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Introduction
[bookmark: _Hlk66110521]In RAN1#111, evaluation assumptions and methodologies have been agreed upon for the main radio (MR), and low-power wake-up radio (LR). However, the details of introducing ultra-deep sleep for MR need further study.
In this contribution, we provide our recommendation on power consumption models for MR and LR and provide initial evaluations based on the agreed baseline parameters. The endorsed agreements are provided in the appendix.
Evaluations
Power Model for Main Radio
eMBB
In RAN1#111, companies are encouraged to provide recommendations for MR at least for FR1 evaluation.
	Agreement in RAN1#111
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


eMBB UE typically contains multiple sub-systems such as multi-band 5G NR, LTE-FDD, LTE-TDD, HSPA+, and multiple GNSS modules. Turning off one of the sub-systems may have certain interaction with the rest of the sub-systems.
For ultra-deep sleep, the main difference from deep sleep is that the wake-up module is not needed if a dedicated LP-WUR exists. In this case, it seems reasonable to turn off more hardware components than deep sleep, e.g., the controller and the low-complexity oscillator, with a cost of a high ramp-up latency.
[bookmark: _Ref118639062]Table 1: Different usage of hardware among deep sleep, ultra-deep sleep, and power off
	Modem related hardware 
	Latency
	Ultra-deep sleep
	Deep sleep
	Comments

	Oscillator (XO)
	Medium
	Off
	Low power 
	For deep sleep, UE roughly maintains the system frame number (SFN) and the slot number for waking up on time. Resume time takes a few milliseconds. 

	RF/front-end
	Low
	Off
	Off
	

	Baseband modem
	Medium
	Off 
	Off
	

	Controller 
	High
	Off
	Low power
	For deep sleep, UE needs a controller to keep the time base. Resume time takes hundreds of milliseconds.

	DDR memory
	Very high
	Off 
	Low power
	DDR memory resume time takes a few seconds if it is turned off.


If UE only turns off the low-complexity oscillator and the controller from a deep sleep, the ramp-up time of 400ms should be sufficient for XO and the controller to reboot, initiate, and reload programs and data.  
For power off (ultra-deep sleep), considering both cold boot or warm boot (refers to whether RF channel and PLMN ID are still valid), the ramp-up time needs several seconds for a system reboot, initiations, and DDR memory reload. 
Based on this example, we have the following recommendation for the ultra-deep sleep power state.
[bookmark: _Toc127546024]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.
[bookmark: _Toc127546025]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



IoT and wearables
IoT and wearables have diverse data and range requirements and result in quite different power consumption and hardware properties. It would be difficult to consider one or two modules and provide our recommendation. To tackle this issue, it is reasonable to leverage LPHAP’s agreement in RAN1#110-b.
	Agreement in RAN1#110-b
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
· Note: No new device type is expected based on ultra-deep sleep power modeling.


In TS 22.104, SA1 has introduced requirements for LPHAP (Low Power High Accuracy Positioning) for industrial IoT scenarios including use cases such as massive asset tracking, AGV (Automatic Guided Vehicle) tracking in industrial factories, and person localization in danger zones. 
On the other hand, in the revised SID RP-222644, the LPWUS study will primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, and controllers) and wearables. Other use cases are not precluded, e.g., smart glasses, and smartphones.
We can see a synergy between LPHAP and LPWUS at least for industrial IoT scenarios. However, wearable devices may involve a more complex process than industrial IoT, for a system reboot, initiations, and DDR memory reload.
Based on this observation, we have the following recommendation for the ultra-deep sleep power state.
[bookmark: _Toc127546026]LPWUS and LPHAP (Low Power High Accuracy Positioning) both target industrial IoT scenarios and have similar considerations on hardware requirements.
[bookmark: _Toc127546027]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



Power Model for LPWUR
Non-OFDM-based LPWUR
In RAN1#111, companies have determined the relative power values of LPWUR power-on from 0.01 to 4 and determined the relative power of power-off as 0.001. The ramp-up time of LPWUR is FFS. 
	Agreement in RAN1#111
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.


