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Introduction
In this contribution, we present our view on the noise figure of WUR with observation and proposals. We also provide updated TP on general and TP on noise figure.
[bookmark: _Ref115159812]Discussion
In WF[1], the noise figure of 9 dB for MR is assumed to be used for further study on the assumed NF for each architecture. In this paper, we present our view on the NF assumption for the Envelop detector based WUR and OFDM WUR.
Issue 1-3-1: Noise Figure range for LP-WUR (LR) 
Agreements:
· Regarding the NF in RAN1 evaluation, RAN4 will derive RF requirement based on updated NF which is feasible from coverage and implementation perspective in WI phase. 
· For LP-WUS evaluation, RAN4 could use ~9dB NF and X dB SNR (FFS channel) as an example assumption for MR coverage discussion. 
· Encourage companies to share assumed NF of each architecture of LR next meeting. 
· RAN4 will focus on sensitivity evaluation instead of specific NF value in WI phase.
In our companion paper [3],  the ADC impairment is evaluated for the ED architecture and it concluded that maximum 0.5 to 2 dB SNR degradation when ADC sampling rate and ADC bit both reduced to benefit on the power saving in ADC. In [4], it concludes that the phase noise has no obvious impairment on the ASCS performance for BPF filter order 4 to 10. Therefore, in the following discussion, only ADC impairment is considered.
Evaluated cases include:
· Reference cases
· PDCCH: {4Rx, AL16}, {2Rx, AL16}, {1Rx, AL16}
· Msg3-PUSCH without retransmission
· Msg3-PUSCH with two retransmissions
· Various LP-WUS structures/WUR configurations (BW=5MHz assumed for all cases)
· OOK-based WUS and WUR NF 6dB higher than MR: 
· 1bit payload (sequence-based detection), 36 OFDM symbols 
· 8 bits payload (+10bits CRC), 36 OFDM symbols
· 48 bits payload (+10bits CRC), 29 and 116 OFDM symbols
· OFDMA-based WUS (SSS-sequence based signal whose I/Q can be processed by WUR in time/frequency domain) and WUR NF 3dB higher than MR
· 8 bits payload (sequence-based detection, time-domain correlation), 12 OFDM symbols

Table 1 lists the reference cases assuming the NF of MR is 9 dB and BS NF is 5 dB. Table 2 lists the link budget for the OOK WUR and OFDM WUR. The NF of 13 dB for OOK WUR is assumed and NF of 9 dB for OFDM WUR is assumed in link budget calculation.

[bookmark: _Ref149653766]Table 1:Link-budget results for reference cases (PDCCH and msg3-PUSCH)
	System configuration
	PDCCH        (4 Rx, AL16)
	PDCCH    
(2 Rx, AL16)
	PDCCH    
(1 Rx, AL16)
	Msg3, no re-trans 
	Msg3, two re-trans

	Carrier frequency (GHz)
	2.6
	2.6 
	2.6 
	2.6 
	2.6 

	Target packet error rate for the required SNR 
	1%
	1%
	1%
	10%
	10%

	Number of transmit chains
	4 
	4 
	4 
	1 
	1 

	Bandwidth of the channel
(MHz)
	17.28
	17.28
	17.28
	0.72
	0.72

	Transmission power for occupied channel (dBm)
	45.38
	45.38
	45.38
	23
	23

	Number of receive chains
	4 
	2 
	1 
	4 
	4 

	Tx antenna gain
	6
	6
	6
	0
	0

	Rx antenna gain
	0
	0
	0
	8
	8

	H-ARQ gain (dB)
	-
	-
	-
	-
	4 

	Receiver noise figure (dB)
	9
	9
	9
	5
	5

	Bandwidth (MHz)
	17.28
	17.28 
	17.28 
	0.72 
	0.72 

	Required SNR (dB) 
	-9.2 
	-6 
	-3
	-6
	-6

	Receiver implementation margin (dB)
	2
	2 
	2
	2
	2

	Receiver sensitivity (dBm)
	-99.8
	-96.6
	-93.6
	-114.4
	-118.46

	MCL [dB]
	151.2
	148
	145
	145.4
	149.4




[bookmark: _Ref149653770]Table 2: Link-budget for different WUS structures
	System configuration
	OOK-1 
(1bit, 36sym)
	OOK-1
(8bit, 36sym)
	OFDM (8bit, 12sym)
	OOK-4 (48bit, 29 sym)
	OOK-1 (48bit, 116sym)

