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Introduction
In RAN1#113, the following agreements of the evaluation on low power WUS have been made [1].
	Agreement
Use the same channel specific assumptions as defined in TR38.830 for reference PUSCH for message3, i.e.,
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

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

	Waveform 
	DFT-s-OFDM

	SCS
	30kHz for TDD, 15kHz for FDD.

	HARQ configuration
	Whether HARQ is adopted is reported by companies. 

	PUSCH duration	
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.


Agreement
For reference setting for further study on LP-SS performance and resource overhead (including sync and/or measurement), companies to report the following used in their evaluations
· the number of slots or symbols per period
· the periodicty
· the functionality of the LP-SS 
Agreement
----------------------------TP start for TR38.869 v0.1.0-------------------------------------------
6.3.2	Power model for LP-WUR (LR)
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[1]
	0.001 / 
0.02/ 
 1% of ON Power value 0.1/0.2/0.3, only for 10/20/30, for 0.1, [oscillator option 3/4] are not used for envelope detection based receiver
	[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[2]
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30
· FFS: If other values are needed
	
	


· FFS: whether further categorization/sub-categorization is needed and how.
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· For evaluation, 10/20/30 for LP-WUR ON power state are not used for envelope detection based receiver for LP-WUS monitoring.
· For evaluation, 10/20/30 for LP-WUR ON power state are used for OFDM receiver when noise figure is less than [MR noise figure + 2.5dB], [0.2/0.5/1/2/4] for LP-WUS can be assumed for other NF values larger than [MR noise figure + 2.5dB]
· FFS: LP-WUR power consumption values for FR2.
· Note1: A unit of power is defined to be the same for main receiver and LP-WUS receiver.
· Note2: the values provided 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)
· Note4: 
· For WUR Off value 0.001, oscillator option 1, 2, 3, 4 are not assumed and only RTC is maintained; 
· [For WUR Off value 0.02, only oscillator option 1, 2 can be assumed and only RTC can beis maintained; ]
· [For other WUR Off value, oscillator option 1,2,3,4 can be assumed.]
· Note5: Up to companies to report whether same or different values are assumed for WUS monitoring and time/frequency synchronization. 
----------------------------TP End-------------------------------------------
Agreement
Confirm the following WA with the following changes
Working Assumption
The following for usage of the clock is assumed for LP-WUR OFF/ON
	Assumption on LP-WUR OFF power
	Assumptions on the clock usage

	0.001
	When LP-WUR is OFF
· Time offset cumulated in the off period cannot be calculated based on the parameters of the oscillator option 1/2/3/4. RTC should be used(Only RTC is running during sleep.)
When LP-WUR is ON, frequency offset and time offset calculation can follow the parameters of the oscillator option 1/2/3/4 [Note2] (cumulating based on the frequency drift and not exceed maximum frequency error)
· The initial frequency offset when LP-WUR switches on can be set to the [FFS: maximum frequency error or a random value within the maximum frequency error] following the parameters of the oscillator option 1/2/3/4[Note2].
· When LP-WUR is synced with LP-SS/SSB or MR is used to assist to calibrate LP-WUR to correct the time/frequency error, residual frequency error Fr is assumed at the time when the synchronization/calibration is done.

	TBD: value(s)
>0.001
	For both LP-WUR OFF and ON
· Time offset cumulated in the off period can be calculated based on the parameter of the oscillator option 1/2 or option 3/4[Note2]. RTC can be used too. 
· Frequency offset calculation can follow the parameter of the oscillator option 1/2 or option 3/4[Note2] (cumulating based on the second value in the value pair and not exceed maximum frequency error). 
When at the time point after LP-WUR is synced with LP-SS/SSB or if MR can assist to calibrate LP-WUR to correct the frequency error
· Frequency offset is the Fr, which is residual frequency error from previous synchronization/calibration


[Note1: Any additional LO/FLL/PLL could start running during LP-WUR On duration. The power consumption of any of those LO/FLL/PLL is captured in LP-WUR On power]
FFS: Note2: option 3/4 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD2, option 1/2 can only be assumed when LP-WUR ON power value and LP-WUR OFF power value>=TBD1
Note3: The clock error (of both RTC and LO) could be improved to be less than max ppm error of option 1,2,3,4 with clock calibation based on sync signal such as LP-SS or preamble.
Agreement
Observations:
	For RRM with duty-cycled LP-WUS monitoring, the following observations are made with the assumption that 
· MR in ultra-deep sleep
· Effective per UE paging arrival rate <=1% 
· LP-WUR duty cycle ratio <=2%
· MR ramp-up time/transition energy option 1 (i.e., 400ms, 15000)
· RRM relaxation is assumed for both serving and neighbouring cells
Compared with i-DRX, LP-WUS operation with
· No RRM relaxed
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([-301%~-569%]) 
· MR relaxed < 8 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([-10%~7%)) 
· 8 times<= MR relaxed <=16 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([31%~60%]) 
· RRM relaxed > 16 times
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([60~92%]) 
· RRM offload RRM to LR
· Compared with i-DRX with and without PEI, LP-WUS provide mean power saving gain ([76%~92%]) 
Note: The ‘Effective per UE paging arrival rate’ is defined as (without taking FAR into account)
· Per UE paging probability RE if LP-WUS is per UE paging
· Per group paging probability RG = 1 – (1 – RE)N, if LP-WUS is per group paging (N is the number of UEs in the group)


There will be another observation for continuous monitoring case


In this contribution, we provide some evaluation results and analysis 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.
	0.001/0.02/0.1

	LP-WUR ‘on’
	The LP-WUR performs monitoring.
	0.01/0.05/0.1/0.2/0.5/1/2/4/10/20/30


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
	15000(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)

	Duty Cycle
(128ms, 50%)
	(1) On state
	64
(Transition time = 10ms)
	0.5
	64 * 0.5 + 2.495 Transition Energy = 34.495

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

	
	(3) cycle of (1)&(2)
	10 times
	34.495+0.064 = 34.559
	34.559 * 10 = 345.59

	Duty Cycle
(128ms, 0.9375%)
	(1) On state
	1
(Transition time = 10ms)
	0.5
	1 * 0.5 + 2.495 Transition Energy = 2.995

	
	(2) Off state
	127
	0.001
	127*0.001 = 0.127

	
	(3) cycle of (1)&(2)
	10 times
	2.995 + 0.127 = 3.122
	3.122 * 10 = 31.22

	Duty Cycle
(128ms, 50%)
	Total
	
	19.2MR + 345.59LP-WUR = 364.79

	
	Average power consumption
	364.79 / 1280 = 0.2850

	Duty Cycle
(128ms, 0.9375%)
	Total
	
	19.2MR + 31.22LP-WUR = 50.42

	
	Average power consumption
	50.42 / 1280 = 0.0394

	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 + 15000 Transition Energy = 15017.19