To support a non-OFDM-based LPWUR with a power consumption of less than 1 mW, the relative power of 1, 2, and 4 cannot be considered. This is because the deep sleep mode (relative power of 1) cannot be lower than 1 mW based on the current implementation.
Also, we can ignore the ramp-up time for the non-OFDM-based LPWUR. A typical non-OFDM-based LPWUR has no PLL, AGC, advanced CPU, or memory architectures. No process requires significant ramp-up time.
[bookmark: _Toc127546028]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. 
[bookmark: _Toc127546029]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.
[bookmark: _Toc127546030]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



OFDM-based LPWUR
In RAN1#111, companies have agreed to study OFDMA-based signals considering the existing signal, e.g., SSS. The details of the agreement are given below.
	Agreement in RAN1#111
· Study generation and link performance of multi-carrier (MC)-ASK (including OOK) waveform
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS. 
· Note that above does not preclude DFT-S-OFDMA 
· Study generation and link performance of multi-carrier (MC)-FSK waveforms
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS.
· Study link performance of OFDMA-based signals/channels considering at least the existing signal/channel structure (e.g., CSI-RS, SSS)
· Other signal/channel structures are not precluded
· For next meeting, companies to provide input on aspects to consider that might impact link performance


Note that MC-OOK and FSK can be modulated by OFDMA techniques, being adjacent subcarrier interference-free, and supporting non-coherent detection using a low-power and low-cost WUR. However, considering the existing signal is another story. For example, the NR SSS search procedure requires coherent detection, including timing alignment, frequency correction, OFDM demodulation, etc. 
Presumably, an OFDM-based LPWUR can reuse the existing PSS to achieve coarse timing and frequency correction, which makes coherent detection possible for an SSS-like LPWUS. Based on our LPWUR architecture and analysis given in R1-2301578, relative power during various states can be modelled as the following proposal.
[bookmark: _Toc127546031]OFDM-based LPWUR can reuse LO, ADC, and DFT modules from the MR to perform coherent detection on an SSS-like LP-WUS.
[bookmark: _Toc127546032]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



Evaluation Assumptions and Results
Simulation Assumptions
Table 2 gives the power state model based on TR 38.875 for IoT and wearables use cases. 
[bookmark: _Ref126859003]Table 2: Power state modelling for an MR based on TR 38.875 and UDS
	Power state of MR
	Relative power
	Transition time
	Transition energy

	Ultra-Deep Sleep (UDS)
	0.015
	400ms
	10000

	Deep sleep
	0.8
	20ms
	450

	Light sleep
	18
	6ms
	100

	Micro sleep
	31
	0ms
	0

	SSB/CSI-RS proc.
	50
	N/A
	N/A

	PDCCH monitoring
	50
	N/A
	N/A

	Intra-inter frequency RRM
	60
	N/A
	N/A



Non-OFDM-based LPWUR
IDLE/INACTIVE
Figure 1 shows a processing timeline for MR ramp-up (re)-synchronization. Presumably, non-OFDM-based LPWUR has independent CLK (real time clock) and LO (local oscillator). Once MR turns off its CLK and LO to enter ultra-deep sleep, it loses timing and frequency synchronization immediately. To re-synchronize, the initial timing search takes 20ms in the worst case depending on the UE implementation, and frequency lock from 10ppm to 2ppm needs 3 SSB.
[image: Diagram, table

