for OFF state
	0.001
	

	
	Transition energy (unit x ms)
	40 for ON power = 4
5 for ON power = 1
	No transition energy assumed for ON power = 0.1

	
	Duty cycle for WUS
	1.28 s
	

	
	WUR ON duration per cycle
	10 ms
	

	Probability the MR wakes up per cycle
	0.1% to 10%
	

	Paging procedure
	Once a WUS is received, the UE wakes up the main radio and monitors PO as in legacy procedure.

	Number of SSBs before PO after MR wakes up
	3
(Low SINR assumed)
	No additional SSBs assumed compared to Rel-17 PEI study, which may need to be revisited.

	RRM measurement
	Intra-freq and inter-freq RRM measurement assumed only in the cycle when MR is on.
(This assumption is unrealistic for mobility case, and results in an upper bound for power saving gain. It needs to be revisited later.)

	Baseline
	Rel-17 PEI with 8 subgroups
	The difference between the cases with subgrouping and without subgroups is quite small.
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(a) MR transition energy = 10000                                (b) MR transition energy = 40000
Figure 1 Power saving gain with LP WUS/WUR for idle/inactive UEs
Regardless of the actual value for MR transition energy, another important observation from Figure 1 is that the power saving gain is not sensitive to the power consumption of the LP WUR in these cases. This is also because the total power consumption is largely dominated by the MR power consumption in ultra-deep sleep state and MR transition energy, while the power consumption of the LP WUR is only a small percentage.
Proposal 1: For evaluation, the ramp-up transition energy for the MR from ultra-deep sleep state is assumed to be 40000 (unit multiplied by ms) or higher.

Overhead calculation
Summary: 
ZTE: consider LP-WUS overhead compare with that of SSB. And RACH process resource overhead caused by FAR should be considered.
Nokia: Overhead should consider: different LP-WUS designs and LP-WUR architectures, accounting any guard.
Ericsson: consider LP-WUS overhead compare with that of PDCCH AL 8.

Detailed:
Futurewei:
[bookmark: _Ref117848905]Observation 3: LP-WUS design options/functions and mapping to time/frequency resource requirements need to be defined for proper evaluation of the network resource overhead in support of LP-WUS/WUR.  
ZTE: compared with SSB. And RACH resource overhead caused by FAR should be considered.
Proposal 12: Calculate the system overhead percentage based on the following formula


If each LP-WUS transmission has the same resource occupation, it can be written as 
P=M*NLP-WUS*SLP-WUS*12/(Nband*T*12)
Where 
· Nband means the total RBs for a band or carrier in a cell
· NLP-WUS, i means the number of RBs for ith LP-WUS transmission including the guardband bandwidth and signal bandwidth
· SLP-WUS,i means the number of symbols for ith LP-WUS transmission including guard time if any
· Assuming that LP-WUS is transmitted M times in duration T, FFS how to determine M
Proposal 13: Consider a reference SSB configuration for system overhead comparison.
Proposal 14: The system overhead, e.g., RACH procedure, brought by FAR cannot be ignored if RACH procedure can be initiated after LP-WUS without PO monitoring.
Nokia:
[bookmark: _Hlk127887691]Observation 12: Overhead analysis should be considered for different LP-WUS designs and LP-WUR architectures, accounting any guard needed.
Ericsson: compared with PDCCH AL 8.
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Figure 4.2-1: Resource overhead of LP-WUS/WUR operation. 
[bookmark: _Toc118667564][bookmark: _Toc127522011]Observation 7 Overhead of LP-WUS/WUR operation depends on the amount of resources used for WUS including any guard bands and WUR synchronization resources (LP-SS). 
[bookmark: _Toc127522012][bookmark: _Toc118667565]Observation 8 For the same number of packets, the total overhead becomes larger with shorter inter-arrival time. For inter-arrival time of 100 ms, the overhead of LP-WUS/WUR operation can be up to a few percent of the available DL resources. 

Vivo:
[bookmark: _Ref127562006]Observation 22: For IDLE/INACTIVE mode, the upper bound of resource overhead used for LP-WUS is less than 1% for 100MHz system BW even in worst case such as the paging arrives every POs in every PF (i.e., 51200 idle/inactive UEs); For CONNECTED mode, the resource overhead of LP-WUS is less than 0.5% even in high load cases such as 10 XR UEs per cell. As shown in the below table, i.e., 
	Resource overhead ratio, R
	RRC Idle/inactive mode
	RRC Connected mode

	
	
	XR traffic
	eMBB traffic

	20MHz, 30KHz SCS
	0.36% ~ 5.04%
	-
	-

	100MHz, 30KHz SCS
	0.072% ~ 1.01%
	0.43%
	0.036%



Spreadtrum：
From above two tables, the resource overhead for the LP-WUS can be estimated according to that of R17 PEI (Appendix A.1).
Table 6: Resource overhead for R17 PEI and the LP-WUS
	
	R17 PEI
	The LP-WUS

	Information bits
	12
	41 bits
	12 bits: a small part of 48-bit for ng-5G-S-TMSI. The main radio should monitor PO after wake-up
	41 bits: the main part of 48-bit for ng-5G-S-TMSI). The main radio may not monitor PO after wake-up, if the remaining bits for ng-5G-S-TMSI is carried by location of the LP-WUS occasion, like PO location which carries some bits of UE ID

	Occupying REs
	288 (576 may be also feasible since R17 PEI has lower MDR than paging PDCCH)
	576
	288*8
9dB => 8x modulation symbols numbers compared to R17 PEI
The REs number to form a ASK/FSK symbol is not counted
	576*8
9dB => 8x modulation symbols numbers compared to R17 PEI
The REs number to form a ASK/FSK symbol is not counted


It can be observed that the resource overhead of the LP-WUS may be 288*8 or 576*8 REs for 12 or 41 bits respectively, if the LP-WUS has the similar coverage as R17 PEI.
Observation 8: The resource overhead of the LP-WUS may be 288*8 or 576*8 REs for 12 or 41 bits respectively, if the LP-WUS has the similar coverage as R17 PEI.

Sony：
For instance, Manchester-coded OOK-based LP-WUS used in the initial analysis in this contribution, will require a total 6RBs for its transmission, this including some guard band, to wake up a certain group of UEs when it is OFDM embedded using the mechanism described in [3]. This is translated to 6.5% system overhead compared to the reference scheme, where no LP-WUS is used. Using the same LP-WUS design with a different multiplexing technique, however, can result in different system overhead.
Observation 6 – LP-WUS length, the amount information it carries, and the technique used for its multiplexing in an OFDM transmitter impact the number of resources for LP-WUS transmission and its associated system overhead.

Others e.g., network power consumption
· Network power consumption
ZTE: consider the increased BS power consumption by introducing LP-WUS in empty load scenario
Proposal 15: Consider to evaluate the percentage for the increased BS power consumption by introducing LP-WUS 
· Empty load scenario can be the starting point
· Other assumptions can be further discussed
Ericsson: especially if LP-WUS require plenty of resources and LP-SS is considered.
Proposal 6	Impact of LP-WUS/WUR operation on NW Energy Efficiency should be considered especially if LP-WUS transmissions require significantly more time/frequency resources compared to PDCCH or require additional always-on transmissions (e.g., LP-SS) from gNB.
Vivo:
[bookmark: _Ref127562048]Observation 23: Additional network energy consumption caused by LP-WUS/WUR operation can be minimized, e.g., gNB can transmit LP-WUS in the slot with existing NR signal e.g., SSB.

InterDigital：
Proposal 1: NW power consumption/energy efficiency is not adopted as a performance metric.

3B-2: RRC CONNECTED
Power evaluation (including latency)
ZTE:
Table 4 DL only, 30Mbps, 60fps, jitter range = [-4,4]ms, InH
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)
	UPT(Mbps)

	Baseline
	-
	-
	-
	11
	11
	93.9%
	-
	324

	LP WUS
	/
	5
	4
	11
	11
	93.9%
	26%
	242

	PDCCH skipping+SSSG switching
	10
	8
	4
	11
	11
	90.3%
	17%
	235



Table 5 DL only, 30Mbps, 60fps, jitter range = [-8,8]ms, InH
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	Percentage of satisfied UE
	Mean PSG of all UEs (%)
	UPT(Mbps)

	Baseline
	-
	-
	-
	11
	11
	93.9%
	-
	325

	LP WUS
	/
	5
	4
	11
	11
	90.18%
	26%
	238

	PDCCH skipping+SSSG switching
	10
	8
	4
	11
	11
	90.9%
	16%
	246



Observation 12: LP-WUS can provide 26% PSG for XR traffic with 30Mbps in InH. PDCCH skipping and SSSG switching can provide 16%-17% PSG for XR traffic with 30Mbps in InH.
Nokia:
Observation 12: Overhead analysis should be considered for different LP-WUS designs and LP-WUR architectures, accounting any guard needed.
Observation 13: The possible latency impact of LP-WUS should be accounted in system level modelling when e.g. 
Observation 14: Planned Rel-18 enhancements, such as support of non-integer DRX periods aligned with XR frame rates, should also be accounted in the system level evaluations.

MediaTek:
[bookmark: _Ref127436677]Table 5: LP-WUS assistant SSSG switching for XR traffic
	#
	Power saving scheme
	PS Gain (w.r.t Rel-17)

	
	
	LP-WUS
0.005
	LP-WUS
0.05

	1
	SSSG switching (XR 30 Mbps)
	19.02%
	19.01%

	2
	SSSG switching (XR 45 Mbps)
	17.58%
	17.56%



[image: ]
Vivo:
[bookmark: _Ref115447081]Observation 16: The motivation to study LP-WUS/WUR in RRC connected mode for XR service is to reduce the excessive PDCCH monitoring due to unpredictable jitter.
[bookmark: _Ref118739981]Proposal 10: For R18 LP-WUS/WUR power evaluation in RRC connected mode, during the LP-WUS monitoring, the power state of main radio can be micro or light sleep.


Figure 10.  Power saving gain and system capacity results for R17 PDCCH monitoring adaption and LP-WUS/WUR schemes


[bookmark: _Ref127551204]Figure 11.  Power saving gain and system capacity results for R17 PDCCH monitoring adaption and LP-WUS/WUR schemes
[bookmark: _Ref127561982]Observation 17: Compared to the existing R15/16/17 power saving schemes, LP-WUS monitoring combined with main receiver micro sleep can bring {6%~15%} additional UE power saving gain with no capacity loss in both low load and high load cases.
[bookmark: _Ref127561986]Observation 18: Compared to the existing R15/16/17 power saving schemes, LP-WUS monitoring combined with main receiver light sleep can bring {10%~22%} additional UE power saving gain, with acceptable capacity loss at least in low load case.
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[bookmark: _Ref127561990]Observation 19: UPT of LP-WUR scheme (wake-up latency 0ms case) is the same as always-on scheme which means it can effectively reduce power consumption without affecting network scheduling. 
[bookmark: _Ref127561995]Observation 20: When the relative power of WUR 'On' state is no more than 1unit, LP-WUS monitoring with PDCCH skipping scheme can achieve the best trade-off performance in both UPT and power saving, compared with the existing UE power saving schemes. 
[bookmark: _Ref127561999]Observation 21: When the relative power of WUR 'On' state is larger than 1unit i.e., 10 or 20 units, LP- WUS monitoring with PDCCH skipping scheme has no power saving gain advantage, compared with the existing power saving schemes.

Xiaomi：
Table 2: Relative energy and other performance metrics for RRC connected case 2
	
	PDCCH without PDSCH
	PDCCH with PDSCH
	Deep sleep

	Deep sleep TransitionEnergy
	Light sleep Energy
	Light sleep TransitionEnergy
	Micro sleep Energy

	WUS MonitorEnergy
	Total Energy
	PSG
	Delay
(ms)
	% of satisfied UEs

	Baseline
	95.36
	13.93
	0
	0
	0
	0
	0
	0
	109.29
	N/A
	1.27
	100%

	CDRX
	67.38
	17.39
	0
	0
	0
	0
	12.07
	0
	96.84
	8.13%
	2.18
	98.41%

	LP WUS+ CDRX
	55.68
	17.39
	0
	0
	0
	0
	17.33
	0.1170
	90.52
	17.17%
	2.18
	98.41%



[image: ]
Fig. 3  Case 1, LP WUS used as DCP
[image: ]
Fig. 4 Case 2, LP WUS used during C-DRX on duration


Fig. 5 Case 3, LP WUS combined with PDCCH skipping
[image: ]
Fig. 6 Case 4, LP WUS used without C-DRX 
Table 3: Relative time fraction of different UE power consumption states for RRC connected case 3
	
	PDCCH without PDSCH
	PDCCH with PDSCH 
	Deep sleep
	Light sleep
	Micro sleep

	Baseline
	91.72%
	8.28%
	0
	0
	0

	genie
	0
	8.28%
	5.35%
	66.84%
	3.80%

	PDCCH skipping 
	32.77%
	8.28%
	0
	58.95%
	0

	Scheme 1
	4.31%
	8.28%
	0
	58.95%
	28.46%


Table 4: Relative energy and other performance metrics for RRC connected case 3
	
	PDCCH without PDSCH
	PDCCH with PDSCH
	Deep sleep 
	Deep sleep transition
	Light sleep
	Light sleep transition
	Micro sleep
	WUS Monitor
	Total
	PSG
	Delay
(ms)

	Baseline
	91.72
	24.84
	0
	0
	0
	0
	0
	N/A
	116.56
	N/A
	2.46

	genie
	0
	24.84
	0.0535
	1.38
	13.37
	5.65
	1.71
	N/A
	47.00
	59.67%
	N/A

	PDCCH skipping 
	32.77
	24.84
	0
	0
	2.84
	7.46
	0
	N/A
	67.91
	41.74%
	2.70

	Scheme 1
	4.31
	24.84
	0
	0
	2.84
	7.46
	12.81
	0.2846
	52.54
	54.92%
	2.70



Table 5: Relative energy and other performance metrics for RRC connected case 4
	
	PDCCH monitoring Energy
	PDSCH+PDCCH
Energy
	DEEP SLEEP
Energy

	DEEP SLEEP
Transition
Energy
	LIGHT SLEEP
Energy

	LIGHT SLEEP
Transition
Energy
	MICROSLEEP
Energy

	WUS
Monitor
Energy
	Total
Energy
	PSG

	Delay
(ms)

	Baseline
	99.75
	0.7662
	0
	0
	0
	0
	0
	0
	100.5162
	N/A
	0.25

	CDRX
	33.50
	0.7662
	0.5505
	2.4878
	0.0132
	0.01025
	0.000614
	0
	37.32374
	62.87%
	46.77

	Case 4-1
	0.36322
	0.75608
	0
	0
	0
	0
	44.72314
	0.99385
	46.83629
	53.40%
	0.75

	Case 4-2
	0.35347
	0.75608
	0
	0
	19.28908
	0.49140
	0
	0.99395
	21.88429
	78.23%
	3.78

	Case 4-3
	0.33285
	0.75623
	0.89910
	2.13840
	0
	0
	0
	0.99415
	5.12119
	94.91%
	10.69


Proposal 2: For RRC connected state, four use cases can be considered for evaluation:
Case 1, LP WUS used as DCP;
Case 2, LP WUS used during C-DRX on duration;
Case 3, LP WUS combined with PDCCH skipping;
Case 4, LP WUS used without C-DRX/PDCCH skipping.

Apple:
We evaluated power saving gain based on the following assumptions for eMBB traffic:
Table 2 Assumptions for power saving evaluation for connected UEs
	Parameter
	Value

	Bandwidth
	100 MHz

	Traffic model
	FTP 3 traffic model: 200ms inter-arrival, 0.5Mbytes packet

	C-DRX configuration
	DRX cycle: 160 ms
Inactive timer: 40 ms
ON duration: 8 ms

	LP WUS/WUR operation
	LP WUS/WUR replaces R16 WUS in C-DRX procedure.
LP WUS/WUR is enabled during C-DRX ON duration.

