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	V003
	Feature lead
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	Feature lead
	Adding LP-WUS MIL for vivo, Ericsson, Futurewei, Huawei results, while Qualcomm MIL values are still missing. 
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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_113114/Inbox/drafts/9.11(FS_NR_LPWUS)/9.11.1/Evaluation%20Results/Other%20results
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System8.5	System overhead
[bookmark: _Toc136522071]8.5.1	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.8.5.
[bookmark: _Toc136522073]8.5.1.1	RRC IDLE/INACTIVE
8.5.1.1.1	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 paged UE per second
	Number of LP-WUS transmissions per second
	System configuration, e.g., BW and etc.
	the target channel
	LP-WUS MILWUS MIL
	Notes

	vivo[8A-11]
	LP-WUS
	1
	0.0150%
	1 symbol
	5.04MHz
	30kHz
	10
	10
	100MHz, 8beams
	Msg.3
	144144.86
	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[8A-11]
	LP-WUS
	1
	0.0030%
	1 symbol
	5.04MHz
	30kHz
	10
	3
	100MHz, 8beams
	Msg.3
	144144.86
	

	vivo[8A-11]
	LP-WUS
	8
	0.0600%
	4 symbols
	5.04MHz
	30kHz
	10
	10
	100MHz, 8beams
	Msg.3
	144144.37
	

	vivo[8A-11]
	LP-WUS
	8
	0.0100%
	4 symbols
	5.04MHz
	30kHz
	10
	3
	100MHz, 8beams
	Msg.3
	144144.37
	

	vivo[8A-11]
	LP-WUS
	8 or 12
	0.0750%
	5 symbols
	5.04MHz
	30kHz
	10
	10
	100MHz, 8beams
	Msg.3
	144144.05
	

	vivo[8A-11]
	LP-WUS
	8 or 12
	0.0130%
	5 symbols
	5.04MHz
	30kHz
	10
	3
	100MHz, 8beams
	Msg.3
	144144.05
	

	vivo[8A-11]
	LP-WUS
	1
	0.0730%
	1 symbol
	5.04MHz
	30kHz
	10
	10
	20MHz, 8beams
	Msg.3
	144144.86
	

	vivo[8A-11]
	LP-WUS
	1
	0.0180%
	1 symbol
	5.04MHz
	30kHz
	10
	3
	20MHz, 8beams
	Msg.3
	144144.86
	

	vivo[8A-11]
	LP-WUS
	8
	0.2900%
	4 symbols
	5.04MHz
	30kHz
	10
	10
	20MHz, 8beams
	Msg.3
	144144.37
	

	vivo[8A-11]
	LP-WUS
	8
	0.0700%
	4 symbols
	5.04MHz
	30kHz
	10
	3
	20MHz, 8beams
	Msg.3
	144144.37
	

	vivo[8A-11]
	LP-WUS
	8 or 12
	0.3630%
	5 symbols
	5.04MHz
	30kHz
	10
	10
	20MHz, 8beams
	Msg.3
	144144.05
	

	vivo[8A-11]
	LP-WUS
	8 or 12
	0.0880%
	5 symbols
	5.04MHz
	30kHz
	10
	3
	20MHz, 8beams
	Msg.3
	144144.05
	

	vivo[8A-11]
	LP-WUS
	1
	0.0550%
	1 symbol
	5.04MHz
	30kHz
	39
	39
	100MHz, 8beams
	Msg.3
	144144.86
	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[8A-11]
	LP-WUS
	1
	0.0150%
	1 symbol
	5.04MHz
	30kHz
	39
	10
	100MHz, 8beams
	Msg.3
	144144.86
	

	vivo[8A-11]
	LP-WUS
	8
	0.2200%
	4 symbols
	5.04MHz
	30kHz
	39
	39
	100MHz, 8beams
	Msg.3
	144144.37
	

	vivo[8A-11]
	LP-WUS
	8
	0.0600%
	4 symbols
	5.04MHz
	30kHz
	39
	10
	100MHz, 8beams
	Msg.3
	144144.37
	

	vivo[8A-11]
	LP-WUS
	8 or 12
	0.2750%
	5 symbols
	5.04MHz
	30kHz
	39
	39
	100MHz, 8beams
	Msg.3
	144144.05
	

	vivo[8A-11]
	LP-WUS
	8 or 12
	0.0750%
	5 symbols
	5.04MHz
	30kHz
	39
	10
	100MHz, 8beams
	Msg.3
	144144.05
	

	vivo[8A-11]
	LP-WUS
	1
	0.2800%
	1 symbol
	5.04MHz
	30kHz
	39
	39
	20MHz, 8beams
	Msg.3
	144144.86
	

	vivo[8A-11]
	LP-WUS
	1
	0.0700%
	1 symbol
	5.04MHz
	30kHz
	39
	10
	20MHz, 8beams
	Msg.3
	144144.86
	

	vivo[8A-11]
	LP-WUS
	8
	1.1200%
	4 symbols
	5.04MHz
	30kHz
	39
	39
	20MHz, 8beams
	Msg.3
	144144.37
	

	vivo[8A-11]
	LP-WUS
	8
	0.2800%
	4 symbols
	5.04MHz
	30kHz
	39
	10
	20MHz, 8beams
	Msg.3
	144144.37
	

	vivo[8A-11]
	LP-WUS
	8 or 12
	1.4000%
	5 symbols
	5.04MHz
	30kHz
	39
	39
	20MHz, 8beams
	Msg.3
	144144.05
	

	vivo[8A-11]
	LP-WUS
	8 or 12
	0.3500%
	5 symbols
	5.04MHz
	30kHz
	39
	10
	20MHz, 8beams
	Msg.3
	144144.05
	

	ZTE [8A-13]

	LP-WUS
	7 or 248	Comment by Feature lead: ZTE update the value of carry bits by LP-WUS
	 <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
	
	20M, 100M;  Beams:1,4
	Msg.3
	For LP-WUS with 7 symbols, LP-WUS MIL is 152.28;
For LP-WUS with 14 symbols, LP-WUS MIL is 156.94
	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.

