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1. Introduction
During RAN#103 meeting, a revised WID[1] was approved on low-power wake-up signal and receiver for NR (LP-WUS/WUR). In RAN4#110bis meeting, RAN4 achieved following agreements in WF[2].
	Agreement: 
· At Rel-19 LP-WUR WI, for LP-WUR measurement, RAN4 specifies measurement requirements for the following:
· Measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state
· Measurement requirements for LP-WUR serving cell measurement based on existing PSS/SSS at Idle/Inactive state
· Other related requirements are FFS

Agreement: Agreement on the target SNR for RAN4 simulation:
· The outcome of RAN1’s study in Rel-19 WI on SNR/SINR target is used as the starting point for RAN4 LP-WUR requirement study. 
· Aspects not considered in RAN1 (if any) can be further discussed in RAN4. 

Agreement:
RAN4 requirement for LP-WUR RRM measurement in Idle/inactive states:
· RAN4 to discuss the simulation assumptions considering the target SNR, accuracy and number of samples.
· RAN4 will define the delay requirement in core part, and further discuss whether/how to define the accuracy requirement.



 In this contribution, our views on LP-WUS/WUR and related analysis of RRM requirements are provided.
2. Discussion
2.1 LP-WUR RRM measurement 
Core requirements to be specified for LP-WUR measurement
In RAN4#110bis meeting, RAN4 has achieved agreement on introducing two types of measurement requirements for LP-WUR serving cell measurement based on LP-SS and PSS/SSS at RRC_IDLE/INACTIVE state. Related agreement is provided as follows:
	Agreement: 
· At Rel-19 LP-WUR WI, for LP-WUR measurement, RAN4 specifies measurement requirements for the following:
· Measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state
· Measurement requirements for LP-WUR serving cell measurement based on existing PSS/SSS at Idle/Inactive state
· Other related requirements are FFS


 
In our understanding the above highlighted FSS is related to another LP-SS design. In RAN1, LP-SS design with overlaid OFDM sequence, which can be received by OFDM-based LP-WUR, is still under discussion. Whether to introduce LP-SS with overlaid OFDM sequence is pending on RAN1 decision. With the above consideration, RAN4 needs to focus on the requirements which already been agreed upon.   
Proposal 1: RAN4 shall focus on following two cases for LP-WUR RRM measurement requirements during idle/inactive mode 
· Case 1: LP-SS for OOK based LP-WUR
· Case 2: Existing PSS/SSS for OFDM based on LP-WUR
Other requirements pending on further decision from RAN1
Methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode
In order to define RRM requirements, RAN4 shall evaluate the LP-WUR based on LP-SS and PSS/SSS. Regarding MR measurement relaxation evaluation, it is necessary to have a clear understanding of LP-WUR RRM measurement in advance. Thus, we think LP-WUR RRM measurement evaluation has to be prioritized.
Regarding the evaluation, RAN4 needs target signal/channel design to perform evaluation properly. However, so far, the design of LP-SS is under discussion in RAN1. Although the LP-SS design is not completed, RAN4 shall start initial evaluation work to make progress and collect initial results in the August meeting, which is stated in the work plan [4]. Since existing PSS/SSS can be used for RRM measurement, RAN4 can evaluate LP-WUR RRM measurement based on PSS/SSS first. Related initial simulation assumption for calibration such as SNR/SINR, measurement metric, and other assumptions can be discussed.
In general, RAN4 evaluation and RRM measurement requirements are specified based on SINR with interference cells. Given no decision reached in RAN1 till now, RAN4 can consider some tentative SNR range for evaluation purpose (e.g. -10~6 dB). For the metric, to be comparable to MR RRM measurement, we can consider at least RSRP and RSRQ first. For LP-SS periodicity, RAN4 can assume 320ms as starting point for periodicity.  
Proposal 2: RAN4 shall start the evaluation work on LP-WUR RRM measurement 
· Evaluation work on existing PSS/SSS based RRM measurement for LP-WUR can be started first 

Proposal 3: For initial simulation calibration purpose, following assumption can be considered:
· Target SNR/SINR: [-10~6] dB with 2dB step size 
· LP-SS with periodicity: 320 ms 
· Measurement metric: RSRP, RSRQ

2.2 MR measurement relaxation
Core requirements to be specified for MR RRM relaxation
According to WID[1], RAN4 needs to specify MR serving cell RRM measurement relaxation in RRC_IDLE/INACTIVE state.  Related objective is provided as follows:
	Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)



