3GPP TSG-RAN WG4 Meeting # 110-bis					R4-2404873
Changsha, China, 17th  –26th  April, 2023													
Source:		Ericsson
Title:			WUR RF requirement overview
Agenda item:		9.14.2
Document for:		Approval
Introduction
In this paper, we present our view on the WUR RF requirement discussion scope.
Discussion
In WID[1], there is objective for UE RF is quoted below:
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 

WUR is a receiver designed to receive the LP-WUS signal only and the RF architecture is agreed during the study phase. Both Heterodyne IF ED and Homodyne baseband ED architecture are possible. Though RF ED architecture is not excluded in study phase, it will be difficult to meet the coverage target in WID[1] below due to the large NF (12 - 22 dB range, chapter 9.2 in TR 38.869[2]) for RF ED architecture WUR:
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
Therefore, RF ED architecture WUR should be excluded in the Rel-19 and WUR RF requirement should be focus on IF ED and Baseband ED architecture for OOK WUR.

[bookmark: _Ref163139516]Exclude the RF ED architecture in Rel-19 WUR RF requirements discussion.
Another aspect relating to the WUR architecture is the OFDM WUR. As the LP-WUS is overlaid signal design (OOK + OFDM symbol), OFDM WUR can also decode the same LP-WUS signal transmitted from network. In chapter 9.2, such OFDM WUR can process either time domain correlation without FFT or frequency domain correlation with FFT. The OFDM WUR NF is reported to be in the range of 7 to 25 dB for time domain correlation and 7 to 12 dB for frequency domain correlation. If NF would be 25 dB, it may not be possible to match the PUSCH MSG3 coverage, therefore, RAN4 should further confirm the noise figure for OFDM WUR in other to the study the RF requirement (e.g REFSENS) further for this architecture WUR. 

[bookmark: _Ref163139523]Confirm the NF range of OFDM WUR to match the PUSCH MSG3 coverage.

Apart from the architecture to be considered, how the RF requirement should be specified in relation to the main receiver should be discussed. Our view is that as WUR will first receive the wake up signal and then wake up the main receiver, it should at least tolerate the same level jammer/interference as the main receiver. In this way, the wake up receiver can wake up the main receiver in the presence of the same interference. Otherwise, the main receiver will not waken up even it can tolerate more interferer than WUR, which also means there is no need to design a good main receiver in RF perspective.  
[bookmark: _Ref163139531]The WUR should tolerate the same level RF interferer as main receiver.
Figure 1 illustrated the overall receiver requirement and comparison between WUR and MR. It can be observed that there is bandwidth difference between WUR and MR and therefore, the interferer level scaled with the bandwidth for MR may not be the same WUR. In this sense, the WUR RF receiver requirement should be set also considering the MR channel bandwidth configuration. RAN4 could further discuss on how to set the WUR requirement considering the MR. 
[bookmark: _Ref163139541]The WUR requirement should be set in relation to the MR channel bandwidth.



[bookmark: _Ref162425097]Figure 1:WUR selectivity and blocking requirement overview
For the requirements to be specified for WUR, we think all of legacy receiver requirements should be discussed as a starting points. 

[bookmark: _Ref163139549]All legacy receiver requirements should be considered as a starting points for WUR receiver requirement. 
Below we discuss some specific requirement separately.

REFSENS
The UE REFSENS is defined by the following equation: 
REFSENS=kTB + SNR +10log10(RB number*SCS*12) +( NF+ IM) – Diversity gain
Where
-	kTB: Thermal noise level is [-174dBm(kT) + 10*log10(RX BW)] dBm.
-	NF: Noise figure. 
-	IM: 2.5 dB is assumed. 
-	Target SNR: 
-	Diversity gain: 3dB
[bookmark: _Ref131188441]REFSENS is directly related to the coverage so in the end it is related to WUR coverage question. In WID[1], the coverage target is stated below:
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.

Clearly a relation between PUSCH MSG3 coverage and LP-WUS coverage needs to be established. Therefore, the link budget table should be established to derive the needed REFSENS for the WUR.
To start with, some parameters could be resued the chapter 6.2.2 tables quoted below as a starting point. As the IoT device in TR 38.875 differ with the TR 38.830, link budget could be discussed separately for IoT device and normal UE. RAN1 has ongoing discussion on the WUS signal design and therefore, RAN4 can wait one meeting to see if RAN1 reach any conclusion in this aspect.
[bookmark: _Hlk156457016]Table 6.2-2 [2]: Coverage evaluation assumptions
	Number of RX chains at the UE's MR 
	Case 1: 1 Rx for Redcap
Case 2: 2 Rx
Case 3: 4 Rx
Company to report which case is being used. 

	Number of RX chains for LP-WUR
	1 Rx

	Scenario and frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 700MHz (FDD)

	Reference data rates for MR
	Urban: PDSCH 10Mbps, PUSCH 1Mbps
Rural: PDSCH 1Mbps, PUSCH 100kbps

	Reference PDCCH configuration
	SCS
	30kHz for TDD, 15kHz for FDD.

	
	Aggregation level
	8, 16
Company to report which case is being used. Further decision on aggregation level for coverage is FFS.

	
	Payload
	40 bits

	
	CORESET size
	2 symbols, 48 PRBs

	
	Tx Diversity
	Reported by companies

	
	BLER
	1% BLER,

	Pathloss model (select from LoS or NLoS)
	Urban: NloS
Rural: NloS

	Bandwidth
	100MHz for 4GHz and 2.6GHz.
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Channel model for link-level simulation
	TDL-C for NLOS

	Delay spread
	Urban: 300ns, optional: 1000ns and companies to provide descriptions for such scenarios
Rural: 300ns

	UE velocity
	Urban: 3km/h 
Rural: 3km/h, FFS: 120km/h (optional 30km/h) for outdoor

	Number of antenna elements for BS
	-	Urban: 192 antenna elements for 4GHz and 2.6GHz, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)
-	Rural: 16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	gNB architectures to study:
-	2 or 4 TXRUs for 700 MHz 
-	64TxRUs for 2.6 and 4 GHz. 



[bookmark: _Ref131188467][bookmark: _Ref163139569]The link budget calculation could be based on the parameters definition TR 38.830 and/or TR38.875
[bookmark: _Ref163139584]RAN4 discuss the link budget calculation to derive the REFSENS for WUR when RAN1 reach conclusion on WUS signal design.
Conclusions
In this contribution, we present our view on WUR RF requirement with below proposal:

Proposal-1: Exclude the RF ED architecture in Rel-19 WUR RF requirements discussion.
Proposal-2:Confirm the NF range of OFDM WUR to match the PUSCH MSG3 coverage.
Proposal-3:The WUR should tolerate the same level RF interferer as main receiver.
Proposal-4:The WUR requirement should be set in relation to the MR channel bandwidth.
Proposal-5:All legacy receiver requirements should be considered as a starting points for WUR receiver requirement.
Observation 1 The link budget calculation could be based on the parameters definition TR 38.830 and/or TR38.875
Proposal-6: RAN4 discuss the link budget calculation to derive the REFSENS for WUR when RAN1 reach conclusion on WUS signal design.
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