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Introduction
In RAN#94, study item in RP-222675 has been approved. In RAN1#110 the following agreements has been made 
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



Discussion
On LP-WUS coverage
In our opinion LP-WUS should target the same coverage as R17 NR. However, what the R17 coverage is should be further discussed. Table 1 shows MILs for NR PDCCH (16AL), NR PUSCH (targeting 100kbs coverage) and hypothetical LP-WUS (Noise figure and Required SNR is FFS) in Rural environment (700MHz 15kHz SCS). In NR, PUSCH has been a bottleneck, while NR PDCCH is one of the channels with the best coverage. 
Therefore, as part of study, we suggest determining the target MIL for three scenarios Rural (700MHz), Urban scenario (2.6 GHz) and Urban scenario (4GHz). If LP-WUS target MIL would be that of the bottleneck channel, the LP-WUS requirements could be relaxed and so would power-consumption. The LP-WUS requirements being noise figure as well as Required SNR for LP-WUS signal design.



Table 1 Examples of MIL following RedCap methodology
	700MHz (15kHz SCS)
	
	
	

	
	NR CSS PDCCH
	LP-WUS
	NR PUSCH

	Carrier BW (MHz) 
	20,00
	4,00
	20,00

	PSD (dBm/MHz) 
	36,00
	36,00
	-

	Occupied BW (PRBs) 
	48,00
	11,00
	4,00

	Occupied BW (MHz) 
	8,64
	3,96
	1,44

	Tx Power in occupied BW(dBm) 
	45,37
	41,98
	23,00

	Tx Array gain 
	0,00
	0,00
	

	Tx Antenna Gain (dB) 
	8,00
	8,00
	0,00

	Tx EIRP  (dBm) 
	53,37
	49,98
	23,00

	Rx Antenna gain (dB) 
	0,00
	0,00
	8,00

	Beamforming Rx gain (dB) 
	3,00
	0,00
	9,00

	Thermal noise density (dBm/Hz) 
	-174,00
	-174,00
	-174,00

	Rx interference density (dBm/Hz) 
 [37.910]
	-169,30
	-169,30
	-165,70

	Rx Noise figure (dB) 
	7,00
	12,00
	5,00

	Total Rx Noise + int density (dBm/Hz) 
	-164,99
	-161,26
	-164,03

	Effective noise power (dBm) 
	-95,62
	-95,28
	-102,45

	Required SNR* (dB) []
	-6,60
	0,00
	-2,40

	Rx sensitivity (dBm) 
	-102,22
	-95,28
	-104,85

	Link budget (MIL) (dB) 
	158,59
	145,26
	144,85



Proposal-1: RAN1 to study and decide what target MIL should be for LP-WUS in the following scenarios; (i) Rural (700MHz), (ii) Urban scenario (2.6 GHz) and (iii) Urban scenario (4GHz).
When we agree on target MIL, we need to estimate Rx Noise figure for given architectures, this allowing us to determine Required SNR for LP-WUS signal design.
Proposal-2: For considered LP-WUS architectures, estimate the achievable Noise Figures. 
LP-WUS power saving 
The WID states that LP-WUS power saving should be compared with the “existing Rel-15/16/17 UE power saving mechanisms”. We think that benchmark should not be R17 NR PEI, but R16 LPWA, such as NB-IoT or LTE-M. These technologies are already existent and may be accommodated anywhere within NR carrier similarly as MC-OOK waveform would be. And NB-IOT coverage is clearly better than that of NR.
Proposal-3: R16 LPWA is a power consumption reference for LP-WUS.
When it comes to deep sleep, in PSM a LPWA chipset would consume 2.7uA at 3.7V making it 1uW. PSM/eDRX during LPWA study has been assumed to have relative power consumption 0.1 unit. This would set 1 unit of relative consumption to around 10uW. This conversion ratio could be used to evaluate LP-WUS performance. 
Proposal-4: To rigorously benchmark LP-WUS, discuss how to map LP-WUS power consumption to 3GPP relative power units. Consider conversion ratio of 1unit =10uW.



Latency
In our opinion, for LP-WUS to justify its motivation in the market, it should provide better latency than eDRX and PSM/MICO. Therefore, when power consumptions are compared, LP-WUS power consumption with T/10 latency should be comparable or better than that of eDRX with latency T.  
Proposal-5: Target that LP-WUS power consumption with T/10 latency is better than that of (e)DRX with latency T.
Conclusions 
In this contribution we discussed issues related to LP-WUS evaluation and we had the following observations and proposals:
Proposal-1: RAN1 to study and decide what target MIL should be for LP-WUS in the following scenarios; (i) Rural (700MHz), (ii) Urban scenario (2.6 GHz) and (iii) Urban scenario (4GHz).
Proposal-2: For considered LP-WUS architectures, estimate the achievable Noise Figures. 
Proposal-3: R16 LPWA is a power consumption reference for LP-WUS.
Proposal-4: To rigorously benchmark LP-WUS, discuss how to map LP-WUS power consumption to 3GPP relative power units. Consider conversion ratio of 1unit =10uW.
Proposal-5: Target that LP-WUS power consumption with T/10 latency is better than that of (e)DRX with latency T.
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