	Huawei, HiSilicon[8A-5]
	LP-WUS+LP-SS
	24
	0.1230%
	12 symbols (no repetition)
	5MHz
	30KHz
	50 paging per second
	50
	100M, 1 beam
	
	Sequence modulation w/o repetition: 149.06
Sequence on top of OOK with 3dB power boosting: 149.36
	Resource overhead for 56kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
sequence modulation w/o repetition 
Sequence on top of OOK with 3dB power boosting


	Huawei, HiSilicon[8A-5]
	LP-WUS+LP-SS
	24
	0.2300%
	24 symbols for 2 repetitions
	5MHz
	30KHz
	50 paging per second
	50
	100M, 1 beam
	
	FSK-2 transmission with 2 repetitions: 149.18  
Sequence on top of OOK/FSK with 2 repetitions: 151

	Resource overhead for 28kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
FSK-2 transmission with 2 repetitions  
Sequence on top of OOK/FSK with 2 repetitions


	Huawei, HiSilicon[8A-5]
	LP-WUS+LP-SS
	24
	0.4440%
	48 symbols for 4 repetitions
	5MHz
	30KHz
	50 paging per second
	50
	100M, 1 beam
	
	OOK transmission with 4 repetitions: 148.68
	Resource overhead for 14kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
OOK transmission with 4 repetitions


	Huawei, HiSilicon[8A-5]
	LP-WUS+LP-SS
	24
	0.4910%
	12 symbols (no repetition)
	5MHz
	30KHz
	50 paging per second
	50
	100M, 4 beams
	
	Sequence modulation w/o repetition: 149.06
Sequence on top of OOK with 3dB power boosting: 149.36
	Resource overhead for 56kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
sequence modulation w/o repetition 
Sequence on top of OOK with 3dB power boosting


	Huawei, HiSilicon[8A-5]
	LP-WUS+LP-SS
	24
	0.9200%
	24 symbols for 2 repetitions
	5MHz
	30KHz
	50 paging per second
	50
	100M, 4 beams
	
	FSK-2 transmission with 2 repetitions: 149.18  
Sequence on top of OOK/FSK with 2 repetitions: 151

	Resourceoverhead for 28kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
FSK-2 transmission with 2 repetitions  
Sequence on top of OOK/FSK with 2 repetitions


	Huawei, HiSilicon[8A-5]
	LP-WUS+LP-SS
	24
	1.7770%
	48 symbols for 4 repetitions
	5MHz
	30KHz
	50 paging per second
	50
	100M, 4 beams
	
	OOK transmission with 4 repetitions: 148.68
	Resource overhead for 14kbps data rate, which corresponds to the following waveforms to match comparable Msg3 MIL:
OOK transmission with 4 repetitions


	Qualcomm[8A-16]
	LP-WUS
	6
	0.1692%
	0.6ms
	5MHz
	30KHz
	20 Groups
I-DRX

	11.28

	20MHz
	Msg.3
	147.44
	I-DRX cycle = 1.28sec

	Qualcomm[8A-16]
	LP-WUS
	6
	0.1692%
	0.6ms
	5MHz
	30KHz
	20 Groups, I-DRX

	11.28

	20MHz
	Msg3
	147.44
	I-DRX cycle = 1.28sec

	Qualcomm[8A-16]
	LP-WUS
	6
	0.8461%
	0.6ms
	5MHz
	30KHz
	100 Groups, I-DRX

	56.43

	20MHz
	Msg3
	147.44
	I-DRX cycle = 1.28sec

	Qualcomm[8A-16]
	LP-WUS
	6
	0.8461%
	0.6ms
	5MHz
	30KHz
	100 Groups, I-DRX

	56.43

	20MHz
	Msg3
	147.44
	I-DRX cycle = 1.28sec

	Qualcomm[8A-16]
	LP-WUS
	6
	0.0036%
	0.6ms
	5MHz
	30KHz
	20 Groups, eDRX

	0.2413
	20MHz
	Msg3
	147.44
	eDRX cycle = 82.9sec

	Qualcomm[8A-16]
	LP-WUS
	6
	0.0036%
	0.6ms
	5MHz
	30KHz
	20 Groups, 

	0.2413
	20MHz
	Msg3
	147.44
	eDRX cycle = 82.9sec

	Qualcomm[8A-16]
	LP-WUS
	6
	0.0181%
	0.6ms
	5MHz
	30KHz
	100 Groups, eDRX

	1.2063
	20MHz
	Msg3
	147.44
	eDRX cycle = 82.9sec

	Qualcomm[8A-16]
	LP-WUS
	6
	0.0181%
	0.6ms
	5MHz
	30KHz
	100 Groups, eDRX

	1.2063

	20MHz
	Msg3
	147.44
	eDRX cycle = 82.9sec

	FutureWei[8A-4]
	LP-WUS
	1616
	0.2165%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	20MHz,1 beam
	Msg3
	154.68
	LP-WUS waveforms: OOK-4 when 24 OFDM symbols are used 

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0541%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	20MHz,1 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.8660%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	20MHz,4beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.2165%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	20MHz,4 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	1.7321%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	20MHz,8 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.4330%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	20MHz,8 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0433%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	100MHz,1 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0108%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	100MHz,1 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.1732%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	100MHz,4beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0433%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	100MHz,4 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.3464%
	24 OFDM symbols
	5MHz
	30KHz
	10
	10
	100MHz,8 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0866%
	24 OFDM symbols
	5MHz
	30KHz
	10
	2.5
	100MHz,8 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0180%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,1 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0045%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,1 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0722%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,4beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0180%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,4 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.1443%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,8 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0361%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,8 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0036%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,1 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0009%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,1 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0144%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,4beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0036%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,4 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0289%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,8 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0072%
	24 OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,8 beam
	Msg3
	154.68
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.1083%
	12OFDM symbols
	5MHz
	30KHz
	1010
	1010
	20MHz,1 beam
	Msg3
	151.78
	LP-WUS waveform: FSK-2 (M=2) when 12 OFDM symbols are used

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0271%
	12OFDM symbols
	5MHz
	30KHz
	1010
	2.5
	20MHz,1 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.4330%
	12OFDM symbols
	5MHz
	30KHz
	1010
	1010
	20MHz,4beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.1083%
	12OFDM symbols
	5MHz
	30KHz
	1010
	2.5
	20MHz,4 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.8660%
	12OFDM symbols
	5MHz
	30KHz
	1010
	1010
	20MHz,8 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.2165%
	12OFDM symbols
	5MHz
	30KHz
	1010
	2.5
	20MHz,8 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0217%
	12OFDM symbols
	5MHz
	30KHz
	1010
	1010
	100MHz,1 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0054%
	12OFDM symbols
	5MHz
	30KHz
	1010
	2.5
	100MHz,1 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0866%
	12OFDM symbols
	5MHz
	30KHz
	1010
	1010
	100MHz,4beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0217%
	12OFDM symbols
	5MHz
	30KHz
	1010
	2.5
	100MHz,4 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.1732%
	12OFDM symbols
	5MHz
	30KHz
	1010
	1010
	100MHz,8 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0433%
	12OFDM symbols
	5MHz
	30KHz
	1010
	2.5
	100MHz,8 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0090%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,1 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0023%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,1 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0361%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,4beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0090%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,4 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0722%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	20MHz,8 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0180%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	20MHz,8 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0018%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,1 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0005%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,1 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0072%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,4beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0018%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,4 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0144%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.8
	100MHz,8 beam
	Msg3
	151.78
	

	FutureWei[8A-4]
	LP-WUS
	1616
	0.0036%
	12OFDM symbols
	5MHz
	30KHz
	0.8
	0.2
	100MHz,8 beam
	Msg3
	151.78
	