	Total (continuously monitoring)
	1280
	-
	21977.19MR + 640LP-WUR = 22617.19

	Average power consumption = Total Energy / Length of I-DRX cycle
	22617.19 / 1280 = 17.6697

	Duty Cycle
(128ms, 50%)
	Total (duty cycle monitoring)
	21977.19MR + 345.59LP-WUR = 22322.78

	
	Average power consumption 
	22322.78 / 1280 = 17.4397

	Duty Cycle
(128ms, 0.9375%)
	Total (duty cycle monitoring)
	21977.19MR + 31.22LP-WUR = 22008.41

	
	Average power consumption
	22063.3 / 1280 = 17.1941

	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 + 15000 Transition Energy = 15017.79

	Total (continuously monitoring)
	1280
	-
	20657.79MR + 640LP-WUR = 21297.79

	Average power consumption = Total Energy / Length of I-DRX cycle
	21297.79 / 1280 = 16.6389

	Duty Cycle
(128ms, 50%)
	Total (duty cycle monitoring)
	20657.79MR + 345.59LP-WUR = 21003.38

	
	Average power consumption 
	21003.38 / 1280 = 16.4089

	Duty Cycle
(128ms, 0.9375%)
	Total (duty cycle monitoring)
	20657.79MR + 31.22LP-WUR = 20689.01

	
	Average power consumption
	20743.9 / 1280 = 16.1633

	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 + 15000 Transition Energy = 15018.39

	Total (continuously monitoring)
	1280
	-
	19338.39MR + 640LP-WUR = 19978.39

	Average power consumption = Total Energy / Length of I-DRX cycle
	19978.39 / 1280 = 15.6082

	Duty Cycle
(128ms, 50%)
	Total (duty cycle monitoring)
	19338.39MR + 345.59LP-WUR = 19683.98

	
	Average power consumption 
	19683.98 / 1280 = 15.3781

	Duty Cycle
(128ms, 0.9375%)
	Total (duty cycle monitoring)
	19338.39MR + 31.22LP-WUR = 19370.61

	
	Average power consumption
	19424.5 / 1280 = 15.1333


MR performs measurement every 5 IDRX cycles
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 “duty cycle” manner. We assume the length of “duty cycle” is 128ms, i.e. there are 10 cycles in one paging cycle. In this contribution, we evaluate the power consumption at the assumption of “LP-WUS duty cycle ration” with 50% and 0.78%. We assume RRM measurement performed by “LR+MR”, the measurement period of MR is 6400ms, i.e. MR performs measurement every 5 IDRX cycles, and the measurement period of LR is 1280ms. The RRM measurement period of PEI is 1280ms.
Table 5: Power Saving Gain of LP-WUS compared to DRX with PEI (Per UE Paging) 
Additional transition energy from ultra-deep sleep is 15000
	DRX settings
	SINR
	Paging Rate
(Per UE)
	Scheme
	Relative Power for LP-WUR on
	Average power
(Relative Power of LP-WUR off)
	PS gain (%)
(Relative Power of LP-WUR off)

	
	
	
	
	
	0.001
	0.02
	0.1
	0.001
	0.02
	0.1

	

I-DRX = 1.28s
(107 Cycle)
(FAR = 0.1%)
	Low
	1%
	Rel-17 UE with PEI
	-
	3.3806

	
	
	
	LP-WUR continuously monitoring
	0.01
	2.8425
	2.8424
	2.8424
	15.9195
	15.9222
	15.9207

	
	
	
	
	0.05
	2.8825
	2.8824
	2.8824
	14.7363
	14.7390
	14.7375

	
	
	
	
	0.1
	2.9325
	2.9324
	2.9324
	13.2573
	13.2600
	13.2585

	
	
	
	
	0.2
	3.0325
	3.0324
	3.0324
	10.2992
	10.3020
	10.3005

	
	
	
	
	0.5
	3.3325
	3.3324
	3.3324
	1.4252
	1.4279
	1.4264

	
	
	
	
	1
	3.8325
	3.8324
	3.8324
	-13.3650
	-13.3622
	-13.3637

	
	
	
	
	2
	4.8325
	4.8324
	4.8324
	-42.9452
	-42.9425
	-42.9439

	
	
	
	
	4
	6.8325
	6.8324
	6.8324
	-102.1056
	-102.1031
	-102.1044

	
	
	
	
	10
	12.8325
	12.8324
	12.8324
	-279.5870
	-279.5849
	-279.5859

	
	
	
	
	20
	22.8325
	22.8324
	22.8324
	-575.3892
	-575.3878
	-575.3882

	
	
	
	
	30
	32.8325
	32.8324
	32.8324
	-871.1914
	-871.1907
	-871.1906

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	2.8382
	2.8469
	2.8839
	16.0443
	15.7878
	14.6936

	
	
	
	
	0.05
	2.8598
	2.8685
	2.9055
	15.4065
	15.1500
	14.0558

	
	
	
	
	0.1
	2.8867
	2.8954
	2.9324
	14.6092
	14.3527
	13.2585

	
	
	
	
	0.2
	2.9407
	2.9493
	2.9863
	13.0147
	12.7581
	11.6639

	
	
	
	
	0.5
	3.1024
	3.1110
	3.1480
	8.2310
	7.9744
	6.8803

	
	
	
	
	1
	3.3719
	3.3806
	3.4176
	0.2582
	0.0016
	-1.0925

	
	
	
	
	2
	3.9110
	3.9196
	3.9566
	-15.6874
	-15.9440
	-17.0381

	
	
	
	
	4
	4.9891
	4.9978
	5.0348
	-47.5786
	-47.8352
	-48.9293

	
	
	
	
	10
	8.2235
	8.2321
	8.2691
	-143.2522
	-143.5089
	-144.6029

	
	
	
	
	20
	13.6141
	13.6228
	13.6598
	-302.7083
	-302.9650
	-304.0589

	
	
	
	
	30
	19.0047
	19.0134
	19.0504
	-462.1643
	-462.4212
	-463.5149

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	2.8339
	2.8519
	2.9281
	16.1732
	15.6403
	13.3870

	
	
	
	
	0.05
	2.8358
	2.8538
	2.9299
	16.1178
	15.5848
	13.3315

	
	
	
	
	0.1
	2.8381
	2.8561
	2.9323
	16.0484
	15.5155
	13.2622

	
	
	
	
	0.2
	2.8428
	2.8608
	2.9370
	15.9098
	15.3769
	13.1235

	
	
	
	
	0.5
	2.8568
	2.8749
	2.9510
	15.4938
	14.9609
	12.7076

	
	
	
	
	1
	2.8803
	2.8983
	2.9745
	14.8005
	14.2676
	12.0143

	
	
	
	