Description automatically generated with medium confidence]
[bookmark: _Ref127355449]Figure 1: I-DRX timeline for ultra-deep sleep UE processing before PO for low SNR 
Figure 2 shows a processing timeline to evaluate the non-OFDM-based LPWUR. We consider the low SINR scenario and assume re-synchronization is needed. The LPWUS occasion determines whether UE should process the paged timeline (MR wakes up for paging) or the not paged timeline (MR wakes up for RRM requirement). The probability of receiving LPWUS in the occasion is given by the group UE paging rate. Details are given in Table 7 and Table 8.
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Description automatically generated]
[bookmark: _Ref127355704]Figure 2: Reference timeline to evaluate the non-OFDM-based LPWUR
Figure 3 shows the eDRX timeline, given 4 DRX cycles within a PTW and each eDRX cycle has 61.44 seconds. Assume UE enters deep sleep within the PTW and ultra-deep sleep outside the PTW. Details are given in Table 9.
[image: Diagram

Description automatically generated with medium confidence]
[bookmark: _Ref127362213]Figure 3: e-DRX timeline for ultra-deep sleep UE processing
CONNECTED
In the RRC-connected mode, UE can monitor DCP to know whether to start the on-duration timer of the upcoming DRX cycle. On the other hand, DCP cannot be used to adjust PDCCH monitoring behavior during the on-duration time, or there is no DRX configured. In the use case of XR with large timing jitter (e.g., ), a large on-duration timer may be used, or there will be no DRX configured, and the DCP solution cannot reduce UE power consumption for such use cases. An alternative is to reuse the Rel-17 PS adaptation (SSSG switching). A gNB can configure one UE-specific SSSG for LR to monitor LP-WUS and another SSSG for MR to monitor DCI.    

Suppose UE monitors LP-WUS in SSSG#0 via LP-WUR and monitors PDCCH in SSSG#1 via MR. In SSSG#0, MR enters microsleep, and LR stays ON. In SSSG#1, MR performs PDCCH monitoring (and PDSCH processing), and LR stays OFF. UE switches from SSSG#0 to SSSG#1 if LP-WUR detects a wake-up indication. If there is no new data after the SSSG timer (4 ms) in SSSG#1, UE switches to SSSG#0. Settings and scenarios are in Appendix 6.2. 
[image: A picture containing diagram

Description automatically generated]
Figure 4: LP-WUS assistant SSSG switching for XR traffic

OFDM-based LPWUR
Figure 5 shows a processing timeline to evaluate the OFDM-based LPWUR. We consider the low SINR scenario and assume no timing search (or SSB search) is needed because LPWUR shares the LO and CLK from the MR. Also, we assume that LPWUS and PSS can be allocated in the same time slot. The evaluation timeline is illustrated below. 
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[bookmark: _Ref126857954]Figure 5: Reference timeline to evaluate the OFDM-based LPWUR
Simulation Results
Non-OFDM-based LPWUR
IDLE/INACTIVE
Table 3 provides evaluations and assumptions for Case A7: provide power and latency for different RRM assumptions for IoT and wearables. The main power consumption can be found in Ramp-up/down energy and Sync/re-sync.
[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]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]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]LPWUS can achieve a 51% power-saving gain with an eDRX cycle of 61.44s.
[bookmark: _Toc127546036]RAN1 to consider focusing on the study of LPWUS used with eDRX in RRC IDLE. 

CONNECTED
Table 5 provides an evaluation result in RRC CONNECTED. About 16%-19% can be observed using LP-WUS-assisted SSSG switching compared to Rel-17 SSSG switching. The PS gain highly depends on the time UE stays in SSSG#0, where MR enters microsleep. On the other hand, power consumption for LP-WUS monitoring only contributes a few. For example, there is no significant difference if LP-ON takes a power value of 0.005 or 0.05.
[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%



[bookmark: _Toc127546037]LP-WUR-assisted SSSG switching shows 16% to 19% PS gains compared to R17 SSSG switching.
[bookmark: _Toc127546038]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.  

