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[bookmark: _Toc136521997]Introduction
This document summarizes power evaluation results for LP-WUS. The template for evaluation results is

https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_113/Inbox/drafts/9.11(FS_NR_LPWUS)/9.11.1/Evaluation%20Results/Other%20results
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System overhead
[bookmark: _Toc136522071]Collection of the results
Evaluation of the LP-WUS and LP-SS overhead are summarized in Table 8.5. And for more results and details, it can be found in Annex B.
[bookmark: _Toc136522073]RRC IDLE/INACTIVE
LP-WUS
The System overhead of LP-WUS for RRC IDLE/INACTIVE is summarized in Table 8.5.1-1
Table 8.5.1 - 1 Summary of System overhead for LP-WUS for RRC IDLE/INACTIVE
	Source
	Signal
	# of info bits carried by signal
	Overhead (%)
	T resources per beam
	F resources
	SCS
	number of pages UE per second or signal periodicity
	number of UE per group
	System configuration, e.g., BW and etc.
	the target channel
	Notes

	vivo
	LP-WUS
	1
	0.0150%
	1 symbol
	5.04MHz
	30kHz
	10
	1
	100MHz, 8beams
	Msg.3
	For IoT, cases,
Assuming 1,000,000 user/km2 connection density [ITU M.2412], with packet arrival every 1 message/2 hours/device [ITU M.2412], assuming 500m ISD with 3 sectors.
The coverage of LP-WUS with 1/4/5 symbols is comparable to or better than Msg 3 coverage. OOK LP-WUS is assumed.

	vivo
	LP-WUS
	1
	0.0030%
	1 symbol
	5.04MHz
	30kHz
	10
	4
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8
	0.0600%
	4 symbols
	5.04MHz
	30kHz
	10
	1
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8
	0.0100%
	4 symbols
	5.04MHz
	30kHz
	10
	4
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8 or 12
	0.0750%
	5 symbols
	5.04MHz
	30kHz
	10
	1
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8 or 12
	0.0130%
	5 symbols
	5.04MHz
	30kHz
	10
	4
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	1
	0.0730%
	1 symbol
	5.04MHz
	30kHz
	10
	1
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	1
	0.0180%
	1 symbol
	5.04MHz
	30kHz
	10
	4
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8
	0.2900%
	4 symbols
	5.04MHz
	30kHz
	10
	1
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8
	0.0700%
	4 symbols
	5.04MHz
	30kHz
	10
	4
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8 or 12
	0.3630%
	5 symbols
	5.04MHz
	30kHz
	10
	1
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8 or 12
	0.0880%
	5 symbols
	5.04MHz
	30kHz
	10
	4
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	1
	0.0550%
	1 symbol
	5.04MHz
	30kHz
	39
	1
	100MHz, 8beams
	Msg.3
	For eMBB cases,
Assuming very high population density, e.g., sports event with 5,000 users/cell population density, and per UE paging arrival rate = 1% when paging i-DRX cycle is Tpagingcycle = 1.28s
The coverage of LP-WUS with 1/4/5 symbols is comparable to or better than Msg 3 coverage. OOK LP-WUS is assumed.


	vivo
	LP-WUS
	1
	0.0150%
	1 symbol
	5.04MHz
	30kHz
	39
	4
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8
	0.2200%
	4 symbols
	5.04MHz
	30kHz
	39
	1
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8
	0.0600%
	4 symbols
	5.04MHz
	30kHz
	39
	4
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8 or 12
	0.2750%
	5 symbols
	5.04MHz
	30kHz
	39
	1
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8 or 12
	0.0750%
	5 symbols
	5.04MHz
	30kHz
	39
	4
	100MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	1
	0.2800%
	1 symbol
	5.04MHz
	30kHz
	39
	1
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	1
	0.0700%
	1 symbol
	5.04MHz
	30kHz
	39
	4
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8
	1.1200%
	4 symbols
	5.04MHz
	30kHz
	39
	1
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8
	0.2800%
	4 symbols
	5.04MHz
	30kHz
	39
	4
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8 or 12
	1.4000%
	5 symbols
	5.04MHz
	30kHz
	39
	1
	20MHz, 8beams
	Msg.3
	

	vivo
	LP-WUS
	8 or 12
	0.3500%
	5 symbols
	5.04MHz
	30kHz
	39
	4
	20MHz, 8beams
	Msg.3
	

	ZTE 
	LP-WUS
	7 or 24
	 <1%
	7 or 14 symbols
	5MHz
	15KHz/30kHz
	Paging rate:1%,0.1%,0.01%,0.001%;
POs number per PF: 1,2,4;
PFs number per cycle: 1,2,4,8,16
	1,4,8
	20M, 100M;  Beams:1,4
	Msg.3
	Only one case when 20M system bandwidth, 4beams, no grouping, 15KHz, 14OFDM symbols, paging rate 1%, maximum POs per PF, maximum PFs per cycle are configured, the system overhead may reach 1.6%.
OOK LP-WUS is assumed.