	Baseline
	C-DRX + R16 WUS



Table 3 UE power saving gain for connected UEs
	
	Assumed WUR power consumption per slot
	Average total power consumption per slot
	Power saving gain
w.r.t the baseline

	Baseline: C-DRX + R16 WUS
	
	19.96
	

	With LP WUS/WUR
	0.1
	6.62
	69.9%

	
	1
	6.15
	69.2%

	
	4
	6.00
	66.8%




Overhead calculation
Vivo
· For RRC connected mode, UE number per cell NUE_connected is assumed to be 10. Different UEs are using orthogonal LP-WUS resources which are not overlapped with each other.
· The traffic interval TTrafficInterval of XR video with 16.67ms (30FPS) and eMBB FTP3 with 200ms are assumed for RRC connected mode.
· RRC Connected mode:
Assuming the resource of one LP-WUS is: 5MHz * 4 OFDM symbol (30kHz)

[bookmark: _Ref127553247]Table 14.  Resource overhead ratio to the overall system resource for RRC connected mode.
	Resource overhead ratio, R
	RRC Connected mode

	
	XR traffic
	eMBB traffic

	100MHz, 30KHz SCS
	0.43%
	0.036%




Others

Issue 4: Others

FutureWei: a set of potential solutions to the increase in latency and resource overhead associated with the false wake-up of MR, due to false alarms generated by Noise/Interference.
[bookmark: _Ref125029547]Proposal 9: Adopt one of the following solutions: (1) Dual LP-WUR and MR operation, (2) Repetitive LP-WUS transmission, or (3) Limited LP-WUR Duty-Cycle, to evaluate LP-WUS performance.
CATT: paging rate and UE grouping
Proposal 5: The number of UE in the same group should be less than 8 for 14.8% paging group rate under 1% paging rate per UE. 
Proposal 6: The number of UE in the same group should not be more than 8 for i-DRX and e-DRX with RE, REF below 1%. 
Nokia: LP-WUS functionality
Proposal 15: 	Consider the feasibility of using the LP-WUS to support/assist re-synchronization or time/frequency tracking.
Proposal 16: 	Consider the feasibility of using the LP-WUS to support coverage determination.
Proposal 17:	Consider the feasibility of different paging procedures for LP-WUS.
Proposal 18:	Consider feasibility of using LP-WUS to enable power saving with SDT operation from RRC_Inactive.

Intel: LP-WUS can provide an indication on paging group, paging subgroup or UE ID
Proposal 3: For idle/inactive mode
· Further study the cases that LP-WUS can provide an indication on paging group, paging subgroup or UE ID
Ericsson: the range of per group paging rate is suitable to be {10%, 1%, 0.1%, 0.01%}
Proposal 2	For evaluations, use N=10 and the resulting range of RG={10%, 1%, 0.1%, 0.01%} for the per group paging probability.
[bookmark: _Toc118667385][bookmark: _Toc127521837][bookmark: _Toc115442422][bookmark: _Toc115467220]Proposal 3 The following general framework should be used as starting point for WUS evaluations:
· [bookmark: _Toc115442423][bookmark: _Toc118667386][bookmark: _Toc127521838][bookmark: _Toc115467221]transmission of LP-WUS should not require new gNB hardware and should not trigger new emissions/compliance requirements for gNBs
· [bookmark: _Toc115467222][bookmark: _Toc118667387][bookmark: _Toc127521839][bookmark: _Toc115442424]it should be possible to dynamically reuse unused LP-WUS resources for other NR transmissions (i.e., dedicated time/frequency resource reservation for WUS should be avoided)
· [bookmark: _Toc115467223][bookmark: _Toc127521840][bookmark: _Toc118667388][bookmark: _Toc115442425]it should be possible to multiplex LP-WUS with other NR transmissions in time or frequency domain without causing interference
· [bookmark: _Toc115467224][bookmark: _Toc127521841][bookmark: _Toc118667389][bookmark: _Toc115442426]LP-WUS is transmitted on Uu interface from gNB to UE


Envelope Detection
· For envelope modeling in simulation, there are many ways to implement it. However, it is difficult to model the feature of Ripple & Peak clipping effects of envelope detection which will seriously affect the detection performance in reality. Therefore, in LLS if always ideal envelope result is captured regardless the waveform, as a result, it may cause the waveform has very good detection performance in LLS but has very poor performance in reality. Therefore, a unified envelope modeling method that can capture the envelope features in reality should be specified in LLS.

	Company
	Comments

	ZTE, Sanechips
	Agree to have a unified envelope modeling in LLS.

	
	

	
	

	
	

	
	





Summary of the previous agreements
RAN1#110bis-e
For future meetings on LP WUS:
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.
 
Agreement
For evaluation, 1 Rx chain for LP-WUS receiver is baseline.
 
Agreement
Both RRC IDLE/INACTIVE and CONNECTED modes are to be studied as part of the LP-WUS/WUR SI. 
· FFS: Further prioritization if needed during the study item.
 
Agreement
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 
· FFS: The details of ‘Ultra-deep sleep’ power state
 
R1-2210512	FL summary#2 of evaluation on low power WUS	Moderator (vivo)
 
Agreement
· The following power models are used ‘Ultra-deep sleep’ power state for main radio for evaluation
	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]
	[2000 ~ 40000]
· Study to converge on candidate numbers to use for evaluation
· FFS: other values and reported by companies.
· FFS: down-selection of the values, 
· companies are encouraged to provide details for down-selection
	[400ms], FFS: 100ms
	X


 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.],
· FFS: X and whether/how to have different values depending on other factors, e.g., signal-to-noise ratio
· 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. 
· FFS whether/how to define ramp-down time, whether to separately describe the ramp-down energy consumption
Note 2: the power state transitions in this table refer to transitions between ultra deep sleep state and active / micro sleep state.
Note 3: The values inside of ‘[ ]’ are to be used as starting point of future study on LP-WUS
 
Agreement
The following power model for LP-WUR/WUS evaluation is considered,
· Relative power unit for LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring: 
· [0.001]
· Relative power unit for LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 
· [0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4]
· Other values are not precluded to be evaluated.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· No additional transition energy and transition time between ‘on’ and ‘off’ state as start point, FFS any transition energy and transition time if needed.
Note1: A unit of power is defined to be the same for main receiver and LP-WUS receiver.
Note2: the values provided is for the purpose of studying power saving gain, and the values can be further revisit and categorization depending on the receiver architecture discussion.
Note3: For LP-WUR ‘on’ state, more than one values within the above range may be used for evaluation (e.g. for a single LP-WUR architecture)
FFS: LP-WUR power consumption values for FR2.
 
Agreement
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 3GPP 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
 
Agreement
· For LP-WUS coverage evaluation, the noise figure of LP-WUR is 
· Options : [9, 12, 15, 18, 21, 24], Other values can be reported by companies
· FFS: how to determine the NF option.
· The values provided is for the purpose of studying coverage of LP-WUS, and it can be further revisited depending on the receiver architecture discussion.
 
Agreement
For the performance evaluations of LP-WUS candidate designs, it is assumed that
· The miss-detection rate (MDR) of LP-WUS [1%],
· The false-alarm rate (FAR) of LP-WUS
· [0.1%, 1%, 10%]
· 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 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
· FFS: Note: FAR should be evaluated both in the absence of gNB transmissions and in the presence of transmissions from gNB. Proponent to provide the details.
 
Agreement
For system impact analysis, the following performance metrics are considered to be provided,
	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.

	FFS: Capacity impact
	[Evaluate the system capacity impact due to introducing of LP-WUS]

	FFS: 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 are considered to be provided.
	 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/detect] the paging message
· FFS: if UE is not required to monitor a PO after wake-up, e.g., latency is the time interval between the data arrival time at the gNB and the time UE transmits the PRACH after LP-WUS detection.
· sync/re-sync for main radio is included
For CONNECTED state, TBD

	FFS: UPT
	FFS
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)
 
Agreement
The following is assumed for RRC IDLE/INACTIVE evaluation,
	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):
Per UE paging rate (R_E)= ([1%]) or ([0.1%]) or ([0.01%]) or ([0.001%]) within duration Y, [FFS Y is an i-DRX cycle length or an absolute time duration length]
· R_G denotes as the group paging rate and R_E denotes as UE paging rate, and 1-R_G=(1-R_E)^N, where N is the number of UEs in the group, and N is [TBD]
· FFS: how (R_G, R_E) for e-DRX derived from
 
FFS: Option 2 (optional):
Reusing TR 38.875 heart beat traffic model
	Model
	FTP3

	Packet size
	100 Bytes

	Mean inter-arrival time
	60s (per UE paging rate≈2%)


 
Model RRC connection phase power consumption as follows,
	RRC connection duration
	[30ms]

	Relative energy consumption of RRC connection block (Relative power x ms)
	[=3000]


 
Other options are not precluded can be reported by companies.

	Others
	Reported by companies


 
Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is 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

RAN1#111
Agreement
For system impact analysis, the following performance metrics are considered to be provided,
	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.

	FFS: 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
	 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
. In RAN1#111, there are no definitions being precluded
· 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)
 
Agreement
Update the IDLE/INACTIVE state traffic model option 1 as follows and remove traffic model option 2,
· The traffic arrival is modeled 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 i-DRX cycle duration Y second, 
· Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· For e-DRX with K i-DRX cycles duration, L 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)Y/YREF for the first i-DRX cycle within the PTW
· RE = 1 – (1 – RE, REF )LY/YREF for each of the remaining L-1 i-DRX cycles within the PTW
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· L=4 (as agreed in RAN1#110bis)
 
Agreement
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
· Companies to provide feasibility analysis for transition time and transition energy with aim to converge to one or two set of values in RAN1#112
 
Agreement
The following power model for LP-WUR is used for evaluation for FR1,
 
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up = FFS, and company to report TLR, ramp-up
 
FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up

	On
	0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4
FFS: If other values are needed
	
	


FFS: whether further categorization/sub-categorization is needed and how.

Proposals from companies’ submitted contributions
1. FUTUREWEI
UE Behavior in Response to a LP-WUS
Proposal 1: The following LP-WUS functionalities with the corresponding radio requirements at the UE should be considered: 
· LP-WUS carries a unique UE ID and MR is not required to monitor POs.
· LP-WUS carries a UE group ID and MR is required to monitor legacy POs/PFs.
· LP-WUS carries a UE group ID and MR is required to monitor newly defined POs/PFs.
Observation 1: For group-addressed LP-WUS, ‘always-on’ monitoring mode may not result in any latency reduction benefits due to the necessity of MR’s monitoring of legacy POs after LP-WUS detection but may alleviate the requirement for frequent LP-WUR synchronization.
Proposal 2: For the evaluation of group-addressed LP-WUS, study the impact of defining a shorter DRX cycle (<320 ms), i.e., for the MR to monitor POs after waking up due to reception of LP-WUS, on latency and overall paging resource overhead.

Performance Metrics and Models
Proposal 3: For a LP-WUS carrying a UE unique ID, the latency is defined as the average time between the arrival of data at gNB and the UE’s completion of MR synchronization upon detection of a corresponding LP-WUS.
Proposal 4: Consider ignoring the impact of system information update on IDLE/INACTIVE state latency due to its infrequent occurrence as part of paging procedure. 
Proposal 5: Adopt the power consumption model as specified in Tables 1-3 and support at least two of the main radio’s “Ultra-deep sleep” additional transition energy values in  for the evaluation of LP-WUS.
Observation 2: Mapping between relative power unit values and LP-WUR coverage ratio/probability, and coverage mismatch, i.e., between LP-WUS and PDCCH, handling needs to be defined for proper evaluation of power saving gains/losses.
Proposal 6: Coverage mismatch between LP-WUS and PDCCH should be considered when power savings gain/network resource overhead are evaluated and the following 3 options should be adopted 
· LP-WUR full coverage without RX mode of operation switching.
· LP-WUR limited coverage with switching to MR during out-of-coverage.
· LP-WUR full coverage with RX mode (e.g., two or more) switching.
Observation 3: LP-WUS design options/functions and mapping to time/frequency resource requirements need to be defined for proper evaluation of the network resource overhead in support of LP-WUS/WUR.
Observation 4: A UE may miss the detection of a true LP-WUS due to a  false alarm, generated by Noise/Interference, leading to a potential increase in latency and network resource overhead for LP-WURs configured with ‘always-on’ or short ‘duty-cycled’ monitoring.
Observation 5: Number of false alarms in any duration T cannot simply be determined as the product of FAR and number of LP-WUS monitoring occasions in that duration T for ‘always-on’ and short ‘duty-cycled’ monitoring modes.
Proposal 7: Support use of system level simulations for power saving gain evaluation of a LP-WUR configured with ‘always-on’ or short ‘duty-cycle’ monitoring while taking FAR into account, where only one false alarm is expected in any duration corresponding to MR’s wake-up, determination of false alarm, and return back to sleep. 
Proposal 8: Support definition of a simulation step size of, e.g., one subframe, for the evaluation of ‘always-on’ LP-WUS power saving gain using system level simulation, where the step size corresponds to the LP-WUS duration.
Proposal 9: Adopt one of the following solutions: (1) Dual LP-WUR and MR operation, (2) Repetitive LP-WUS transmission, or (3) Limited LP-WUR Duty-Cycle, to evaluate LP-WUS performance.

Receiver Processing Details
Observation 6: For LP-WUS addressing a UE group, there is a trade-off between power saving gain and latency that is dependent on the criteria for LP-WUS transmission when ‘always-on’ (or short ‘duty-cycled’) monitoring mode is considered.
Proposal 10: For LP-WUR power consumption evaluation, study the following RRM measurement options
· Meas_Option (1): MR performs serving cell and intra/inter-frequency measurements.
· Meas_Option (2): LP-WUR performs serving cell measurements and MR performs intra/inter-frequency measurements.
· Meas_Option (3): LP-WUR performs serving cell and intra-frequency measurements and MR performs inter-frequency measurements.
· Meas_Option (4): LP-WUR performs serving and intra/inter-frequency measurements.
Observation 7: Power saving gain from LP-WUR will be limited, if any, compared to DRX power saving scheme when the MR is still configured to perform RRM measurements according to the DRX cycle.
Proposal 11: For RRM measurement purposes only when LP-WUR is actively monitoring for LP-WUS, consider a MR configured with an eDRX cycle of, e.g., [10485.76] s, and a PTW of length, e.g., 4 DRX cycles.
Proposal 12: Consider LP-WUR monitoring of at least a tracking and/or a RAN notification area level beacon that is transmitted with reasonable periodicity to alleviate the impact of MR’s low periodicity RRM measurements on latency.

Evaluation Results for Power Consumption and Latency
Observation 8: LP-WUS latency (without accounting for miss-detections) can be ~15% more than that of DRX power saving scheme due to MR’s required transition and synchronization time when in “Ultra-deep sleep” power state.
Observation 9: A LP-WUR in ‘always-on’ monitoring mode can achieve a two-digit power saving gain compared to DRX with PEI configuration only for LP-WUR relative power < 1 and a FAR <0.01%.
Observation 10: A LP-WUR in ‘always-on’ monitoring mode can result in a significant power loss compared to DRX with PEI configuration by considering a number of UEs per paging group for a reference traffic arrival rate .
Observation 11: Increasing the number of UEs per paging group, , has minimal impact on cases with reference traffic arrival rates , but can significantly degrade the performance of LP-WUR at .
Observation 12: A LP-WUR configured with a short ‘duty-cycle’ can suffer from a significant degradation in power saving gain compared to DRX with PEI scheme by increasing above , especially at high reference traffic arrival rates . 
Observation 13: A LP-WUR can achieve reasonable power saving gains compared to DRX with PEI power saving scheme at  of , but only at ‘Low’ or ‘Med’ SNR cases and for . 
Observation 14: ‘Duty-cycled’ configuration of LP-WUR can enable its effective operation at higher s (up to ) and higher relative power (up to  units) compared to ‘always-on’ configuration, but potentially at a higher network resource overhead requirement. 
Observation 15: Reduction of  below  and/or  below  has minimal impact on LP-WUS power saving gain compared to eDRX with PEI configuration, i.e., for a relatively high target latency, mainly due to the configured long duty-cycle for both LP-WUS and eDRX power saving schemes. 
Observation 16: A reasonable positive LP-WUS power saving gain compared to eDRX with PEI configuration is achieved only for LP-WUR relative power , a reference traffic arrival rate , and . 

