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1 Introduction

Low power wake up signal is proposed and agreed to be studied in R18, with the following SI 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 and their coverage availability, as well as latency impact. 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. 
In the past R1 #110b meeting, we have achieved some agreements about evaluations aspects of LP WUS. Related agreements can see in appendix. In this contribution, we discuss use cases of LP WUS and provide some evaluations results. 
2 Discussion
2.1 Use case for RRC idle/inactive
According to previous initial discussions. LP WUS is used to wake up the main radio, and depends on what degree of sleeping mode of the main radio, the wake up delay can be diverse, from very quick as 0ms to very long as hundreds of mini-seconds. And based on this understanding, we think LP WUS can be applied for both RRC idle/inactive and RRC connected state UE. For RRC idle/inactive state, UE’s main radio can be in a relatively deep sleep mode to save power since the loose latency requirement for RRC idle/inactive state. And for RRC connected state, UE’s main radio can be in a relatively light sleep mode to guarantee short wake up latency.
For RRC idle/inactive UE. Here we list two cases. Case 1, LP WUS and legacy paging mechanism. UE can monitor LP WUS periodically or by always on manner with LP WUR, and keep main radio sleep. After UE detect its corresponding LP WUS, UE wake up its main radio and wait until its PO to monitor paging DCI. As shown in Fig.1.
Case 2, LP WUS and enhanced paging mechanism. For the enhanced paging, periodical resources are allocated for the paging search space, but no PO/PF nor DRX cycle is defined. UE can directly monitor the nearest one or more PDCCH monitoring occasion from the paging search space after it is woke up by LP WUS. As shown in Fig.2. It can be seen that, with enhanced paging mechanism, the overall paging latency can be reduced.
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Fig.1  Case 1, LP WUS and legacy paging mechanism
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Fig.2   Case 2, LP WUS and enhanced paging mechanism
Evaluation results for the energy consumption for both the above two cases are provided in Table 1. Related paging processing timeline of each case and simulation assumptions are shown in Fig.7 in Appendix. Three different SINR levels, high, medium and low, are assumed to embody the variable channel environment, and with each level, UE needs three, two and one SSB burst(s) respectively to acquire synchronization. The delay T of the whole wake-up transmission can be obtained by the following formula: T=T1+T2+T3. T1 is the transition time of the main ratio before receiving the SSB, T2 is the total time of SSB monitoring for synchronization, and T3 is the time from receiving the last SSB to receiving the last symbol of the first target PO, which is represented by m or n in Fig.7. Each LP WUS/PEI corresponds to one PO, and the paging possibility of each PO is assumed as 10%. No UE subgrouping is assumed. During each paging cycle, from a UE’s perspective, there are two situations. Situation 1, with 10% possibility, is the gNB needs to wake up the main radio to transmit paging information, and Situation 2, with 90% possibility, is the gNB does not wake up the main radio since no paging needs to be transmitted. So the average energy consumption the sum of the energy consumption of the two situations scaled by corresponding possibility. Baseline 1 is Rel-15 based paging mechanism and Baseline 2 is Rel-17 PEI based paging mechanism. Ultra-deep sleep and deep sleep is separately assumed as the main radio’s sleep state when LP WUR is monitoring LP WUS with always on manner. 
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. 
2.2 Use case for RRC connected
For RRC connected UE, we list four possible use cases. Case 1, LP WUS is used as DCP in R16, to indicate the UE whether to start the next on duration, as shown in Fig.3. Case 2, LP WUS is used during C-DRX on duration. UE can monitor LP WUS instead of PDCCH when the on duration starts and no PDCCH is to be transmitted. And when there is DL data to be transmitted, gNB can inform UE to start monitor PDCCH by LP WUS, as shown in Fig.4. This use case is especially suitable for XR traffic to solve the uncertain jitter issue. Evaluation results is provided in following Table 2, it can be seen that, about 9% more power saving gain can be acquired by LP WUS+C-DRX than pure C-DRX, while the delay and satisfied UEs performance are not affected.
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%