	Ericsson
	1-bit OOK WUS
	1
	0.4500%
	10 slot
	5MHz
	30KHz
	20 Idle mode UEs and paging inter-arrival of 60s seconds
	
	20M, 8beam
	Matching with the paging PDCCH link budget (2-OFDM symbol with AL16, 1 Rx UE)
	

	Ericsson
	48-bit OOK WUS
	48
	10.0400%
	222 slot
	5MHz
	30KHz
	
	
	20M, 8beam
	
	

	Ericsson
	1-bit SSS-based WUS
	1
	0.0100%
	6 symbol
	3.81MHz
	30KHz
	
	
	20M, 8beam
	
	

	Ericsson
	PDCCH AL16, 2 OFDM symbols
	-
	0.0028%
	2 OFDM symbols
	
	30KHz
	
	
	20M, 8beam
	
	

	Ericsson
	1-bit OOK WUS
	1
	0.3600%
	8 slot
	5MHz
	30KHz
	
	
	20M, 8beam
	Matching with the Msg3 PUSCH link budget with 2 retransmissions
	

	Ericsson
	48-bit OOK WUS
	48
	8.1400%
	180 slot
	5MHz
	30KHz
	
	
	20M, 8beam
	
	

	Ericsson
	1-bit SSS-based WUS
	1
	0.0100%
	5 symbol
	3.81MHz
	30KHz
	
	
	20M, 8beam
	
	

	Ericsson
	PDCCH AL16, 2 OFDM symbols
	-
	0.0028%
	2 OFDM symbols
	
	30KHz
	
	
	20M, 8beam
	
	

	Huawei, HiSilicon
	LP-WUS+LP-SS
	24
	0.1230%
	12 symbols (no repetition)
	5MHz
	30KHz
	50 paging per second
	
	100M, 1 beam
	
	

	Huawei, HiSilicon
	LP-WUS+LP-SS
	24
	0.2300%
	24 symbols for 2 repetitions
	5MHz
	30KHz
	50 paging per second
	
	100M, 1 beam
	
	

	Huawei, HiSilicon
	LP-SS + LP-WUS, 48-bit+LP-SS
	4824
	2.61000.4440%
	24symbols48 symbols for 4 repetitions
	3MHz5MHz
	30KHz
	250 LP-WUSs for IDLE/INACTIVE UE paging are transmitted per second, which is already heavy load based on our observation of real network50 paging per second
	
	100M, 8beam1 beam
	
	Upper bound, heavy load case can be considered,

	Huawei, HiSilicon
	LP-WUS+LP-SS
	24
	0.4910%
	12 symbols (no repetition)
	5MHz
	30KHz
	50 paging per second
	
	100M, 4 beams
	
	

	Huawei, HiSilicon
	LP-WUS+LP-SS
	24
	0.9200%
	24 symbols for 2 repetitions
	5MHz
	30KHz
	50 paging per second
	
	100M, 4 beams
	
	

	Huawei, HiSilicon
	LP-WUS+LP-SS
	24
	1.7770%
	48 symbols for 4 repetitions
	5MHz
	30KHz
	50 paging per second
	
	100M, 4 beams
	
	

	Qualcomm
	LP-WUS
	6
	0.0006%
	0.6ms
	5MHz
	
	20 UEs (per UE paging interval is 500s)
	5
	20MHz
	
	

	Qualcomm
	LP-WUS
	6
	0.0012%
	1.2ms
	5MHz
	
	20 UEs(per UE paging interval is 500s)
	5
	20MHz
	
	

	Qualcomm
	LP-WUS
	6
	0.0030%
	0.6ms
	5MHz
	
	100 UE(per UE paging interval is 500s)
	5
	20MHz
	
	

	Qualcomm
	LP-WUS
	6
	0.0060%
	1.2ms
	5MHz
	
	100 UE(per UE paging interval is 500s)
	5
	20MHz
	
	

	Qualcomm
	LP-WUS
	6
	0.0004%
	0.6ms
	5MHz
	
	20 UEs(per UE paging interval is 500s)
	5
	20MHz
	
	

	Qualcomm
	LP-WUS
	6
	0.0008%
	1.2ms
	5MHz
	
	20 UEs(per UE paging interval is 500s)
	5
	20MHz
	
	

	Qualcomm
	LP-WUS
	6
	0.0020%
	0.6ms
	5MHz
	
	100 UE(per UE paging interval is 500s)
	5
	20MHz
	
	

	Qualcomm
	LP-WUS
	6
	0.0041%
	1.2ms
	5MHz
	
	100 UE(per UE paging interval is 500s)
	5
	20MHz
	
	




 LP-SS
The System overhead of LP-SS for RRC IDLE/INACTIVE is summarized in Table 8.5.1-2
Table 8.5.1 - 2 Summary of System overhead for LP-SS for RRC IDLE/INACTIVE