	[bookmark: _Hlk143604909]Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0427%
	5 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	Assume 250 idle UEs per cell, R_E=0.1%, 1UE/subgroup

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0519%
	8 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0549%
	9 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0885%
	20 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,0580%
	10 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,1129%
	28 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,1434%
	38 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,2960%
	88 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	0,1251%
	32 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	0,3845%
	117 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	0,4547%
	140 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	1,2177%
	390 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,3418%
	5 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	[bookmark: _Hlk143606516]Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,4150%
	8 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,4395%
	9 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,7080%
	20 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,4639%
	10 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,9033%
	28 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	1,1475%
	38 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	2,3682%
	88 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	1,0010%
	32 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	3,0762%
	117 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00066%
	4 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00083%
	5 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00100%
	6 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00183%
	11 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,00249%
	15 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00532%
	4 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00664%
	5 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00797%
	6 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,01462%
	11 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,01993%
	15 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0427%
	5 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	Assume 250 idle UEs per cell, R_E=0.1%, 4UE/subgroup

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0519%
	8 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0549%
	9 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0885%
	20 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,0580%
	10 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,1129%
	28 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,1434%
	38 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,2960%
	88 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,3418%
	5 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,4150%
	8 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,4395%
	9 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,7080%
	20 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,4639%
	10 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,9033%
	28 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	1,1475%
	38 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	2,3682%
	88 slots
	5MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00066%
	4 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00083%
	5 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00100%
	6 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00183%
	11 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,00199%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,00249%
	15 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00532%
	4 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00664%
	5 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,00797%
	6 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,01462%
	11 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,01595%
	12 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,01993%
	15 symbols
	3.81MHz
	30KHz
	0.25
	0.25
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-3]
	
	
	
	
	
	
	
	
	
	
	
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0977%
	5 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 0rtx
	149.23
	Assume 250 idle UEs per cell, R_E=1%, 1UE/subgroup

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,1892%
	8 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,2197%
	9 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,5554%
	20 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,2477%
	10 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,7904%
	28 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	1,0919%
	38 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	2,5995%
	88 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	0,9216%
	32 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	3,5156%
	117 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	4,2175%
	140 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	48
	11,8469%
	390 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,7813%
	5 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	1,5137%
	8 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	1,7578%
	9 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	4,4434%
	20 slots
	5MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	1,9814%
	10 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	6,3232%
	28 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	8,7354%
	38 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	20,7959%
	88 slots
	5MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0066%
	4 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0083%
	5 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0100%
	6 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0183%
	11 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,0197%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,0197%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,0197%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,0246%
	15 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0532%
	4 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0664%
	5 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0797%
	6 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,1462%
	11 symbols
	3.81MHz
	30KHz
	2.5
	2.5
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,1575%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,1575%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,1575%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,1969%
	15 symbols
	3.81MHz
	30KHz
	2.5
	2.47
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,0972%
	5 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	Msg3 0rtx
	149.23
	Assume 250 idle UEs per cell, R_E=1%, 4UE/subgroup

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,1880%
	8 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,2183%
	9 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,5513%
	20 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,2246%
	10 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,7080%
	28 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	0,9766%
	38 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	2,3193%
	88 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	0,7773%
	5 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	1,5039%
	8 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	1,7461%
	9 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	1
	4,4102%
	20 slots
	5MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	1,7969%
	10 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	5,6641%
	28 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	7,8125%
	38 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OOK WUS+LP-SS
	8
	18,5547%
	88 slots
	5MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0066%
	4 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0082%
	5 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0099%
	6 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0181%
	11 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,0175%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,0175%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,0175%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,0219%
	15 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 1beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0527%
	4 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0659%
	5 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,0791%
	6 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	1
	0,1450%
	11 symbols
	3.81MHz
	30KHz
	2.5
	2.48
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,1403%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	Msg3 0rtx
	149.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,1403%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	Msg3 2rtx
	153.23
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,1403%
	12 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	PDCCH 1rx
	153.76
	

	Ericsson[8A-3]
	OFDM WUS
	8
	0,1754%
	15 symbols
	3.81MHz
	30KHz
	2.5
	2.2
	20MHz, 8beam
	PDCCH 2rx
	156.76
	

	[8A-9]
	LP-WUS
	48
	0.0720%
	8
	5.04
	30
	10
	10
	20
	Msg3	Comment by Feature lead: Add OPPO LP-WUS overhead results.
	143.78
	1 beam LP-WUS is assumed. OOK-4 when 8 OFDM symbols are used.
OOK-1 when 64 OFDM symbols are used

	[8A-9]
	LP-WUS
	48
	0.2808%
	8
	5.04
	30
	39
	39
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.3600%
	8
	5.04
	30
	50
	50
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.5760%
	64
	5.04
	30
	10
	10
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	2.2464%
	64
	5.04
	30
	39
	39
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	2.8800%
	64
	5.04
	30
	50
	50
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0144%
	8
	5.04
	30
	10
	10
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0562%
	8
	5.04
	30
	39
	39
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0720%
	8
	5.04
	30
	50
	50
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.1152%
	64
	5.04
	30
	10
	10
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.4493%
	64
	5.04
	30
	39
	39
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.5760%
	64
	5.04
	30
	50
	50
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0072%
	8
	5.04
	30
	10
	1
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0281%
	8
	5.04
	30
	39
	3.9
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0360%
	8
	5.04
	30
	50
	5
	20
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0576%
	64
	5.04
	30
	10
	1
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.2246%
	64
	5.04
	30
	39
	3.9
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.2880%
	64
	5.04
	30
	50
	5
	20
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0014%
	8
	5.04
	30
	10
	1
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0056%
	8
	5.04
	30
	39
	3.9
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0072%
	8
	5.04
	30
	50
	5
	100
	Msg3
	143.78
	

	[8A-9]
	LP-WUS
	48
	0.0115%
	64
	5.04
	30
	10
	1
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0449%
	64
	5.04
	30
	39
	3.9
	100
	Msg3
	141.49
	

	[8A-9]
	LP-WUS
	48
	0.0576%
	64
	5.04
	30
	50
	5
	100
	Msg3
	141.49
	





8.5.1.1.2 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
	LP-SS MIL
	Notes

	vivo[8A-11]
	LP-SS
	0.0630%
	14 symbols
	5.04MHz
	30kHz
	320ms
	100MHz, 8beam
	> Msg.3 
	150.78
	The LP-SS coverage is better than msg.3 coverage;

