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Introduction
In RAN1#111, performance metrics, traffic model and power model on evaluation for lower power wake-up signal were discussed, and the following agreements were made [1].
Update the agreement in RAN1#110bis-E as follows,
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/detect] 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

	FFS: UPT
	FFS 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.
In this contribution, we provide initial evaluation results on low power WUS.
Power consumption evaluation
Evaluation Assumptions
In this section, some evaluation results on power consumption and latency are provided, we consider the following assumptions and the power models.
Table 1: UE Power Consumption Model for Main Radio and LP-WUR
	Main Radio

	Power State 
	Characteristics 
	Relative Power

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Ultra-deep sleep
	Power state for main radio of UEs with LP-WUS receiver.
	0.015

	Deep Sleep 
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained. 
	1

	Light Sleep 
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep 
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state 
	45

	PDCCH-only 
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or CSI-RS proc. 
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS. 
	100

	PDCCH + PDSCH 
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300

	LP-WUR

	Power State 
	Characteristics 
	Relative Power

	LP-WUR ‘off’
	The LP-WUR does not perform monitoring.
	0.001

	LP-WUR ‘on’
	The LP-WUR performs monitoring.
	0.01/0.05/0.1/0.5/1/2/4


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
	25000(1)
	[400ms] (2)

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms*

	(1) Ramp-down and ramp-up without sync/re-sync transition energy. 
(2) The total time for main radio transition from ultra-deep sleep to active/micro sleep state is the ramp-up time. Energy consumption for sync/re-sync is separately calculated.
* Immediate transition is assumed for power saving study purpose from or to a non-sleep state.


Table 3: Simulation assumptions (based TR 38.840)
	Parameter
	Values

	Frequency
	4GHz

	Subcarrier spacing
	15 kHz

	System bandwidth
	100MHz

	Link Adaptation (MCS select)
	Off

	Retransmission
	Off

	i-DRX cycle length
	1.28(s)

	Number of POs in Paging Frame
	1

	Number of SSB before PO / PEI
	1, 2,  3, (used for e.g., AGC adjustment, T/F tracking, serving cell and intra-F measurement)

	Number of SSBs for sync/re-sync for MR
	2/4/6

	LP-WUS monitoring
	Option1: Continuously monitoring
Option2: Discontinuously monitoring, with [64] ms as the period for complete an on-and-off cycle, and [64] ms as the active time for monitoring LP-WUS every cycle. And ramp-up time is 10ms.

	Traffic model
	Y
	1.28s

	
	Per UE paging rate RE
	1% within duration Y

	
	The mean arrival time P
	P = Y/RE = 128s

	
	The number of UEs in the group
	10

	
	Per group paging probability RG
	RG = 1 – (1 – RE)N=9.56%

	LP-WUS duration
	1ms

	LP-WUS monitoring duty cycle
	128ms

	The miss-detection rate (MDR) of LP-WUS
	1%

	The false-alarm rate (FAR) of LP-WUS
	0.1%


Evaluation Results
· 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_LINK5][bookmark: OLE_LINK6]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).
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”.

Conclusion
In this contribution, we provide some power consumption evaluation results. We have following observations and proposals:
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”.
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