	2
	2.9272
	2.9452
	3.0213
	13.4139
	12.8810
	10.6277

	
	
	
	
	4
	3.0209
	3.0389
	3.1151
	10.6408
	10.1079
	7.8546

	
	
	
	
	10
	3.3022
	3.3202
	3.3963
	2.3214
	1.7884
	-0.4649

	
	
	
	
	20
	3.7709
	3.7889
	3.8651
	-11.5444
	-12.0773
	-14.3307

	
	
	
	
	30
	4.2397
	4.2577
	4.3338
	-25.4101
	-25.9431
	-28.1964

	
	Medium
	
	Rel-17 UE with PEI
	-
	3.3768
	
	
	-
	
	

	
	
	
	LP-WUR continuously monitoring
	0.01
	2.8311
	2.8310
	2.8311
	16.1608
	16.1632
	16.1620

	
	
	
	
	0.05
	2.8711
	2.8710
	2.8711
	14.9762
	14.9787
	14.9774

	
	
	
	
	0.1
	2.9211
	2.9210
	2.9211
	13.4956
	13.4980
	13.4968

	
	
	
	
	0.2
	3.0211
	3.0210
	3.0211
	10.5342
	10.5367
	10.5354

	
	
	
	
	0.5
	3.3211
	3.3210
	3.3211
	1.6502
	1.6526
	1.6513

	
	
	
	
	1
	3.8211
	3.8210
	3.8211
	-13.1566
	-13.1542
	-13.1554

	
	
	
	
	2
	4.8211
	4.8210
	4.8211
	-42.7701
	-42.7677
	-42.7689

	
	
	
	
	4
	6.8211
	6.8210
	6.8211
	-101.9971
	-101.9948
	-101.9960

	
	
	
	
	10
	12.8211
	12.8210
	12.8211
	-279.6782
	-279.6760
	-279.6771

	
	
	
	
	20
	22.8211
	22.8210
	22.8211
	-575.8133
	-575.8113
	-575.8122

	
	
	
	
	30
	32.8211
	32.8210
	32.8211
	-871.9485
	-871.9467
	-871.9474

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	2.8269
	2.8356
	2.8726
	16.2857
	16.0287
	14.9335

	
	
	
	
	0.05
	2.8485
	2.8571
	2.8941
	15.6471
	15.3902
	14.2949

	
	
	
	
	0.1
	2.8754
	2.8841
	2.9211
	14.8489
	14.5920
	13.4968

	
	
	
	
	0.2
	2.9293
	2.9380
	2.9750
	13.2526
	12.9957
	11.9004

	
	
	
	
	0.5
	3.0910
	3.0997
	3.1367
	8.4635
	8.2066
	7.1113

	
	
	
	
	1
	3.3606
	3.3692
	3.4062
	0.4818
	0.2248
	-0.8704

	
	
	
	
	2
	3.8996
	3.9083
	3.9453
	-15.4818
	-15.7387
	-16.8340

	
	
	
	
	4
	4.9778
	4.9864
	5.0234
	-47.4088
	-47.6658
	-48.7610

	
	
	
	
	10
	8.2121
	8.2208
	8.2578
	-143.1901
	-143.4471
	-144.5423

	
	
	
	
	20
	13.6028
	13.6114
	13.6484
	-302.8255
	-303.0825
	-304.1776

	
	
	
	
	30
	18.9934
	19.0021
	19.0390
	-462.4608
	-462.7179
	-463.8130

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	2.8225
	2.8406
	2.9167
	16.4148
	15.8810
	13.6252

	
	
	
	
	0.05
	2.8244
	2.8424
	2.9186
	16.3593
	15.8255
	13.5697

	
	
	
	
	0.1
	2.8268
	2.8448
	2.9210
	16.2899
	15.7560
	13.5002

	
	
	
	
	0.2
	2.8314
	2.8495
	2.9256
	16.1511
	15.6172
	13.3614

	
	
	
	
	0.5
	2.8455
	2.8635
	2.9397
	15.7346
	15.2008
	12.9450

	
	
	
	
	1
	2.8689
	2.8870
	2.9631
	15.0406
	14.5067
	12.2509

	
	
	
	
	2
	2.9158
	2.9338
	3.0100
	13.6524
	13.1186
	10.8628

	
	
	
	
	4
	3.0096
	3.0276
	3.1038
	10.8762
	10.3423
	8.0865

	
	
	
	
	10
	3.2908
	3.3088
	3.3850
	2.5474
	2.0135
	-0.2423

	
	
	
	
	20
	3.7596
	3.7776
	3.8538
	-11.3340
	-11.8678
	-14.1236

	
	
	
	
	30
	4.2283
	4.2463
	4.3225
	-25.2153
	-25.7492
	-28.0050

	
	High
	
	Rel-17 UE with PEI
	-
	3.3720
	
	
	-
	
	

	
	
	
	LP-WUR continuously monitoring
	0.01
	2.8198
	2.8197
	2.8197
	16.3766
	16.3788
	16.3778

	
	
	
	
	0.05
	2.8598
	2.8597
	2.8597
	15.1904
	15.1926
	15.1915

	
	
	
	
	0.1
	2.9098
	2.9097
	2.9097
	13.7076
	13.7098
	13.7087

	
	
	
	
	0.2
	3.0098
	3.0097
	3.0097
	10.7420
	10.7441
	10.7431

	
	
	
	
	0.5
	3.3098
	3.3097
	3.3097
	1.8451
	1.8473
	1.8463

	
	
	
	
	1
	3.8098
	3.8097
	3.8097
	-12.9829
	-12.9807
	-12.9818

	
	
	
	
	2
	4.8098
	4.8097
	4.8097
	-42.6390
	-42.6368
	-42.6379

	
	
	
	
	4
	6.8098
	6.8097
	6.8097
	-101.9512
	-101.9489
	-101.9500

	
	
	
	
	10
	12.8098
	12.8097
	12.8097
	-279.8878
	-279.8853
	-279.8866

	
	
	
	
	20
	22.8098
	22.8097
	22.8097
	-576.4488
	-576.4459
	-576.4475

	
	
	
	
	30
	32.8098
	32.8097
	32.8097
	-873.0098
	-873.0065
	-873.0084

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	2.8156
	2.8242
	2.8612
	16.5016
	16.2442
	15.1475

	
	
	
	
	0.05
	2.8371
	2.8458
	2.8828
	15.8621
	15.6047
	14.5080

	
	
	
	
	0.1
	2.8641
	2.8728
	2.9097
	15.0628
	14.8054
	13.7087

	
	
	
	
	0.2
	2.9180
	2.9267
	2.9636
	13.4642
	13.2068
	12.1101

	
	
	
	
	0.5
	3.0797
	3.0884
	3.1254
	8.6682
	8.4108
	7.3141

	
	
	
	