1. Huawei, HiSilicon
Observation 8: Reducing the number of MR transitions by reducing how often a UE is woken up by LP-WUS can increase the power saving gain, which can be achieved by: 
c) Minimizing the use of UE grouping but maintaining a good trade off with the supported data rate; and/or  
d) Minimizing the FAR value but maintaining a good trade off with the coverage performance.
Observation 9: For the case without RRM measurement and per-UE indication, ~89% power saving gain can be achieved.
Observation 10: If LP-WUS carries per-group indication, the latency is larger than R17 baseline since the MR needs to wait for the legacy PO to receive paging. If UE can receive paging in the nearest PO, the latency is comparable to per-UE indication.
Observation 11: Reducing the number of MR transitions by reducing the RRM measurement by MR can increase the power saving gain, which can be achieved by: 
e) Relaxing the RRM measurements requirements; and/or
f) Offloading partially or completely the RRM measurements from MR to be done by LP-WUR. 
Observation 12: When the power consumption of LP-WUR is high, only with duty cycle LP-WUS can provide power saving gain, which means that it has difficulty to support latency sensitive traffics, e.g. voice traffic.
Observation 13: With shorter required time on sync/re-sync, larger power saving gain and smaller latency can be obtained.
Observation 14: LP-WUS can reach the same coverage level as legacy PUSCH with some configuration.
Observation 15: If further enhancements are used, such as power boosting, FEC, and time/frequency/space diversity, the coverage performance of LP-WUS can be further improved.

Proposal 1: The following power models are used ‘Ultra-deep sleep’ power state for main radio for evaluation.
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time

	Ultra-deep sleep
	0.015
	10000
	400ms


Proposal 2: If UE is not required to monitor a PO after wake-up, latency is the time interval between the data arrival time at the gNB, and the time of the first RO UE can transmit PRACH in after LP‑WUS detection.
Proposal 3: The CFO assumption can be either 200 ppm or 50 ppm depending on different implementation, companies can report what they use.
Proposal 4: Adopt the phase noise model defined by IEEE 802.11ba for LP-WUS study.
Proposal 5: At least support continuous monitoring for LP-WUS.
Proposal 6: Use the bottleneck channel, i.e. PUSCH, as the reference for coverage evaluation of LP-WUS.


1. Spreadtrum Communications

Evaluation methodology
Observation 1: If the LP-WUR supports mobility (continuous coverage) and if the LP-WUS is deployed in the same frequency as SSB in the cell, the cell frequency search is not necessary at the LP-WUR after wake-up.
Observation 2: If the LP-WUR does not support mobility, the cell frequency search is not necessary at the LP-WUR after wake-up, which has been done in cell re-selection at the LP-WUR.
Observation 3: For RRC IDLE or INACTIVE state, the power value of LP-WUR ‘off’ can be small, e.g. 0.01, for low-complexity LP-WUR architecture. For RRC CONNECTED state, the power value of LP-WUR ‘on’ can be large, e.g. 4, for high-complexity LP-WUR architecture.
Evaluation assumptions
Observation 4: The bits number of UE ID in the LP-WUS is related to value of N, and a small bits number of UE ID in the LP-WUS may imply a large value of N in realistic.
Initial evaluation results
Observation 5: The target coverage for the LP-WUS needs to be further discussed.
Observation 6: The LP-WUS can use R17 PEI as reference in terms of the required MDR/FAR and SINR.
Observation 7: The LP-WUS may have 9dB performance loss compared to R17 PEI.
Observation 8: The resource overhead of the LP-WUS may be 288*8 or 576*8 REs for 12 or 41 bits respectively, if the LP-WUS has the similar coverage as R17 PEI.
Observation 9: When the transmission bandwidth is small, the duration of one LP-WUS occasion may be too large, and vice versa.
Observation 10: For R17 PEI as baseline scheme, the serving-cell measurement relaxation is not considered.

We have the following proposals.
Evaluation methodology
Proposal 1: The ramp-up/down time could be 400ms, and the ramp-up/down energy could be 9000.
Proposal 2: 3/6/9 SSBs for sync/re-sync for ultra-deep sleep can be assumed for different channel condition respectively.
Proposal 3: Confirm whether the transition energy for the LP-WUR is the additional energy on top of the off state. If it is, the transition energy should be TLR, ramp-up *(PON-POFF)/2.Otherwise, confirm it as TLR, ramp-up *(PON+POFF)/2.
Initial evaluation results
Proposal 4: Confirm that MDR of the LP-WUS is 1%.
Proposal 5: FAR of the LP-WUS can be 0.1%.
Proposal 6: Some enhancement with cost of resource overhead can be considered to compensate performance loss for the LP-WUS, e.g. repetition in time domain (multiple repeated occasions) and extending the duration of each MC-ASK/FSK symbol.
Use cases
Proposal 7: If use cases are to be introduced for the LP-WUS, the maximum number of use cases is 3.
Proposal 8: The performance metric, e.g. power consumption (requirement of battery life), latency and mobility, can be considered to differentiate use cases, and use cases can be determined after evaluation results are provided in majority.
1. OPPO

Observation 1: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per UE= 1% and per UE paging, when relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.5/1, LP-WUR monitor LP-WUS under “continuously monitoring” manner can have 29.86%~83.71% power saving gain under Low SINR case, while have 30.33%~84.29% power saving gain under Medium SINR case, and have 30.76%~84.87% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Observation 2: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per UE= 1% and per UE paging, when relative power for ‘LP-WUR on state’ is 2/4, LP-WUR monitor LP-WUS under “continuously monitoring” manner have not power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Observation 3: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per UE= 1% and per UE paging, when relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.5/1/2, LP-WUR monitor LP-WUS under “discontinuously monitoring” manner can have 25.58%~83.93% power saving gain under Low SINR case, while have 26.04%~84.51% power saving gain under Medium SINR case, and have 26.46%~85.09% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Observation 4: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per UE= 1% and per UE paging, when relative power for ‘LP-WUR on state’ is 4, LP-WUR monitor LP-WUS under “discontinuously monitoring” manner have not power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Observation 5: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per Group= 9.56% and per UE Group paging, LP-WUR monitor LP-WUS have not power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 25000).
Observation 6: For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per Group= 9.56% and per UE Group paging, LP-WUR monitor LP-WUS can have power saving gain compared to I-DRX with PEI in some low “Relative Power for LP-WUR on”, e.g.0.01/0.05/0.1/0.5(Additional transition energy from ultra-deep sleep is 10000).
Proposal 1: For I-DRX cycle, the different value of “additional transition energy from ultra-deep sleep” will cause different conclusions of whether LP-WUR has power saving gain compared to I-DRX with PEI or not. RAN 1 Prioritize the determination of “additional transition energy from ultra-deep sleep”.
1. ZTE, Sanechips
Observation 1: Compared with DRX with/without PEI, the LP-WUS achieve lower power consumption. 
Observation 2: Compared with eDRX without PEI, the LP-WUS brings more UE power consumption only when PWUR on=1 or PWUR_on=0.5, UE_num=10 and EUDS=20000.
Observation 3: Compared with eDRX with PEI, the LP-WUS brings more UE power consumption when PWUR on=1 and EUDS=40000, PWUR_on=0.5/1 and EUDS=20000. 
Observation 4: Compared with LP-WUS with always on monitoring, the extra power consumption caused by LP-WUS with on-off duty cycled monitoring is small when the WUR-on power is not large. 
Observation 5: When N is relaxed to 12, LP-WUS has power saving gain compared with DRX with PEI when R_E=1%, EUDS=20000 and PWUR on=0.5, and N is 22 when EUDS =40000 and other parameters remain the same.
Observation 6: Compared with DRX with/without PEI, the LP-WUS has power saving gain when the probability of extra MR power on caused by FAR is lower than 10%.
Observation 7: Compared with DRX/eDRX, the latency reduction of legacy PO is -115%/94.7%.
Observation 8: Compared with DRX/eDRX, the latency reduction of dynamic PO is 29.6%/98.2%.
Observation 9: Compared with legacy PO, the latency reduction of dynamic PO is 67.3%.
Observation 10: The latency for periodic monitoring mechanism would be larger than that for always on monitoring and the different periodic monitoring scheme has different impacts on the latency. 
Observation 11: The latency impact caused by miss detection is small if dynamic PO is used.
Observation 12: LP-WUS can provide 26% PSG for XR traffic with 30Mbps in InH. PDCCH skipping and SSSG switching can provide 16%-17% PSG for XR traffic with 30Mbps in InH.

Proposal 1: The following KPIs on LP-WUS should be further considered
· System overhead
· Network power consumption
· Co-existence impacts
Proposal 2: The relative power of ultra-deep sleep is 0.015 unit for LP-WUS power consumption evaluation.
Proposal 3: The ramp up and down transition energy of ultra-deep sleep is 20000 units*ms and 40000 units*ms for power consumption evaluation.
Proposal 4: For LP-WUS power consumption evaluation, at least 3 SSBs are required for sync/re-sync when main radio wakes up from the state of ultra-deep sleep.
Proposal 5: For LP-WUS power consumption evaluation, at least three levels of WUR ‘on’ state relative power should be used.
Proposal 6: For LP-WUS power consumption evaluation, the ramp-up time of WUR is 10ms.
Proposal 7: Whether deep sleep or ultra-deep sleep state is assumed outside of PTW should be determined for eDRX power consumption evaluation. 
Proposal 8: Dynamic PO is used for LP-WUS latency evaluation.
Proposal 9: Clarify the following aspects for the FAR
· The definition of FAR based on each sample detection or a time duration,
· The mapping relationship between each sample detection and a time duration
· The step size of sliding detection.
Proposal 10: For the evaluation of FAR in link level simulation the following two cases should be evaluated and discuss how to model them in the simulation.
Case 1: Absence of gNB transmissions 
Case 2: Presence of transmissions from gNB
Proposal 11: For the following components of each LP-WUS receiver architecture, a unified modeling method should be specified in LLS evaluation assumptions, including:
· LO
· Frequency drift range with/without FLL/PLL
· Phase noise modeling method
· Filter
· 3-th order Butterworth low-pass filter can be used as baseline. 
· The cutoff frequency of the filter
· Envelope detection
· A unified envelope modeling method that can capture the envelope features in reality should be specified in LLS
· Others
· Whether or how to model the following components in the corresponding architectures in LLS should also be studied ::
· For DC offset and flicker noise for Zero-IF Receiver 
· Image resister (IR) filter for IF Receiver
Proposal 12: Calculate the system overhead percentage based on the following formula


If each LP-WUS transmission has the same resource occupation, it can be written as 
P=M*NLP-WUS*SLP-WUS*12/(Nband*T*12)
Where 
· Nband means the total RBs for a band or carrier in a cell
· NLP-WUS, i means the number of RBs for ith LP-WUS transmission including the guardband bandwidth and signal bandwidth
· SLP-WUS,i means the number of symbols for ith LP-WUS transmission including guard time if any
· Assuming that LP-WUS is transmitted M times in duration T, FFS how to determine M
Proposal 13: Consider a reference SSB configuration for system overhead comparison.
Proposal 14: The system overhead, e.g., RACH procedure, brought by FAR cannot be ignored if RACH procedure can be initiated after LP-WUS without PO monitoring.
Proposal 15: Consider to evaluate the percentage for the increased BS power consumption by introducing LP-WUS 
· Empty load scenario can be the starting point
· Other assumptions can be further discussed
Proposal 16: In addition to XR traffic, if other traffics are considered in capacity evaluation, it needs to clarify whether and how to define “satisfied UE”. 
Proposal 17: For capacity evaluation, clarify the time WUR needed for LP-WUS transmission and processing.




1. Vivo
Observation 1: In the case that the relative power of LP-WUR “ON” state is 0.03~0.5 unit,
· substantial power saving gain e.g., up to 80% can be achieved.
· LP-WUR should address all traffic arrival cases for IoT/Wearable/eMBB, thus keeping the “ON” state power consumption as less as possible is important for increasing the battery life of the device.
Observation 2: Compared with I-DRX paging, LP-WUR/WUS scheme with continuously monitoring configuration can achieve around 50%~98% power saving gain when the relative power of LP-WUR “ON” state is no more than 1 unit, with marginal latency increase.
Observation 3: Compared with eDRX, LP-WUR/WUS scheme with continuously monitoring configuration can largely reduce the paging latency (22x), with comparable UE power consumption.
Observation 4:  LP-WUR/WUS scheme provides a much better trade-off between latency and power consumption when relative power of LP-WUR “ON” state is no more than 1unit, compared with I-DRX paging and eDRX scheme.
Observation 5: High relative power of LP-WUR “ON” state is not feasible when continuously LP-WUS monitoring is configured.
Observation 6: Discontinuous LP-WUS monitoring can significantly reduce UE power consumption of LP-WUS scheme, but latency will increase accordingly, compared with continuous LP-WUS monitoring configuration.
Observation 7: With fixed duty cycle ratio and relative power of LP-WUR “ON” state, different LP-WUR DRX cycle lengths have no or less impact on UE power consumption of LP-WUS scheme, and the difference only depends on the number of LP-WUR ON-OFF transition.
Observation 8: For LP-WUS scheme, latency will be reduced with the increase of duty cycle ratio of LP-WUS monitoring, while UE power consumption will increase accordingly.
Observation 9: Up to 65% power saving gain can be achieved by LP-WUS scheme  when duty cycle ratio is extremely low e.g., 0.1% or 2% even in the case of high relative power of LP-WUS “ON” state e.g., 20units.
Observation 10: As FAR for LP-WUS increases, UE power consumption goes up. And a sharp raising of UE power consumption is observed when FAR reaches 10%.
Observation 11: Even if RRM measurement is performed by main radio at a relaxed level, the total UE power consumption of LP-WUS scheme increases distinctly.
Observation 12: RRM measurement performed by WUR only will greatly help reduce UE power consumption of LP-WUS scheme.
Observation 13: As the paging rate and the number of UE in group increase, power consumption of LP-WUS scheme will increase but latency will slightly decrease.
Observation 14: The UE power consumption and latency of LP-WUS scheme will increase as ramp-up and sync/re-sync time/energy increase.
Observation 15: The impact of ramp up and sync time/energy on UE power consumption of LP-WUS scheme will be remarkable in intensive traffic scenario (i.e., larger paging rate) due to larger number of MR transition.
Observation 16: The motivation to study LP-WUS/WUR in RRC connected mode for XR service is to reduce the excessive PDCCH monitoring due to unpredictable jitter.
Observation 17: Compared to the existing R15/16/17 power saving schemes, LP-WUS monitoring combined with main receiver micro sleep can bring {6%~15%} additional UE power saving gain with no capacity loss in both low load and high load cases.
Observation 18: Compared to the existing R15/16/17 power saving schemes, LP-WUS monitoring combined with main receiver light sleep can bring {10%~22%} additional UE power saving gain, with acceptable capacity loss at least in low load case.
Observation 19: UPT of LP-WUR scheme (wake-up latency 0ms case) is the same as always-on scheme which means it can effectively reduce power consumption without affecting network scheduling.
Observation 20: When the relative power of WUR 'On' state is no more than 1unit, LP-WUS monitoring with PDCCH skipping scheme can achieve the best trade-off performance in both UPT and power saving, compared with the existing UE power saving schemes.
Observation 21: When the relative power of WUR 'On' state is larger than 1unit i.e., 10 or 20 units, LP- WUS monitoring with PDCCH skipping scheme has no power saving gain advantage, compared with the existing power saving schemes.
Observation 22: The resource overhead ratio of LP-WUS over entire system resource is marginal as shown in the below table, i.e.,
	Resource overhead ratio, R
	RRC Idle/inactive mode
	RRC Connected mode

	
	