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

	vivo[8A-11]
	LP-SS
	0.0158%
	14 symbols
	5.04MHz
	30kHz
	1280ms
	100MHz, 8beam
	> Msg.3 
	150.78
	

	vivo[8A-11]
	LP-SS
	0.0020%
	14 symbols
	5.04MHz
	30kHz
	10240ms
	100MHz, 8beam
	> Msg.3 
	150.78
	

	vivo[8A-11]
	LP-SS
	0.3150%
	14 symbols
	5.04MHz
	30kHz
	320ms
	20MHz, 8beam
	> Msg.3 
	150.78
	

	vivo[8A-11]
	LP-SS
	0.0790%
	14 symbols
	5.04MHz
	30kHz
	1280ms
	20MHz, 8beam
	> Msg.3 
	150.78
	

	vivo[8A-11]
	LP-SS
	0.0100%
	14 symbols
	5.04MHz
	30kHz
	10240ms
	20MHz, 8beam
	> Msg.3 
	150.78
	

	ZTE [8A-13]
	LP-SS
	0.125%,
	14 symbols
	5MHz
	15KHz
	160ms
	100M, 4beam
	Msg.3
	158.44
	2.6GHz for LP-SS MIL

	ZTE [8A-13]
	LP-SS
	0.625%,
	14 symbols
	5MHz
	15KHz
	160ms
	20M, 4beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.0625%,
	14 symbols
	5MHz
	15KHz
	320ms
	100M, 4beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.3125%
	14 symbols
	5MHz
	15KHz
	320ms
	20M, 4beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.0625%,
	14 symbols
	5MHz
	30KHz
	160ms
	100M, 4beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.3125%
	14 symbols
	5MHz
	30KHz
	160ms
	20M, 4beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.125%,
	14 symbols
	5MHz
	30KHz
	160ms
	100M, 8beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.6250%
	14 symbols
	5MHz
	30KHz
	160ms
	20M, 8beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.03125%,
	14 symbols
	5MHz
	30KHz
	320ms
	100M, 4beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.1563%
	14 symbols
	5MHz
	30KHz
	320ms
	20M, 4beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.0625%,
	14 symbols
	5MHz
	30KHz
	320ms
	100M, 8beam
	Msg.3
	158.44
	

	ZTE [8A-13]
	LP-SS
	0.3125%
	14 symbols
	5MHz
	30KHz
	320ms
	20M, 8beam
	Msg.3
	158.44
	

	Huawei, HiSilicon[8A-5]
	LP-SS
	0.0160%
	28symbols
	5MHz
	30KHz
	320ms
	100M, 1beam
	
	
	

	Huawei, HiSilicon[8A-5]
	LP-SS
	0.0630%
	28symbols
	5MHz
	30KHz
	320ms
	100M, 4beam
	
	
	

	Qualcomm[8A-16]
	LP-SS
	0.1000%
	1ms, 4 repetitions
	5MHz
	30KHz
	1000ms
	20MHz
	Msg.3
	147.44
	

	Qualcomm[8A-16]
	LP-SS
	0.2000%
	1ms, 4 repetitions
	5MHz
	30KHz
	500ms
	20MHz
	Msg.3
	147.44
	

	Qualcomm[8A-16]
	LP-SS
	0.5000%
	1ms, 4 repetitions
	5MHz
	30KHz
	200ms
	20MHz
	Msg.3
	147.44
	

	Qualcomm[8A-16]
	LP-SS
	0.1500%
	1.5ms, 4 repetitions
	5MHz
	30KHz
	1000ms
	20MHz
	Msg.3
	147.44
	

	Qualcomm[8A-16]
	LP-SS
	0.3000%
	1.5ms, 4 repetitions
	5MHz
	30KHz
	500ms
	20MHz
	Msg.3
	147.44
	

	Qualcomm[8A-16]
	LP-SS
	0.7500%
	1.5ms, 4 repetitions
	5MHz
	30KHz
	200ms
	20MHz
	Msg.3
	147.44
	

	FutureWei[8A-4]
	LP-SS
	0.0113%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0056%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0028%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0014%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0007%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0004%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	20MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0450%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0225%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0113%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0056%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0028%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0014%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	20MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0900%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0450%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0225%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0113%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0056%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0028%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	20MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0023%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0011%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0006%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0003%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0001%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0001%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	100MHz, 1beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0090%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0045%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0023%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0011%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0006%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0003%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	100MHz, 4beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0180%
	4 OFDM symbols
	5MHz
	30KHz
	320 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0090%
	4 OFDM symbols
	5MHz
	30KHz
	640 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0045%
	4 OFDM symbols
	5MHz
	30KHz
	1280 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0023%
	4 OFDM symbols
	5MHz
	30KHz
	2560 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0011%
	4 OFDM symbols
	5MHz
	30KHz
	5120 ms
	100MHz, 8beams
	Msg.3
	155.18
	

	FutureWei[8A-4]
	LP-SS
	0.0006%
	4 OFDM symbols
	5MHz
	30KHz
	10240 ms
	100MHz, 8beams
	Msg.3
	155.18
	



[bookmark: _Toc136522074]8.5.1.2	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 UEs per cell
	System configuration, e.g., BW and etc.
	the target channel
	LP-WUS MIL 
	Notes

	vivo[8A-11]
	LP-WUS
	1
	0.8600%
	8 symbols
	5.04MHz
	30kHz
	XR (16.67ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	157.99
	The coverage of LP-WUS with 8/32/40 symbols is comparable to unicast PDCCH AL2-4Rx coverage.

	vivo[8A-11]
	LP-WUS
	8
	3.4300%
	32 symbols
	5.04MHz
	30kHz
	XR (16.67ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	158.23
	

	vivo[8A-11]
	LP-WUS
	12
	4.2900%
	40 symbols
	5.04MHz
	30kHz
	XR (16.67ms)
	10
	
	unicast PDCCH AL2-4Rx
	158.07
	

	vivo[8A-11]
	LP-WUS
	1
	0.0700%
	8 symbols
	5.04MHz
	30kHz
	FTP3 (200ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	157.99
	

	vivo[8A-11]
	LP-WUS
	8
	0.2900%
	32 symbols
	5.04MHz
	30kHz
	FTP3 (200ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	158.23
	

	vivo[8A-11]
	LP-WUS
	12
	0.3600%
	40 symbols
	5.04MHz
	30kHz
	FTP3 (200ms)
	10
	100MHz
	unicast PDCCH AL2-4Rx
	158.07
	