	1
	3.3492
	3.3579
	3.3949
	0.6750
	0.4176
	-0.6791

	
	
	
	
	2
	3.8883
	3.8970
	3.9340
	-15.3115
	-15.5689
	-16.6656

	
	
	
	
	4
	4.9664
	4.9751
	5.0121
	-47.2845
	-47.5419
	-48.6386

	
	
	
	
	10
	8.2008
	8.2095
	8.2465
	-143.2034
	-143.4607
	-144.5575

	
	
	
	
	20
	13.5914
	13.6001
	13.6371
	-303.0682
	-303.3255
	-304.4224

	
	
	
	
	30
	18.9820
	18.9907
	19.0277
	-462.9331
	-463.1903
	-464.2872

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	2.8112
	2.8292
	2.9054
	16.6310
	16.0961
	13.8371

	
	
	
	
	0.05
	2.8131
	2.8311
	2.9073
	16.5754
	16.0405
	13.7815

	
	
	
	
	0.1
	2.8154
	2.8335
	2.9096
	16.5059
	15.9710
	13.7120

	
	
	
	
	0.2
	2.8201
	2.8381
	2.9143
	16.3669
	15.8320
	13.5730

	
	
	
	
	0.5
	2.8342
	2.8522
	2.9284
	15.9499
	15.4150
	13.1560

	
	
	
	
	1
	2.8576
	2.8756
	2.9518
	15.2548
	14.7199
	12.4609

	
	
	
	
	2
	2.9045
	2.9225
	2.9987
	13.8647
	13.3298
	11.0708

	
	
	
	
	4
	2.9982
	3.0163
	3.0924
	11.0844
	10.5495
	8.2905

	
	
	
	
	10
	3.2795
	3.2975
	3.3737
	2.7436
	2.2088
	-0.0502

	
	
	
	
	20
	3.7482
	3.7663
	3.8424
	-11.1577
	-11.6925
	-13.9515

	
	
	
	
	30
	4.2170
	4.2350
	4.3112
	-25.0590
	-25.5938
	-27.8528


Observation 1: Under the assumption of RRM measurement performed by “LR+MR”, while the measurement period of MR is 6400ms, and the measurement period of LR is 1280ms. When compared with legacy measurement period is 1280ms. For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per UE= 1% and per UE paging. [Relative Power for LP-WUR off is 0.001]
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5, LP-WUR monitor LP-WUS under “continuously monitoring” manner can have 1.43%~15.92% power saving gain, while have 1.65%~16.16% power saving gain under Medium SINR case, and have 1.84%~16.37% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 1/2/4/10/20/30, LP-WUR monitor LP-WUS under “continuously monitoring” manner have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% can have 0.26%~16.04% power saving gain under Low SINR case, while have 0.48%~16.28% power saving gain under Medium SINR case, and have 0.67%~16.50% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· 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 2/4/10/20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1/4/10, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 0.78% can have 2.32%~16.17% power saving gain under Low SINR case, while have 2.54%~16.41% power saving gain under Medium SINR case, and have 2.74%~16.63% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 0.78% have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
Observation 2: Relative Power of LP-WUR off takes small influence on power saving gain of LP-WUS.

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 15000
Relative Power for LP-WUR off is 0.001
	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
	-
	3.4267
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	4.1455
	-20.9775

	
	
	
	
	0.05
	4.1855
	-22.1448

	
	
	
	
	0.1
	4.2355
	-23.6039

	
	
	
	
	0.2
	4.3355
	-26.5221

	
	
	
	
	0.5
	4.6355
	-35.2769

	
	
	
	
	1
	5.1355
	-49.8682

	
	
	
	
	2
	6.1355
	-79.0507

	
	
	
	
	4
	8.1355
	-137.4157

	
	
	
	
	10
	14.1355
	-312.5109

	
	
	
	
	20
	24.1355
	-604.3362

	
	
	
	
	30
	34.1355
	-896.1615

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	4.1414
	-20.8564

	
	
	
	
	0.05
	4.1630
	-21.4856

	
	
	
	
	0.1
	4.1899
	-22.2722

	
	
	
	
	0.2
	4.2438
	-23.8453

	
	
	
	
	0.5
	4.4055
	-28.5647

	
	
	
	
	1
	4.6751
	-36.4303

	
	
	
	
	2
	5.2141
	-52.1615

	
	
	
	
	4
	6.2923
	-83.6239

	
	
	
	
	10
	9.5266
	-178.0111

	
	
	
	
	20
	14.9173
	-335.3232

	
	
	
	
	30
	20.3079
	-492.6353

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	4.1372
	-20.7341

	
	
	
	
	0.05
	4.1391
	-20.7888

	
	
	
	
	0.1
	4.1414
	-20.8572

	
	
	
	
	0.2
	4.1461
	-20.9940

	
	
	
	
	0.5
	4.1602
	-21.4044

	
	
	
	
	1
	4.1836
	-22.0884

	
	
	
	
	2
	4.2305
	-23.4563

	
	
	
	
	4
	4.3242
	-26.1922

	
	
	
	
	10
	4.6055
	-34.3997

	
	
	
	
	20
	5.0742
	-48.0790

	
	
	
	
	30
	5.5430
	-61.7583

	
	Medium
	
	Rel-17 UE with PEI
	-
	3.3919
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	4.0415
	-19.1538

	
	
	
	
	0.05
	4.0815
	-20.3331

	
	
	
	
	0.1
	4.1315
	-21.8073

	
	
	
	
	0.2
	4.2315
	-24.7555

	
	
	
	
	0.5
	4.5315
	-33.6002

	
	
	
	
	1
	5.0315
	-48.3413

	
	
	
	
	2
	6.0315
	-77.8236

	
	
	
	
	4
	8.0315
	-136.7882

	
	
	
	
	10
	14.0315
	-313.6820

	
	
	
	
	20
	24.0315
	-608.5049

	
	
	
	
	30
	34.0315
	-903.3279

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	4.0374
	-19.0315

	
	
	
	
	0.05
	4.0590
	-19.6673

	
	
	
	
	0.1
	4.0859
	-20.4619

	
	
	
	
	0.2
	4.1398
	-22.0512

	
	
	
	
	0.5
	4.3015
	-26.8190

	
	
	
	
	1
	4.5711
	-34.7654

	
	
	
	
	2
	5.1101
	-50.6582

	
	
	
	
	4
	6.1883
	-82.4438

	
	
	
	
	10
	9.4226
	-177.8006

	
	
	
	
	20
	14.8133
	-336.7286

	
	
	
	
	30
	20.2039
	-495.6566

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	4.0332
	-18.9079

	
	
	
	
	0.05
	4.0351
	-18.9632

	
	
	
	
	0.1
	4.0374
	-19.0323

	
	
	
	
	0.2
	4.0421
	-19.1705

	
	