	Source
	Signal
	Overhead (%)
	T resources per beam
	F resources
	SCS
	number of pages UE per second or signal periodicity
	System configuration, e.g., BW and etc.
	the target channel
	Notes

	vivo
	LP-SS
	0.0630%
	14 symbols
	5.04MHz
	30kHz
	320ms
	100MHz, 8beam
	> Msg.3 
	The LP-SS coverage is better than msg.3 coverage;

The derivation of LP-SS frequency: 4.32MHz +2RB (30kHz) = 5.04MHz

	vivo
	LP-SS
	0.0158%
	14 symbols
	5.04MHz
	30kHz
	1280ms
	100MHz, 8beam
	> Msg.3 
	

	vivo
	LP-SS
	0.0020%
	14 symbols
	5.04MHz
	30kHz
	10240ms
	100MHz, 8beam
	> Msg.3 
	

	vivo
	LP-SS
	0.3150%
	14 symbols
	5.04MHz
	30kHz
	320ms
	20MHz, 8beam
	> Msg.3 
	

	vivo
	LP-SS
	0.0790%
	14 symbols
	5.04MHz
	30kHz
	1280ms
	20MHz, 8beam
	> Msg.3 
	

	vivo
	LP-SS
	0.0100%
	14 symbols
	5.04MHz
	30kHz
	10240ms
	20MHz, 8beam
	> Msg.3 
	

	ZTE 
	LP-SS
	0.125%,
	14 symbols
	5MHz
	15KHz
	160ms
	100M, 4beam
	Msg.3
	

	ZTE 
	LP-SS
	0.625%,
	14 symbols
	5MHz
	15KHz
	160ms
	20M, 4beam
	Msg.3
	

	ZTE 
	LP-SS
	0.0625%,
	14 symbols
	5MHz
	15KHz
	320ms
	100M, 4beam
	Msg.3
	

	ZTE 
	LP-SS
	0.3125%
	14 symbols
	5MHz
	15KHz
	320ms
	20M, 4beam
	Msg.3
	

	ZTE 
	LP-SS
	0.0625%,
	14 symbols
	5MHz
	30KHz
	160ms
	100M, 4beam
	Msg.3
	

	ZTE 
	LP-SS
	0.3125%
	14 symbols
	5MHz
	30KHz
	160ms
	20M, 4beam
	Msg.3
	

	ZTE 
	LP-SS
	0.125%,
	14 symbols
	5MHz
	30KHz
	160ms
	100M, 8beam
	Msg.3
	

	ZTE 
	LP-SS
	0.6250%
	14 symbols
	5MHz
	30KHz
	160ms
	20M, 8beam
	Msg.3
	

	ZTE 
	LP-SS
	0.03125%,
	14 symbols
	5MHz
	30KHz
	320ms
	100M, 4beam
	Msg.3
	

	ZTE 
	LP-SS
	0.1563%
	14 symbols
	5MHz
	30KHz
	320ms
	20M, 4beam
	Msg.3
	

	ZTE 
	LP-SS
	0.0625%,
	14 symbols
	5MHz
	30KHz
	320ms
	100M, 8beam
	Msg.3
	

	ZTE 
	LP-SS
	0.3125%
	14 symbols
	5MHz
	30KHz
	320ms
	20M, 8beam
	Msg.3
	

	Huawei, HiSilicon
	LP-SS
	0.040160%
	1ms28symbols
	1.5MHz
	30KHz
	320ms
	100M, 8beam1beam
	
	Lower bound, empty load case can be considered, where only LP-SS is transmitted

	Huawei, HiSilicon
	LP-SS
	0.0630%
	28symbols
	5MHz
	30KHz
	320ms
	100M, 4beam
	
	

	Qualcomm
	LP-SS
	0.1000%
	1ms, 4 repetitions
	5MHz
	
	1000ms
	20MHz
	
	

	Qualcomm
	LP-SS
	0.2000%
	1ms, 4 repetitions
	5MHz
	
	500ms
	20MHz
	
	

	Qualcomm
	LP-SS
	0.5000%
	1ms, 4 repetitions
	5MHz
	
	200ms
	20MHz
	
	

	Qualcomm
	LP-SS
	0.1500%
	1.5ms, 4 repetitions
	5MHz
	
	1000ms
	20MHz
	
	

	Qualcomm
	LP-SS
	0.3000%
	1.5ms, 4 repetitions
	5MHz
	
	500ms
	20MHz
	
	

	Qualcomm
	LP-SS
	0.7500%
	1.5ms, 4 repetitions
	5MHz
	
	200ms	Comment by vivo-Dongru: Not the agreed LP-SS periodicity
	20MHz
	
	