[bookmark: _Toc136522072]8.5.2	Observations

For For RRC IDLE/INACTIVE,

· For LP-WUS carrying 1-bit information, depending on the time-frequency occupation, traffic inter-arrival time, number of beams, system BW, the system overhead varies,
· Results in [XXX8A-11] reports shows that for OOK based LP-WUS system overhead is [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 (per beam LP-WUS duration is 1 symbol, coverage target is PUSCH Msg.3)
· Results in [XXX8A-11] reports shows that for OOK based LP-WUS, system overhead is [0.018%~0.28%] for LP-WUS with 8 beams, 20MHz system BW based on varies configurations as described in the Table 8.5.1 – 1 (LP-WUS duration is 1symbol coverage target is PUSCH Msg.3)	Comment by Feature lead: vivo	Comment by Feature lead: vivo
· Results in [XXX8A-3] reports shows that for LP-WUS with 1 or 8 beams, 20MHz system BW based on varies configurations configurations as described in the Table 8.5.1 – 1, and coverage target is PUSCH Msg.3 with and without retransmissions (2 retransmissions)	Comment by Feature lead: Ericsson
· For OOK based LP-WUS+LPSS with duration 5 or 8 slots, the system overhead is [0.0427%~2.3193%]
· For OFDM based LP-WUS with duration 4 or 5 symbols, the system overhead is [0.00066%~0.0664%] 
· Results in [XXX8A-3] reports shows that for LP-WUS WUS with 8 beams, 20MHz system BW based on varies configurations as described in the Table 8.5.1 – 1, and coverage target is PDCCH AL[16] with 1Rx or 2Rx
· For OOK based LP-WUS+LPSS with duration 9~20 slots, the system overhead is [0.0549%~4.4434%]
· For OFDM based LP-WUS with duration 6~11 symbols, the system overhead is [0.001%~0.1462%] 
· For LP-WUS carrying multiple bits information, depending on the time-frequency occupation, traffic inter-arrival time, number of beams, system BW, the system overhead varies,
· For LP-WUS carrying 48 bit information,
· Results in [XXX8A-3] reports shows that for LP-WUS with 1 or 8 beams, 20MHz system BW based on varies configurations as described in the Table 8.5.1 – 1	Comment by Feature lead: Ericsson
· For OOK based LP-WUS+LPSS with duration 32 or 117 slots, the system overhead is [0.1251%~3.5156%], assuming coverage target is PUSCH Msg.3 with and without retransmissions (2 retransmissions),
· For OOK based LP-WUS+LPSS with duration 140 or 390 slots, the system overhead is [0.4547%~11.8469%], assuming coverage target is PDCCH AL[16] with 1Rx or 2Rx
· Results in [8A-9] shows that system overhead is [0.0014%~0.5760%] for OOK based LP-WUS with 1 beam, 100MHz system BW. (per beam LP-WUS duration is 8/64 symbols, coverage target is PUSCH Msg.3)	Comment by Feature lead: Add according to OPPO overhead results.
· Results in [8A-9] shows that system overhead is [0.0072%~2.8800%] for OOK based LP-WUS with 1 beam, 20MHz system BW. (per beam LP-WUS duration is 8/64 symbols, coverage target is PUSCH Msg.3)
· For LP-WUS carrying 6~24 bits information,
· Resuts Results in [XXX][XXX][XXX][XXXX][XXX8A-3] [8A-4] [8A-11][8A-13][8A-16] report show that system overhead is [0.0023%~1.7321%], for 6~24bits LP-WUS with 1~8 beams, 20MHz system BW;(per beam LP-WUS duration is 4/5/7/12/14/16.8/24 symbols or 10/28slots, coverage target is PUSCH Msg.3 without retransmission)
· The evaluated waveform for LP-WUS includes OOK, FSK-2
· Resuts Results in [XXX8A-3] reports shows that system overhead is [0.0580%~4.4102%], for 8bits OOK based LP-WUS+LP-SS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 10 slots, coverage target is PUSCH Msg.3 without retransmission)
· Resuts Results in [XXX8A-3] reports shows that system overhead is [0.1129%~6.3232%], for 8bits OOK based LP-WUS+LP-SS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 10 slots, coverage target is PUSCH Msg.3 two retransmission)
· Resuts Results in [XXX8A-3] reports shows that system overhead is [0.1434%~20.7959%], for 8bits OOK based LP-WUS+LP-SS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 38 or 88 slots, coverage target is PDCCH [AL16] with 1Rx or 2Rx)
· Resuts Results in [XXX8A-3] reports shows that system overhead is [0.00199%~0.1575%], for 8bits OFDM based LP-WUS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 12symbols coverage target is PUSCH Msg.3 without retransmission or with two transmissions)
· Resuts Results in [XXX8A-3] reports shows that system overhead is [0.00199%~0.1969%], for 8bits OFDM based LP-WUS with 1 or 8 beams, 20MHz system BW;(per beam LP-WUS duration is 12 or 15 symbols, coverage target is PDCCH [AL16] with 1Rx or 2Rx)
· Resuts Results in [XXX][XXX][XXX8A-4] [8A-5] [8A-11] report shows that system overhead is [0.0005%~1.777%] for 7~24bits LP-WUS with 1~8 beams, 100MHz system BW. (per beam LP-WUS duration is 4/5/12/24 symbols or 12symbols with 1/2/4 repetitions, coverage target is PUSCH Msg.3)
· The evaluated waveform for LP-WUS includes OOK, FSK-2, sequence on top of OOK/FSK and OFDM sequence

· [bookmark: _Hlk135682471]For LP-SS based on OOK with 320ms * X periodicity, 1 slot (30kHz) *Y and 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. 
· Example setting for LP-SS, 
· 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%).
· Set 4: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 1000ms periodicity, 8 beams, 20MHz system bandwidth (overhead no more than 0.1%).
· Note: the overhead for the above reference sets are derived based on the above formula.

For RRC CONNECTED,
· Resuts Results in [XXX8A-11] reports shows that
For XR (16.67ms, 60FPS) and 10 UEs per cell (maximum system capacity), 100MHz system BW,
· The overhead of LP-WUS based on OOK with 8 symbol duration and 1-bit information is 0.86%;
· The overhead of LP-WUS based on OOK with 32/40 symbol duration and 8 or 12-bits information is 3.43%~4.29%;
For FTP3 (200ms mean arrival time) and 10 UEs per cell (RU is 40%), 100MHz system BW,
· The overhead of LP-WUS based on OOK with 8 symbol duration and 1-bit information is 0.07%; 
· The overhead of LP-WUS based on OOK with 32/40 symbol duration and 8 or 12-bits information is 0.29%~0.36%; 



[bookmark: _Toc136522084][bookmark: _Ref135156244]Annex B8.5: System Overhead	Comment by Feature lead: Ericsson added
[bookmark: _Toc136522090][bookmark: _Toc136522086]BAnnex 8.5.1 Vivo[R1-xxxxx]
[8A-11]
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 paged UE per second
	Number of LP-WUS transmissions per second
	System configuration, e.g., BW and beam number etc.
	Notes

	vivo
	1
	0.015%
	1 symbol, 5.04MHz (30kHz SCS)
	10
	10
	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
	3
	
	

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

	
	8
	0.01%
	
	10
	3
	
	

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

	
	8 or 12
	0.013%
	
	10
	3
	
	

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

	
	1
	0.018%
	
	10
	3
	
	

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

	
	8
	0.07%
	
	10
	3
	
	

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

	
	8 or 12
	0.088%
	
	10
	3
	
	

	
	1
	0.055%
	1 symbol, 5.04MHz (30kHz SCS)
	39
	39
	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
	10
	
	

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

	
	8
	0.06%
	
	39
	10
	
	