OFDM-based LPWUR
Figure 6 shows the performance of the OFDM-based LPWUR. It is beneficial only when e-DRX is configured, if the e-DRX cycle is greater than or equal to 20480ms (20.48s), and if LPWUR only monitors LPWUS once (active for 1ms) per e-DRX cycle and is powered off in the rest of time. 
[image: Chart, line chart

Description automatically generated]
[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. 
The key advantage is to reuse the existing NR PSS for LPWUR synchronization. It could prevent NW from sending a new broadcast signal for LPWUR. The downside is the high-power consumption for coherent detection, including a high sampling rate and high accuracy for LO and CLK. The key disadvantage is no latency gain because the LPWUR also needs a duty cycle to lower its power consumption, and that eliminates potential latency gain. 
Based on the result, we recommend RAN1 should stop pursuing OFDM-based LPWUR in the R18 SI.
[bookmark: _Toc127546039]OFDM-based LPWUR has no power-saving gain to R17 PEI without a duty cycle.
[bookmark: _Toc127546040]OFDM-based LPWUR has no power-saving gain to R17 PEI if its duty cycle is smaller than 20.48s.
[bookmark: _Toc127546041]RAN1 should stop pursuing OFDM-based LPWUR for SSS-like LPWUS in the R18 LPWUR/WUS SI.

Link Budget
Presumably, OFDM-based WUR has a similar coverage range of NR PSS/SSS, which could be the same level as the coverage of PDCCH for paging. Thus, we only highlight the MIL for a non-OFDMM-based OOK LPWUR listed below.
Table 6: Link Budget (MIL) Analysis
	Scenarios 
	Urban 2.6GHz

	Description of LP WUS
	Seq + Data + CRC
	Seq only

	System configuration 

	Carrier frequency (GHz)
	2.60 

	Pathloss model 
	NLOS TDL-C

	Target error rate (BLER/MDR etc.)
	1% initial BLER (no retransmission)

	Company reporting Assumptions for LP-WUS/WUR　

	False alarm rate (FAR)
	<0.1%
	<1%

	Channel Structure
	sync: 32 chips
data: 32bits (64 chips)
CRC: 8 bits (16 chips)
	Seq only: 32 chips

	Number of information bits delivered
	32
	1

	Waveform 
	OOK

	Coding Scheme
	Manchester 1/2

	Frequency Domain Allocation (MHz)
	4.32

	Guard band (MHz)
	0.72

	Time Domain Allocation (Y ms)
	0.5
	0.142857143

	Efficiency(bit/s/Hz)
	0.012698413
	0.001388889

	Adjacent subcarrier interference
	PDSCH mapped on resources other than that for WUS and guard band; same power density as WUS

	Receiver structure
	Homodyne/zero-IF architecture with baseband envelope detection

	Frequency error/drifts 
	200 ppm

	ADC bit-width
	4


	Sampling rate (MHz)
	3.84


	Parameters for BB BPF/LPF
	5th Order Butterworth with 4.32MHz bandwidth and with cutoff frequency at approximately 2.16 MHz

	Other assumptions if not listed above

	1. Preamble: Reuse 802.11ba WUS [1 0 1 0 0 1 0 0 1 0 1 1 1 0 1 1 0 0 0 1 0 1 1 1 0 0 1 1 1 0 0 0]
2. AWGN: Baseband SNR is measured after the 4.32MHz LPF
3. Channel: TDL-C with a mobile speed of 3km per hour and RMS delay spread of 300ns (long)
4. CFO: 200 ppm CFO only results in phase rotation, no sampling impact
5. Mixer: In-phase only (single RX branch rather than both in-phase and quadrature components)
DBB: Only include frame boundary detection and payload detection

	Transmitter　　

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	100000000

	(3c) bandwidth used for the evaluated channel (Hz)
	4320000

	Receiver　　

	(10) Number of receiving antenna elements
	1

	(13) Receiver noise figure (dB)
	15

	(19) Required SNR (dB)
	5.00 
	1.25 

	(22) Receiver sensitivity 
	-85.26 
	-89.01 

	(22bis) MCL
	134.67 
	138.42 

	(23) Hardware link budget, MIL 
	140.80
	144.55 

	Calculation of available path loss　

	(30) Maximum range (based on (29) and according to the system configuration section of the link budget) (m)
	150.76 
	188.03 