Case 3 is another use case suitable for XR traffic, that is LP WUS combined with PDCCK skipping, as shown in Fig.5. Since the periodicity of XR traffic, when gNB finish scheduling a XR frame, gNB can indicated a PDCCH skipping duration to pin to the next periodicity point of the XR traffic, so that UE can start monitoring PDCCH again after PDCCH skipping duration ends. But the candidate PDCCH skipping duration may not exactly match the XR traffic periodicity, and also because of the uncertain jitter, UE may find there is no PDCCH scheduling at all after PDCCH skipping duration ends. A power saving solution is, when PDCCH skipping duration ends, UE will not directly monitor PDCCH but start to monitor LP WUS and keep the main radio in micro sleep mode. When DL traffic arrives, gNB will send out LP WUS to indicate UE to start PDCCH monitoring. UE can avoid almost all the unnecessary PDCCH monitoring in this use case.
Evaluation results for LP WUS combined with PDCCH skipping scheme (denote as Scheme 1) under dense urban scenario based on XR traffic are as below, and detailed simulation assumptions see in appendix. Compare Scheme 1 and PDCCH skipping, it can be seen in Table 3 that the PDCCH monitoring but without actual scheduling is largely reduced from 32.77% to 4.31%, at the same time, the micro sleep rate is increase from 0% to 28.46%. Compared to baseline (always on), the power saving gain of Scheme 1 is 54.92%, while the PDCCH skipping scheme is 41.74% shown in Table 4. There is 13% more power saving gain when LP WUS is combined with PDCCH skipping. From our analysis, the gain comes from that most of unnecessary PDCCH monitoring caused by jitter is avoided, and replaced by micro-sleep mode. And as to the delay performance shown in Table 4, Scheme 1 and PDCCH skipping is exactly the same, since we assume UE main radio is in micro sleep mode and can be wake up immediately by LP WUS.
Case 4, LP WUS is used without C-DRX/PDCCH skipping, as shown in Fig.6. UE keep monitoring LP WUS and keep main radio sleep, once LP WUS is detected, UE wake up its main radio immediately to monitor PDCCH. And when there is no more PDCCH to be transmitted, UE’s main radio fall into sleep again. And below we have initial simulation results based on FTP traffic model for Case 4, assuming UE always choose only one sleep type, which is only one from micro/light/deep sleep, since UE cannot predict when it will receive the next LP WUS. Ultra-deep sleep state is not applied here since the transition time is too large and may cause unacceptable transmission delay. In the following Table 5, Case 4-1 is UE only choose micro sleep type when it decides to sleep, Case 4-2 is light sleep and Case 4-3 is deep sleep. It can be seen that Case 4 has much better latency performance than C-DRX and Case 4-2/ 4-3 also have better power saving performance than C-DRX.
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Fig.3  Case 1, LP WUS used as DCP
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Fig.4  Case 2, LP WUS used during C-DRX on duration
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Fig.5 Case 3, LP WUS combined with PDCCH skipping
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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.
3 Conclusions

In this contribution, we propose the followings:
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.
References
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[1] 3GPP TR 38.838, Study on XR (Extended Reality) Evaluations for NR.
Appendix

For power consumption and delay evaluation of paging process, the timeline of case 1/case 2/baseline1/baseline2 are shown in Fig. 7 as below. 
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Fig.7 Paging process timeline of case 1/case 2/baseline1/baseline2
Evaluation assumption for RRC idle state are as follows. Assumptions not listed are the same as TR 38.840

Table 6: Evaluation assumptions for RRC idle/inactive
	Relative power for LP-WUR on
	0.1

	Relative power for LP-WUR off
	0.01

	Main ratio Ultra-deep sleep
	Relative power 0.015, transition time 100ms, transition energy 2000 

	Paging cycle
	160ms

	Paging rate for a PO
	10%

	 Periodicity of search space for paging in case 2
	20ms


For RRC connected Case 2/Case3, the simulation assumptions is from TR 38.838 for XR traffic, and shown below

Table 7: Evaluation assumptions for RRC connected Case2/ 3

	Scenario
	Dense urban

	Layout
	21 cells with wraparound, ISD: 200m

	UE number
	3 UE/Cell

	Carrier frequency
	FR1: 4 GHz

	Subcarrier spacing
	FR1: 30 kHz 

	BS height
	25m

	UE height
	hUT=1.5 m

	BS noise figure
	FR1: 5 dB

	UE noise figure
	FR1: 9 dB

	UE speed
	3 km/h

	MCS
	Up to 256QAM

	BS antenna configuration
	FR1,DU/UMa,32TxRU, (8,2,2,1,1:8,2)

	UE antenna configuration
	FR1,2T4R,(1,2,2,1,1,:1,2)

	Traffic model
	VR/AR 45Mbps 60FPS

	Power model
	Refer to 38.840, and relative energy for LP WUS monitoring per slot is 1.

	Candidate PDCCH skipping durations
	8/10ms
Note: No C-DRX is configured for PDCCH skipping.

	CDRX configuration
	Periodicity pattern: 16ms-17ms-17ms

On duration length: 12ms

Inactivity timer: 4ms


For Case 4, the simulation assumptions is from TR 38.840, and shown below

Table 8: evaluation assumptions for Case 4
	Parameter
	Values

	Subcarrier spacing
	30 kHz

	FR
	FR1

	System bandwidth
	100MHz

	Capable of carrying information bits per slot
	868584

	Link Adaptation(MCS select)
	Off

	TDD
	All DL slot

	Retransmission
	Off

	UE number
	1 user

	Traffic Model
	FTP model 3

	Inter arrival rate
	200ms

	Packet size
	0.1MByte

	Packets number
	10000

	Power model
	Refer to 38.840, and relative energy for LP WUS monitoring per slot is 1.