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

	
	8 or 12
	0.075%
	
	39
	10
	
	

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

	
	1
	0.070%
	
	39
	10
	
	

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

	
	8
	0.28%
	
	39
	10
	
	

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

	
	8 or 12
	0.350%
	
	39
	10
	
	



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
	System configuration, e.g., BW and beam number etc.
	Notes

	vivo
	1
	0.86%
	8 symbols, 5.04MHz (30kHz SCS)
	XR (16.67ms)
	10
(maximum system capacity)
	100MHz, one beam

	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
	
	

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

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

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

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



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
	



Annex 8.5.2 [8A-13]

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 [8A-13] 
	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



[bookmark: _Toc136522093]
[bookmark: _Toc136522094]B.Annex 8.5.3 Huawei/HiSi [xxxx[8A-5]
Table 1. Assumptions for system overhead evaluation
	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 system overhead
	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.Annex 8.5.4 Qualcomm [xxxx[8A-16]
	LP-WUS overhead

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

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

	
	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
	3
	3
	3
	3
	3
	3
	3

	
	WUS group size 
	5
	5
	5
	5
	5
	5
	5
	5

	
	number of LP-WUS groups
	20
	20
	100
	100
	20
	20
	100
	100

	Page Traffic
	per group page inter arrival time (sec)
	1
	1
	1
	1
	1
	1
	1
	1

	
	R_G per group per peridocity 
	0.7220
	0.7220
	0.7220
	0.7220
	1.0000
	1.0000
	1.0000
	1.0000

	
	# of LP-WUS transmission per sec
	11.2807
	11.2807
	56.4033
	56.4033
	0.2413
	0.2413
	1.2063
	1.2063

	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)
	2.17
	2.17
	2.17
	2.17
	3.00
	3.00
	3.00
	3.00

	
	total LP-WUS resources per LP-WUS periodicity
	43.32
	43.32
	216.59
	216.59
	60.00
	60.00
	300.00
	300.00

	
	LP-WUS overhead (%)
	0.1692%
	0.1692%
	0.8461%
	0.8461%
	0.0036%
	0.0036%
	0.0181%
	0.0181%



	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%



B.4 Futurewei Annex 8.5.5 [8A-4]
For coverage and resource overhead evaluation, we consider the waveform a LP-WUS consisting of a payload field carrying16 information bits and signal design options (a Frame Check Sequence (FCS) field carrying 8 CRC bits. The LP-SS is a 32-bit low density sequence (i.e., a sequence with lower number of 1 bits compared to 0 bits, 2 ON bits are considered in every 8 bits) occupying 4 OFDM symbols.
· LP-WUS-1: 24 OFDM symbols, Waveform Option OOK-4 with M=2
· LP-WUS-2: 12 OFDM symbols, Waveform Option FSK-2 with M=2
· LP-SS: Waveform Option OOK-4 with M=8
For both LP-WUS options, a SCS of 30 kHz, a 4.32 MHz LP-WUS bandwidth, and a 2.6 GHz Urban scenario (TDL-C 300) are considered. A 1/2 Manchester code is used for LP-WUS-1 resulting in an information data rate of 28kbps leading to payload+CRC occupying a total of 24 OFDM symbols) which achieve coverage close . On the other hand, an information data rate of 56kbps is achieved by LP-WUS-2 leading to or exceeding that payload+CRC only occupying a total of PUSCH Msg312 OFDM symbols. First, The coverage evaluation methodology in TR38.830 is used and the analysis is shown in Table 1 below.
[bookmark: _Ref140830826]Table 1: Link budget analysis for PUSCH (Msg.3) and LP-WUS/LP-SS
	Channel for evaluation
	Msg.3 PUSCH
	LP-WUS-1
	LP-WUS-2
	LP-SS

	Scenario and Carrier Frequency
	FR1: Urban 2.6 GHz
	FR1: Urban 2.6 GHz
	FR1: Urban 2.6 GHz
	FR1: Urban 2.6 GHz

	Cell area reliability (%)
	90%
	99%
	99%
	99%

	 Transmitter
	
	

	(1) Number of transmit antenna elements
	1
	192
	192
	192

	(2) Number of transmit TxRUs
	-
	64
	64
	64

	(2a) Number of transmit chains modelled in LLS
	1
	2
	2
	2

	(3) Total transmit power (dBm) 
	23
	53
	53
	53

	Note: total transmit power for system bandwidth 
	
	
	
	

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	720000
	100000000
	100000000
	100000000

	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz)
	24.42667504
	33
	33
	33

	(3c) Bandwidth used for the evaluated channel (Hz)
	720000
	4320000
	4320000
	4320000

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)
	23
	39.35483747
	39.35483747
	39.35483747

	(4) Total antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter = (4a) – (4b)  (dB)
	0
	12.77121255
	12.77121255
	12.77121255

	(4a) Antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter
	0
	12.77121255
	12.77121255
	12.77121255

	=   (4c) + 10 log ( (1) / (2) ) (dB)  for downlink, and
	
	
	
	

	=   (4c) + 10 log ( (1) / (2a) ) (dB)   for uplink
	
	
	
	

	(4b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of transmitter (dB)
	0
	0
	0
	0

	(4c) Gain of antenna element (dBi) 
	0
	8
	8
	8

	(5) Total antenna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
	0
	15.05149978
	15.05149978
	15.05149978

	Note: zero for uplink
	
	
	
	

	(5a) Antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
	0
	15.05149978
	15.05149978
	15.05149978

	Note: zero for uplink
	
	
	
	

	(5b) Antenna gain correction factor at antenna gain component 2 of transmitter (dB)
	0
	0
	0
	0

	Note: zero for uplink
	
	
	
	

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	1
	3
	3
	3

	(9) EIRP = (3bis) + (4) + (5) – (8) dBm
	22
	64.1775498
	64.1775498
	64.1775498

	 Receiver
	
	

	(10) Number of receive antenna elements
	192
	1
	1
	1

	(10a) Number of receive TxRUs
	64
	-
	-
	-

	Note: this row is void (empty) for downlink
	
	
	
	

	(10b) Number of receive chains modelled in LLS
	2
	1
	1
	1

	(11) Total antenna gain at antenna gain component 3 & antenna gain component 4 of receiver = (11a) - (11b)  (dB) 
	12.77121255
	0
	0
	0

	(11a) Antenna gain at antenna gain component 3 & antenna gain component 4 of receiver
	12.77121255
	0
	0
	0

	=  (11c) + 10 log (  (10)/(10a) )     (dB) for uplink
	
	
	
	

	 =  (11c) + 10 log (  (10)/(10b) )    (dB) for downlink
	
	
	
	

	(11b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of receiver (dB)
	0
	0
	0
	0

	(11c) Gain of antenna element (dBi)
	8
	0
	0
	0

	(11bis) Total antenna gain at antenna gain component 2 of receiver = (11bis-a) - (11bis-b) (dB)
	15.05149978
	0
	0
	0