0. [bookmark: _Toc136522074]RRC CONNECTED
The System overhead of LP-WUS for RRC CONNECTED is summarized in Table 8.5.1 - 3
Table 8.5.1 -3 Summary of System overhead for LP-WUS for RRC CONNECTED
	Source
	Signal
	# of info bits carried by signal
	Overhead (%)
	T resources per beam
	F resources
	SCS
	traffic types
	number of pages UE per second or signal periodicity
	number of UE per group
	System configuration, e.g., BW and etc.
	the target channel
	Notes

	vivo
	LP-WUS
	1
	0.8600%
	8 symbols
	5.04MHz
	30kHz
	XR (16.67ms)
	10
	1
	100MHz, 8beams
	unicast PDCCH AL2-4Rx
	The coverage of LP-WUS with 8/32/40 symbols is comparable to unicast PDCCH AL2-4Rx coverage.

	vivo
	LP-WUS
	8
	3.4300%
	32 symbols
	5.04MHz
	30kHz
	XR (16.67ms)
	10
	1
	
	unicast PDCCH AL2-4Rx
	

	vivo
	LP-WUS
	12
	4.2900%
	40 symbols
	5.04MHz
	30kHz
	XR (16.67ms)
	10
	1
	
	unicast PDCCH AL2-4Rx
	

	vivo
	LP-WUS
	1
	0.0700%
	8 symbols
	5.04MHz
	30kHz
	FTP3 (200ms)
	10
	1
	100MHz, 8beams
	unicast PDCCH AL2-4Rx
	

	vivo
	LP-WUS
	8
	0.2900%
	32 symbols
	5.04MHz
	30kHz
	FTP3 (200ms)
	10
	1
	
	unicast PDCCH AL2-4Rx
	

	vivo
	LP-WUS
	12
	0.3600%
	40 symbols
	5.04MHz
	30kHz
	FTP3 (200ms)
	10
	1
	
	unicast PDCCH AL2-4Rx
	




[bookmark: _Toc136522072]Observations
:
For RRC IDLE/INACTIVE,
· For LP-WUS carrying 1-bit information based on OOK, depending on the time-frequency occupation, traffic inter-arrival time, number of beams, system BW, the system overhead varies,
· For 100MHz system BW configuration with 8 beams, the reportedOne company reports system overhead is no more than [0.003%~0.055%] for LP-WUS with 8 beams, 100MHz system BW based on varies configurations as described in the Table 8.5.1 - 1
· For 20MHz system BW configuration with 8 beams, the reported Two companies report system overhead is no more than [[0.018%~0.45%] for LP-WUS with 8 beams, 20MHz system BW based on varies configurations as described in the Table 8.5.1 - 1
· For LP-WUS carrying multiple bits information based on OOK, depending on the time-frequency occupation, traffic inter-arrival time, number of beams, system BW, the system overhead varies,
· For 100MHz system BW configuration with 8 beams, oneLP-WUS carrying 48-bit information,
· One company reports no more than [2.61%] system overhead is 2.61% (100MHz system BW) and 8.14% ~10.04% (20MHz system BW) for 48-bits LP-WUS with 8 beams;
· For 20MHz system BW configuration with 8 beams, one company reports no more than [8.14%~10.04%] LP-WUS carrying 7-24 bit information,
· Three companies report system overhead is [0.0004%~1.4%], for 48-bits7~24bits LP-WUS
· For with 1~8 beams, 20MHz system BW configuration with 8 beams, one company reports no more than [1.4%] ;
· Three companies report system overhead is [0.0100%~1.777%] for 8~12-bits7~24bits LP-WUS
· For with 1~8 beams, 100MHz system BW configuration with 8 beams.
· For LP-WUS carrying 1-bit information based on SSS, one company reports no more than [0.275%] system overhead for 8~12-bits LP-WUSis 0.01% (20MHz system BW) with 8 beams	Comment by vivo-Dongru: vivo
· For 20MHz or 100MHz system BW configuration with 1 or 4 beams, one company reports no more than [1%] system overhead for 7 or 24-bits LP-WUS



· [bookmark: _Hlk135682471]For LP-SS based on OOK with 320ms * X periodicity, 1 slot (30kHz) *Y and 3 - 5MHz * Z time-frequency occupation, with 8 beams*W and 20MHz*T system bandwidth, the system overhead is no more than 0.4% * Y * Z * W / X / T. 
· Reference setting for further studyconsideration on LP-SS performance (including sync and/or measurement), 
· Set 1: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 320ms periodicity, 8 beams, 20MHz system bandwidth (overhead no more than 0.4%).
· Set 2: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 160ms periodicity, 8 beams, 20MHz system bandwidth (overhead no more than 0.8%).
· Set 3: approximately 5MHz LP-SS BW, 2 slot (30KHz) duration, 320ms periodicity, 8 beams, 20MHz system bandwidth (overhead no more than 0.8%).
· Note: the overhead for the above reference sets are derived based on the above formula.
:
For RRC CONNECTED,
· One company reports 
For XR (16.67ms, 60FPS) and maximum system capacity,
· LP-WUS with 1-bit information based on OOK is 0.86%
· LP-WUS with 8 or 12-bits information based on OOK is 3.43%~4.29%
For FTP3 (200ms mean arrival time) and 10 UEs per cell (RU is 40%),
· LP-WUS with 1-bit information based on OOK is 0.07%
· LP-WUS with 8 or 12-bits information based on OOK is 0.29%~0.36%