	
	
	0.5
	4.0562
	-19.5851

	
	
	
	
	1
	4.0796
	-20.2761

	
	
	
	
	2
	4.1265
	-21.6580

	
	
	
	
	4
	4.2202
	-24.4220

	
	
	
	
	10
	4.5015
	-32.7139

	
	
	
	
	20
	4.9702
	-46.5337

	
	
	
	
	30
	5.4390
	-60.3535

	
	High
	
	Rel-17 UE with PEI
	-
	3.3474
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	3.9375
	-17.6294

	
	
	
	
	0.05
	3.9775
	-18.8243

	
	
	
	
	0.1
	4.0275
	-20.3180

	
	
	
	
	0.2
	4.1275
	-23.3054

	
	
	
	
	0.5
	4.4275
	-32.2676

	
	
	
	
	1
	4.9275
	-47.2045

	
	
	
	
	2
	5.9275
	-77.0784

	
	
	
	
	4
	7.9275
	-136.8261

	
	
	
	
	10
	13.9275
	-316.0693

	
	
	
	
	20
	23.9275
	-614.8079

	
	
	
	
	30
	33.9275
	-913.5466

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	3.9334
	-17.5054

	
	
	
	
	0.05
	3.9549
	-18.1496

	
	
	
	
	0.1
	3.9819
	-18.9548

	
	
	
	
	0.2
	4.0358
	-20.5652

	
	
	
	
	0.5
	4.1975
	-25.3963

	
	
	
	
	1
	4.4671
	-33.4483

	
	
	
	
	2
	5.0061
	-49.5522

	
	
	
	
	4
	6.0842
	-81.7599

	
	
	
	
	10
	9.3186
	-178.3832

	
	
	
	
	20
	14.7092
	-339.4220

	
	
	
	
	30
	20.0999
	-500.4608

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	3.9292
	-17.3800

	
	
	
	
	0.05
	3.9311
	-17.4361

	
	
	
	
	0.1
	3.9334
	-17.5061

	
	
	
	
	0.2
	3.9381
	-17.6461

	
	
	
	
	0.5
	3.9522
	-18.0662

	
	
	
	
	1
	3.9756
	-18.7664

	
	
	
	
	2
	4.0225
	-20.1667

	
	
	
	
	4
	4.1162
	-22.9674

	
	
	
	
	10
	4.3975
	-31.3694

	
	
	
	
	20
	4.8662
	-45.3728

	
	
	
	
	30
	5.3350
	-59.3762


Observation 3: Under the assumption of RRM measurement performed by “LR+MR”, while the measurement period of MR is 6400ms, and the measurement period of LR is 1280ms. When compared with legacy measurement period is 1280ms. 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 under “continuously monitoring” and “duty cycle” manner both have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
Proposal 1: For I-DRX cycle, the different value of “additional transition energy from ultra-deep sleep” will cause different conclusion of whether LP-WUR has power saving gain compared to I-DRX with PEI or not. Prioritize the case ‘LP-WUR on state’ is smaller than 1.
Proposal 2: Both “continuously monitoring” and “discontinuously monitoring” manner should be further studied.
Observation 4: “LP-WUS duty cycle ration” will cause different power saving gain. Smaller “LP-WUS duty cycle ration” will have more power saving gain.
MR performs measurement every 16 IDRX cycles
We assume RRM measurement performed by “LR+MR”, the measurement period of MR is 20480ms, i.e. MR performs measurement every 16 IDRX cycles, and the measurement period of LR is 1280ms. The RRM measurement period of PEI is 1280ms.
Table 5: Power Saving Gain of LP-WUS compared to DRX with PEI (Per UE Paging) 
Additional transition energy from ultra-deep sleep is 15000
Relative Power for LP-WUR off is 0.001
	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
	-
	3.3806
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	1.0350
	69.3845

	
	
	
	
	0.05
	    1.0750
	   68.2012

	
	
	
	
	0.1
	    1.1250
	   66.7222

	
	
	
	
	0.2
	    1.2250
	   63.7642

	
	
	
	
	0.5
	    1.5250
	   54.8901

	
	
	
	
	1
	    2.0250
	   40.1000

	
	
	
	
	2
	    3.0250
	   10.5197

	
	
	
	
	4
	    5.0250
	  -48.6409

	
	
	
	
	10
	   11.0250
	 -226.1227

	
	
	
	
	20
	   21.0250
	 -521.9257

	
	
	
	
	30
	   31.0250
	 -817.7286

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	1.0307
	69.5125

	
	
	
	
	0.05
	1.0522
	68.8747

	
	
	
	
	0.1
	1.0792
	68.0774

	
	
	
	
	0.2
	1.1331
	66.4828

	
	
	
	
	0.5
	1.2948
	61.6991

	
	
	
	
	1
	1.5643
	53.7263

	
	
	
	
	2
	2.1034
	37.7807

	
	
	
	
	4
	3.1815
	5.8893

	
	
	
	
	10
	6.4159
	-89.7846

	
	
	
	
	20
	11.8065
	-249.2412

	
	
	
	
	30
	17.1972
	-408.6977

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	1.0264
	69.6382

	
	
	
	
	0.05
	1.0283
	69.5827

	
	
	
	
	0.1
	1.0306
	69.5134

	
	
	
	
	0.2
	1.0353
	69.3747

	
	
	
	
	0.5
	1.0494
	68.9588

	
	
	
	
	1
	1.0728
	68.2655

	
	
	
	
	2
	1.1197
	66.8789

	
	
	
	
	4
	1.2135
	64.1058

	
	
	
	
	10
	1.4947
	55.7863

	
	
	
	
	20
	1.9635
	41.9205

	
	
	
	
	30
	2.4322
	28.0548

	
	Medium
	
	Rel-17 UE with PEI
	-
	3.3768
	

	
	
	
	LP-WUR continuously monitoring
	0.01
	1.0237
	69.6855

	
	
	
	
	0.05
	1.0637
	68.5009

	
	
	
	
	0.1
	1.1137
	67.0203

	
	
	
	
	0.2
	1.2137
	64.0589

	
	
	
	
	0.5
	1.5137
	55.1749

	
	
	
	
	1
	2.0137
	40.3681

	
	
	
	
	2
	3.0137
	10.7546

	
	
	
	
	4
	5.0137
	-48.4725

	
	
	
	
	10
	11.0137
	-226.1537

	
	
	
	
	20
	21.0137
	-522.2891

	
	
	
	
	30
	31.0137
	-818.4245

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	1.0194
	69.8134

	
	
	
	
	0.05
	1.0409
	69.1748

	
	
	
	
	0.1
	1.0679
	68.3767

	
	
	
	
	0.2
	1.1218
	66.7803

	
	
	
	
	0.5
	1.2835
	61.9912

	
	
	
	