	Carrier frequency (GHz)
	2.6 
	2.6 
	2.6 
	2.6 
	2.6 

	Target packet error rate for the required SNR 
	1%
	1%
	1%
	1%
	1%

	Transmission power for occupied channel (dBm)
	39.35
	39.35
	39.35
	39.35
	39.35

	Tx antenna gain
	6
	6
	6
	6
	6

	Number of receive chains
	1 
	1 
	1 
	1 
	1 

	Receiver noise figure (dB)
	13 
	13 
	10 
	13 
	13 

	Bandwidth (MHz)
	4.32
	4.32
	4.32
	4.32
	4.32

	Required SNR (dB) 
	-4 
	-0.5 
	-7.4 
	7
	0.5

	Receiver implementation margin (dB)
	2
	2 
	2 
	2 
	2 

	RF impairment
	2
	2
	0
	2
	2

	Receiver sensitivity (dBm)
	-94.65
	-91.15
	-100.05
	-83.65
	-90.15

	MCL [dB]
	140
	136.5
	145.4
	129
	135.5



Comparing the Table 1 and Table 2, it can be observed that there is 5 dB difference between MCL of WUR of 1 bit OOK payload and MCL of the MSG 3 PUSCH. The difference is higher (10 dB) when comparing the 8 bit/48 bit payload of OOK1 WUR with MCL of MSG3 PUSCH. RAN1 has no agreement on the OOK WUS signal duration, bandwidth and payload, these factors may impact the coverage link budget when different assumption would be used.
There are several variables in calculation of the link budget which could improve the WUR MCL, one is the SNR operation point, which could be improved by repetition of the OOK signal. The other one is the noise figure of WUR, our assumption of NF which is 4 dB worse than MR. The last is the RF impairment which contributes to the SNR degradation. As REFESNES is most interested in RF specification, all these factors need to be considered together. There may be a need to introduce the enhancement coverage feature for OOK LP-WUS signal in Rel-19, but this is not clear in the study item phase. On the other hand, the repetition will increase the LP-WUS signal duration, which reduces the power saving gain for the DRX case. 
For OFDM WUR, the coverage of LP-WUS can be matched to either MSG3 PUSCH or PDCCH (1 Rx, AL 16).
The network can boost the LP-WUS signal, but this is not guaranteed as it is agreed that boosting capability is up to manufacture declaration. 
RAN1 has not agreed on the WUS signal duration, bandwidth and payload size and the MCL in link budget may change if different assumption would be used.
[bookmark: _Ref149723935] With a moderate assumption of OOK WUR NF 4dB worse than NF of MR, the coverage of WUR cannot match with either MSG3 PUSCH or PDCCH (1 Rx, AL 16)
[bookmark: _Ref149723951]OFDM WUR can match to the MSG PUSCH or PDCCH (1Rx, AL 16) assuming 1 dB worse NF than NF of MR
[bookmark: _Ref149723961]Whether to introduce the coverage enhancement of the LP-WUS for OOK WUR is up to  RAN1 in Rel-19 WI.
TP proposal 

[bookmark: _Toc137819968]7.1.2.1	General
Editor note: the guard RB definition may be updated next meeting
This Clause captures the study outcome of LP-WUR RF impacts. RAN4 focus on FR1 frequency ranges as first priority, 2.6GHz is selected as an example band for evaluation purpose.
For evaluation purpose, RAN4 define a two new terms named as guard RB for LP-WUS within the WUS BW and offset RB, which is Granularity of RB. Meanwhile, the traditional guardband for NR channel bandwidth defined in Clause 5.3, TS 38.101-1 is unchanged. 
-	Depends on the WUS location, the LP-WUS guard RB could be the number RBs between LP-WUS and NR signals (edge of WUS RB location to nearest edge of eMBB RB), The offset RB is or the number RBs between lower/upper LP-WUS edge RB and nearest edge of channel guardband. (edge of WUS RB location to lowest/highest NR transmission bandwidth configuration in spec TS 38.101-1)
[bookmark: _Toc142563824]RAN4 agrees there is no need to restrict symmetric guard RBs for interference rejection of WUS. 
RAN4 suggests overall bandwidth of the wake-up signal in the NR channel i.e., desired signal along with all the required guard RBs shall fit in the maximum transmission bandwidth configuration as defined in Table 5.3.2-1 of TS 38.101-1.

 
Figure 7.1.2.1-1: Definition of the guardband of NR channel and guard RB for LP-WUS	Comment by Chunhui Zhang: This picture is updated , adding the offset RB 

7.1.2.7	Noise Figure
With the assumption of 8 bits payload size and 12 symbols duration for WUS signal, for OFDM WUR, the NF can be 1 dB greater than NF of the main receiver to match the coverage of the MSG3 PUSCH or PDCCH (1 Rx, AL 16). For OOK WUR with the same assumption of assumption of 8 bits payload size and 12 symbols duration for WUS signal, when the NF is 4dB greater than NF of main receiver, the coverage of WUR cannot match either MSG3 PUSCH or PDCCH (1 Rx, AL 16) unless the coverage enhancement of LP-WUS is provided. 


Conclusions
In this contribution, we present our view on NF from coverage aspects with below observations:
Observation 1 With a moderate assumption of OOK WUR NF 4dB worse than NF of MR, the coverage of WUR cannot match with either MSG3 PUSCH or PDCCH (1 Rx, AL 16)
Observation 2 OFDM WUR can match to the MSG PUSCH or PDCCH (1Rx, AL 16) assuming 1 dB worse NF than NF of MR
Observation 3 Whether to introduce the coverage enhancement of the LP-WUS for OOK WUR is up to  RAN1 in Rel-19 WI.
References
[1] R4-2317766, WF on UE RF part for LP_WUS, vivo
[2] R1-2307989, Low power WUS evaluations, Ericsson
[3], R4-231xyz, TP for ADC impairment, Ericsson
[4] R4-2317760, TP for WUS guardRB, Ericsson



image1.emf
UE channel BW [MHz]

NR

NR 

Guardband of UE channel 

Guard RBs for WUS

NR

Channel edge

Channel edge

Transmission Bandwidth Configuration N

RB

Offset RBs for WUS

WUS BW


Microsoft_Visio_Drawing.vsdx
UE channel BW [MHz]
NR
NR
Guardband of UE channel
Guard RBs for WUS
NR
Channel edge
Channel edge
Transmission Bandwidth Configuration NRB
Offset RBs for WUS
WUS BW