	XR traffic
	eMBB traffic

	20MHz, 30KHz SCS
	0.36% ~ 5.04%
	-
	-

	100MHz, 30KHz SCS
	0.072% ~ 1.01%
	0.43%
	0.036%



Observation 23: Additional network energy consumption caused by LP-WUS/WUR operation can be minimized, e.g., gNB can transmit LP-WUS in the slot with existing NR signal e.g., SSB.
Observation 24: About -81 dBm receiver sensitivity is required for LP-WUS, to achieve the same coverage as PUSCH 1Mbps in 2.6GHz Urban scenario.
Proposal 1: Capture the following use cases in the TR of LP-WUS/WUR:
· For IoT cases: The battery should last at least few years; Latency would be within several or tens of seconds; For latency sensitive IoT cases, the latency requirement is within 1 or 2 seconds; The mobility would be stationary or nomadic.  
· For wearable cases: The battery should last for a few weeks; Latency need to be within several seconds; Low/medium speed is required.
· For XR or smart phone cases: support to provide higher power saving gains on top of existing solutions; Latency need to be within several milliseconds for XR traffic and within tens of milliseconds for other eMBB traffics; Low/medium speed is required.
Proposal 2: The target relative power of LP-WUR “ON” state should be less than 1 unit.
Proposal 3: The latency brought by using LP-WUS/WUR consists two parts: wake-up delay and MR transition time.
Proposal 4: Consider the following as the latency target for LP-WUS/WUR:
· Within several or tens of seconds for IoT cases; And within 1 or 2 seconds for latency-sensitive IoT cases;
· Within several seconds for wearable cases; 
· Within several milliseconds for XR use case; Within tens of milliseconds for other eMBB use cases;
Proposal 5: Around 100kbps data rate can be considered as design target for LP-WUS.
Proposal 6: For sync/re-sync time and energy, Table 2 of R1-2300476 can be assumed.
Proposal 7: Adopt Alt1 for ramp-up/down transition time and energy for ultra-deep sleep state of MR.
Proposal 8: Transition time between LP-WUR ‘on’ and ‘off’ states can be assumed as 10 or 20ms.
Proposal 9: For RRM measurement assumptions, the following options can be considered.
· Option 1: RRM measurement is only performed by MR.
· Option 2: LP-WUR performs RRM measurement based on periodic lower power signal e.g., LP-SS. MR performs relaxed RRM measurement every X I-DRX cycles, where X can be 10 or 20. And 
· Option 3: RRM measurement is only performed by LP-WUR. 
Proposal 10: For R18 LP-WUS/WUR power evaluation in RRC connected mode, during the LP-WUS monitoring, the power state of main radio can be micro or light sleep.
Proposal 11: For normal UE supporting 4 Rx, 2 Rx should be assumed in evaluation when the coverage of paging PDCCH is used to compared with that of LP-WUS.
Proposal 12: For coverage evaluation, waveform/modulation type should be reported, e.g., OOK, ASK, etc.
Proposal 13: For coverage evaluation, code scheme should be reported, e.g., Manchester code, repetition, etc.
Proposal 14:  For coverage evaluation, LP-WUS channel structure should be reported, and the following structures can be considered
· [Sync (X chips)] + data (Y bits) + CRC (Z bits);
· Sequence only (X chips)
Proposal 15:  For coverage evaluation, the LP-WUS bandwidth can be selected in number of continuous RBs, e.g., {4, 8, 12, 16, …}.
Proposal 16: For modeling adjacent subcarrier interference in LLS, PDSCH can be mapped on RBs not used for LP-WUS and guard band.
Proposal 17:  The BPF/LPF parameters and guard band size should be reported in coverage evaluation.
· BPF/LPF parameters may include bandwidth, filter order and filter type (e.g., Butterworth, …);
· The guard band size can be a number of RBs/subcarriers.
Proposal 18:  For coverage evaluation, clock 1 and clock 2 can be used to model frequency error and time drift for LR as follows,
· Clock 1: 
· maximum frequency error [20, 200] ppm
· Frequency drifting [1] ppm/s
· Clock 2: 
· maximum frequency error [5] ppm
· Frequency drifting [0.05] ppm/s
· Clock 2 cannot be available when MR is in ultra-deep sleep.
Proposal 19:  For easier modeling in LLS, the typical value in NR, i.e., 30.72MHz divided by S can be considered as the sampling rate for LP-WUS, where S belongs to 2^(N) can be reported.
Proposal 20:  The ADC bit width can be selected among {1, 2, 4, 8, …} in coverage evaluation.
Proposal 21:  The noise figure among [9, 12, 15, 18, 21, 24] dB should be reported in coverage evaluation.
Proposal 22:  Adopt Table 15 in R1-2300476 as the assumptions for coverage evaluation for LP-WUS.
Table 15. Simulation assumptions for coverage evaluation for LP-WUS
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz/4GHz/700MHz

	Waveform
	OOK, etc…

	Channel structure
	· Sync+ payload + CRC
· Sync length: 16 chips
· Payload: 12, 32, 48, … bits (2)
· CRC length: {5, 8, 16, … bits
· Sequence only: 
· Sequence length: {14, 16, 28, 32, …} chips 
· Number of information bits delivered: {1, 2, 4, …}

	# of segments in one OFDM symbol (M)/chip rates
	M = {1, 2, 4, 8…}
Note: the chip rates can be derived accordingly, e.g., chip rates are {28, 56, 112, 224} kbps, respectively

	WUS duration
	Number of symbols: e.g., 4, 8 symbols

	Performance metric
	FAR: {[0.1%, 1%, 10%]};
MDR: 1%

	Code scheme
	1/2, 1/4, … code rate Manchester coding
Note: For information bits and CRC bits

	SCS of OFDM generator
	30kHz

	gNB Channel BW 
	20MHz (50 RB), FFS other values

	WUS BW
	{4, 6, 8, 10, 12, …} RBs

	Guard band
	E.g., 6 subcarriers, {1, 2, …} RBs on each side of LP-WUS.

	Filter 
	X-th Order Butterworth with Y MHz bandwidth 
X = {2, 3, 4, 5, …}
Y can be WUS BW + Z, where Z is the delta value on WUS BW.

	Adjacent subcarrier interference
	PDSCH mapped on RBs not used for LP-WUS and guard band;
EPRE of LP-WUS vs EPRE of PDSCH =ρ, where ρ= {0, 3, 6} dB;

	Sampling Rate
	S*30.72MHz, where S = (2^-N) *30.72MHz, and N = 2, 3, 4, 5, ….

	ADC bit width
	{1, 2, 4, 8, …}

	Channel Model
	TDL-C 300ns

	Noise Figure for WUR
	Among [9, 12, 15, 18, 21, 24] dB.



1. Xiaomi
Observation 1: Symbol aggregation can improve the coverage performance of LP WUS especially when there are few resources in the frequency domain.
Observation 2: LP WUR using different decision thresholds has a direct impact on the coverage performance.
Proposal 1: For RRC idle/inactive state, two use cases can be considered for evaluation:
Case 1, LP WUS combined with legacy paging mechanism;
Case 2, LP WUS combined with enhanced paging mechanism.
Proposal 2: For RRC connected state, four use cases can be considered for evaluation:
Case 1, LP WUS used as DCP;
Case 2, LP WUS used during C-DRX on duration;
Case 3, LP WUS combined with PDCCH skipping;
Case 4, LP WUS used without C-DRX/PDCCH skipping.
Proposal 3: Appropriate frequency domain configuration of LP WUS should be studied in RAN1.
Proposal 4: An effective mechanism for UE to determine a reasonable decision threshold needs to be studied in RAN1. 

1. InterDigital, Inc.
Proposal 1: NW power consumption/energy efficiency is not adopted as a performance metric.
Proposal 2: Confirm the relative power value 0.015 for Ultra-deep sleep. 
Proposal 3: For ramp-up and down transition energy, support 10000 as baseline and 5000 as optional.  
Proposal 4: For ramp-up time, support 200ms.  
Proposal 5: For total time for sync/re-sync, support up to 10 SSBs for FR2 as well as FR1.
Proposal 6: For relative power unit of LP-WUR on state, define three categories of candidate values. The candidate values for each category can be further discussed and the following categorization can be a starting point.  
· Cat 1: 0.01 and 0.05
· Cat 2: 0.1 and 0.5
· Cat 3: 1, 2 and 4
Proposal 7: For noise figure of LP-WUR on state, define three categories of candidate values. The candidate values for each category can be further discussed and the following categorization can be a starting point.  
· Cat 1: 9 and 12 dB
· Cat 2: 15 and 18 dB
· Cat 3: 21 and 24 dB

1. CATT

Observation 1: Comparing to i-DRX with PEI, LP-WUR/WUS can largely reduce the power in a range of 77.1%~84.3%, 96.9%~97.9%, 98.9%~99.2% with the assumption that LP-WUR having the same receiver sensitivity as that of NR receiver under 1%, 0.1%, 0.001% paging rate, respectively.
Observation 2: The lower paging rate is, the more power saving gain would be obtained by LP-WUR.

Proposal 1:  The LP-WUS as the paging early indication (PEI) could achieve up to 1/10000 power consumption comparing to that of DCI format 2_7 PEI for UEs in RRC IDLE/INACTIVE mode.
Proposal 2:  LP-WUS is used in place of the PO indication is not feasible due to it requires UE-specific LP-WUS and carrying paging indication and paging information in the registration area.
Proposal 3: The Latency_2 is mainly affected by the MR ramp-up and preparation for paging message reception with the addition of the RACH response time.  The Latency_2 is suggested in a range of 500ms~2200ms.
Proposal 4: The total latency can be divided into three independent parts associated with different dependent components: Latency_0 for gNB preparation, Latency_1 for LP-WUR monitoring the LP-WUS and Latency_3 for main radio waking up and detecting paging message, the expression of latency can be formulated as: Total Latency = Latency _0 + Latency_1 + Latency _2.
Proposal 5: The suggested power model for LP-WUR is shown in the following Table:
Table: Power model for LP-WUR
	Power State
	Characteristics
	Relative Power 
	Ramp-up time

	Periodic low power WUS
“ON” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO.  
	[0.01 – 0.1]
	---

	Periodic low power WUS
“OFF” state
	Front end wakeup receiver is configured to detect the wakeup signals periodically associated with C-DRX or PO. Otherwise, the wakeup receiver is shut down.
	[0.001]
	[1ms]

	Continuous low-power WUS monitoring
	Front end wakeup receiver with free-running clock in the active device or passive device monitoring of wakeup signals continuously
	[0.001 – 0.01]
	[0 ms]



Proposal 6: The number of UE in the same group should not be more than 8 for i-DRX and e-DRX with RE, REF below 1%. 
Proposal 7: 1~3 SSB for main radio re-sync is enough for acquiring T/F synchronization after wakeup triggered by LP-WUR. 1 SSB and 3 SSB are enough for high SINR and low SINR, respectively.



1. Nokia, Nokia Shanghai Bell

In section 2 we discussed study item scope and raised following observations and proposals:-
Observation 1: Many of the target use cases for the new WUS, are the same as those for the Reduced Capability devices developed for Release 17 and the being developed for Release 18.
Proposal 1:		The SI considers the constraints of RedCap devices.
Proposal 2:		Down prioritize the sidelink related studies for time being.
In section 3 we looked at the different deployment scenarios and make following proposals:-
Proposal 3: 	LP-WUS design and LP-WUR architecture should support flexible placement in frequency domain.
Proposal 4:		The wake-up signal design and wake up receiver architecture defined, allows efficient reuse of gNB hardware for signal generation.
Proposal 5:		The LP-WUS/WUR design should ensure that legacy receiver performance is not affected and efficient multiplexing with existing NR signals and channels is possible to limit the resource reservation.
Proposal 6:		Coverage and mobility implications should be accounted for in LP-WUS design and LP-WUR architecture assumptions.
Proposal 7:		Consider in LP-WUS design and LP-WUR architecture the possibility to accommodate use cases with some degree of limited mobility.
Simulation and evaluation assumptions are addressed in section 4, with focus on the power saving and link level assumptions. In section 4 we observe following on the key performance indicators:-
Observation 2: Additional performance metrics that could be considered in the study on top of the agreed should cover: coverage, selectivity/robustness data rate/capacity (from LP-WUS and system perspective). 
Proposal 8:		Consider implications to network energy efficiency in studied LP-WUS designs.
Observation 2: Additional performance metrics that could be considered in the study on top of the agreed should cover: coverage, selectivity/robustness data rate/capacity (from LP-WUS and system perspective). 
Further in section 4.1 we discuss the assumptions related to the power saving evaluations, together with preliminary results and conclude:-
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Proposal 9: At least IDLE/Inactive mode power saving evalautions, use the updated values from Rel-17 UE PS work for RRM.
Proposal 10: Account the timeline illustrated in Figure 1 and summarised in Table 3 for defining the UE re-sycnhronisation time and power consumption after ultra-deep sleep.
Impact of different assumptions; false detection probability, mobility measurements and false paging/alarm are considered in Section 4.1.1, 4.1.2 and 4.1.3, respectively. Summary of the power saving results is presented in Section 4.2.4. Based on these results we make following observations and proposals:-
Observation 3: For always-on or frequent LP-WUS monitoring, false detection needs to be kep very low or the MR transition energy needs be reduced to ensure good power saving gain. 
Observation 4: If non-zero false detection probability is assumed, assuming constrained time occasions for LP-WUS monitoring can offer better power saving performance.
Proposal 11: Consider LP-WUS operation assuming defined monitoring occasions i.e. duty cycled operation.
Observation 5: For eDRX based operation the power saving benefits can be maintained with limited MR based measurements. 
Proposal 12: Evalaute further possible ways to relax MR mobility measurement activity to maintain power saving benefits.
Observation 6: Reducing false alarm probability via LP-WUS design would need to account the impact to overhead, feasibility of multiplexing (LP-WUS) and latency of transmitting LP-WUS
Proposal 13: Evaluate further the need and ways to limit the false alarm impact to power saving gain.
Observation 7: The overall service/paging latency including sub-systems boot-up, calibration, and re synchronization, incurs the average delay of approximately 1200ms, which is bit more than DRX latency of 640ms.

Link level simulation assumptions, together with preliminary results are discussed in section 4.2 with a proposal:-
Proposal 14: 	Account assumptions presented in Table 4 in definition of the link level simulation assumptions for LP-WUS
The coverage evaluation is discussed in Section 4.3:-
Observation 8: Aim to re-use the coverage evaluations carried out under Coverage enhancement and RedCap study items as much as possible.
Observation 9: LR architecture specific aspects need to be considered in link budged determination for LP-WUS. 
Observation 10: There maybe different type of deployments, which assume different type of receiver baseline for cell coverage.
Observation 11: If wide coverage is targeted for LP-WUS, lower datarate waveform is preferred. With lower data rate waveform, it may be preferable to limit the payload to facilitate LP-WUS multiplexing with other NR signals/scheduling.

In Section 4.4 we discuss on the system level simulation assumptions:- 
Observation 12: Overhead analysis should be considered for different LP-WUS designs and LP-WUR architectures, accounting any guard needed.
Observation 13: The possible latency impact of LP-WUS should be accounted in system level modelling when e.g. XR traffic is analysed. 
Observation 14: Planned Rel-18 enhancements, such as support of non-integer DRX periods aligned with XR frame rates, should also be accounted in the system level evaluations.

Finally in section 5 we touch upon on some other potential use cases for LP-WUS:- 
Proposal 15: 	Consider the feasibility of using the LP-WUS to support/assist re-synchronization or time/frequency tracking.
Proposal 16: 	Consider the feasibility of using the LP-WUS to support coverage determination.
Proposal 17:	Consider the feasibility of different paging procedures for LP-WUS.
Proposal 18:	Consider feasibility of using LP-WUS to enable power saving with SDT operation from RRC_Inactive.

1. Sony

Observation 1 – MIL of example MC OOK LP-WUS link is similar to what we can achieve for the PUSCH link, resulting in the same associated coverage for the example LP-WUR.
Observation 2 – Introducing a LP-WUS/WUR in DRX results in 6-10 times power saving for paging rate of 10% and in 36-43 times power saving when paging rate is reduced to 0.1%. In eDRX, using LP-WUS/WUR we can reach as high as 27 times power saving for 10% paging rate and this increases to up to 85 times for a 0.1% paging rate.
Observation 3 – Introducing an LP-WUS/WUR allows a large reduction in cycle length at a fixed power consumption. For example, at a power consumption of 0.1 units, the cycle length can be reduced by 290 times, leading to correspondingly reduced wake-up delays. 
Observation 4 – Power saving gain is limited if the main receiver needs to wake up to perform measurements.
Observation 5 – The operation of LP-WUR based on duty-cycling is necessary to reduce the total power consumption. The long transition time to wake-up the main radio from ultra-sleep time together with sleep time of the duty-cycle can prevent some UEs from meeting the delay requirement.
Observation 6 – LP-WUS length, the amount information it carries, and the technique used for its multiplexing in an OFDM transmitter impact the number of resources for LP-WUS transmission and its associated system overhead. 