[bookmark: _Ref135156244][bookmark: _Toc136522084]Annex B: System Overhead
[bookmark: _Toc136522090][bookmark: _Toc136522086]B.1 Vivo[R1-xxxxx]
[bookmark: _Ref135408940]Table 1 Resource overhead of LP-WUS to the overall system resource for RRC idle/inactive mode.
	Source
	# of info. bits
	Overhead (%)
	T-F resources
	Number of pages for a UE per cell per second
	Number of UE per group
	System configuration, e.g., BW and beam number etc.
	Notes

	vivo
	1
	0.015%
	1 symbol, 5.04MHz (30kHz SCS)
	10
	1
	100MHz, 8beams

	For IoT, cases,
Assuming 1,000,000 user/km2 connection density [ITU M.2412], with packet arrival every 1 message/2 hours/device [ITU M.2412], assuming 500m ISD with 3 sectors.

The coverage of LP-WUS with 1/4/5 symbols is comparable to or better than Msg 3 coverage


	
	1
	0.003%
	
	10
	4
	
	

	
	8
	0.06%
	4 symbols, 5.04MHz (30kHz SCS)
	10
	1
	
	

	
	8
	0.01%
	
	10
	4
	
	

	
	8 or 12
	0.075%
	5 symbols, 5.04MHz (30kHz SCS)
	10
	1
	
	

	
	8 or 12
	0.013%
	
	10
	4
	
	

	
	1
	0.073%
	1 symbol, 5.04MHz (30kHz SCS)
	10
	1
	20MHz, 8beams
	

	
	1
	0.018%
	
	10
	4
	
	

	
	8
	0.29%
	4 symbols, 5.04MHz (30kHz SCS)
	10
	1
	
	

	
	8
	0.07%
	
	10
	4
	
	

	
	8 or 12
	0.363%
	5 symbols, 5.04MHz (30kHz SCS)
	10
	1
	
	

	
	8 or 12
	0.088%
	
	10
	4
	
	

	
	1
	0.055%
	1 symbol, 5.04MHz (30kHz SCS)
	39
	1
	100MHz, 8beams
	For eMBB cases,
Assuming very high population density, e.g., sports event with 5,000 users/cell population density, and per UE paging arrival rate = 1% when paging i-DRX cycle is Tpagingcycle = 1.28s

The coverage of LP-WUS with 1/4/5 symbols is comparable to or better than Msg 3 coverage.

	
	1
	0.015%
	
	39
	4
	
	

	
	8
	0.22%
	4 symbols, 5.04MHz (30kHz SCS)
	39
	1
	
	

	
	8
	0.06%
	
	39
	4
	
	

	
	8 or 12
	0.275%
	5 symbols, 5.04MHz (30kHz SCS)
	39
	1
	
	

	
	8 or 12
	0.075%
	
	39
	4
	
	

	
	1
	0.280%
	1 symbol, 5.04MHz (30kHz SCS)
	39
	1
	20MHz, 8beams
	

	
	1
	0.070%
	
	39
	4
	
	

	
	8
	1.12%
	4 symbols, 5.04MHz (30kHz SCS)
	39
	1
	
	

	
	8
	0.28%
	
	39
	4
	
	

	
	8 or 12
	1.400%
	5 symbols, 5.04MHz (30kHz SCS)
	39
	1
	
	

	
	8 or 12
	0.350%
	
	39
	4
	
	



Table 2. Resource overhead of LP-WUS to the overall system resource for RRC connected mode
	Source
	# of info. bits
	Overhead (%)
	T-F resources
	Traffic type
	Number of UE per cell
	Number of UE per group
	System configuration, e.g., BW and beam number etc.
	Notes

	vivo
	1
	0.86%
	8 symbols, 5.04MHz (30kHz SCS)
	XR (16.67ms)
	10
	1
	100MHz, 8beams

	The coverage of LP-WUS with 8/32/40 symbols is comparable to unicast PDCCH AL2-4Rx coverage.