The required SNR values are obtained by the link-level simulations (LLS). Given 224kbps of the raw data rate, the data payload required 5dB SNR to achieve 1% initial BLER, and the preamble requires 1.25 dB of SNR to achieve 1% MDR. Note that the SNR values are measured after the 4.32MHz LPF in the LLS.
[image: A picture containing diagram
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Figure 7: Required baseband SNR at 1% initial BLER in TDL-C channel
MIL (maximum isotropic loss) in PDCCH for Paging is 157.62 dB with a maximum range of 406.24 m. MIL in PUSCH for eMBB is 138.28 dB with a maximum range of 155.88m. Presumably, up to the raw data rate of 224kbps can achieve the same coverage range of NR PUSCH for eMBB, given the 4.32MHz bandwidth in TDL-C with 3km per hour.
To achieve the range of 406.24m the same as NR PDCCH for paging, the targeted SNR will be -12dB. We observe a 7dB gap between our best result of -5dB and the target SNR. The best result (raw data rate = 28kbps) carries only 1 information bit and uses 32 OFDM symbols, resulting in an LPWUS duration of 1.143ms at 30kHz SCS. 
[bookmark: _Toc127546042]LPWUR cannot achieve the MIL of NR PDCCH for paging of AL16 with 4RX and there is a 7dB required SNR gap between the required SNR target and the performance given the raw data rate of 28kbps.
[bookmark: _Toc127546043]LPWUR can support the MIL of NR PUSCH for eMBB with a raw data rate of up to 224kbps.
[bookmark: _Toc127546044]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.
[bookmark: _Toc127546045]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.

Conclusion
In this contribution, we have the following observations and proposals.
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.

Reference 
[bookmark: _Ref117260670]R1-2213005, Final FL summary of evaluation on low power WUS, Moderator (vivo)
R1-2212261, Evaluation on low power WUS, MediaTek Inc.
R1-2301578, Low power WUS receiver architectures, MediaTek Inc.

Appendix 
Processing timelines
I-DRX
[bookmark: _Ref127432292]Table 7: Power consumption timeline for the Paged case
	UE operations in a paging cycle
	Time duration (ms)
	Energy contribution (relative power * ms)
	value

	LP-WUR ON
	1280
	PLP-WUS-ON*1280
	64

	initial SSB search
	20
	PSSB * 20
	1000

	SSB processing 
	2
	PSSB * 2
	100

	Light sleep
	18
	PLS * 18 + 100
	424

	SSB processing 
	2
	PSSB * 2
	100

	Light sleep
	18
	PLS * 18 + 100
	424

	SSB processing 
	2
	PSSB * 2
	100

	Light sleep
	18
	PLS * 18 + 100
	424

	SSB processing 
	2
	PSSB * 2
	100

	Light sleep
	18
	PLS * 18 + 100
	424

	SSB processing 
	2
	PSSB * 2
	100

	Light sleep
	18
	PLS * 18 + 100
	424

	SSB processing and intra-frequency RRM measurement
	2
	(PSSB + (Pintra, search+meas * [1/4] + Pintra, meas-only * (1 – [1/4] ) ) ) * 0.85* 2
	361.25

	Light sleep
	8
	PLS * 8 + 100
	244

	PO reception
	4
	PPDCCH+PDSCH * 4
	480

	Light sleep
	6
	PLS * 6 + 100
	208

	Switch to another frequency layer
	0.5
	PMS * 0.5
	15.5

	Inter-freq. RRM measurement
	5
	(Pinter, search-only * [1/4] + Pinter, meas-only * (1 – [1/4] ) ) * 5
	750