The following proposals are made:
Proposal 1 – Prioritize studying LP-WUS/WUR for power-sensitive, low-traffic, small form factor devices in IoT use cases (such as industrial sensors, controllers) and wearables where delay requirement or device reachability in time is short. 
Proposal 2 – Prioritize studying LP-WUS/WUR for devices in RRC_IDLE/INACTIVE.
Proposal 3 – Consider low-power mechanism to support mobility and cell re-selection mechanism for UEs with LP-WUR. 
Proposal 4 – Support an adaptive configuration where the UE, depending on its delay requirement, can operate based on an always-on or a duty-cycle scheme. 



1. Intel Corporation
Proposal 1: On power consumption of main radio
· For the ultra-deep sleep mode, the relative power, Ramp-up and down transition energy and ramp-up time can be respectively assumed as 0.015, 10000 and 400ms in the evaluation. 
· The sync/re-sync time based on 1,2,3 SSBs that should be detected according to the SNR at UE
Proposal 2: On power consumption of LP-WUR
· The transition time can be modeled as 1ms for a low relative power consumption of LP-WUR
· The transition time can be modeled as 10ms for low relative power consumption of LP-WUR from 1 to 4
Observation 1: For idle/inactive mode, without consideration on RRM by main radio
· Significant benefit on power saving in LP-WUS based operation are observed except that LP-WUS is always ON with ON power of e.g., 4 units. The issue can be simply solved by duty-cycle based LP-WUS detection.  
· Large power saving gain is still observed even when extremely high total transition energy 40000 units. 
· LP-WUS enables a latency slightly higher than IDRX and significantly lower than eDRX.  
· The lowest power consumption is observed when paging subgroup is indicated by LP-WUS 
Observation 2: For idle/inactive mode with relaxed RRM by main radio
· Large gain on power saving in LP-WUS based operation are observed. For the case LP-WUS ON power of 4 units, power saving gain can be achieved in duty-cycle based LP-WUS detection.  
· There is a loss for extremely high total transition energy 40000 units. 
· LP-WUS enables a latency slightly higher than IDRX and significantly lower than eDRX.  
· The lowest power consumption is observed when paging subgroup is indicated by LP-WUS 
Proposal 3: For idle/inactive mode
· Further study the cases that LP-WUS can provide an indication on paging group, paging subgroup or UE ID
Proposal 4: 
· FAR of 10% is not desired since it wastes UE power due to unwanted waking up the main radio
· The actual FAR or MDR for the operation should jointly consider the detection of LP-WUS, PEI PDCCH and/or paging PDCCH.
Observation 3: Based on the link level simulations
· A BW of 12PRB for LP-WUS achieves a good balance of link performance and resource efficiency
· A guard band of 2 PRBs can be sufficient to reduce interference from the adjacent subcarriers.
· At least for channel TDL-C 300ns, the number of OOK symbols per OFDM symbol can be 8 or 4. 
· ADC of 3 bits more achieves similar good performance. 
· The performance of LP-WUS is not sensitive to frequency error. Degradation is observed for the high frequency error if interference from adjacent subcarriers is high
· The timing error has significant impact on OOK based transmission if the time error is not corrected. The degradation is marginal if time error is corrected. 
Observation 4: 
· A preliminary calculation shows that the MIL for LP-WUS can be better than PUSCH but is much worse than common PDCCH. 



1. LG Electronics
Proposal 1: Adopt the following characteristics for target use cases of IoT and wearables.
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· latency is required within e.g., [the order of seconds], [latency in-sensitive IoT cases can also work]
· primary for small form devices
· power-sensitive, e.g., the battery should last at least few years.
· E.g., targeting for limited data activity
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· latency is required within, e.g., the order of [seconds]
· primary for small form devices,
· power-sensitive, the battery should last multiple days (up to 1-2 weeks).
· E.g., targeting for limited data activity
· low/medium speed 
Proposal 2: Among eMBB use cases, focus on XR as the target use case of LP-WUS.
· FFS: other eMBB cases 
Proposal 3: LP-WUR having active power consumption less than 1 unit can be considered as the baseline design target.
Observation 1: When deciding evaluation assumption/methodology and evaluating the LP-WUS performance, it may need to consider that LP-WUS for CONNECTED mode might be beneficial to be used for different purpose with different procedure from that for IDLE/INACTIVE mode. 
1. Nordic Semiconductor ASA
proposals:
Proposal-1: “small form devices” shall be included in the description of IoT and Wearable use-cases, as stated by WID.
Proposal-2: Design of LP-WUR should target coverage not worse than that of PUSCH with target bitrate as specified in TS38.830.
Observation-1: For e-DRX, the per UE paging probability of the first i-DRX cycle after K-L long sleep is ignored in the above agreed equation.
Proposal-3: For e-DRX Per UE paging probability is RE = 1 – (1 – RE, REF )(K-L+1)Y/YREF
Observation-2: Current range of power consumption values covers values 20uW to 8mW, given 1unit * ms maps to 2mW power consumption. Agreed range seems to cover currently agreed architectures.
Proposal-3: Confirm that wake-up time (not including synch and cell search) from ultra-deep sleep is 400ms.
Observation-3: For LPWA LTE-M module, the relative difference between wake-up energy and DL processing is 100-fold.
Proposal-4: Assuming 100-fold relative difference between wake-up energy and energy of regular DL processing, the transition for 20MHz RedCap IOT usecase should be ~10000 units. 

1. Samsung
Observation 1:
· There is no gain from UDS in the short time of .
· For an e-DRX cycle of , Rel-18 UE w/o RRM offloading has lower power consumption compared to i-DRX cycle.
· For an e-DRX cycle of , the average power consumption of the Rel-18 UE w/o RRM offloading is slightly lower than that of the Rel-17 UE . But it still has a very low PSG compared to the Rel-17 UE.
· Rel-18 UE w/ RRM offloading can achieve PSG of 23.74% for i-DRX and {78.58, 90.23}% for e-DRX cycles, respectively, compared to Rel-17 UE.

Observation 2:
· Regardless of , the average power consumption of Rel-18 UE w/o RRM offloading is significantly higher than that of Rel-17 UE in i-DRX cycle.
· The average power consumption of Rel-18 UE w/ RRM offloading is lower than that of Rel-17 UE regardless of .
· For e-DRX cycle, the average power consumption of all Rel-18 UEs w/ RRM offloading is lower than that of Rel-17 UEs regardless of , similar to i-DRX cycle.

Observation 3:
· When FAR increases from 0% to 10%, the average power consumption of the Rel-17 and Rel-18 UE w/o RRM offloading increases only about 2.99% and 9.73%, respectively.
· For Rel-18 UEs w/ RRM offloading, an increase in FAR from 0% to 10% results in an additional PSG loss of approximately 94.58%.
· In order to reduce the impact on the FAR, a tight requirement for the FAR of the WUS is required.

Observation 4:
· In the i-DRX cycle, the average latency of the Rel-18 UE is very high compared to that of the Rel-17 UE because of the ramp-up time (400ms).
· As the e-DRX cycle increases, the time between PTWs increases significantly, resulting in a significant increase in average latency for both Rel-17 and Rel-18 UE.

Observation 5: Multi-bit ADC operation provides better performance compared to 1 bit ADC operation for detection MC-OOK based LP-WUS.

Observation 6: The evaluation result can be affected by the definition of the detection performance metric.

Observation 7: There are trade-off between the detection performance and the followings.
· Reducing bit rate of LP-WUS.
· The relaxation of FAR requirement.

Proposal 1: To define new sleep state of MR “Ultra-deep sleep”, the following should be adopted:
Relative power (unit) : 0.015.
Transition time/energy: 400ms/10000.

Proposal 2: When the relative power value for the on-state of LP-WUR is chosen for the evaluation, the characteristics of the assumed LR architecture should be reflected.
· e.g., the types of receiver architecture, the presence of LNA/AMP, the type of oscillator, the type of BPF/LPF filter and etc.
· The details of LR assumed for the evaluation are up to each company.

Proposal 3: For the relative power of the LR on-state to a specific LP-WUR architecture, the followings should be considered:
· Power consumption level-based categorization and baseline relative power unit per category.
· What types of LR architecture can be included in each category.
· Scaling factors to reflect the design choices and scaling value.

Proposal 4: Ramp-up time and transition energy from ‘off’ to ‘on’ states should be different according to the power level of ‘on’ state for LR.
· E.g., on state for 1/2/4 relative power unit, ramp-up time should not be neglected.

Proposal 5: The latency for RRC_CONNECTED state is defined as the time interval between the data arrival time at the gNB and the time of the first UE specific data channel reception.

Proposal 6: The power model in the Table 2.2 should be considered as a baseline to evaluate i-DRX/e-DRX operation for eMBB case.

Proposal 7: Study RRM measurement offloading from MR to LR to achieve a high PSG.

Proposal 8: Study how to reduce the average latency when LP-WUS is introduced.

Proposal 9: The definition of MDR, FAR and required SNR should be aligned for evaluation purpose.

Proposal 10: The presence of LNA should be reflected to select the NF value for link budget evaluation.


1. Apple

Proposal 1: For evaluation, the ramp-up transition energy for the MR from ultra-deep sleep state is assumed to be 40000 (unit multiplied by ms) or higher.
Observation 1: For idle/inactive UEs, the power saving gain of LP WUS/WUR highly depends on MR transition energy and the probability of MR waking up.
Observation 2: For idle/inactive UEs, the power saving gain of LP WUS/WUR is not very sensitive to the power consumption of LP WUR, as long as the power consumption of LP WUR is sufficiently lower (e.g. one order of magnitude lower) than the MR.
Observation 3: For connected UEs, the power saving gain of LP WUS/WUR is not very sensitive to the power consumption of LP WUR, as long as the power consumption of LP WUR is sufficiently lower (e.g. one order of magnitude lower) than the MR.
Proposal 2: Do not set a tight power consumption target for LP WUR at this stage. The tradeoffs should be carefully considered.




1. Qualcomm Incorporated
Proposal 1:
· The following characteristics for target use cases are considered in the study item:
4. IoT cases including e.g., industrial wireless sensors, controllers, actuators, etc., including the following characteristics,
a. Low latency requirement
b. small form devices
c. [power-sensitive, e.g., the battery should last at least few years.]
d. E.g., targeting for limited data activity
e. static, nomadic or limited mobility
5. Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc.,
a. Low latency requirement
b. small form devices
c. [power-sensitive, the battery should last multiple days (up to 1-2 weeks).]
d. E.g., targeting for limited data activity
e. low/medium speed
6. eMBB cases including e.g., XR/smart glasses, smart phones, etc.,
a. Low latency requirement
b. provide even higher power saving gains compared to the legacy solutions with acceptable latency impact of some typical NR services
c. E.g., targeting for [typical eMBB traffic (e.g., FTP, IM, VoIP, etc.) and intensive traffic arrival with delay requirements]
d. low/medium speed
· Note: other use cases are not precluded if any.


Proposal 2: Include following KPIs: data rate, false wakeup probability (due to grouping and false alarm), and misdetection probability.

Proposal 3: Use the following values for additional X time units required for sync/re-sync of the MR:
· X = 50 ms for low SNR
· X= 20 ms for high SNR

Proposal 4: For IoT use cases under FR1 evaluation, the following Options are used for main radio power model,

	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	# SSB for sync/re-sync 

	Ultra-deep sleep
	0.015
	
20000-40000, 25000 as start point for evaluation,

	400 ms
	Up to 10 SSB 



	FFS for eMBB use cases




Proposal 5: The following power model for LP-WUR is used for evaluation for FR1,
	Power State
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	Off
	0.001
	[TLR, ramp-up *(PON+POFF)/2]
	TLR, ramp-up 
 


	On
	0/0.01/0.05/0.1/0.5/1/2/4/[10/15/20/40]
FFS: If other values are needed
	
	

	· Note: 0 is for Genie LP-WUR which can be used to show the lowest power consumption (or highest PSG).
· Note: Ramp-up time for LP-WUR must be much lower than 15 ms since deep sleep (DS) ramp-up + ramp-down time in 38.840 is 20 ms
· TLR, ramp-up  is FFS, and company to report TLR, ramp-up
· FFS: Relation between Receiver architecture and its relative power and value of TLR, ramp-up
· FFS: whether further categorization/sub-categorization is needed and how





Proposal 6: For evaluation, use Table 2 for clocks assumptions of the LP-WUR to model time and frequency errors.
· Note: Company to report assumption on how to use clock 1 and 2 for on/off state and different DRX mode (I-DRX/eDRX).

Proposal 7: Some possible options for LP-WUS BW configuration are 1MHz, 5MHz, and 20 MHz. RAN1 shall study the pros and cons of each of the options and determine a proper BW configuration.

Proposal 8: For link-level evaluation of OOK based LP-WUS, consider the receiver model in Figure 6 as a starting point.
· FFS whether/how passband characteristics of the receiver architecture (if applicable) should be modeled. 

Proposal 9: Adopt the link-level simulations assumptions in Tables 4 and 5.

Observation 1:

· Compared with PEI and PO, for both DS and ULPS, the PSGs when using LP-WUR is significant. For example, in Figure 7, for case of  sec and RRM offloading to LP-WUR, at paging cycle of 1.28 sec, the total power consumption at the UE is 0.4 power units under ULPS while the power consumption using PEI/PO under DS (since it achieves more power saving for UE under PEI/PO) is approximately 1.3-1.4 power units. Hence, the PSG of LP-WUR relative to PEI/PO is around 70%
 
· RRM offloading and/or relaxation can significantly reduce power consumption. This is because the MR can stay in ULPS for long time, which will allow for significant power saving as shown in Figure 7.

· At low latency, DS achieves the lowest power consumption for a UE, due to the cost of transition time and energy of entering an ULPS. On the other hand, at 1.28 seconds to high latency requirements (or paging cycle durations), UE can enter ULPS and achieve the most power saving. In general, the optimal sleep state depends on latency requirement.

Observation 2: Large paging rate can reduce PSG relative to PEI.

Observation 3: If PFA increases from 1% to 10%, this will result in around 70% PSG loss.

Proposal 10: For the performance evaluations of LP-WUS candidate designs, the following false-alarm rate (FAR) of LP-WUS can be assumed: [0.1%, 1%, 10%].

Observation 4: Monitoring power consumption and WUR monitoring duration are two key aspects to determine UE’s average power consumption

Observation 5: Duty cycling could reduce average LP-WUR power consumption significantly.

Observation 6: Power consumption is insensitive to LP-WUR Monitoring power at low and moderate paging cycle durations (low to moderate latency requirements).

Observation 7: For low paging cycle durations (e.g., 1.28 sec), power consumption is insensitive for LP-WUR monitoring power.

Observation 8: In the evaluated scenario, OOK-based WUS uses at least 4 times more resources than OFDM-based WUS to achieve the same misdetection and false alarm performance. 

Observation 9: Based on initial evaluation, OOK based LP-WUS with NF=15dB and data rate of 1.1kbps could provide similar coverage as RedCap 1Rx PDCCH CSS AL16 in Urban and Rural scenarios. (Note that the NF and data rate may depend on receiver architecture and details of WUS designs.)

Observation 10: OFDM based LP-WUS with NF= 12 dB and data rate of 9.91 kbps could provide similar coverage as RedCap 1Rx PDCCH CSS AL16 in Urban and Rural scenarios. (Note that the NF and data rate may depend on receiver architecture and details of WUS designs.)