	1
	1.5530
	54.0095

	
	
	
	
	2
	2.0921
	38.0459

	
	
	
	
	4
	3.1702
	6.1188

	
	
	
	
	10
	6.4046
	-89.6626

	
	
	
	
	20
	11.7952
	-249.2981

	
	
	
	
	30
	17.1858
	-408.9337

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	1.0151
	69.9395

	
	
	
	
	0.05
	1.0170
	69.8840

	
	
	
	
	0.1
	1.0193
	69.8146

	
	
	
	
	0.2
	1.0240
	69.6758

	
	
	
	
	0.5
	1.0381
	69.2593

	
	
	
	
	1
	1.0615
	68.5653

	
	
	
	
	2
	1.1084
	67.1771

	
	
	
	
	4
	1.2021
	64.4009

	
	
	
	
	10
	1.4834
	56.0721

	
	
	
	
	20
	1.9521
	42.1907

	
	
	
	
	30
	2.4209
	28.3094

	
	High
	
	Rel-17 UE with PEI
	-
	3.3720
	

	
	
	
	LP-WUR continuously monitoring
	0.01
	1.0123
	69.9779

	
	
	
	
	0.05
	1.0523
	68.7916

	
	
	
	
	0.1
	1.1023
	67.3088

	
	
	
	
	0.2
	1.2023
	64.3432

	
	
	
	
	0.5
	1.5023
	55.4464

	
	
	
	
	1
	2.0023
	40.6184

	
	
	
	
	2
	3.0023
	10.9623

	
	
	
	
	4
	5.0023
	-48.3498

	
	
	
	
	10
	11.0023
	-226.2862

	
	
	
	
	20
	21.0023
	-522.8468

	
	
	
	
	30
	31.0023
	-819.4074

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	1.0080
	70.1056

	
	
	
	
	0.05
	1.0296
	69.4662

	
	
	
	
	0.1
	1.0566
	68.6669

	
	
	
	
	0.2
	1.1105
	67.0682

	
	
	
	
	0.5
	1.2722
	62.2723

	
	
	
	
	1
	1.5417
	54.2790

	
	
	
	
	2
	2.0808
	38.2926

	
	
	
	
	4
	3.1589
	6.3197

	
	
	
	
	10
	6.3933
	-89.5990

	
	
	
	
	20
	11.7839
	-249.4636

	
	
	
	
	30
	17.1745
	-409.3281

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	1.0038
	70.2323

	
	
	
	
	0.05
	1.0056
	70.1767

	
	
	
	
	0.1
	1.0080
	70.1072

	
	
	
	
	0.2
	1.0127
	69.9681

	
	
	
	
	0.5
	1.0267
	69.5511

	
	
	
	
	1
	1.0502
	68.8560

	
	
	
	
	2
	1.0970
	67.4659

	
	
	
	
	4
	1.1908
	64.6857

	
	
	
	
	10
	1.4720
	56.3449

	
	
	
	
	20
	1.9408
	42.4436

	
	
	
	
	30
	2.4095
	28.5423


Observation 5: Under the assumption of RRM measurement performed by “LR+MR”, while the measurement period of MR is 20480ms, and the measurement period of LR is 1280ms. When compared with legacy measurement period is 1280ms. 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 0.01/0.05/0.1/0.2/0.5/1/2, LP-WUR monitor LP-WUS under “continuously monitoring” manner can have 10.52%~69.38% power saving gain, while have 10.75%~69.69% power saving gain under Medium SINR case, and have 10.96%~69.98% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 4/10/20/30, LP-WUR monitor LP-WUS under “continuously monitoring” manner have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1/2/4, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% can have 5.88%~69.51% power saving gain under Low SINR case, while have 6.12%~69.81% power saving gain under Medium SINR case, and have 6.31%~70.11% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· 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 10/20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1/4/10/20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 0.78% can have 28.05%~69.64% power saving gain under Low SINR case, while have 28.31%~69.94% power saving gain under Medium SINR case, and have 28.54%~70.23% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
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 15000
Relative Power for LP-WUR off is 0.001
	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
	-
	3.4267
	-

	
	
	
	LP-WUR continuously monitoring
	0.01
	2.5023
	26.9757

	
	
	
	
	0.05
	2.5423
	25.8084

	
	
	
	
	0.1
	2.5923
	24.3493

	
	
	
	
	0.2
	2.6923
	21.4310

	
	
	
	
	0.5
	2.9923
	12.6762

	
	
	
	
	1
	3.4923
	-1.9150

	
	
	
	
	2
	4.4923
	-31.0976

	
	
	
	
	4
	6.4923
	-89.4627

	
	
	
	
	10
	12.4923
	-264.5580

	
	
	
	
	20
	22.4923
	-556.3836

	
	
	
	
	30
	32.4923
	-848.2091

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	2.4982
	27.0968

	
	
	
	
	0.05
	2.5197
	26.4675

	
	
	
	
	0.1
	2.5467
	25.6810

	
	
	
	
	0.2
	2.6006
	24.1078

	
	
	
	
	0.5
	2.7623
	19.3885

	
	
	
	
	1
	3.0319
	11.5229

	
	
	
	
	2
	3.5709
	-4.2084

	
	
	
	
	4
	4.6490
	-35.6708

	
	
	
	
	10
	7.8834
	-130.0581

	
	
	
	
	20
	13.2740
	-287.3704

	
	
	
	
	30
	18.6647
	-444.6826

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	2.4942
	27.2126

	
	
	
	
	0.05
	2.4961
	27.1579

	
	
	
	
	0.1
	2.4984
	27.0895

	
	
	
	
	0.2
	2.5031
	26.9527

	
	
	
	
	0.5
	2.5172
	26.5423

	
	
	
	
	1
	2.5406
	25.8584

	
	
	
	
	2
	2.5875
	24.4904

	
	
	
	
	4
	2.6812
	21.7546

	
	
	
	
	10
	2.9625
	13.5470

	
	
	
	
	20
	3.4312
	-0.1323

	
	
	
	
	30
	3.9000
	-13.8116

	
	Medium
	
	Rel-17 UE with PEI
	-
	3.3919
	

	
	
	
	LP-WUR continuously monitoring
	0.01
	2.3983
	29.2917

	
	
	
	
	0.05
	2.4383
	28.1124

	
	
	
	
	0.1
	2.4883
	26.6383

	
	
	
	
	0.2
	2.5883
	23.6901

	
	
	
	
	0.5
	2.8883
	14.8454

	
	
	
	
	1
	3.3883
	0.1043

	
	
	
	
	2
	4.3883
	-29.3780

	
	
	
	
	4
	6.3883
	-88.3427

	
	
	
	
	10
	12.3883
	-265.2365

	
	
	
	
	20
	22.3883
	-560.0595

	
	
	
	