	Awake duration if PDCCH is detected
	2ms

	CDRX configuration
	DRX cycle(ms)
	160

	
	Inactivity timer(ms)
	100

	
	On duration(ms)
	8


The agreements in R1#110b e-meeting for LP WUS evaluations are the following,

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.
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t
LP WUS
UE monitor LP WUS by always on manner or periodically
UE monitor the nearest search space for paging DCI after awake
Wake up delay for main radio
Periodical search space for paging, no legacy DRX cycle nor PO/PF defined



t
LP WUS
LP-WUR on
LP-WUR off
Main ratio
(sleep-->awake)
SSB burst
2ms
20ms
20ms
SSB burst
2ms
SSB burst
2ms
0~100ms
l ms
PO
4ms
n ms
t
LP WUS
LP-WUR on
LP-WUR off
Main ratio
(sleep-->awake)
SSB burst
2ms
20ms
20ms
SSB burst
2ms
SSB burst
2ms
0~100ms
l ms
PO
4ms
m ms
...
PO of target UE
Case 1
Case 2
t
LP WUS
Main ratio
(deep sleep-->awake)
SSB burst
2ms
20ms
20ms
SSB burst
2ms
SSB burst
2ms
20ms
l ms
4ms
baseline1
Main ratio
(light sleep)
Main ratio
(light sleep
-->awake)
Main ratio
(light sleep
-->awake)
Main ratio
(light sleep
-->awake)
MR
(light sleep
-->awake)
Main ratio
(light sleep
-->awake)
（1）Low SINR
PO of target UE
n ms
t
Main ratio
(deep sleep-->awake)
SSB burst
2ms
PEI
20ms
4ms
n ms
baseline2
t
Main ratio
(deep sleep-->awake)
SSB burst
2ms
PEI
20ms
4ms
n ms
20ms
SSB burst
2ms
SSB burst
2ms
4ms
Main ratio
(light sleep
-->awake)
PO of target UE
n ms
No paging
Paging
Main ratio
(awake sleep-->deep)



t
LP WUS
LP-WUR on
LP-WUR off
Main ratio
(sleep-->awake)
SSB burst
2ms
20ms
SSB burst
2ms
0~100ms
l ms
PO
4ms
n ms
t
LP WUS
LP-WUR on
LP-WUR off
Main ratio
(sleep-->awake)
SSB burst
2ms
20ms
SSB burst
2ms
0~100ms
l ms
PO
4ms
m ms
...
PO of target UE
Case 1
Case 2
t
LP WUS
Main ratio
(deep sleep-->awake)
SSB burst
2ms
20ms
SSB burst
2ms
20ms
l ms
4ms
baseline1
Main ratio
(light sleep)
Main ratio
(light sleep
-->awake)
MR
(light sleep
-->awake)
（2）Medium SINR
PO of target UE
n ms
t
Main ratio
(deep sleep-->awake)
SSB burst
2ms
PEI
20ms
4ms
n ms
baseline2
t
Main ratio
(deep sleep-->awake)
SSB burst
2ms
PEI
20ms
4ms
n ms
SSB burst
2ms
4ms
PO of target UE
n ms
No paging
Paging
Main ratio
(awake sleep-->deep)



t
LP WUS
LP-WUR on
LP-WUR off
Main ratio
(sleep-->awake)
SSB burst
2ms
0~100ms
l ms
PO
1ms
n ms
t
LP WUS
LP-WUR on
LP-WUR off
Main ratio
(sleep-->awake)
SSB burst
2ms
0~100ms
l ms
PO
1ms
m ms
...
PO of target UE
Case 1
Case 2
t
LP WUS
Main ratio
(deep sleep-->awake)
SSB burst
2ms
20ms
l ms
1ms
baseline1
（2）High SINR
PO of target UE
n ms
t
Main ratio
(deep sleep-->awake)
SSB burst
2ms
PEI
20ms
1ms
n ms
baseline2
t
Main ratio
(deep sleep-->awake)
SSB burst
2ms
PEI
20ms
1ms
1ms
PO of target UE
No paging
Paging
Main ratio
(awake sleep-->deep)
20ms



t
PDCCH skipping duration
PDCCH monitoring
LP WUS indicates wake up
Duration
ends
LP WUS monitoring
traffic arrive
PDCCH skipping duration



t
LP WUS
PO
PO of target UE
UE monitor its PO after awake
Wake up delay for main radio