Observation 11: Based on initial evaluation, OOK based LP-WUS with NF=15dB and data rate 7kbps has better MIL than PUSCH in all scenarios except Urban 4GHz, 1Rx, 24dBm/MHz. (Note that PUSCH data rate used in this comparison is originally coming from eMBB requirements. If RAN1 wants to use PUSCH as a reference target, then, a new PUSCH data rate for IoT application needs to be defined.)

Observation 12: Based on initial evaluation, OFDM based LP-WUS with NF=12dB and data rate 56 kbps has better MIL than PUSCH in all scenarios except Urban 4GHz, 1Rx, 24dBm/MHz.

Observation 13: The PUSCH coverage (MIL margin) is mostly independent of scenarios, whereas the DL LP-WUS MIL values have large variation depending on scenarios.

Proposal 11: RAN1 performs detailed study on the trade-off between coverage, data rate and overhead of WUS based on detailed WUS design (signal bandwidth, WUS PSD, modulation, duration, etc), required SNR from link level simulations, reasonable NF values from receiver architecture study, target IoT application data rate, etc, if necessary.

Observation 14: Study potential values for LP-WUR’s NF for sensitivity evaluation.
Proposal 12: RAN1 strives to design LP-WUS to have a similar coverage as NR [PDCCH] channel.

1. NTT DOCOMO, INC.
Proposal 1: Study eMBB use cases for LP-WUS/WUR study in addition to IoT/wearable use cases. 

Proposal 2: RAN1 consider the target coverage of LP-WUS with the following alternatives
· Alt.1: NR bottleneck channel, i.e., PUSCH, should be baseline for the target coverage of LP-WUS
· Alt.2: Limited coverage compared with NR should be assumed for LP-WUS/WUR

Proposal 3: RAN1 should study the LP-WUS/WUR specific assumption for coverage evaluation with the following assumptions. 
· Waveform (e.g., OOK and FSK)
· Channel design and structure (e.g., X-bits preamble + Y-bits payloads + Z-bits CRC)
· Coding scheme (e.g., Manchester coding)
· SCS and Bandwidth (e.g., 20MHz with 30kHz SCS)
· Guard band (e.g., X RBs on each side of LP-WUS)
· Filter and co-channel interference (X-th order Butterworth low-pass filter with cutoff frequency at Y MHz)
· Sampling rate
· Initial frequency error (e.g., 200 ppm with Uniform distribution)
· ADC bit-width
· Assumed FAR



1. Ericsson

In the previous sections we made the following observations: 
Observation 1	Latency requirements for use cases mentioned in the SID such as industrial controllers, actuators etc., and wearables range from tens of milliseconds, hundreds of milliseconds to several seconds. For XR, the requirements are in few milliseconds to few tens of milliseconds range.
Observation 2	The time X for MR to sync/resync depends on MR sleep period, MR sleep state, operating SNR and UE implementation (i.e., ability to share information between MR and WUR)
Observation 3	In general, WUR provides higher power saving for use cases with smaller latency bound relative to mean inter-arrival time of traffic bursts.
Observation 4	For duty-cycled WUR operation, results for the evaluated cases indicate that power savings are possible when assuming WUR active power PWUR = 0.5, 4, 10 units.
Observation 5	The additional sync/re-sync time for MR has a higher impact on cases with a higher paging rate and the overall power saving gain is less sensitive to the sync/re-sync time for small paging rates (e.g., 1%).
Observation 6	WUR power saving gain is significantly reduced by using the MR for RRM measurements
Observation 7	Overhead of LP-WUS/WUR operation depends on the amount of resources used for WUS including any guard bands and WUR synchronization resources (LP-SS).
Observation 8	For the same number of packets, the total overhead becomes larger with shorter inter-arrival time. For inter-arrival time of 100 ms, the overhead of LP-WUS/WUR operation can be up to a few percent of the available DL resources.
Observation 9	LP-WUS/WUR operation in RRC_INACTIVE/RRC_IDLE incurs additional latency in terms of paging delay compared to DRX-based operation if the main-radio waking-up/ramp up time is large.
Observation 10	For duty-cycled WUR, value of the offset between WUS monitoring occasion and paging occasion can be adjusted such that the latency is minimized.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Study the following further:
	Applicability of RRC IDLE/INACTIVE vs. RRC CONNECTED mode operation of LP-WUS/WUR considering latency requirements and expected data activity for different use cases mentioned in the SID.
	Feasible latency at which LP-WUR can wake up MR while still providing power saving gain.
Proposal 2	For evaluations, use N=10 and the resulting range of RG={10%, 1%, 0.1%, 0.01%} for the per group paging probability.
Proposal 3	The following general framework should be used as starting point for WUS evaluations:
	transmission of LP-WUS should not require new gNB hardware and should not trigger new emissions/compliance requirements for gNBs
	it should be possible to dynamically reuse unused LP-WUS resources for other NR transmissions (i.e., dedicated time/frequency resource reservation for WUS should be avoided)
	it should be possible to multiplex LP-WUS with other NR transmissions in time or frequency domain without causing interference
	LP-WUS is transmitted on Uu interface from gNB to UE
Proposal 4	For 400ms of ramp-up time, RAN1 uses 20000 as the additional transition energy for ultra-deep sleep for evaluations.
Proposal 5	For coverage evaluations, LP-WUS/WUR designs that strive to match the coverage for NR PDCCH should be considered.
Proposal 6	Impact of LP-WUS/WUR operation on NW Energy Efficiency should be considered especially if LP-WUS transmissions require significantly more time/frequency resources compared to PDCCH or require additional always-on transmissions (e.g. LP-SS) from gNB.

1. MediaTek Inc.

Observation 1	If ultra-deep sleep aims for a power consumption of less than LPWUR (e.g., < 1mW), it requires at least 2s to ramp up based on the current implementation for NR eMBB.
Proposal 1	For eMBB, consider the following power models for an “ultra-deep sleep” power state for the main ratio for R18 LPWUS evaluation.
	Use case
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy 
(unit multiplied by ms)
	Ramp-up time
	Ramp-down time
	Time for sync/re-sync

	eMBB
	Ultra-deep sleep
	0.015 (<<1mW)
	At least 10000
	At least 2 seconds
	At least 1 seconds
	At least 82 ms based on R1-2212261



Observation 2	LPWUS and LPHAP (Low Power High Accuracy Positioning) both target industrial IoT scenarios and have similar considerations on hardware requirements.
Proposal 2	For IoT and wearables, consider the following power models for an “ultra-deep sleep” power state for the main ratio for R18 LPWUS evaluation.
	Use case
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy 
(unit multiplied by ms)
	Ramp-up time
	Ramp-down time
	Time for sync/re-sync

	IoT and wearables
	Ultra-deep sleep
	0.015
	10000
	Total transition time: 400ms; Option: 1s
	At least 82 ms based on R1-2212261



Observation 3	For a non-OFDM-based LPWUR, RAN1 considers removing the relative power values of 1, 2, and 4 because the non-OFDM-based LPWUR is typically less than 1 mW.
Observation 4	For a non-OFDM-based LPWUR, RAN1 considers a zero ramp-up time due to a simple receiver architecture without PLL, AGC, advanced CPU, or heavy memory usage.
Proposal 3	Consider the following power model for non-OFDM-based LPWUR for FR1 evaluation.
	Power State of LPWUR
	Relative Power (unit)
	Transition energy:
(unit multiplied by ms)
	Ramp-up time
TLR, ramp-up (ms)

	LPWUR Off
	0.001
	0
	0

	LPWUR On
	0.01/0.05/0.1/0.5
	N/A
	N/A



Observation 5	OFDM-based LPWUR can reuse LO, ADC, and DFT modules from the MR to perform coherent detection on an SSS-like LP-WUS.
Proposal 4	The power states for an OFDM-based LPWUR can be modeled as follows:
	Power State of LPWUR
	Relative power
	Transition energy
	Ramp-up time (ms)
	Notes

	OFDM-WUR ON
	40
	N/A
	N/A
	Share LO and ADC

	OFDM-WUR OFF
	0.2
	0 (ideally)
	0 (ideally)
	Maintain the 26 MHz-CLK



Observation 6	Introducing of LPWUS has no power saving benefit if IDLE UE has RRM duty per I-DRX cycle of 1.28s. The power saving gain is -12% compared to R17 PEI with 0.05 as LPWUR ON power.
Proposal 5	RAN1 to postpone the study on LPWUS used with I-DRX until the current NR RRM requirement can be relaxed.
Observation 7	LPWUS can achieve a 51% power saving gain with an eDRX cycle of 61.44s.
Proposal 6	RAN1 to consider focusing on the study of LPWUS used with eDRX in RRC IDLE.
Observation 8	LP-WUR-assisted SSSG switching shows 16% to 19% PS gains compared to R17 SSSG switching.
Proposal 7	RAN1 to consider LP-WUR-assisted SSSG switching in RRC CONNECTED, where UE is configured with one SSSG for LR to monitor LP-WUS and another SSSG for MR to monitor DCI.
Observation 9	OFDM-based LPWUR has no power-saving gain to R17 PEI without a duty cycle.
Observation 10	OFDM-based LPWUR has no power-saving gain to R17 PEI if its duty cycle is smaller than 20.48s.
Proposal 8	RAN1 should stop pursuing OFDM-based LPWUR for SSS-like LPWUS in the R18 LPWUR/WUS SI.
Observation 11	LPWUR cannot achieve the MIL of NR PDCCH of AL16 with 4RX for paging and there is a 7dB required SNR gap between the required SNR target and the performance given the raw data rate of 28kbps.
Observation 12	LPWUR can support the MIL of NR PUSCH for eMBB with a raw data rate of up to 224kbps.
Proposal 9	RAN1 should stop pursuing the same coverage range of NR PDCCH for paging of AL16 with 4RX  (406.24m) for LPWUR in the Rel-18 LPWUS/WUR study at least for Urban 2.6GHz.
Proposal 10	Since the coverage range of NR PUSCH for eMBB can be supported/guaranteed by LPWUR, RAN1 should focus at least on LPWUS use cases in RRC CONNECTED.


SID
RP-222644
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. 
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Power consumption [unit]

汇总	
per group	per UE	per group	per UE	per group	per UE	per group	per UE	per group	per UE	per group	per UE	per group	per UE	-	100	200	100	200	100	200	-	100	400	800	I-DRX paging w PEI	LP-WUR	2.1968000000000001	2.1901000000000002	0.45430166666666699	0.15353333333333299	0.52842500000000003	0.16245000000000001	1.70796666666667	0.299611666666667	1.77701666666667	0.30844500000000002	3.6986833333333302	0.54217333333333295	3.7513000000000001	0.55044000000000004	series 1: per UE/group paging
series 2: time X(100ms for 5 SSB, 200ms for 10 SSB)
series 3: ramp up time for ultra-deep sleep
series 4: scheme




Latency [ms]

汇总	
per group	per UE	per group	per UE	per group	per UE	per group	per UE	per group	per UE	per group	per UE	per group	per UE	-	100	200	100	200	100	200	-	100	400	800	I-DRX paging w PEI	LP-WUR	632.57079999999996	632.96879999999999	833.63930000000005	833.09225000000004	936.03930000000003	939.97225000000003	1110.7592999999999	1155.6522500000001	1192.0392999999999	1240.1322500000001	1460.8393000000001	1526.21225	1551.0793000000001	1626.6922500000001	series 1:  per UE/group
series 2: time X(100ms for 5 SSB, 200ms for 10 SSB)
series 3: ramp up time for ultra-deep sleep
series 4: scheme




Power saving gain (compared to always-On) in low load case

Power saving gain vs. AlwaysOn	
R17 PDCCH monitoring adaptation	LP-WUS/WUR 
scheme (micro sleep)	LP-WUS/WUR 
scheme (light sleep)	R17 PDCCH monitoring adaptation	LP-WUS/WUR 
scheme (micro sleep)	LP-WUS/WUR 
scheme (light sleep)	R17 PDCCH monitoring adaptation	LP-WUS/WUR 
scheme (micro sleep)	LP-WUS/WUR 
scheme (light sleep)	Jitter range: ±4ms	Jitter range: ±6ms	Jitter range: ±8ms	0.2336	0.29709999999999998	0.34100000000000003	0.18729999999999999	0.28260000000000002	0.3483	0.1464	0.27839999999999998	0.36599999999999999	


System capacity in low load case


Power saving gain vs. AlwaysOn	
always-On	R17 PDCCH monitoring adaptation	LP-WUS/WUR
scheme (micro sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 95%)	R17 PDCCH monitoring adaptation	LP-WUS/WUR
scheme (micro sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 99%)	LP-WUS/WUR
scheme (light sleep,95%)	R17 PDCCH monitoring adaptation	LP-WUS/WUR
scheme (micro sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 95%)	Jitter range: ±4ms	Jitter range: ±6ms	Jitter range: ±8ms	1	1	1	0.89439999999999997	0.99439999999999995	1	1	0.87219999999999998	0.99439999999999995	1	1	0.87639999999999996	0.99439999999999995	


Power saving gain (compared to always-On) in high load case

Power saving gain vs. AlwaysOn	
R17 PDCCH monitoring adaptation	LP-WUS/WUR 
scheme (micro sleep)	LP-WUS/WUR 
scheme (light sleep)	R17 PDCCH monitoring adaptation	LP-WUS/WUR 
scheme (micro sleep)	LP-WUS/WUR 
scheme (light sleep)	R17 PDCCH monitoring adaptation	LP-WUS/WUR 
scheme (micro sleep)	LP-WUS/WUR 
scheme (light sleep)	Jitter range: ±4ms	Jitter range: ±6ms	Jitter range: ±8ms	0.1928	0.251	0.29220000000000002	0.14960000000000001	0.24079999999999999	0.30259999999999998	0.10979999999999999	0.24110000000000001	0.32340000000000002	


System capacity in high load case


Power saving gain vs. AlwaysOn	
always-On	R17 PDCCH monitoring adaptation	LP-WUS/WUR
scheme (micro sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 95%)	R17 PDCCH monitoring adaptation	LP-WUS/WUR
scheme (micro sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 95%)	R17 PDCCH monitoring adaptation	LP-WUS/WUR
scheme (micro sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 99%)	LP-WUS/WUR
scheme (light sleep, 95%)	Jitter range: ±4ms	Jitter range: ±6ms	Jitter range: ±8ms	0.92500000000000004	0.92220000000000002	0.92220000000000002	0.54169999999999996	0.82779999999999998	0.92159999999999997	0.92200000000000004	0.53610000000000002	0.82250000000000001	0.91010000000000002	0.91110000000000002	0.55120000000000002	0.8256	


Power consumption [unit]

汇总	
-	-	-	-	0.01	0.05	0.1	0.5	1	2	4	eDRX w PEI	eDRX w/o PEI	I-DRX paging w PEI	I-DRX paging w/o PEI	LP-WUR	0.19644	0.19646	2.19	2.7690000000000001	3.4389000000000003E-2	7.4388999999999997E-2	0.12439	0.52439000000000002	1.0244	2.0244	4.0244	series 1: relative power of LP-WUR "ON" state
series 2: scheme 




Latency [ms]

汇总	
eDRX w PEI	eDRX w/o PEI	I-DRX paging w PEI	I-DRX paging w/o PEI	LP-WUR	27524.3027	27524.3027	613.58270000000005	613.58270000000005	1251.5056500000001	


Power consumption [unit]

汇总	
-	0.01	0.05	0.1	0.5	1	2	4	0.01	0.05	0.1	0.5	1	2	4	10	20	0	1	2	I-DRX paging w PEI	LP-WUR	2.19	3.3951000000000002E-2	7.3951000000000003E-2	0.12395	0.52395000000000003	1.0239499999999999	2.0239500000000001	4.0239500000000001	2.55845E-2	2.8402500000000001E-2	3.1925000000000002E-2	6.0103999999999998E-2	9.5327999999999996E-2	0.16578000000000001	0.30667	0.82138500000000003	1.5259	series 1: relative power of LP-WUR “ON” state
series 2: monitoring option(0-not used, 1-continuosly, 2-discontinuosly)
series 3: scheme




Latency [ms]

汇总	



0	1	2	I-DRX paging w PEI	LP-WUR	646.48900000000003	1137.0762999999999	1230.5163	series 1: monitoring option(0-not used, 1-continuosly, 2-discontinuosly)
series 2: scheme