For MR in RRC_IDLE/INACTIVE state, MR is required to wake-up to perform serving cell measurement at least per one or two DRX cycles by current requirements. There is observation [3] that power saving gain can be achieved, if sufficient MR RRM measurement relaxation in time domain is applied e.g., relaxation factor larger than 8. According to the observation, OOK-based LP-WUS is more robust to frequency error than OFDM-based signal. So, in our view, there can be a room for serving cell relaxation in case LP-WUR is enabled, since time/frequency tolerance of LP-WUS is higher than the existing signals. Therefore, first we think RAN4 needs to specify whether serving cell measurement relaxation is feasible in case LP-WUR is enabled. Then, we can discuss whether to introduce serving cell measurement relaxation. 
For intra, inter, and inter-RAT cell measurement relaxation by MR, we think existing RRM measurement requirement relaxation under low mobility or not-at-cell-edge scenario can be considered as starting point. For further relaxation, we think it is beneficial for reducing power consumption, however, unless clear scenario is defined, there can be negative impact on proper cell- reselection. Therefore, it needs further evaluation whether it is feasible.
Proposal 4: RAN4 needs to further evaluate serving cell measurement relaxation, and further neighboring cell measurement relaxation by MR 
Criteria (entry/exit conditions) for LP-WUR measurement and MR RRM measurement relaxation  
Regarding the criteria for LP-WUR measurement and MR RRM measurement relaxation, we think RAN4 needs to discuss the criteria related to measurement. Although RAN2 is the main group for design of criteria, traditionally RAN4 was involved in the designing criteria related to measurement. Otherwise, RAN2 may not find technical guidance for determining the criterion. Therefore, we think that RAN4 shall lead the discussion regarding criterion or scenario (entry/exit condition) for measurement.
Proposal 5: RAN4 shall lead the discussion regarding criterion or scenario (entry/exit condition) for LP-WUR measurement and MR RRM measurement relaxation with the involvement of RAN1 and RAN2
Meanwhile, discussion related to measurement criteria has been taken place in RAN1#116bis. The proposal was discussed in the online session, but it was not agreed in the end. Related FL proposal is provided as follows: 
	[H] Proposal 4-3r1: 
When the UE monitors the legacy PO (and may monitor PEI) and stops LP-WUS monitoring,
         UE follows legacy procedures for serving cell and neighbor cell RRM measurements using MR. 
When the UE starts LP-WUS monitoring and stops the legacy paging monitoring,
         LR performs serving cell measurement.
         For serving cell measurement relaxation performed by MR and offloading of serving cell measurement from MR to LR,
o    Option 1: MR does not perform serving cell measurement
o    Option 2: MR performs serving cell measurement with relaxation
o    Option 3: both Option 1 and Option 2 are supported. They may be subject to different conditions
         Neighbor cell measurement by MR is relaxed subject to conditions.
o    FFS the exact conditions



The proposal aims to align the entry condition between LP-WUS monitoring and LR measurement and provides several options for the condition of LR measurement and MR serving cell measurement relaxation. One reason why the proposal was not agreed upon is that some companies raised concerns that it is not certain whether RRM measurement performed by LR can be guaranteed if the condition is determined by MR measurements. As discussed in RAN1, there are uncertain area for defining the condition of LR measurement, which could be further analyzed and evaluated by RAN4. Several aspects need to be considered together including LR measurement performance, MR serving cell measurement relaxation, MR neighboring cell measurement relaxation and corresponding side condition. In our view, RAN4 shall further discuss the applicable side condition /scenario with corresponding assumption on MR serving cell measurement, MR neighboring cell measurement and LP-WUR measurement as a package. In our view, several states may be considered for MR RRM relaxation and LP-WUR RRM measurement which as summarized in Table 1 as example for further discussion:

Table 1 States of MR RRM relaxation and LP-WUR RRM measurement
	RRM measurement state index
	MR serving cell measurement
	MR neighboring cell measurement
	LR measurement
	Applicable scenario and side condition

	#0
	Off 
	Off
	ON 
	· MR enters into ultra-deep sleep state w/o paging monitoring and RRM measurement
· LP-WUR enable for LP-WUS monitoring and serving cell RRM measurement. 
· LP-WUR can maintain good measurement performance and UE placed in good condition i.e., cell center

	#1
	On with relaxation factor >8
	Off 
	ON
	· MR still needs to perform RRM measurement with longer period
· LP-WUS monitoring and partial RRM measurement rely on LP-WUR. LP-WUR can maintain good measurement performance with assistant measurement from MR. 
· UE placed in good condition w/o triggering neighboring cell measurement

	#3
	On with relaxation factor >8
	On with relaxation factor >3
	On
	· MR still needs to perform RRM measurement on serving cell and neighboring cell
· LP-WUR can monitor LP-WUS, and maintain good measurement performance with assistant measurement from MR
· UE with good condition e.g., fulfil existing Relaxed measurement criterion including low-mobility and not-at-cell edge

	#4
	On
	On
	Off
	· MR follows normal RRM measurement 
· Exit from LP-WUS RRM measurement
· Relationship with LP-WUS monitoring exit/entrance condition 



Proposal 6: RAN4 shall further discuss the applicable side condition /scenario with corresponding assumption on MR serving cell measurement, MR neighboring cell measurement and LP-WUR measurement as a package
· It’s not precluded multiple states can be introduced with different assumption on side condition 

2.3 LP-WUS monitoring 
Entry/exit condition for LP-WUS monitoring
In previous RAN1 meeting, working assumption of the entry/exit condition of LP-WUS monitoring has been achieved as follows:
	Working Assumption (RAN1#116bis)
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.