	30
	32.3883
	-854.8826

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	2.3942
	29.4140

	
	
	
	
	0.05
	2.4157
	28.7783

	
	
	
	
	0.1
	2.4427
	27.9837

	
	
	
	
	0.2
	2.4966
	26.3944

	
	
	
	
	0.5
	2.6583
	21.6266

	
	
	
	
	1
	2.9279
	13.6802

	
	
	
	
	2
	3.4669
	-2.2126

	
	
	
	
	4
	4.5450
	-33.9982

	
	
	
	
	10
	7.7794
	-129.3551

	
	
	
	
	20
	13.1700
	-288.2831

	
	
	
	
	30
	18.5607
	-447.2112

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	2.3902
	29.5314

	
	
	
	
	0.05
	2.3921
	29.4761

	
	
	
	
	0.1
	2.3944
	29.4070

	
	
	
	
	0.2
	2.3991
	29.2688

	
	
	
	
	0.5
	2.4132
	28.8542

	
	
	
	
	1
	2.4366
	28.1632

	
	
	
	
	2
	2.4835
	26.7812

	
	
	
	
	4
	2.5772
	24.0173

	
	
	
	
	10
	2.8585
	15.7254

	
	
	
	
	20
	3.3272
	1.9055

	
	
	
	
	30
	3.7960
	-11.9143

	
	High
	
	Rel-17 UE with PEI
	-
	3.3474
	

	
	
	
	LP-WUR continuously monitoring
	0.01
	2.2943
	31.4595

	
	
	
	
	0.05
	2.3343
	30.2646

	
	
	
	
	0.1
	2.3843
	28.7709

	
	
	
	
	0.2
	2.4843
	25.7835

	
	
	
	
	0.5
	2.7843
	16.8213

	
	
	
	
	1
	3.2843
	1.8844

	
	
	
	
	2
	4.2843
	-27.9894

	
	
	
	
	4
	6.2843
	-87.7371

	
	
	
	
	10
	12.2843
	-266.9802

	
	
	
	
	20
	22.2843
	-565.7187

	
	
	
	
	30
	32.2843
	-864.4572

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 50%)
	0.01
	2.2902
	31.5834

	
	
	
	
	0.05
	2.3117
	30.9393

	
	
	
	
	0.1
	2.3387
	30.1341

	
	
	
	
	0.2
	2.3926
	28.5237

	
	
	
	
	0.5
	2.5543
	23.6925

	
	
	
	
	1
	2.8239
	15.6406

	
	
	
	
	2
	3.3629
	-0.4633

	
	
	
	
	4
	4.4410
	-32.6710

	
	
	
	
	10
	7.6754
	-129.2942

	
	
	
	
	20
	13.0660
	-290.3329

	
	
	
	
	30
	18.4567
	-451.3717

	
	
	
	LP-WUR discontinuously monitoring
(LP-WUS duty cycle ration is 0.78%)
	0.01
	2.2862
	31.7026

	
	
	
	
	0.05
	2.2881
	31.6466

	
	
	
	
	0.1
	2.2904
	31.5766

	
	
	
	
	0.2
	2.2951
	31.4365

	
	
	
	
	0.5
	2.3092
	31.0164

	
	
	
	
	1
	2.3326
	30.3163

	
	
	
	
	2
	2.3795
	28.9159

	
	
	
	
	4
	2.4732
	26.1152

	
	
	
	
	10
	2.7545
	17.7132

	
	
	
	
	20
	3.2232
	3.7098

	
	
	
	
	30
	3.6920
	-10.2935


Observation 6: Under the assumption of RRM measurement performed by “LR+MR”, while the measurement period of MR is 20480ms, and the measurement period of LR is 1280ms. When compared with legacy measurement period is 1280ms. For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per Group= 9.56% and per UE Group paging.
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5, LP-WUR monitor LP-WUS under “continuously monitoring” manner can have 12.67%~26.98% power saving gain, while have 14.85%~29.29% power saving gain under Medium SINR case, and have 16.82%~31.46% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· [bookmark: _GoBack]When relative power for ‘LP-WUR on state’ is 2/4/10/20/30, LP-WUR monitor LP-WUS under “continuously monitoring” manner have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% can have 11.52%~27.10% power saving gain under Low SINR case, while have 13.68%~29.41% power saving gain under Medium SINR case, and have 15.64%~31.58% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· 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 2/4/10/20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1/4/10/20, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 0.78% can have -0.1323%~27.21% power saving gain under Low SINR case, while have 1.91%~29.53% power saving gain under Medium SINR case, and have 3.71%~31.70% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
Proposal 3: RRM measurement of MR would have a great influence on power saving gain of LP-WUS. RRM measurement relax for MR should be studied.
LP-WUS coverage evaluation
Evaluation Assumptions
· Evaluation methodologies
In RAN1#110-bis-e, it was agreed to study coverage of WUS based on methodology and assumptions in R17 CovEnh SI.
	Agreement
For evaluation of the coverage of LP-WUS, the methodology and assumptions in R17 CovEnh SI (described in TR38.830) is reused as baseline.
· MIL is used as the metric for LP-WUS coverage evaluation
· urban (2.6GHz/4GHz), rural(700MHz) scenario for FR1 are considered to be evaluated, others (e.g., FR2) are not precluded.
Note: For IoT/wearables devices, refer to R17 Redcap SI TR38.875 if the assumptions differ from TR38.830.
Companies report any other assumptions which differ from the TR38.875/ TR38.830, e.g., Tx and Rx loss
Companies are encouraged to compare LP-WUS with at least PDCCH for paging, PUSCH, others are not precluded. FFS: Target coverage of LP-WUS


Thus, according to the agreement, we need to study the coverage of LP-WUS in terms of MIL margin.
· General Evaluation Assumption
Table 7: General Evaluation Assumption for LP-WUS Coverage Evaluation
	Number of RX chains at the UE’s MR
	2 Rx

	Number of RX chains for LP-WUR
	1 Rx

	Scenario and frequency
	Urban: 2.6GHz (TDD) 

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

	Reference PDCCH configuration
		SCS
	15kHz/30kHz

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	BLER
	1% BLER,




	Pathloss model (select from LoS or NLoS)
	NloS

	Bandwidth
	100MHz for 2.6GHz.