Power consumption [unit]

汇总	
-	0.02	0.1	0.6	1	0.02	0.1	0.6	1	0.02	0.1	0.6	1	0.02	0.1	0.6	1	0.02	0.1	0.6	1	0.02	0.1	0.6	1	-	200	600	1000	200	600	1000	-	0.1	2	I-DRX paging w PEI	LP-WUR	2.19	3.1925000000000002E-2	3.984E-2	8.9316499999999993E-2	0.12395	2.8622499999999999E-2	3.65365E-2	8.6011500000000005E-2	0.12395	2.7959999999999999E-2	3.5873000000000002E-2	8.5345500000000005E-2	0.12395	0.16578000000000001	0.32560499999999998	1.3246	2.0239500000000001	9.9125500000000005E-2	0.25892500000000002	1.2579	2.0239500000000001	8.5777500000000007E-2	0.24554999999999999	1.2444999999999999	2.0239500000000001	series 1: duty-cycle ratio of WUR
series 2: duty cycle of WUR [ms]
series 3: relative power of WUR "ON" state
series 4: scheme




Power consumption [unit]

汇总	
0.001	0.02	0.1	0.6	0.001	0.02	0.1	0.6	0.001	0.02	0.1	0.6	0.001	0.02	0.1	0.6	600	1000	600	1000	10	20	LP-WUR	0.31652000000000002	0.50431999999999999	1.2950999999999999	6.24	0.25037999999999999	0.43809999999999999	1.2286999999999999	6.1729000000000003	0.50219999999999998	0.87968999999999997	2.4693000000000001	12.409000000000001	0.36928	0.74661999999999995	2.3357000000000001	12.2742	series 1: duty-cycle ratio of WUR
series 2: duty cycle of WUR
series 3: relative power of WUR "ON" state
series 4: scheme




Latency [ms]

汇总	
-	0.02	0.1	0.6	1	0.02	0.1	0.6	1	0.02	0.1	0.6	1	0.02	0.1	0.6	1	0.02	0.1	0.6	1	0.02	0.1	0.6	1	-	200	600	1000	200	600	1000	-	0.1	2	I-DRX paging w PEI	LP-WUR	613.58270000000005	1238.06565	1225.9056499999999	1172.78565	1159.9856500000001	1423.6656499999999	1380.78565	1197.7456500000001	1159.9856500000001	1608.62565	1536.9456499999999	1227.82565	1159.9856500000001	1238.06565	1225.9056499999999	1172.78565	1159.9856500000001	1423.6656499999999	1380.78565	1197.7456500000001	1159.9856500000001	1608.62565	1536.9456499999999	1227.82565	1159.9856500000001	series 1: duty-cycle ratio of WUR
series 2: duty cycle of WUR
series 3: relative power of WUR "ON" state
series 4: scheme




Power consumption [unit]

汇总	
0	0	0.001	0.01	0.1	0	0.001	0.01	0.1	-	0.1	4	I-DRX paging w PEI	LP-WUR	2.19	7.1894E-2	8.9472499999999996E-2	0.24641666666666701	1.6779333333333299	2.2667533333333298	2.2857616666666698	2.4554866666666699	4.0037833333333301	series1: LP-WUS FAR assumption 
series 2: Relative power of LP-WUR ON state
series 3: scheme




Latency [ms]

汇总	
0	0	0.001	0.01	0.1	0	0.001	0.01	0.1	-	0.1	4	I-DRX paging w PEI	LP-WUR	646.48900000000003	1143.1289999999999	1162.0328	1131.0236	1101.8643	1143.1289999999999	1162.0328	1131.0236	1101.8643	series1: LP-WUS FAR assumption 
series 2: Relative power of LP-WUR ON state
series 3: scheme




Power consumption* [unit]
Note*: the results are given based on LP-WUS continuously monitoring operation

汇总	
1280	12800	25600	0	12800	25600	0	MR	MR+WUR	WUR	MR+WUR	WUR	-	0.1	2	I-DRX paging w PEI	LP-WUR	2.19	1.8883000000000001	1.0061	0.12395	3.7883	2.90608333333333	2.0239500000000001	series 1: RRM measurement period by MR  [ms]
series 2: RRM measuremed by MR/WUR/MR+WUR
series 3: relative power of LP-WUR "ON" state
series 4: scheme




Power consumption* [unit]
Note*: the results are given based on LP-WUS discontinuously monitoring operation


汇总	
1280	12800	25600	0	12800	25600	0	MR	MR+WUR	WUR	MR+WUR	WUR	-	0.1	2	I-DRX paging w PEI	LP-WUR	2.19	1.8075000000000001	0.91964999999999997	2.9848571428571401E-2	2.17855	1.1720999999999999	0.123878	series 1: RRM measurement period by MR  [ms]
series 2: RRM measuremed by MR/WUR/MR+WUR
series 3: relative power of LP-WUR "ON" state
series 4: scheme




Latency [ms]
Note*: the results are given based on LP-WUS continuously monitoring operation

汇总	
1280	12800	25600	0	12800	25600	0	MR	MR+WUR	WUR	MR+WUR	WUR	-	0.1	2	I-DRX paging w PEI	LP-WUR	646.48900000000003	846.23850000000004	1013.98115	1152.5808999999999	846.23850000000004	1013.98115	1152.5808999999999	series 1: RRM measurement period by MR  [ms]
series 2: RRM measuremed by MR/WUR/MR+WUR
series 3: relative power of LP-WUR
series 4: scheme




Power consumption [unit]

汇总	
0.001	1	0.001	1	0.001	1	0.001	1	0.001	1	0.001	1	1	10	20	1	10	20	I-DRX paging w PEI	LP-WUR	2.19	2.1901000000000002	2.19	2.1968000000000001	2.19	2.2136	0.12395	0.299611666666667	0.125495	1.70796666666667	0.12731500000000001	2.9130333333333298	series 1: paging UE rate [%]
series 2: number of UEs in each group
series 3: scheme




Latency [ms]

汇总	
0.001	1	0.001	1	0.001	1	0.001	1	0.001	1	0.001	1	1	10	20	1	10	20	I-DRX paging w PEI	LP-WUR	646.48900000000003	632.96879999999999	643.15620000000001	632.57079999999996	630.86969999999997	654.55989999999997	1137.0762999999999	1150.1612500000001	1131.12375	1093.4528499999999	1141.4203500000001	1052.24045	series 1: paging UE rate [%]
series 2: number of UEs in each group
series 3: scheme
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Observation8  LP-WUR-assisted SSSG switching shows 16% to 19% PS gains compared to R17 SSSG switching.

Proposal 7 RAN1 to consider LP-WUR-assisted SSSG switching in RRC CONNECTED, where UE is configured
one $SSG for LR to monitor LP-WUS and another SSSG for MR to monitor DCI.
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Observation1  If ultra-deep sleep aims for a power consumption of less than LPWUR (e.g., < ImW), it requires
at least 2s to ramp up based on the current implementation for NR eMBB.

Proposal 1 For eMBE, consider the following power models for an “ultra-deep sleep” power state for the
main ratio for R18 LPWUS evaluation. -

Use = Power | RelativePower =~ Ramp-upanddown | Ramp-up | Ramp- | Time for sync/re-
case-  Statec (unit) o transition energy « time- | down time. synce
(unit multiplied by ms)

eMBB: Ultra-deep | 0.015 (<<1mW)~ At least 10000~ Atleast2 | Atleast1 At least 82 ms based
sleepe secondse | seconds« on R1-2212261+
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Observation2  LPWUS and LPHAP (Low Power High Accuracy Positioning) both target industrial loT scenarios

and have similar considerations on hardware requirements. -

Proposal2  ForloT and wearables, consider the following power models for an “ultra-deep sleep” power state
for the main ratio for R18 LPWUS evaluation. -
Usecases | Power Relative | Ramp-upanddown | Ramp-up Ramp-down Time for sync/re- o
State- | Power (unit)s transitionenergy < timeo time. synce
(unit multiplied by
ms).
10T and Ultra- 0015+ 10000+

Total transition time: | At least 82 ms based

wearabless  deep 400ms; Option: 15 on R1-2212261

sleep
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Power State  Relative Power (unit)  Transition energy:   (unit multiplied by ms)  Ramp - up time   T LR, ramp - up  (ms)  

Off  0.001  [T LR, ramp - up   *(P ON +P OFF )/2]  T LR, ramp - up          

On  0/0.01/0.05/0.1/0.5/1/2/4/ [ 10/15/20/40 ]   FFS: If other values are needed  

   Note: 0 is for Genie LP - WUR which can be used to show the lowest power consumption (or  highest PSG).      Note: Ramp - up  time for LP - WUR must be much   lower than 15 ms   since deep sleep (DS) ramp - up  + ramp - down time in 38.840 is 20 ms      T LR, ramp - up     is  FFS, and company to report T LR, ramp - up      FFS: Relation between Receiver architecture and its relative power and value of T LR, ramp - up      FFS: whether further  categorization/sub - categorization is needed and how  
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Observation 3

Observation 4

Proposal 3

Power State of LPWUR.. Relative Power (unit)

Observation 5

For a non-OFDM-based LPWUR, RANL1 considers removing the relative power values of 1, 2, and
4 because the non-OFDM-based LPWUR is typically less than 1 mW.

For a non-OFDM-based LPWUR, RAN1 considers a zero ramp-up time due to a simple receiver
architecture without PLL, AGC, advanced CPU, or heavy memory usage. -

Consider the following power model for non-OFDM-based LPWUR for FR1 evaluation.

Transition energy:- | Ramp-up time. -

(unit multiplied by ms) Tix, ramp-up (MS)
LPWUR Off 0.001¢ 0. 00 B
LPWUR On.: 0.01/0.05/0.1/0.5.- N/A- N/A: o

OFDM-based LPWUR can reuse LO, ADC, and DFT modules from the MR to perform coherent
detection on an SSS-like LP-WUS. -

Proposal 4 The power states for an OFDM-based LPWUR can be modeled as follows:
Power State of LPWUR ] Relative power .| Transition energy-| Ramp-up time (ms) | Notes~ E
OFDM-WUR ON- 20 N/A- N/A- Share LO and ADC._ |-
OFDM-WUR OFF- 0.2. 0 (ideally) > 0 (ideally) - Maintain the 26 MHz-CLK -
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Observation 3 For anon-OFDM-based LPWUR, RAN1 considers removing the relative power values of 1, 2, and
4 because the non-OFDM-based LPWUR is typically less than 1 mw.
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-241.8 -211.5 -215.1 -213.7 -220.3 -194 -194.4 -193.8 -342.7 -316.4 -317.8 -315.9

4 ~0.7s (DRX)

-340.2 -313.8 -313 -311.9 -313.7 -290 -292.3 -292.4 -502.3 -468.1 -469.9 -469.1
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Low Med High

6 SSB of continuous search and 3 SSB for fine T/F sync

(13758.0 unit.ms)

4 SSB of continuous search and 2 SSB for fine T/F sync

(09786.4 unit.ms)

2 SSB of continuous search and 1 SSB for fine T/F sync

(05248.4 unit.ms)
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SNR Low Med High
Total (re-)Sync || 6 SSB of continuous search and 3 SSB for fine T/F sync [| 4 SSB of continuous search and 2 SSB for fine T/F sync || 2 SSB of continuous search and 1 SSB for fine T/F sync
Energy (13758.0 unit.ms) (09786.4 unit.ms) (05248.4 unit.ms)
R(E.REF)
UDS Config.|P_(LR, on) [Target 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%
Latency
c 0.01 ~0.7s (DRX) -57.8 433 44.8 44.4 517 48 49.3 49.1 -95.7 30.9 32.7 31.8
o
E T — 0.05 ~0.7s (DRX) -59.8 40.9 41.7 42.5 -50.9 46.4 48.3 47.6 -97.6 25.5 29.4 28.5
5ES
—:; ;. q" 0.1 ~0.7s (DRX) -73.8 40 39.9 39.9 -55.4 443 46 45 -107.4 23.5 24.3 24.8
523
= 205
o~ g m 0.5 ~0.7s (DRX) -82.9 19.7 20.7 20.3 -74 24.1 25.5 25.4 -130 -1.7 5.8 -5.7
9]
3-SR
8 & ﬂ 1 ~0.7s (DRX) -107.2 3.7 4.1 4.4 -95.9 -0.6 1.2 0.8 -172.1 45.6 44.8 43.9
v 5 2
=2 c 9
E o 2 ~0.7s (DRX) -156.3 -54.3 -52.3 -53.3 -147.3 49.6 47.4 48.2 -245.6 -123.1 -121 -120.5
9]
o
- 4 ~0.7s (DRX) -253.7 -152.6 -150.7 -150.6 -235.7 -146.1 -145.9 -146.1 401.9 -274.9 274.2 273.7










SNR

Total (re-)Sync 

Energy

UDS Config.P_(LR, on)

             R

(E,REF)

Target 

Latency

1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%

0.01 ~0.7s (DRX)

-57.8 43.3 44.8 44.4 -51.7 48 49.3 49.1 -95.7 30.9 32.7 31.8

0.05 ~0.7s (DRX)

-59.8 40.9 41.7 42.5 -50.9 46.4 48.3 47.6 -97.6 25.5 29.4 28.5

0.1 ~0.7s (DRX)

-73.8 40 39.9 39.9 -55.4 44.3 46 45 -107.4 23.5 24.3 24.8

0.5 ~0.7s (DRX)

-82.9 19.7 20.7 20.3 -74 24.1 25.5 25.4 -130 -7.7 -5.8 -5.7

1 ~0.7s (DRX)

-107.2 -3.7 -4.1 -4.4 -95.9 -0.6 1.2 0.8 -172.1 -45.6 -44.8 -43.9

2 ~0.7s (DRX)

-156.3 -54.3 -52.3 -53.3 -147.3 -49.6 -47.4 -48.2 -245.6 -123.1 -121 -120.5

4 ~0.7s (DRX)

-253.7 -152.6 -150.7 -150.6 -235.7 -146.1 -145.9 -146.1 -401.9 -274.9 -274.2 -273.7
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Low Med High

6 SSB of continuous search and 3 SSB for fine T/F sync

(13758.0 unit.ms)

4 SSB of continuous search and 2 SSB for fine T/F sync

(09786.4 unit.ms)

2 SSB of continuous search and 1 SSB for fine T/F sync

(05248.4 unit.ms)
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SNR Low Med High
Total (re-)Sync || 6 SSB of continuous search and 3 SSB for fine T/F sync [| 4 SSB of continuous search and 2 SSB for fine T/F sync || 2 SSB of continuous search and 1 SSB for fine T/F sync
Energy (13758.0 unit.ms) (09786.4 unit.ms) (05248.4 unit.ms)
R E
UDS Config.|P_(LR, on) [Target 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%
Latency
c 0.01 ~0.7s (DRX) 28.3 57.9 57.9 57.7 34.7 61.6 61.6 61.6 12.9 48.6 48.4 48.3
o
ﬁ T — 0.05 ~0.7s (DRX) 29 58 57.8 57.9 349 61.5 61.7 61.5 13 48.6 48.3 48.2
5ES
oY 0.1 ~0.7s (DRX) 28.7 57.7 57.7 57.8 34.9 61.8 61.6 61.5 133 48.5 483 48.2
= >
2 L8
o g N 0.5 ~0.7s (DRX) 28.9 57.6 57.8 57.4 35.4 61.4 61.3 61.3 12.8 48.2 48 47.7
9] ~N
3-SR
8 & ﬂ 1 ~0.7s (DRX) 28.1 57.5 57.4 57.4 35.1 61.3 61 61.1 12.7 47.6 47.7 47.4
v 5 2
=2 c 9
E o 2 ~0.7s (DRX) 27.5 57.1 57 56.8 343 60.7 60.8 60.6 11.5 47 46.8 46.9
9]
o
- 4 ~0.7s (DRX) 26.4 56.1 56.1 56.1 33.4 59.9 59.8 59.7 10.5 45.9 45.6 45.1










SNR

Total (re-)Sync 

Energy

UDS Config.P_(LR, on)