RAN1’s view for the entry condition is that the signal quality of LP-WUS can be evaluated by MR through comparing the serving cell measurement and entry thresholds. The exit condition involves comparing the serving cell measurement performed by the LP-WUR and exit threshold, at least for the device supporting LP-WUR measurement. In general, above conditions are similar to the method of existing threshold comparison methods, which can be determined based on pre-configured criteria with SS-RSRP/SS-RSRQ. For MR, such metrics are sufficient for the threshold; however, for LP-WUS monitoring by LP-WUR, LP-WUR shall detect LP-WUS and wake up MR for paging when LP-WUS indicates “on” state. UE needs to guarantee LP-WUS can be reliably received and detected by LP-WUR with corresponding target miss detection rate on LP-WUS. A metric similar to RLM can be considered as shown in Table 2.
Table 2 Miss detection rate on LP-WUS
	Miss_erro_rate_Entrance
	Miss_erro_rate_Exit

	Th1 i.e. 1%
	Th2 i.e. 10%



Proposal 7:  For Entry/exit condition for LP-WUS monitoring, the performance of miss detection rate on LP-WUS can be considered as side condition in addition to RSRP and RSRQ
Furthermore, another issue needs to be further discussed on entry/exit condition is that depending on UE architecture, MR and LP-WUR measurement performance can be different i.e., antenna gain, IL and NF. Calibration between LP-WUR measurement and MR measurement required to have unified exit and entrance condition. In order to define such unified condition, it is worth noting that the RSRP measurement results difference between MR and LP-WUR should be stable and comparable. One solution is to consider the antenna sharing architecture between LP-WUR and MR to guarantee better accuracy for RRM measurement offloading that can be discussed in UE RF.
Observation 1: LP-WUS entrance condition is specified based on MR measurement and exit condition is specified base LR measurement.  There is potential mismatch between MR and LR measurement pending on UE architecture.  
Proposal 8: Calibration between MR measurement and LR measurement maybe required which also pending on the progress of UE RF session.
Once LP-WUR detected LP-WUS indicating paging indication, then UE needs to wake up MR receiver and monitor paging on paging occasion.
The maximum interruption/processing time between UE being ready to receive Paging/PDCCH by MR and LP-WUS received “on” indication by LP-WUR consist of following factor (time offset between LP-WUS/paging indication to MR ready for Paging monitoring):
“LP-WUS detection processing time + MR wake-up time + MR sync time”
· MR wake-up time depending UE implementation can be 400 ms ~1s 
· MR sync time pending on whether UE can utilize LR sync time/frequency information as starting point for MR i.e., if MR and LR sharing same of RF components e.g.  LO, and/or antenna then UE can utilize LR sync information for MR receiver:
· For UE with shared architecture between LR and MR, LR sync info can be used 
· ~1~2 SSB required for MR sync time 
· Other wise 
· ~10# SSB required for MR sync time
[bookmark: _GoBack]RAN4 may need to specify the maximum interruption time between LP-WUS/LO to PO, which the UE expects to be ready for MR in Paging monitoring. And NW can configure PO offset to LO no less than above processing time/interruption time specified by RAN4. 
Proposal 9: FFS whether new requirements need to be specified for the processing/interruption time between LP-WUS received paging indication to MR ready for Paging monitoring.

2.4 Others
LP-WUR at CONNECTED mode
As indicated in the WI objective:
	· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR




During CONNECTED mode, UE RRM/RLM/BFD are performed by MR, these requirements are not applicable for LP_WUR during RRC CONNECTED mode. And timing requirements are also not applicable given LP-WUR don’t support UL transmission or CA/DC. 
Observation 2: No impact is observed   for  RRC_CONNECTED state mobility, timing, signaling characteristic, and measurement procedure requirements.
The details of LP-WUS procedure to trigger PDCCH monitoring are still on discussion in RAN1 with several alternatives. Also the activation/deactivation of LP-WUS monitoring is still FFS in RAN1 and RAN2.
Proposal 10: FFS whether need to introduce LP-WUS monitoring activation and deactivation delay requirements pending on RAN2/RAN1 progress.  
eDRX related
Supporting eDRX for the UE equipped with LP-WUS is FSS in RAN1. Therefore, it can be discussed after the input from RAN1.
Proposal 11: eDRX can be discussed after further input from RAN1
Paging reception
When LP-WUR is enabled, LP-WUR can monitor LP-WUS to wake up MR for triggering PDCCH/paging monitoring. RAN2 discussion is still on going. It’s FFS whether exiting RAN4 requirements for “Maximum interruption in paging reception” can be reused or not. 
Proposal 12: Paging reception requirement impact can be discussed after further input from RAN2 and RAN1.