	Note: zero for downlink
	
	
	
	

	(11bis-a) Antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
	15.05149978
	0
	0
	0

	Note: zero for downlink
	
	
	
	

	(11bis-b) Antenna gain correction factor at antenna gain component 2 of receiver (dB)
	0
	0
	0
	0

	Note:  zero for downlink
	
	
	
	

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	3
	1
	1
	1

	(13) Receiver noise figure (dB)
	5
	12
	12
	12

	(14) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(15) Receiver interference density (dBm/Hz) 
	-165.7
	-169.3
	-169.3
	-169.3

	(16) Total noise plus interference density        = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)
	-164.0335231
	-161.2583889
	-161.2583889
	-161.2583889

	(18) Effective noise power = (16) + 10 log ((3c))   (dBm)
	-105.4601981
	-94.90355143
	-94.90355143
	-94.90355143

	(19) Required SNR (dB)
	-2.2
	1.4
	4.3
	0.9

	(20) Receiver implementation margin (dB)
	2
	2
	2
	2

	(21) H-ARQ gain (dB)
	0.5
	0
	0
	0

	Note: Only applicable if HARQ is not considered in LLS
	
	
	
	

	(22) Receiver sensitivity = (18) + (19) + (20) – (21)  (dBm)
	-106.1601981
	-91.50355143
	-88.60355143
	-92.00355143

	(22bis) MCL = (3bis) – (22) + (5) + (11bis)   (dB)
	144.2116979
	145.9098887
	143.0098887
	146.4098887

	(23) Hardware link budget, a.k.a. MIL  = (9) + (11) + (11bis) − (12) − (22)   (dB)
	152.9829104
	154.6811012
	151.7811012
	155.1811012



The resource overhead incurred only by the LP-SS is evaluated in Table 12 where system bandwidths  and number of beams  are considered. Further, periodicities  are considered.
Table 12: Resource overhead for LP-SS
	System Bandwidth
	20 MHz
	100 MHz

	Number of Beams
	1
	4
	8
	1
	4
	8

	LP-SS Periodicity
	
	
	
	
	
	

	320 ms
	0.0113%
	0.0450%
	0.0900%
	0.0023%
	0.0090%
	0.0180%

	640 ms
	0.0056%
	0.0225%
	0.0450%
	0.0011%
	0.0045%
	0.0090%

	1280 ms
	0.0028%
	0.0113%
	0.0225%
	0.0006%
	0.0023%
	0.0045%

	2560 ms
	0.0014%
	0.0056%
	0.0113%
	0.0003%
	0.0011%
	0.0023%

	5120 ms
	0.0007%
	0.0028%
	0.0056%
	0.0001%
	0.0006%
	0.0011%

	10240 ms
	0.0004%
	0.0014%
	0.0028%
	0.0001%
	0.0003%
	0.0006%



Next, the resource overhead for LP-WUS-1 and LP-WUS-2 is evaluated in Table 23 for IoT use case according to the mMTC usage scenario with a connection density requirement of  devices/ as defined in the ITU-R M.2410 report on “Minimum requirements related to technical performance for IMT-2020 radio interface(s)”. Additionally, paging arrival is considered according to the traffic model with 1 message/2 hours/device or 1 message/day/device as defined in the ITU-R M.2412 report on “Guidelines for evaluation of radio interface technologies for IMT-2020”. Further, a hexagonal network layout with inter-site distance (ISD) of 500m and 3 Transmission Reception Points (TRxPs) per site is considered. The average number of UEs to be simultaneously addressed in a LP-WUS is assumed to be . The results in Table 12 and Table 23 suggest that LP-SS/LP-WUS can be supported for IoT use case in urban deployments with coverage close to or exceeding that of PUSCH Msg3 at a resource overhead  considering  devices/km2 connection density, system bandwidth  MHz, number of transmission beams , and per UE paging arrival rate  1 message/2 hours. 
Table 23: Resource overhead for LP-WUS considering  devices/km2 connection density
	System Bandwidth
	20 MHz
	100 MHz

	Number of Beams
	1
	4
	8
	1
	4
	8

	Waveform
	Traffic Model, 
	
	
	
	
	
	

	LP-WUS-1
	Model-1, 
	0.2165%
	0.8660%
	1.7321%
	0.0433%
	0.1732%
	0.3464%

	
	Model-1, 
	0.0541%
	0.2165%
	0.4330%
	0.0108%
	0.0433%
	0.0866%

	
	Model-2, 
	0.0180%
	0.0722%
	0.1443%
	0.0036%
	0.0144%
	0.0289%

	
	Model-2, 
	0.0045%
	0.0180%
	0.0361%
	0.0009%
	0.0036%
	0.0072%

	LP-WUS-2
	Model-1, 
	0.1083%
	0.4330%
	0.8660%
	0.0217%
	0.0866%
	0.1732%

	
	Model-1, 
	0.0271%
	0.1083%
	0.2165%
	0.0054%
	0.0217%
	0.0433%

	
	Model-2, 
	0.0090%
	0.0361%
	0.0722%
	0.0018%
	0.0072%
	0.0144%

	
	Model-2, 
	0.0023%
	0.0090%
	0.0180%
	0.0005%
	0.0018%
	0.0036%

	
	Model-1: 1 message/2 hours/device
Model-2: 1 message/day/device
	



Annex 8.5.6 [8A-3]	Comment by Feature lead: Ericsson results
We show network overhead impact with LP-WUS for different cases below. Evaluation details are given in RAN1#113 contribution [4].
· The total available resources are calculated assuming carrier bandwidth of 20 MHz (51 PRBs with 30 kHz SCS) and a TDD pattern with 4:1 ratio for DL:UL
· WUS payload: 
· 1bit,8bits,48bits
· WSU Coverage target
· Msg3-PUSCH: {w/o retransmission, w/ two retransmissions}
· PDCCH: {1Rx, AL16}, {2Rx, AL16}
· Note: WUS structure to meet the coverage target is based on results in section 2.1
· Beam-sweeping assumptions:
· No beam-sweeping
· Beam-sweeping for both RRM and WUS monitoring assuming 8 beams
· Traffic
· R_E = 0.1% (additional results for R_E = 1% included in the spreadsheet attached to this document) 
· Total 250 idle-mode UEs in a cell
· FAR assumption (FAR_target, N, T)
· {0.1%, 1, 1.28s} 
· Number of UEs per subgroup: 
· {1, 4}, 4 only applied for {1, 8} bit WUS payload
· Duty cycled WUS monitoring with 1.28s duty cycle is assumed for the results
· LP-SS overhead of 3slots per 1.28s assumed for case of P_WUR=0.5, no extra sync signal overhead assumed for P_WUR = {4, 10}.