                 R_E

Target 

Latency

1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%

0.01 ~0.7s (DRX)

28.3 57.9 57.9 57.7 34.7 61.6 61.6 61.6 12.9 48.6 48.4 48.3

0.05 ~0.7s (DRX)

29 58 57.8 57.9 34.9 61.5 61.7 61.5 13 48.6 48.3 48.2

0.1 ~0.7s (DRX)

28.7 57.7 57.7 57.8 34.9 61.8 61.6 61.5 13.3 48.5 48.3 48.2

0.5 ~0.7s (DRX)

28.9 57.6 57.8 57.4 35.4 61.4 61.3 61.3 12.8 48.2 48 47.7

1 ~0.7s (DRX)

28.1 57.5 57.4 57.4 35.1 61.3 61 61.1 12.7 47.6 47.7 47.4

2 ~0.7s (DRX)

27.5 57.1 57 56.8 34.3 60.7 60.8 60.6 11.5 47 46.8 46.9

4 ~0.7s (DRX)

26.4 56.1 56.1 56.1 33.4 59.9 59.8 59.7 10.5 45.9 45.6 45.1
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Low Med High

6 SSB of continuous search and 3 SSB for fine T/F sync

(13758.0 unit.ms)

4 SSB of continuous search and 2 SSB for fine T/F sync

(09786.4 unit.ms)

2 SSB of continuous search and 1 SSB for fine T/F sync

(05248.4 unit.ms)
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SNR Low Med High
Total (re-)Sync || 6 SSB of continuous search and 3 SSB for fine T/F sync [| 4 SSB of continuous search and 2 SSB for fine T/F sync || 2 SSB of continuous search and 1 SSB for fine T/F sync
Energy (13758.0 unit.ms) (09786.4 unit.ms) (05248.4 unit.ms)
R E
UDS Config.|P_(LR, on) [Target 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%
Latency
c 0.01 ~0.7s (DRX) 23.1 4.9 4.1 4.5 -11.4 13.7 13.7 13.8 48.7 -16 -16.4 -16.7
o
5 0.05 ~0.7s (DRX) 22.9 4.9 4 3.9 113 13.4 12.8 13.4 48.5 -16.4 163 17
]
—:; §. <r‘ 0.1 ~0.7s (DRX) -22.7 4.9 4.3 4.5 -10.7 13.2 13.2 12.9 49.1 -16 -16.4 -16.6
528
= 205
o g N 0.5 ~0.7s (DRX) 22.7 4.5 4 4.4 -12 13.3 13 13.3 49.8 -16.6 -17 -17.3
9] ~N
3-SR
8 & ﬂ 1 ~0.7s (DRX) 23.2 4.6 39 4.4 -12.3 13 13.1 12.5 49.6 -16.8 -16.3 -17.3
o O
v o Q
=2 c 9
E o 2 ~0.7s (DRX) 23.6 4 3.5 4 -12.6 12.7 12.9 12.1 -50.1 -17.9 -17.4 -17.8
9]
o
- 4 ~0.7s (DRX) 24.1 2.5 2.6 2.5 -12.6 11.6 11 11.1 -51.6 -18.8 -19.5 -19.1










SNR

Total (re-)Sync 

Energy

UDS Config.P_(LR, on)

                 R_E

Target 

Latency

1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%

0.01 ~0.7s (DRX)

-23.1 4.9 4.1 4.5 -11.4 13.7 13.7 13.8 -48.7 -16 -16.4 -16.7

0.05 ~0.7s (DRX)

-22.9 4.9 4 3.9 -11.3 13.4 12.8 13.4 -48.5 -16.4 -16.3 -17

0.1 ~0.7s (DRX)

-22.7 4.9 4.3 4.5 -10.7 13.2 13.2 12.9 -49.1 -16 -16.4 -16.6

0.5 ~0.7s (DRX)

-22.7 4.5 4 4.4 -12 13.3 13 13.3 -49.8 -16.6 -17 -17.3

1 ~0.7s (DRX)

-23.2 4.6 3.9 4.4 -12.3 13 13.1 12.5 -49.6 -16.8 -16.3 -17.3

2 ~0.7s (DRX)

-23.6 4 3.5 4 -12.6 12.7 12.9 12.1 -50.1 -17.9 -17.4 -17.8

4 ~0.7s (DRX)

-24.1 2.5 2.6 2.5 -12.6 11.6 11 11.1 -51.6 -18.8 -19.5 -19.1
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Low Med High

6 SSB of continuous search and 3 SSB for fine T/F sync

(13758.0 unit.ms)

4 SSB of continuous search and 2 SSB for fine T/F sync

(09786.4 unit.ms)

2 SSB of continuous search and 1 SSB for fine T/F sync

(05248.4 unit.ms)
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SNR Low Med High
Total (re-)Sync || 6 SSB of continuous search and 3 SSB for fine T/F sync [| 4 SSB of continuous search and 2 SSB for fine T/F sync || 2 SSB of continuous search and 1 SSB for fine T/F sync
Energy (13758.0 unit.ms) (09786.4 unit.ms) (05248.4 unit.ms)
R E
UDS Config.|P_(LR, on) [Target 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%
Latency
c 0.01 ~0.7s (DRX) -50.7 56.4 57.9 57.7 -36.5 60.3 61.7 61.6 -82.7 46.8 48.3 48.1
o
ﬁ T — 0.05 ~0.7s (DRX) -50.5 56.2 57.9 57.8 =37 60.1 61.7 61.6 -82.4 46.5 48.3 48.1
5ES
—:; §_ ; 0.1 ~0.7s (DRX) S51.1 56.1 58 57.7 -37.4 60 61.8 61.5 -82.1 46.4 48.4 48.1
28
o % N 0.5 ~0.7s (DRX) -50.5 56.1 57.5 57.6 -36.8 59.7 61.4 61.3 -82.4 46.1 48.1 47.7
9] ~N
3-SR
g & ﬂ 1 ~0.7s (DRX) 51 55.8 57.5 57.4 -36.9 59.7 61.3 61 -81.8 45.5 47.9 47.6
v § 2
=2 c 9
E o 2 ~0.7s (DRX) 52.4 55.5 57 56.8 -38.3 59 60.9 60.5 -83.8 45.2 47.1 46.9
9]
o
- 4 ~0.7s (DRX) -52.5 54.4 56.4 56.1 -39 58.5 60 59.7 -83.6 43.9 45.5 45.3










SNR

Total (re-)Sync 

Energy

UDS Config.P_(LR, on)

                 R_E

Target 

Latency

1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%

0.01 ~0.7s (DRX)

-50.7 56.4 57.9 57.7 -36.5 60.3 61.7 61.6 -82.7 46.8 48.3 48.1

0.05 ~0.7s (DRX)

-50.5 56.2 57.9 57.8 -37 60.1 61.7 61.6 -82.4 46.5 48.3 48.1

0.1 ~0.7s (DRX)

-51.1 56.1 58 57.7 -37.4 60 61.8 61.5 -82.1 46.4 48.4 48.1

0.5 ~0.7s (DRX)

-50.5 56.1 57.5 57.6 -36.8 59.7 61.4 61.3 -82.4 46.1 48.1 47.7

1 ~0.7s (DRX)

-51 55.8 57.5 57.4 -36.9 59.7 61.3 61 -81.8 45.5 47.9 47.6

2 ~0.7s (DRX)

-52.4 55.5 57 56.8 -38.3 59 60.9 60.5 -83.8 45.2 47.1 46.9

4 ~0.7s (DRX)

-52.5 54.4 56.4 56.1 -39 58.5 60 59.7 -83.6 43.9 45.5 45.3
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Low Med High

6 SSB of continuous search and 3 SSB for fine T/F sync

(13758.0 unit.ms)

4 SSB of continuous search and 2 SSB for fine T/F sync

(09786.4 unit.ms)

2 SSB of continuous search and 1 SSB for fine T/F sync

(05248.4 unit.ms)
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SNR Low Med High
Total (re-)Sync || 6 SSB of continuous search and 3 SSB for fine T/F sync [| 4 SSB of continuous search and 2 SSB for fine T/F sync || 2 SSB of continuous search and 1 SSB for fine T/F sync
Energy (13758.0 unit.ms) (09786.4 unit.ms) (05248.4 unit.ms)
R E
UDS Config.|P_(LR, on) [Target 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%
Latency
c 0.01 ~0.7s (DRX) 99.1 3.4 4.8 4.5 -79.9 12.6 13.9 13.3 -139.4 -17.9 -16.1 -16.3
o
ﬁ T — 0.05 ~0.7s (DRX) 98.7 33 4.3 4.8 -80.6 12.2 13.5 13.3 -140.9 -17.6 -16.2 -16.5
5ES
—:; §. <r‘ 0.1 ~0.7s (DRX) -97.8 3.5 4.9 4.2 -80.9 12.3 13.1 13.1 -139.8 -18 -15.9 -16.6
528
= 205
- E 0.5 ~0.7s (DRX) 99 3.5 4.1 45 -80.5 12 12.9 12.9 -141.1 -18 172 -16.6
9] ~N
3-SR
8 & ﬂ 1 ~0.7s (DRX) 99.8 2.7 4.2 4 -81.8 11.4 13.4 12.1 -139.9 -18.8 -16.5 -17.1
v § 2
2 ¢ 9
E o 2 ~0.7s (DRX) 99.9 2.3 3.6 33 -81.8 11.4 12.2 12.2 -141.7 -18.6 -17.3 -17.9
9]
o
- 4 ~0.7s (DRX) -101 2 2.8 2.4 -82.2 10.6 11.5 11.6 -142.5 -20.7 -18.7 -19.7










SNR

Total (re-)Sync 

Energy

UDS Config.P_(LR, on)

                 R_E

Target 

Latency

1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%

0.01 ~0.7s (DRX)

-99.1 3.4 4.8 4.5 -79.9 12.6 13.9 13.3 -139.4 -17.9 -16.1 -16.3

0.05 ~0.7s (DRX)

-98.7 3.3 4.3 4.8 -80.6 12.2 13.5 13.3 -140.9 -17.6 -16.2 -16.5

0.1 ~0.7s (DRX)

-97.8 3.5 4.9 4.2 -80.9 12.3 13.1 13.1 -139.8 -18 -15.9 -16.6

0.5 ~0.7s (DRX)

-99 3.5 4.1 4.5 -80.5 12 12.9 12.9 -141.1 -18 -17.2 -16.6

1 ~0.7s (DRX)

-99.8 2.7 4.2 4 -81.8 11.4 13.4 12.1 -139.9 -18.8 -16.5 -17.1

2 ~0.7s (DRX)

-99.9 2.3 3.6 3.3 -81.8 11.4 12.2 12.2 -141.7 -18.6 -17.3 -17.9

4 ~0.7s (DRX)

-101 2 2.8 2.4 -82.2 10.6 11.5 11.6 -142.5 -20.7 -18.7 -19.7
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Low Med High

6 SSB of continuous search and 3 SSB for fine T/F sync

(13758.0 unit.ms)

4 SSB of continuous search and 2 SSB for fine T/F sync

(09786.4 unit.ms)

2 SSB of continuous search and 1 SSB for fine T/F sync

(05248.4 unit.ms)
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SNR Low Med High
Total (re-)Sync || 6 SSB of continuous search and 3 SSB for fine T/F sync [| 4 SSB of continuous search and 2 SSB for fine T/F sync || 2 SSB of continuous search and 1 SSB for fine T/F sync
Energy (13758.0 unit.ms) (09786.4 unit.ms) (05248.4 unit.ms)
R(E.REF)
UDS Config.|P_(LR, on) [Target 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%
Latency
c 0.01 ~26s (eDRX) -7.5 8.8 7.2 7 5.3 9.8 8.3 8.1 -10.5 6 4.2 4
o
E T — 0.05 ~26s (eDRX) -7.4 8.7 7.1 7 -5.7 9.9 8.3 8.1 9.6 6 4.1 3.9
c E o
g =0
= o ; 0.1 ~26s (eDRX) 7.4 8.8 7.1 6.9 5.4 9.9 8.2 8 -10.2 5.7 4 3.8
CEERS)
= 205
o % N 0.5 ~26s (eDRX) -8 8.2 6.6 6.4 -6.2 9.3 7.6 7.5 -11 5 3.4 3.2
9] ~N
3-SR
S z3 1 ~265s (eDRX) -8 7.4 5.9 5.8 6.5 8.6 7 6.8 -11.3 4.3 2.6 2.4
v § 2
2 ¢ 9
E o 2 ~26s (eDRX) 9.8 6.3 4.7 4.5 -8.1 7.3 5.6 5.4 -13.1 2.6 0.9 0.7
9]
o
- 4 ~26s (eDRX) -12.4 3.8 2.2 2 -11.1 4.6 2.9 2.7 -16.5 -0.6 2.4 2.6










SNR

Total (re-)Sync 

Energy

UDS Config.P_(LR, on)

             R

(E,REF)

Target 

Latency

1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001% 1% 0.10% 0.01% 0.001%

0.01 ~26s (eDRX)

-7.5 8.8 7.2 7 -5.3 9.8 8.3 8.1 -10.5 6 4.2 4

0.05 ~26s (eDRX)

-7.4 8.7 7.1 7 -5.7 9.9 8.3 8.1 -9.6 6 4.1 3.9

0.1 ~26s (eDRX)

-7.4 8.8 7.1 6.9 -5.4 9.9 8.2 8 -10.2 5.7 4 3.8

0.5 ~26s (eDRX)

-8 8.2 6.6 6.4 -6.2 9.3 7.6 7.5 -11 5 3.4 3.2

1 ~26s (eDRX)

-8 7.4 5.9 5.8 -6.5 8.6 7 6.8 -11.3 4.3 2.6 2.4

2 ~26s (eDRX)

-9.8 6.3 4.7 4.5 -8.1 7.3 5.6 5.4 -13.1 2.6 0.9 0.7

4 ~26s (eDRX)

-12.4 3.8 2.2 2 -11.1 4.6 2.9 2.7 -16.5 -0.6 -2.4 -2.6
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LP-WUR ON power 0.5, total transition energy 10000

2347

1482

373

302

723

703

539

231

214

46

i

D

R

X

,

 

n

o

 

P

E

I

i

D

R

X

,

 

w

/

 

P

E

I

e

D

R

X

,

 

n

o

 

P

E

I

e

D

R

X

,

 

w

/

 

P

E

I

L

P

-

W

U

S

/

g

r

o

u

p

,

 

n

o

 

P

E

I

L

P

-

W

U

S

/

g

r

o

u

p

,

 

w

/

 

P

E

I

L

P

-

W

U

S

/

s

u

b

g

r

o

u

p

L

P

-

W

U

S

/

g

r

o

u

p

,

 

d

u

t

y

,

 

n

o

 

P

E

I

L

P

-

W

U

S

/

g

r

o

u

p

,

 

d

u

t

y

,

 

w

/

 

P

E

I

L

P

-

W

U

S

/

s

u

b

g

r

o

u

p

,

 

d

u

t

y

0

500

1000

1500

2000

2500

P

o

w

e

r

 

c

o

n

s

u

m

p

t

i

o

n

 

(

u

n

i

t

/

s

)


image49.emf
LP-WUR ON power 0.05, total transition energy 10000
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LP-WUR ON power 0.005, total transition energy 10000
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LP-WUR ON power 4, total transition energy 10000
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LP-WUR ON power 0.5, total transition energy 40000
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Latency, idle/inactive mode
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LP-WUR ON power 0.5, total transition energy 10000
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LP-WUR ON power 0.05, total transition energy 10000
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LP-WUR ON power 0.005, total transition energy 10000
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LP-WUR ON power 4, total transition energy 10000
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LP-WUR ON power 0.5, total transition energy 40000
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Latency, idle/inactive mode
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Observation9  OFDM-based LPWUR has no power-saving gain to R17 PEl without a duty cycle.«
Observation 10 OFDM-based LPWUR has no power-saving gain to R17 PEI ifits duty cycle is smaller than 20.48s.-

Proposal 8 RAN1 should stop pursuing OFDM-based LPWUR for $5S-like LPWUS in the R18 LPWUR/WUS
sl




