3GPP TSG-RAN WG4 Meeting # 110-bis					R4-2404872
Changsha, China, 17th  –26th  April, 2023													
Source:		Ericsson
Title:			General overview on WUR RF requirement testability
Agenda item:		9.14.1
Document for:		Approval
Introduction
In this paper, we present our overview on the WUR RF requirement testability issue.
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 

For legacy receiver test, the RRC_CONNECTED mode is setup when testing Rx requirement as the 95% throughput is tested as passing criteria. For LP-WUS, the UE is at RRC_IDLE to receive the WUS using WUR and then switched to the RRC_CONNECTED when main receiver wakes up. There is no uplink can be monitored until the main transceiver wakes up.  This is illustrated in Figure 1.



[bookmark: _Ref162442203]Figure 1:WUR operating with MR/MT in TDM mode
In TR 38.869[2], RAN1 agrees the below Link level simulation with the below performance monitoring MDR/FAR quoted as below.



Table 6.2-3 [2]: Simulation assumptions for LP-WUS
	Attributes
	Assumptions

	MDR/FAR assumption
	The miss-detection rate (MDR) of LP-WUS 1%,
The false-alarm rate (FAR) of LP-WUS
-	0.1%, 1%
-	Other values are not precluded for studying, reported by companies
Note: if LP-WUS for wake-up indication consists of two parts or even multiple parts, the proposed MDR/FAR should take into account the reception performance of the two or more parts jointly
The above values are applied in both RRC CONNECTED and IDLE/INACTIVE mode.
FFS FAR requirement based on the study outcome of the impact of FAR on power consumption / power saving gain / system overhead.

The FAR definition does NOT include the impact of the falsely alarmed for wake-up due to the detection of a LP-WUS which is intended to wake-up/alarm the LP-WUR of another UE within the same UE group.

For evaluation purpose, FAR target is determined across a reference time duration T of one or multiple LP-WUS attempts/trials,
-	UE has N attempts within T, 
-	Company to report (FAR target, T, N)
-	For example, 
-	if UE makes a single decision based on multiple correlations for a sequence in the monitor occasion, these correlations are considered as UE implementation in ONE trial/attempt.
-	if UE performs decoding in a monitor occasion, a single decoding is considered as ONE trial/attempt.
-	If UE performs N non-overlap attempts within the reference time duration, the false alarm event for the attempts are assumed as independent.
Companies to provide the assumed side conditions to attain the used FAR over T or per one attempt e.g. CRC/sequence length in LP-WUS design.



As the false alarm is at UE side, where UE will wake up the main receiver even when there is no WUS signal received, there will be no paging signal transmitted to the UE so there will not be any feedback.  So false alarm rate is not good metric to monitor as system emulator as no feedback happens. For Miss detection rate, it can be used as a test metric as if UE miss the WUS by not waking up the main receiver, there will be no feedback to test equipment which exactly can be used as monitoring events. 

[bookmark: _Ref163139620]MDR is more appropriate monitoring metric for WUR receiver test.
However, as there is a need to monitoring the PDCCH before any feedback to test equipment, the MDR would also include the average probability of a missed downlink scheduling grant (Pm-dsg) of the PDCCH in main receiver, in TS38.101-4, this is specified as a performance test quoted as below. To make sure the miss detection only due to LP-WUS not PDCCH, there is a need to increase the detection rate of PDCCH, SNR of PDCCH should be set higher than the performance limit specified in TS 38.101-4.
[bookmark: _Ref163139628]Set the SNR of the PDCCH higher than TS 38.101-4 for the corresponding antenna configuration of main receiver to decrease the PDCCH detection impact on WUR testing metric.
[bookmark: _Toc21338192][bookmark: _Toc29808300][bookmark: _Toc37068219][bookmark: _Toc37083764][bookmark: _Toc37084106][bookmark: _Toc40209468][bookmark: _Toc40209810][bookmark: _Toc45892769][bookmark: _Toc53176626][bookmark: _Toc61120939][bookmark: _Toc67918102][bookmark: _Toc76298145][bookmark: _Toc76572157][bookmark: _Toc76652024][bookmark: _Toc76652862][bookmark: _Toc83742134][bookmark: _Toc91440624][bookmark: _Toc98849414][bookmark: _Toc106543267][bookmark: _Toc106737364][bookmark: _Toc107233131][bookmark: _Toc107234721][bookmark: _Toc107419690][bookmark: _Toc107476984][bookmark: _Toc114565817][bookmark: _Toc123936121][bookmark: _Toc124377136]5.3.2.1.2	2 Tx Antenna performances
For the parameters specified in Table 5.3.2.1-1, the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 5.3.2.1.2-1. The downlink physical setup is in accordance with Annex C.3.1.
Table 5.3.2.1.2-1[3] : Minimum performance for PDCCH with 15 kHz SCS
	Test number
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 
	24
	2
	4
	R.PDCCH. 1-2.2 FDD
	TDLC300-100
	2x2 Low
	1
	2.0