	Switch back to serving frequency
	0.5
	PMS * 0.5
	15.5

	Ultra-Deep sleep
	1194
	PUDS * 1194 + EUDS
	10017.91

	(Total)
	1280
	Total Energy 
	15776.16


[bookmark: _Ref127432298]Table 8: Power consumption timeline for the Not Paged case
	UE operations in a paging cycle
	Time duration (ms)
	Energy contribution (relative power * ms)
	value

	LP-WUR ON
	1280
	PLP-WUS-ON*1280
	64

	Inter-freq. RRM measurement
	5
	(Pinter, search-only * [1/4] + Pinter, meas-only * (1 – [1/4]) ) * 5
	750

	Ultra-Deep sleep
	1275
	PUDS * 1275 + EUDS
	10019.13

	(Total)
	1280
	Total Energy 
	10833.13



eDRX
[bookmark: _Ref127546967]Table 9: Power consumption for R18 LPWUS with the eDRX cycle of 61.44s
	UE operation
	time duration (ms)
	Energy contribution
	value

	LPWUR on
	61440
	P_LP_WUS-ON*total_time
	3072.00

	resync
	(wihtin one IDRX)
	P_resync*(1-R_nosync)
	2549.15

	IDRX
	5120
	P_IDRX
	11842.04

	Ultra-deep sleep
	56320
	P_UDS*UDP_time+E_UDS
	10844.8

	total time
	61440
	total energy
	28307.99


Table 10: Power consumption for R17 PEI with the eDRX cycle of 61.44s
	UE operation
	time duration (ms)
	Energy contribution
	value

	PEI
	4
	P_PDCCH*4
	200

	IDRX
	5120
	P_IDRX
	11842.04

	Deep sleep
	56316
	P_DS*DP_time+E_DS
	45502.8

	total time
	61440
	total energy
	57544.84



[bookmark: _Ref127436416]Evaluation Models for LP-WUR-Assisted SSSG Switching
The power model and simulation parameters are in this subsection.
	Simulation parameters 
	Value

	Deployment
	3GPP Dense Urban, 7 sites, 3 sectors per site, ISD = 200m
80% indoor UE, 20% outdoor UE

	Channel model
	3D-UMa

	Channel estimation
	Ideal

	SCS
	30 kHz 

	Frame structure for TDD
	DDDSU

	Scheduling scheme
	Proportional fair

	Bandwidth
	100MHz; 2.08% guard band (272 360kHz RB in 100MHz)

	BS Tx antenna config.
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) with 64 TXRU
(dH, dV) = (0.5λ, 0.5λ)
Down tilt: 12 degrees
SU-MIMO

	BS height
	25 m

	UE Rx antennas config.
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) 2T/4R
(dH, dV) = (0.5λ, N/A)

	UE height
	1.5 m

	UE speed
	3 km/h

	Antenna Gain
	BS: 8 dBi, 3-sector antenna
UE: 0 dBi, omni-directional

	Noise figure
	BS: 5dB; UE: 9dB

	Max Tx power
	BS: 44 dBm per 20 Mhz
UE: 23 dBm



	Traffic
	AR/VR (Follow the setting in TR 38.838)

	Data rate (Mbps)
	30
	45

	PDB (ms)
	10

	Packet size distribution
	Truncated Gaussian

	mean packet size (Bytes)
	62500
	93750

	Ratio: STD/mean pkt size
	0.105

	Ratio: Max/mean packet size 
	1.5

	Ratio: min/mean packet size 
	0.5

	Packet arrival rate (sec)
	Periodic (1/FR), FR = 60

	Jitter value distribution
	Truncated Gaussian

	Avg. jitter value (ms)
	0

	Jitter value STD (ms)
	2

	Max jitter value (ms)
	4

	Min jitter value (ms)
	-4



	Basic power consumption for PDCCH/LP-WUS monitoring (uint)

	PDCCH monitoring in SSSG 0/1
	100 (PDCCH monitoring in TR 38.840)

	LP-WUS monitoring 
	45 (micro sleep power in TR 38.840)

	Additional power consumption for LR (unit)

	LP-WUS off 
	0.001

	LP-WUS on
	0.005, 0.05, 4



Agreements
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-DRXcycle durationY second, 
· Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
· For e-DRX with K i-DRXcyclesduration, 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
· 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.