	
	8
	3.43%
	32 symbols, 5.04MHz (30kHz SCS)
	
	10
	1
	
	

	
	12
	4.29%
	40 symbols, 5.04MHz (30kHz SCS)
	
	10
	1
	
	

	
	1
	0.07%
	8 symbols, 5.04MHz (30kHz SCS)
	FTP3
(mean packet interval= 200ms)
	10
	1
	100MHz, 8beams
	

	
	8
	0.29%
	32 symbols, 5.04MHz (30kHz SCS)
	
	10
	1
	
	

	
	12
	0.36%
	40 symbols, 5.04MHz (30kHz SCS)
	
	10
	1
	
	



[bookmark: _Ref135066595]Table 3.  Resource overhead of LP-SS to the system resource for RRC idle/inactive mode
	Source
	# of info. bits
	Overhead (%)
	T-F resources
	LP-SS periodicity (ms)
	System configuration, e.g., BW and beam number etc.
	Notes 

	Vivo
	1
	0.063%
	14 symbols, 5.04MHz (30kHz SCS)
	320ms
	100MHz, 8beam
	The LP-SS coverage is better than msg.3 coverage;
The derivation of LP-SS frequency: 4.32MHz +2RB (30kHz) = 5.04MHz

	
	1
	0.0158%
	
	1280ms
	100MHz, 8beam
	

	
	1
	0.002%
	
	10240ms
	100MHz, 8beam
	

	
	1
	0.315%
	
	320ms
	20MHz, 8beam
	

	
	1
	0.079%
	
	1280ms
	20MHz, 8beam
	

	
	1
	0.01%
	
	10240ms
	20MHz, 8beam
	




B.2 ZTE[R1-xxxxxxx]

Table 1. Assumptions for system overhead evaluation
	System bandwidth
	100M,20M

	SCS
	15KHz, 30KHz

	LP-SS assumption
	Periodicity{160ms, 320ms}
· Time domain resources:14 symbols 
· Frequency bandwidth: 5MHz

	LP-WUS assumption
	· Time domain resources:N2 symbols: 7, 14
· Frequency bandwidth 5MHz

	Assumption for UE specific wake-up
	· Number of beams:1,4 for 15KHz and 1,4,8 for 30KHz
· RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28

	Assumption for group specific wake-up
	· Number of UEs in a group: 4, 8



Table 2. results summary for system overhead

	Source
	Signal
	Overhead (%)
	T-F resources
	Inter-arrival time
	System configuration, e.g., BW and etc.
	Notes

	ZTE 
	LP-SS
	0.125%,
0.625%,
	14 symbols, 5MHz, SCS=15KHz
	160ms
	100M, 20M, 
4beam
	

	
	LP-SS
	0.0625%,
0.3125%
	14 symbols, 5MHz, SCS=15KHz
	320ms
	100M, 20M, 
4beam
	

	
	LP-SS
	0.0625%,
0.3125%
	14 symbols, 5MHz, SCS=30KHz
	160ms
	100M, 20M, 
4beam
	

	
	LP-SS
	0.125%,
0.625%
	14 symbols, 5MHz, SCS=30KHz
	160ms
	100M, 20M, 
8beam
	

	
	LP-SS
	0.03125%,
0.15625%
	14 symbols, 5MHz, SCS=30KHz
	320ms
	100M, 20M, 
4beam
	

	
	LP-SS
	0.0625%,
0.3125%
	14 symbols, 5MHz, SCS=30KHz
	320ms
	100M, 20M, 
8beam
	

	
	LP-WUS
	Almost all the cases has <1% system overhead
	SCS=15KHz/30kHz
Time domain: 7 / 14 symbols
Frequency domain: 5M
	
	· System bandwidth: 20M, 100M;
· Beams:1,4
· Number of UE in a group:1,4,8
· SCS:15KHz,30KHz
· OFDM symbols:7,14
· Paging rate:1%,0.1%,0.01%,0.001%
· POs number per PF: 1,2,4
· PFs number per cycle: 1,2,4,8,16
	Only one case when 20M system bandwidth, 4beams, no grouping, 15KHz, 14OFDM symbols, paging rate 1%, maximum POs per PF, maximum PFs per cycle are configured, the system overhead may reach 1.6%.

	
	
	
	
	
	
	

	
	
	
	
	
	
	



Table 3. Some example configuration in extreme conditions and system overhead for LP-WUS
	system bandwidth
	SCS
	grouping
	OFDM symbols
	beams
	UE number
	paging rate
	PO per PF
	PF per cycle
	system overhead (%)