	2
	10 
	48
	2
	8
	R.PDCCH. 1-2.5 FDD
	TDLC300-100
	2x2 Low
	1
	-1.3

	3
	10 
	48
	1
	8
	R.PDCCH.1-1.3 FDD
	TDLA30-10
	2x2 Low
	1
	-0.2


  
Such test may take some time as the test needs to repeat N times before gathering a statistical value for MDR. In another case, UE could design a test function for it without involving the paging procedure, we prefer slightly on the paging procedure as it has less impact on the UE design. As this could be a RAN5 testing issue (especially if RAN5 would deem such test incurs too long test time). A LS to RAN5 may be appropriated to help RAN4 design the test metric for it.
[bookmark: _Ref163139637]Using the paging procedure to get the feedback from UE after LP-WUS is detected.
[bookmark: _Ref163139646]LS to RAN5 to confirm this with text below:
In case a LS to RAN5, below LS text is proposed:
RAN4 are discussing the test metric for wake up receiver RF performance test. As the WUR only detect LP-WUS/LP-SS and no other signals, legacy throughout monitoring for PDSCH is not possible anymore. Therefore, RAN4 propose the test metric of Miss Detection Rate of LP-WUS (target 1%). To test MDR of LP-WUS, there are two options to do it and RAN4 agree that it will be up to RAN5 to decide which options is suitable for WUR receiver test.
Two options below to test
1. Using the legacy paging procedure to detect successfully LP-WUS reception by WUR
2. New test mode for testing the successfully LP-WUS reception by WUR

Conclusions
In this contribution, we present our view on WUR RF requirement with below proposal:
Observation 1 MDR is more appropriate monitoring metric for WUR receiver test.
Proposal-1: Set the SNR of the PDCCH higher than TS 38.101-4 for the corresponding antenna configuration of main receiver to decrease the PDCCH detection impact on WUR testing metric.
Proposal-2: Using the paging procedure to get the feedback from UE after LP-WUS is detected.
Proposal-3: LS to RAN5 to confirm this with text below:
RAN4 are discussing the test metric for wake up receiver RF performance test. As the WUR only detect LP-WUS/LP-SS and no other signals, legacy throughout monitoring for PDSCH is not possible anymore. Therefore, RAN4 propose the test metric of Miss Detection Rate of LP-WUS (target 1%). To test MDR of LP-WUS, there are two options to do it and RAN4 agree that it will be up to RAN5 to decide which options is suitable for WUR receiver test.
Two options below to test
1. Using the legacy paging procedure to detect successfully LP-WUS reception by WUR
2. New test mode for testing the successfully LP-WUS reception by WUR
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1. Overall Description: 
RAN4 are discussing the test metric for wake up receiver RF performance test. As the WUR only detect LP-WUS/LP-SS and no other signals, legacy throughout monitoring for PDSCH is not possible anymore. Therefore, RAN4 propose the test metric of Miss Detection Rate of LP-WUS (target 1%). To test MDR of LP-WUS, there are two options to do it and RAN4 agree that it will be up to RAN5 to decide which options is suitable for WUR receiver test.
Two options below to test
3. Using the legacy paging procedure to detect successfully LP-WUS reception by WUR
4. New test mode for testing the successfully LP-WUS reception by WUR

2. Actions:
To RAN WG1/WG2 group.
ACTION: 	RAN4 would like RAN5 consider the information above and decide which option is suitable for WUR test.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #111		May 20 – May 24, 2024					Fukuoka
TSG RAN WG4 Meeting #112s		August 19-23 , 2024					Maastricht


image1.emf
WUR

RRC_IDLE

Main 

Tranceiver

RRC_CONNECTED

Wake_up_Time

WUS Paging

PRACH


Microsoft_Visio_Drawing.vsdx
WUR
RRC_IDLE
Main Tranceiver
RRC_CONNECTED
Wake_up_Time
WUS
Paging
PRACH