	Channel model for link-level simulation
	TDL-C

	Delay spread
	300ns

	UE velocity
	3km/h

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

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


· Evaluation Assumption
Table 8: Simulation assumptions for LP-WUS
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz

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

	Channel structure
	Option 3: Payload (48bits)+CRC(16bits)

	SCS of OFDM generator for NR signal
	30kHz

	Configuration for LP-WUS signal
	For OOK/FSK waveform,
o    Option 1b: M =1 for SCS = 30 kHz (same as NR signal)

	
	o    Option 2b: M =8 for SCS = 30 kHz (same as NR signal)

	
	o    Note: M is referred to the definition of “M” in the agreements for OOK-1/2/3/4 and FSK-1/2

	
	Other options are up to companies to report

	WUS duration
	Number of OFDM symbols: 8/64 symbols 

	MDR/FAR assumption
	         The miss-detection rate (MDR) of LP-WUS 1%,

	
	         The false-alarm rate (FAR) of LP-WUS

	
	o    0.1%

	
	  Companies to report details, e.g., receiver behaviour, how to compute MDR, detection threshold

	
	o    Companies to report the selected reference time duration values and the associated number of WUS attempts/trials

	Code scheme
	Manchester code, code rate (1/2)

	gNB Channel BW 
	20MHz

	LP-WUS BW
	Option 1:

	
	-        5MHz including subcarriers for guard band

	
	-        4.32MHz (i.e.,12 RBs) for LP-WUS transmission for 30kHz SCS

	
	GB is symmetrically placed on each side of LP-WUS

	Filter 
	5-th Order filter (e.g. Butterworth, Chebyshev, …) with 4.32 MHz bandwidth,

	
	Companies to report any other assumptions if needed

	Adjacent subcarrier interference
	-        PDSCH mapped on resources other than that for WUS and guard band; 

	
	EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB

	Sampling Rate
	-        3.84MHz

	ADC bit width
	8-bit

	Channel Model
	TDL-C, Delay Spread = 300 ns, UE velocity = 3 km/h


Evaluation Results
[image: ]
Figure 1 Coverage performance of LP-WUS
We provide the coverage comparison between LP-WUS and legacy NR signals. The results are summary as following.
Table 9: Coverage performance for LP-WUS and legacy NR signals
	
	PDCCH AL8
	PUSCH 
	OOK1
	OOK2
	OOK4
	FSK1

	Urban (2.6GHz)
	163.54 dB
	135.88 dB
	143.78
	133.03 
	141.49 
	139.40 



Observation 7: The coverage performance of LP-WUS is worse than PDCCH.
Proposal 4: Channel structure and Waveform should be determined.
Proposal 5: The data rate and payload of LP-WUS should be determined.

Conclusion
In this contribution, we provide some evaluation results on power consumption and coverage performance. We have following observations and proposals:
Observation 1: Under the assumption of RRM measurement performed by “LR+MR”, while the measurement period of MR is 6400ms, and the measurement period of LR is 1280ms. When compared with legacy measurement period is 1280ms. 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 0.01/0.05/0.1/0.2/0.5, LP-WUR monitor LP-WUS under “continuously monitoring” manner can have 1.43%~15.92% power saving gain, while have 1.65%~16.16% power saving gain under Medium SINR case, and have 1.84%~16.37% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 1/2/4/10/20/30, LP-WUR monitor LP-WUS under “continuously monitoring” manner have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% can have 0.26%~16.04% power saving gain under Low SINR case, while have 0.48%~16.28% power saving gain under Medium SINR case, and have 0.67%~16.50% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· 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 2/4/10/20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1/4/10, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 0.78% can have 2.32%~16.17% power saving gain under Low SINR case, while have 2.54%~16.41% power saving gain under Medium SINR case, and have 2.74%~16.63% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 0.78% have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).

Observation 2: Relative Power of LP-WUR off takes small influence on power saving gain of LP-WUS.
Observation 3: Under the assumption of RRM measurement performed by “LR+MR”, while the measurement period of MR is 6400ms, and the measurement period of LR is 1280ms. When compared with legacy measurement period is 1280ms. 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 under “continuously monitoring” and “duty cycle” manner both have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
Proposal 1: For I-DRX cycle, the different value of “additional transition energy from ultra-deep sleep” will cause different conclusion of whether LP-WUR has power saving gain compared to I-DRX with PEI or not. Prioritize the case ‘LP-WUR on state’ is smaller than 1.
Proposal 2: Both “continuously monitoring” and “discontinuously monitoring” manner should be further studied.
Observation 4: “LP-WUS duty cycle ration” will cause different power saving gain. Smaller “LP-WUS duty cycle ration” will have more power saving gain.
Observation 5: Under the assumption of RRM measurement performed by “LR+MR”, while the measurement period of MR is 20480ms, and the measurement period of LR is 1280ms. When compared with legacy measurement period is 1280ms. 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 0.01/0.05/0.1/0.2/0.5/1/2, LP-WUR monitor LP-WUS under “continuously monitoring” manner can have 10.52%~69.38% power saving gain, while have 10.75%~69.69% power saving gain under Medium SINR case, and have 10.96%~69.98% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 4/10/20/30, LP-WUR monitor LP-WUS under “continuously monitoring” manner have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1/2/4, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% can have 5.88%~69.51% power saving gain under Low SINR case, while have 6.12%~69.81% power saving gain under Medium SINR case, and have 6.31%~70.11% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· 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 10/20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% have no power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1/4/10/20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 0.78% can have 28.05%~69.64% power saving gain under Low SINR case, while have 28.31%~69.94% power saving gain under Medium SINR case, and have 28.54%~70.23% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
Observation 6: Under the assumption of RRM measurement performed by “LR+MR”, while the measurement period of MR is 20480ms, and the measurement period of LR is 1280ms. When compared with legacy measurement period is 1280ms. For I-DRX cycle length of 1.28s, with FAR = 0.1%, Paging Rate Per Group= 9.56% and per UE Group paging.
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5, LP-WUR monitor LP-WUS under “continuously monitoring” manner can have 12.67%~26.98% power saving gain, while have 14.85%~29.29% power saving gain under Medium SINR case, and have 16.82%~31.46% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 2/4/10/20/30, 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 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% can have 11.52%~27.10% power saving gain under Low SINR case, while have 13.68%~29.41% power saving gain under Medium SINR case, and have 15.64%~31.58% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· 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 2/4/10/20/30, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 50% have not power saving gain compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
· When relative power for ‘LP-WUR on state’ is 0.01/0.05/0.1/0.2/0.5/1/4/10/20, LP-WUR monitor LP-WUS under “duty cycle” manner with LP-WUS duty cycle ration is 0.78% can have -0.1323%~27.21% power saving gain under Low SINR case, while have 1.91%~29.53% power saving gain under Medium SINR case, and have 3.71%~31.70% power saving gain under High SINR case compared to I-DRX with PEI (Additional transition energy from ultra-deep sleep is 15000, and  ramp-up time is 400ms).
Proposal 3: RRM measurement of MR would have a great influence on power saving gain of LP-WUS. RRM measurement relax for MR should be studied.
Observation 7: The coverage performance of LP-WUS is worse than PDCCH.
Proposal 4: Channel structure and Waveform should be determined.
Proposal 5: The data rate and payload of LP-WUS should be determined.
Reference
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