	20
	0
	1
	14
	4
	20.48
	0.01
	4
	16
	1.6

	20
	0
	1
	7
	4
	20.48
	0.01
	4
	16
	0.8

	20
	0
	1
	14
	4
	10.24
	0.01
	4
	8
	0.8

	20
	0
	1
	14
	4
	10.24
	0.01
	2
	16
	0.8

	20
	1
	1
	14
	4
	20.48
	0.01
	4
	16
	0.8

	20
	0
	1
	7
	4
	10.24
	0.01
	4
	8
	0.4

	20
	0
	1
	7
	4
	10.24
	0.01
	2
	16
	0.4

	20
	0
	1
	14
	1
	20.48
	0.01
	4
	16
	0.4

	20
	0
	1
	14
	4
	5.12
	0.01
	4
	4
	0.4

	20
	0
	1
	14
	4
	5.12
	0.01
	2
	8
	0.4

	20
	0
	1
	14
	4
	5.12
	0.01
	1
	16
	0.4

	20
	0
	4
	14
	4
	20.48
	0.01
	4
	16
	0.4

	20
	1
	1
	7
	4
	20.48
	0.01
	4
	16
	0.4

	20
	1
	1
	14
	4
	10.24
	0.01
	4
	8
	0.4

	20
	1
	1
	14
	4
	10.24
	0.01
	2
	16
	0.4

	100
	0
	1
	14
	4
	20.48
	0.01
	4
	16
	0.32

	20
	0
	1
	7
	1
	20.48
	0.01
	4
	16
	0.2

	20
	0
	1
	7
	4
	5.12
	0.01
	4
	4
	0.2

	20
	0
	1
	7
	4
	5.12
	0.01
	2
	8
	0.2

	20
	0
	1
	7
	4
	5.12
	0.01
	1
	16
	0.2

	20
	0
	1
	14
	1
	10.24
	0.01
	4
	8
	0.2

	20
	0
	1
	14
	1
	10.24
	0.01
	2
	16
	0.2

	20
	0
	1
	14
	4
	2.56
	0.01
	4
	2
	0.2

	20
	0
	1
	14
	4
	2.56
	0.01
	2
	4
	0.2

	20
	0
	1
	14
	4
	2.56
	0.01
	1
	8
	0.2

	20
	0
	4
	7
	4
	20.48
	0.01
	4
	16
	0.2

	20
	0
	4
	14
	4
	10.24
	0.01
	4
	8
	0.2

	20
	0
	4
	14
	4
	10.24
	0.01
	2
	16
	0.2

	20
	0
	8
	14
	4
	20.48
	0.01
	4
	16
	0.2

	20
	1
	1
	7
	4
	10.24
	0.01
	4
	8
	0.2

	20
	1
	1
	7
	4
	10.24
	0.01
	2
	16
	0.2

	20
	1
	1
	14
	1
	20.48
	0.01
	4
	16
	0.2

	20
	1
	1
	14
	4
	5.12
	0.01
	4
	4
	0.2

	20
	1
	1
	14
	4
	5.12
	0.01
	2
	8
	0.2

	20
	1
	1
	14
	4
	5.12
	0.01
	1
	16
	0.2

	20
	1
	4
	14
	4
	20.48
	0.01
	4
	16
	0.2

	100
	0
	1
	7
	4
	20.48
	0.01
	4
	16
	0.16

	100
	0
	1
	14
	4
	10.24
	0.01
	4
	8
	0.16

	100
	0
	1
	14
	4
	10.24
	0.01
	2
	16
	0.16
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For evaluation of Table 1. Assumptions for system overhead, different scenarios can be considered. evaluation
As the lower bound, empty load case can be considered, where only LP-SS is transmitted. The following assumptions are assumed:
As analyzed in Section 2.2, the periodicity of LP-SS is 
	System bandwidth
	100M

	SCS
	30KHz

	LP-SS assumption
	Periodicity: 320ms
· Time domain resources: 1ms (28 OFDM symbols) 
· Frequency bandwidth: 5MHz

	LP-WUS assumption
	· Bit length: 24
· Time domain resources: {12, 24, 48} OFDM symbols, for {1, 2, 4} repetitions
· Frequency bandwidth 5MHz

	Beam sweeping assumption
	· {1, 4} beams

	Paging number per second
	· 0 for LP-SS only (i.e. empty load)
· 50 for LP-SS and LP-WUS



· Table 2. results summary for 320ms. 
· The length of each LP-SS is 1ms, and each LP-SS is transmitted 8 times for beam sweeping.
· BW of a LP-SS is 1.5MHz, and the BW of NR carrier is 100MHz
Based on the above assumptions, the system overhead of LP-WUS for empty load is 0.04%. 

As the upper bound, heavy load case can be considered, where the following are assumed in addition to 
	Number of paging per second
	Repetition number of LP-WUS
	Beam number
	Resource overhead

	0 (LP-SS only)
	-
	1
	0.016%

	0 (LP-SS only)
	-
	4
	0.063%

	50 (LP-SS+LP-WUS)
	1
	1
	0.123%

	50 (LP-SS+LP-WUS)
	2
	1
	0.230%

	50 (LP-SS+LP-WUS)
	4
	1
	0.444%

	50 (LP-SS+LP-WUS)
	1
	4
	0.491%

	50 (LP-SS+LP-WUS)
	2
	4
	0.920%

	50 (LP-SS+LP-WUS)
	4
	4
	1.777%




B.4 Qualcomm [xxxx]
	LP-WUS overhead

	
	Note
	IDRX, 20UEs, 10kbps
	IDRX, 20UEs, 5kbps
	IDRX, 100UEs, 10kbps
	IDRX, 100UEs, 5kbps
	eDRX, 20UEs, 10kbps
	eDRX, 20UEs, 5kbps
	eDRX, 100UEs, 10kbps
	eDRX, 100UEs, 5kbps