Impact on specification
Based on above proposals and observations, following table shows that RAN4 to discuss of which sections of the specification are impacted by the WI
Proposal 13: Consider following table for the expected impact to RRM core requirements for Rel-19 LP-WUS/WUR WI
	RRM core requirements
	Expected impact

	4: RRC_Idle state mobility
5: RRC_INACTIVE state mobility
	4.1/4.2/5.1: Serving cell/intra-inter-frequency measurement by MR can be relaxed
· Serving cell measurement relaxation by MR 
· Intra/inter-freq. and inter-RAT measurement relaxation by MR
· Maximum interruption time in paging reception (FFS pending on RAN2/RAN1 progress) 
· Serving cell measurement requirement for LP-SS and PSS/SSS by LP-WUR
· eDRX (FFS pending on RAN1) 


	6: RRC_CONNECTED state mobility
	NO

	7: Timing
	No

	8. Signalling characteristics
	FFS on new requirements for LP-WUS monitoring during idle and inactive state
FFS on new requirements for LP-WUS monitoring activation and deactivation delay under connected mode

	9. Measurement
	NO


3. Conclusion
In this contribution, our view on RRM requirement is provided.
LP-WUR measurement
Proposal 1: RAN4 shall focus on following two cases for LP-WUR RRM measurement requirements during idle/inactive mode 
· Case 1: LP-SS for OOK based LP-WUR
· Case 2: Existing PSS/SSS for OFDM based on LP-WUR
Other requirements pending on further decision from RAN1
Proposal 2: RAN4 shall start the evaluation work on LP-WUR RRM measurement 
· Evaluation work on existing PSS/SSS based RRM measurement for LP-WUR can be started first 

Proposal 3: For initial simulation calibration purpose, following assumption can be considered:
· Target SNR/SINR: [-10~6] dB with 2dB step size 
· LP-SS with periodicity: 320 ms 
· Measurement metric: RSRP, RSRQ

MR measurement relaxtion
Proposal 4: RAN4 needs to further evaluate serving cell measurement relaxation, and further neighboring cell measurement relaxation by MR 
Proposal 5: RAN4 shall lead the discussion regarding criterion or scenario (entry/exit condition) for LP-WUR measurement and MR RRM measurement relaxation with the involvement of RAN1 and RAN2
Proposal 6: RAN4 shall further discuss the applicable side condition /scenario with corresponding assumption on MR serving cell measurement, MR neighboring cell measurement and LP-WUR measurement as a package
· It’s not precluded multiple states can be introduced with different assumption on side condition 

Proposal 7:  For Entry/exit condition for LP-WUS monitoring, the performance of miss detection rate on LP-WUS can be considered as side condition in addition to RSRP and RSRQ
Proposal 8: Calibration between MR measurement and LR measurement maybe required which also pending on the progress of UE RF session.
Proposal 9: FFS whether new requirements need to be specified for the processing/interruption time between LP-WUS received paging indication to MR ready for Paging monitoring.
Others
Proposal 10: FFS whether need to introduce LP-WUS monitoring activation and deactivation delay requirements pending on RAN2/RAN1 progress.  
Proposal 11: eDRX can be discussed after further input from RAN1
Proposal 12: Paging reception requirement impact can be discussed after further input from RAN2 and RAN1.
Proposal 13: Consider following table for the expected impact to RRM core requirements for Rel-19 LP-WUS/WUR WI
	RRM core requirements
	Expected impact

	4: RRC_Idle state mobility
5: RRC_INACTIVE state mobility
	4.1/4.2/5.1: Serving cell/intra-inter-frequency measurement by MR can be relaxed
· Serving cell measurement relaxation by MR 
· Intra/inter-freq. and inter-RAT measurement relaxation by MR
· Maximum interruption time in paging reception (FFS pending on RAN2/RAN1 progress) 
· Serving cell measurement requirement for LP-SS and PSS/SSS by LP-WUR
· eDRX (FFS pending on RAN1) 


	6: RRC_CONNECTED state mobility
	NO

	7: Timing
	No

	8. Signalling characteristics
	FFS on new requirements for LP-WUS monitoring during idle and inactive state
FFS on new requirements for LP-WUS monitoring activation and deactivation delay under connected mode

	9. Measurement
	NO
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