


[bookmark: OLE_LINK27][bookmark: OLE_LINK111][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 108bis	                                  R4-2316330
Xiamen, China, Oct. 9 – Oct. 13, 2023
Source: 	ZTE Corporation
Title: 	Further consideration on LP-WUS
Agenda item:	5.20.2
Document for:	Approval
1 Introduction
[bookmark: OLE_LINK25][bookmark: OLE_LINK76][bookmark: OLE_LINK94][bookmark: OLE_LINK9]In this contribution, we give some discussions on the NF and power boosting for LP-WUR based on the RAN1’s outcomes. 
2	Discussion
[bookmark: OLE_LINK19][bookmark: OLE_LINK42][bookmark: OLE_LINK28][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK66]2.1 NF
For the NF values, it is one of the open issues which will be further discussed in RAN4’s Q4 meeting [1].
	Issue 1-3-1: Required Noise Figure 
Agreements
· RAN4 further discuss the Noise figure in Q4 based on the outcome of SNR and coverage in RAN1.


The main reason for the discussion postponed in RAN4 may be that RAN4 should wait for more inputs/information for the coverage/power consumption from RAN1. 
[bookmark: OLE_LINK99]The coverage associated with power consumption simulation for LP-WUS for different LP-WUS signal are provided in the past RAN1 meeting, the conclusions were captured in the TR 38.869, which are:
	· [bookmark: OLE_LINK86]For OOK waveform, 3 types of receiver architectures have been considered: RF envelope detection, heterodyne architecture with IF envelope detection, and homodyne/zero-IF architecture with baseband envelope detection.
· [bookmark: OLE_LINK85][bookmark: OLE_LINK89]For RF envelope detection, the reported relative power consumption for ON state is in the range of 0.01~0.2, and the reported noise figure is in the range of 12~22 dB.
· [bookmark: OLE_LINK87][bookmark: OLE_LINK90]For heterodyne architecture, the reported relative power consumption for ON state is in the range of 0.1~4, and the reported noise figure is in the range of 9~15 dB.
· [bookmark: OLE_LINK88][bookmark: OLE_LINK91]For homodyne/zero-IF architecture, the reported relative power consumption for ON state is in the range of 0.05~4, and the reported noise figure is in the range of 10~16 dB.
· [bookmark: OLE_LINK93]For FSK waveform, the architectures with parallel OOK receivers and with frequency to amplitude conversion have been considered. Among the architectures that have more than 2 sources providing the analysis,
· [bookmark: OLE_LINK92]For parallel heterodyne architecture, the reported relative power consumption for ON state is in the range of 0.1~1, and the reported noise figure is in the range of 9~15 dB.
· For parallel homodyne/zero-IF architecture, the reported relative power consumption for ON state is in the range of 0.1~1, and the reported noise figure is in the range of 10~16 dB.
· [bookmark: OLE_LINK96]For OFDMA-based signals, sequence-based signals have been considered, where the LP WUR performs either time-domain correlation without FFT or frequency-domain correlation after FFT.
· [bookmark: OLE_LINK97]For time-domain correlation, the reported relative power consumption for ON state is in the range of 0.15~10/30, and the reported noise figure is in the range of 7~25.
· For frequency-domain correlation, the reported relative power consumption for ON state is in the range of 1~30, and the reported noise figure is in the range of 7~12.


[bookmark: OLE_LINK100]The above conclusions were based on the companies’ input which are summarized in [2]. For the NR main radio (i.e. Ref NR Channel), 5 or 7dB NF values were largely used by companies, which are different with the NF values used in RAN4, i.e. NF=10dB is for high bands like n77/n78/n79, and 9dB is for other low- and mid-bands. In addition, the required SNR are much varied but far way from -1dB SNR which is used for REFSEN requirements calculation in RAN4.
[bookmark: OLE_LINK4]Observation 1. The values for NF and required SNR for NR channel in RAN1 coverage simulation are different with the values used in RAN4.
[bookmark: OLE_LINK102]For LPWUS, different NF values are foreseen for different waveforms, even for different RF architectures due to different power consumption. Although it is in SI phase, the NF values used for RAN4 RF requirements definition such as REFSEN requirements should be agnostic to architecture, which means for a certain waveform, one NF value should be considered for all possible architecture.
[bookmark: OLE_LINK5][bookmark: OLE_LINK110]Proposal 1. For a certain LP-WUS waveform, one NF value should be considered for all possible architecture.
[bookmark: OLE_LINK105][bookmark: OLE_LINK106]When we look at the above outcomes, RF envelope detection architecture is only considered for OOK waveform, and the NF value are higher than the values in the other two architectures. It is predictable although the power consumption is lowest, further details for the performance metric for the receiver architectures can be find in table 1[3]. 
Table 1. performance metrics for the receiver architectures [3]
	