	System config
	system BW (MHz)
	20
	20
	20
	20
	20
	20
	20
	20

	
	total number of Idle UEs in the cell
	20
	20
	100
	100
	20
	20
	100
	100

	LP-WUS config
	# of info bits
	6
	6
	6
	6
	6
	6
	6
	6

	
	data rate (kbps)
	10
	5
	10
	5
	10
	5
	10
	5

	
	LP-WUS time duration (ms)
	0.6
	1.2
	0.6
	1.2
	0.6
	1.2
	0.6
	1.2

	
	bandwidth (MHz)
	5
	5
	5
	5
	5
	5
	5
	5

	
	Monitoring occasion periodicity (ms)
	1280
	1280
	1280
	1280
	82900
	82900
	82900
	82900

	
	LP-WUS resource per group (ms*MHz)
	3
	6
	3
	6
	3
	6
	3
	6

	
	WUS group size 
	5
	5
	5
	5
	5
	5
	5
	5

	
	number of LP-WUS groups
	4
	4
	20
	20
	4
	4
	20
	20

	Page Traffic
	per UE page inter arrival time (sec)
	500
	500
	500
	500
	500
	500
	500
	500

	
	per group page inter arrival time (sec)
	100
	100
	100
	100
	100
	100
	100
	100

	
	R_G per group per periodicity 
	0.0127
	0.0127
	0.0127
	0.0127
	0.5635
	0.5635
	0.5635
	0.5635

	System Resources
	total system resources per LP-WUS periodicity (ms*MHz)
	25600
	25600
	25600
	25600
	1658000
	1658000
	1658000
	1658000

	LP-WUS resources
	actually used monitoring occasion resources used for LP-WUS tx per group per periodicity (ms*MHz)
	0.04
	0.08
	0.04
	0.08
	1.69
	3.38
	1.69
	3.38

	
	total LP-WUS resources per LP-WUS periodicity
	0.15
	0.31
	0.76
	1.53
	6.76
	13.52
	33.81
	67.62

	
	LP-WUS overhead (%)
	0.0006%
	0.0012%
	0.0030%
	0.0060%
	0.0004%
	0.0008%
	0.0020%
	0.0041%




	LP-SS overhead

	
	Note
	10bits, periodicity = 1000ms 
	10bits, periodicity = 500ms 
	10bits, periodicity = 200ms 
	15bits, periodicity = 1000ms 
	15bits, periodicity = 500ms 
	15bits, periodicity = 200ms 

	System config
	system BW (MHz)
	20
	20
	20
	20
	20
	20

	LP-SS config
	# of info bits
	10
	10
	10
	15
	15
	15

	
	data rate (kbps)
	10
	10
	10
	10
	10
	10

	
	LP-WUS time duration (ms)
	1
	1
	1
	1.5
	1.5
	1.5

	
	bandwidth (MHz)
	5
	5
	5
	5
	5
	5

	
	Monitoring occasion periodicity (ms)
	1000
	500
	200
	1000
	500
	200

	
	LP-SS resource per periodicity  (ms*MHz)
	5
	5
	5
	7.5
	7.5
	7.5

	Resources
	total system resources per LP-WUS periodicity (ms*MHz)
	20000
	10000
	4000
	20000
	10000
	4000

	LP-SS resources
	# of LP-SS repetition per LP-SS burst
	4
	4
	4
	4
	4
	4

	
	total LP-SS resoruces per periodicity
	20
	20
	20
	30
	30
	30

	
	LP-SS overhead (%)
	0.10%
	0.20%
	0.50%
	0.15%
	0.30%
	0.75%



LP-SS:
· 2 bits are carried in one OFDM symbol, and a LP-WUS carries 48-bit information. Each LP-WUS is transmitted 8 times for beam sweeping.
· The BW of a LP-WUS is 1.5MHz, and two channels of LP-WUS in different frequency resources are configured. Therefore, the total BW for LP-WUS transmission is 3MHz.
· 250 LP-WUSs for IDLE/INACTIVE UE paging are transmitted per second, which is already heavy load based on our observation of real network.
Based on the above assumptions, the system overhead of LP-WUS for heavy load (LP-WUS+LP-SS) is 2.61%. 
Observation 1: The resource overhead of LP-WUS is from 0.04% to 2.61%.
Note that for empty case, at least SSB and SIB1 are transmitted for MR, of which the time domain occupancy is 6.5% and 22.7%, respectively [9]. Assume that the BW of SSB and SIB1 are 20PRBs and 40PRBs respectively, the system overhead in total is about 3.74%. Compared with the overhead of SSB and SIB1, the system overhead of LP-WUS (0.03%) is marginal. For heavy load case, the system overhead of the whole cell is usually dominated by the traffics of CONNECTED UEs, which is approximately approaching 100%. The system overhead of LP-WUS (2.61%) is also acceptable.
In in-band deployment, the additional overhead due to LP-SS and LP-WUS transmission in a NR cell is considered to be marginal, compared with NR resource overhead transmitted in empty load. .
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