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 in RAN1#110b-e
For evaluation, 1 Rx chain for LP-WUS receiver is baseline.
Agreement in RAN1#110b-e
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 in RAN1#110b-e
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
Agreement in RAN1#110b-e
· 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 in RAN1#110b-e
· 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 in RAN1#110b-e
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 in RAN1#110b-e
· 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 in RAN1#110b-e
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 in RAN1#110b-e
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 in RAN1#110b-e
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 in RAN1#110b-e
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
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Introduction


 


In RAN1#11


1


, evaluation 


assumptions and methodologies have been agreed upon for the main radio (MR), and low


-


power wake


-


up radio (LR). However, the details


 


of introducing ultra


-


deep sleep


 


for MR 


need further study.


 


In this contribution, we provide our recommendation on


 


power cons


umption models for MR and LR


 


and provide 


initial evaluations based on the agreed baseline parameters. The endorsed agreements are provided in the appendix


.
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MBB
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n RAN1#111, companies are encouraged to provide


 


recommendations for MR at least for FR1 evaluation.


 


Agreement


 


in RAN1#111


 


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


 


eMBB 


UE typically contains


 


multiple sub


-


systems 


such as m


ulti


-


b


and 5G NR
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LTE


-


FDD


, 


LTE
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TDD
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HSPA+


, and 


multiple


 


GNSS
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Turni


ng off


 


one of the sub


-


system


s


 


may have certain intera


c


tion 


with the rest of the sub


-


systems.


 


For ultra


-


deep sleep, the main difference from deep sleep is that the wake


-


up module is not needed if a dedicated 


LP


-
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3GPP TSG RAN WG1 #112   R1 - 2301577   Athens, Greece, February 27 th   –   March 3 rd , 2023       Source:    MediaTek Inc.   Title:    Evaluation on low power WUS   Agenda item:   9. 13.1   Document for:   Discussion   1   Introduction   In RAN1#11 1 , evaluation  assumptions and methodologies have been agreed upon for the main radio (MR), and low - power wake - up radio (LR). However, the details   of introducing ultra - deep sleep   for MR  need further study.   In this contribution, we provide our recommendation on   power cons umption models for MR and LR   and provide  initial evaluations based on the agreed baseline parameters. The endorsed agreements are provided in the appendix .   2   Evaluations   2.1   Power  M odel for  M ain  R adio   2.1.1   e MBB   I n RAN1#111, companies are encouraged to provide   recommendations for MR at least for FR1 evaluation.  

Agreement   in RAN1#111   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  

eMBB  UE typically contains   multiple sub - systems  such as m ulti - b and 5G NR ,  LTE - FDD ,  LTE - TDD ,  HSPA+ , and  multiple   GNSS   module s .   Turni ng off   one of the sub - system s   may have certain intera c tion  with the rest of the sub - systems.   For ultra - deep sleep, the main difference from deep sleep is that the wake - up module is not needed if a dedicated  LP - WUR exists. In this case, it seems  reasonable to turn off more hardware components than deep sleep, e.g., the  controller and the low - complexity oscillator, with a cost of a high ramp - up latency.   Table  1 : Different usage of hardware among deep sleep, ultra - deep sleep,   and power off  

Modem  related  hardware   Latency  Ultra - deep  sleep  Deep  sleep  Comments  

Oscillator (XO)  Medium  Off  Low  power    For deep sleep, UE roughly maintains the system frame  number (SFN) and the slot number for waking up on time.  Resume time takes  a   few   milliseconds .   

RF/front - end  Low  Off  Off   

Baseband  modem  Medium  Off   Off   