	RF ED
	Zero-IF ED
	IF ED

	Power consumption range
	<10uW
	300~600uW
	<1000uW
>Zero-IF ED

	NF
	High
	Medium
	Low

	Sensitivity/coverage
	>-70dBm
	-96dBm~-102dBm
	>-110dBm

	cost/complexity
	Low
	Medium
	High

	Interference suppression capability
	Low
	Medium
	High


The downscope for the architectures are discussed in the past RAN4 meetings but without any conclusions. Considering the NF for RF envelope detection architecture given by RAN1 is worst, which would cause the worst sensitivity/coverage. Also considering it cannot support multiple band operation, so it is proposed to exclude RF ED architecture for LP-WUR.
[bookmark: OLE_LINK95][bookmark: OLE_LINK6]Proposal 2. Exclude the RF ED architecture for LP-WUR architecture.
[bookmark: OLE_LINK113]Regarding the NF values, in terms of the RAN1’s outcomes, exclude RF EF architectures, 9~16dB for OOK and FSK vaveforms, considering different results for different companies, maybe a middle value should be considered.
Proposal 3. To consider middle value in NF ranges for OOK and FSK NF, i.e. 12.5dB.
2.2 Power Boosting
For OFDM-based WUS waveform, it is straightforward to reuse the existing RE power control dynamic range of BS in TS 38.104, and FFS for other waveforms, the agreements in the WF[1] are:
	Issue 1-4-1: LP-WUS power boosting without NR impacted
Agreements
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]For OFDM-based WUS waveform, reuse existing NR RE power control dynamic range of BS in TS 38.104 for LP-WUS as starting point. WUS power boosting should minimize any impacts on legacy UEs.
· RAN4 further check the feasibility of 6dB power boosting for LP-WUS assumed by RAN1


In TS38.104, the existing NR RE power control dynamic range of BS excludes down and up values, which are restricted by UEM/ACLR and EVM requirement, respectively.
[image: ]
For LPWUS, it would be foreseen the coverage may be worse than normal NR UE considering several factors like power consumption, cost, large NF, single Rx etc. To enhance the LP-WUS coverage, one of the feasible method is to boost the power for some RB, rather than reducing the power. Therefore, we think only up power in the existing NR RE power control dynamic range of BS should be considered.
[bookmark: OLE_LINK7][bookmark: OLE_LINK1]Proposal 4. To be more specific, for OFDM-based WUS waveform, reuse existing NR RE power control dynamic range (up) of BS in TS 38.104 for LP-WUS as starting point... 
Another power boosting for NR BS NB-IoT should be considered for OOK/FSK waveform as +3/+6 dB were used in RAN1’s study, where +3/+6 dB values are from NB-IoT power dynamic range in per understanding. In TS38.104, this power dynamic range level is only required for one NB-IoT RB.
For LPWUS, due to there will several RBs are reserved as the guard band between WUS and NR carrier, which is a bit different with in-band NB-IoT operation. However, similar as in-band NB-IoT, power is sharing between WUS and NR, as also pointed out in [4]. So more WUS RB power (+6dB) can be boosted means more NR RB power will be reduced, a roughly relationship between WUS RB number power boost and NR per RB reduction (delta power) is shown in figure 1. 

It can be found when the total WUS RB of 10 can be power boosted, then ~6dB power reduced per NR RB.
[bookmark: OLE_LINK8]Observation 2. Power per NR RB would be dramatically reduced in the case of total WUS RB number can be power boosted become larger.
Of course, the specific RB for WUS power boosting should be verified by UEM/ACLR requirements.
3 Conclusion
In this contribution, we give some initial discussions on NF and power boosting for LP-WUR based on the RAN1’s outcomes. The conclusions are:
Observation 1. The values for NF and required SNR for NR channel in RAN1 coverage simulation are different with the values used in RAN4.
Proposal 1. For a certain LP-WUS waveform, one NF value should be considered for all possible architecture.
Proposal 2. Exclude the RF ED architecture for LP-WUR architecture.
Proposal 3. To consider middle value in NF ranges for OOK and FSK NF, i.e. 12.5dB.
Proposal 4. To be more specific, for OFDM-based WUS waveform, reuse existing NR RE power control dynamic range (up) of BS in TS 38.104 for LP-WUS as starting point... 
Observation 2. Power per NR RB would be dramatically reduced in the case of total WUS RB number can be power boosted become larger. 
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Table 6.3.2.2-1: RE power control dynamic range

Modulation scheme used

RE power control dynamic range (dB)
on the RE (down) (up)
QPSK (PDCCH) Ky +4
QPSK (PDSCH) 5 +3
16QAM (PDSCH) 3 +3
64QAM (PDSCH) 0 0
256QAM (PDSCH) 0 0
1024QAM (PDSCH) [ 0

NOTE:  The output power per carrier shall aiways be less or equal
the maximum output power of the base station.