Table 2.3.1 Network overhead for different cases with 1UE/subgroup
	1UE per
subgroup
	Payload
	1bit
	8bit
	48bit

	R_E = 0.1%
	
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx

	No beam sweeping
(single beam)
	PWUR = 0.5
	0,0427%
	0,0519%
	0,0549%
	0,0885%
	0,0580%
	0,1129%
	0,1434%
	0,2960%
	0,1251%
	0,3845%
	0,4547%
	1,2177%

	
	PWUR = 4
	0,00066%
	0,00083%
	0,00100%
	0,00183%
	0,00199%
	0,00199%
	0,00199%
	0,00249%
	
	
	
	

	
	PWUR = 10
	0,00066%
	0,00083%
	0,00100%
	0,00183%
	0,00199%
	0,00199%
	0,00199%
	0,00249%
	
	
	
	

	Beam sweeping on LP-SS +LP-WUS
(eight beams)
	PWUR = 0.5
	0,3418%
	0,4150%
	0,4395%
	0,7080%
	0,4639%
	0,9033%
	1,1475%
	2,3682%
	1,0010%
	3,0762%
	**
	**

	
	PWUR = 4
	0,00532%
	0,00664%
	0,00797%
	0,01462%
	0,01595%
	0,01595%
	0,01595%
	0,01993%
	
	
	
	

	
	PWUR = 10
	0,00532%
	0,00664%
	0,00797%
	0,01462%
	0,01595%
	0,01595%
	0,01595%
	0,01993%
	
	
	
	

	** Due to long WUS duration, beam-sweeping for LP-WUS with 48bits payload will be longer than paging cycle 1.28s
Baseline overhead based on PDCCH, AL16, 2 OFDM symbols with 8 beams is 0.012%.




Table 2.3.2 Network overhead for different cases with 4UE/subgroup
	4UE per
subgroup
	Payload
	1bit
	8bit

	R_E = 0.1%
	
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx
	Msg3 0rtx
	Msg3 2rtx
	PDCCH 1 Rx
	PDCCH 2 Rx

	No beam sweeping
(single beam)
	PWUR = 0.5
	0,0427%
	0,0519%
	0,0549%
	0,0885%
	0,0580%
	0,1129%
	0,1434%
	0,2960%

	
	PWUR = 4
	0,00066%
	0,00083%
	0,00100%
	0,00183%
	0,00199%
	0,00199%
	0,00199%
	0,00249%

	
	PWUR = 10
	0,00066%
	0,00083%
	0,00100%
	0,00183%
	0,00199%
	0,00199%
	0,00199%
	0,00249%

	Beam sweeping on LP-SS +LP-WUS
(eight beams)
	PWUR = 0.5
	0,3418%
	0,4150%
	0,4395%
	0,7080%
	0,4639%
	0,9033%
	1,1475%
	2,3682%

	
	PWUR = 4
	0,00532%
	0,00664%
	0,00797%
	0,01462%
	0,01595%
	0,01595%
	0,01595%
	0,01993%

	
	PWUR = 10
	0,00532%
	0,00664%
	0,00797%
	0,01462%
	0,01595%
	0,01595%
	0,01595%
	0,01993%

	Baseline overhead based on PDCCH, AL16, 2 OFDM symbols with 8 beams is 0.012%.



Overall following observations can be made on NW overhead based on the results in this and previous contributions.
[bookmark: _Toc142661967]For WUS to match PDCCH 2Rx coverage, following overhead values for different WUS candidates (including sync resource overhead) are observed from the evaluations (250 Idle UEs/cell assumed):
a. [bookmark: _Toc142661968]For per UE paging rate of 0.1% (1%)
i. [bookmark: _Toc142661969]Baseline overhead for paging PDCCH is 0.012% (0.12%) 
ii. [bookmark: _Toc142661970]For OFDM (SSS-sequence-based) WUS with 8-bit payload (4UEs/subgroup): ~1.65x (~1.45x) higher overhead compared to baseline is required
iii. [bookmark: _Toc142661971]For OOK-WUS with 8 bit payload (4UEs/subgroup): ~196x (~154x) higher overhead compared to baseline is required
iv. [bookmark: _Toc142661972]For OOK-WUS with 48 bit payload (no subgrouping): ~830x higher overhead compared to baseline (for 1% UE paging rate, overhead is prohibitively high)
[bookmark: _Toc142661973]Following general observations can be made for network overhead from the evaluations.
b. [bookmark: _Toc142661974]Regarding WUR on power (P_WUR)
i. [bookmark: _Toc142661975]Overhead for OOK-based-WUS (e.g., P_WUR=0.5) is roughly ~50-100x higher compared to that of OFDM-based-WUS (e.g., P_WUR=4, 10) as the OOK-based WUS duration required to achieve the same coverage target as OFDM-based WUS is much higher and there is a need for additional periodic LP-SS transmissions.
c. [bookmark: _Toc142661976]Regarding WUS payload
i. [bookmark: _Toc142661977]Overhead for OOK-based WUS with 48-bit payload is significantly higher than that of OOK-based WUS with 1- or 8-bit payload (~ 5x higher for single beam and eight beams).  
ii. [bookmark: _Toc142661978]Overhead for 8-bit WUS is slightly higher than that of 1-bit WUS.
d. [bookmark: _Toc142661979]Regarding number of UEs per subgroup
i. [bookmark: _Toc142661980]Overhead with 4 UEs per subgroup is similar to that of 1 UE per subgroup as the assumed low paging rate results in low probability of having UEs being paged in the same group in the same paging cycle.  

Annex 8.5.7 [8A-9]	Comment by Feature lead: OPPO results

Table 10: System overhead for LP-WUS for RRC IDLE/INACTIVE
	Signal
	# of info bits carried by signal
	Overhead (%)
	T resources per beam
	F resources
	SCS
	number of paged UE per second or signal periodicity
	number of UE per group
	Number of LP-WUS transmissions per second
	System configuration, e.g., BW and etc.
	the target channel
	Notes

	LP-WUS
	48
	0.0720%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	10
	20MHz, 1beam
	Msg.3
	OOK-4 when 8 OFDM symbols are used.
OOK-1 when 64 OFDM symbols are used

	LP-WUS
	48
	0.2808%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	39
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.3600%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	50
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.5760%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	10
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	2.2464%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	39
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	2.8800%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	50
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0144%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	10
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0562%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	39
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0720%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	50
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.1152%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	10
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.4493%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	39
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.5760%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	50
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0072%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	1
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0281%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	3.9
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0360%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	5
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0576%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	1
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.2246%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	3.9
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.2880%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	5
	20MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0014%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	1
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0056%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	3.9
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0072%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	5
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0115%
	48 symbols
	5.04MHz
	30kHz
	10
	1
	1
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0449%
	48 symbols
	5.04MHz
	30kHz
	39
	1
	3.9
	100MHz, 1beam
	Msg.3
	

	LP-WUS
	48
	0.0576%
	48 symbols
	5.04MHz
	30kHz
	50
	1
	5
	100MHz, 1beam
	Msg.3
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