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Introduction
The revised WID on support of reduced capability (RedCap) NR devices has been approved in [1]. RAN4 has started work on the support of RedCap NR devices, where the related study item has been concluded in TR 38.875. The WID has the following objectives on introduction of RRM measurement relaxations: 
	· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:
· Specify RSRP/RSRQ based stationary criterion, which is based on Rel-16 low mobility criterion, for RRM measurement relaxation [RAN2]
· For RRC_Idle/Inactive, the stationary criterion allows the UE to perform RRM measurement relaxation when fulfilled.
· For RRC_Connected, the stationary criterion triggers the UE to send a report to the gNB when fulfilled.
· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.
· Specify provision of thresholds for the Rel-16 not-at-cell-edge criterion, alternatively rely on the existing thresholds [RAN2]
· Specify RRM measurement relaxation [RAN4]
· No RRM measurement relaxations are specified for the serving cell. 


This contribution provides further analysis on the RRM measurement relaxation for RedCap UE.

Discussion
RRM relaxation in idle and inactive mode
· Relaxation when R17 criterion is satisfied
It is agreed in last meeting that [2].
Table 1. R17 criterion
	1
	Rel-17 stationary criterion alone is configured and satisfied
	YES and requirements are defined

	2
	Rel-17 stationary and Rel-17 not at the cell edge criterion are both configured and satisfied
	YES and requirements are defined

	3
	Rel-17 stationary and Rel-17 not at the cell edge criterion are both configured however only Rel-17 stationary criterion is satisfied
	YES (same RRM relaxation requirements as scenario 1)

	4
	Rel-17 stationary and Rel-17 not at the cell edge criterion are both configured however only Rel-17 not at cell edge criterion is satisfied
	No relaxation 

	5
	Rel-17 stationary and Rel-17 not at the cell edge criterion are both configured however none of them is satisfied
	No relaxation

	6
	Rel-17 stationary criterion alone is configured but not satisfied
	No relaxation


RAN2 introduce an indicator similar to combineRelaxedMeasCondition-r16. Therefore in scenario #3, UE is allowed to relax measurement when both Rel-17 stationary and Rel-17 not at the cell edge criterion are configured and combineRelaxedMeasCondition not configured, and UE has fulfilled only Rel-17 stationary criterion.
Define a Rel-17 indicator similar to combineRelaxedMeasCondition-r16. This indication is used to differentiate two cases 1) only stationary criterion is met and 2) both criteria (stationary and not-at-cell-edge) are met, when both criteria are configured.
In R16 power saving, when only low mobility criterion is satisfied, fixed relaxation factor (i.e., 3) is applied. In our understanding, in scenario #1 and #3, the relaxation for stationary scenario is supposed to be more “relaxed” than low mobility scenario. The measurement relaxation factor can be relaxed to 4 when stationary criterion is satisfied. 
Proposal 1: UE is allowed to perform RRM measurement relaxation with larger fixed scaling factor Kstationary=4
· When UE is configured with Rel-17 stationary criterion and UE has fulfilled, or 
· when both Rel-17 stationary and Rel-17 not at the cell edge criterion are configured and combineRelaxedMeasCondition not configured, and UE has fulfilled only Rel-17 stationary criterion
· Relaxation when R17 stationary and R17 at-at-cell edge criterion is satisfied
For scenario #2 where R17 stationary and R17 at-at-cell edge criterion (Relaxation criterion 2) is satisfied, UE can stop measurement for a longer interval, e.g., 2 hours.
Proposal 2: When R17 stationary and R17 at-at-cell edge criterion is fulfilled, UE can stop measurement for a longer interval, e.g., 2 hours.
· Relaxation when mixed R17 criterion and R16 criterion are satisfied
The following table for mixed R17 criterion and R16 criterion is agreed in [2].
Table 2. Mixed R17 criterion and R16 criterion
	6
	Rel-16 low mobility
	Rel-17 stationary
	Allowed

	7
	Rel-16 not-at-cell-edge 
	Rel-17 stationary
	NO 

	8
	Rel-16 low mobility & Rel-16 not-at-cell-edge 
	Rel-17 stationary
	TBD

	9
	Rel-16 low-mobility
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	10
	Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	TBD

	11
	Rel-16 low mobility & Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	TBD


We think scenario#8, #10 and #11 are valid 
Proposal 3: Scenario#8, #10 and #11 for mixed R17 criterion and R16 criterion are valid.
From RAN4 perspective,
· For scenario #6, measurement requirements when R-17 stationary criterion is fulfilled are supposed to be relaxed than that of R16 low mobility.
· For scenario #8, in our understanding, a larger factor Kstationary may be applied for the measurement relaxation requirements when R-17 stationary criterion is satisfied, where Kstationary >Klow_mobility. However we think the relaxed measurement period for R-17 stationary criterion may be still smaller than 1hour (when R16 low mobility& R16 not at cell edge are met). 
· For scenario #9, #10, #11, in our understanding, the measurement requirements when UE fulfils R-17 stationary& R17 not-at-cell-edge criterion are the most relaxed.
Based on the above discussion, if UE selects the more relaxed requirements when both mixed R16/R17 relaxation criteria are fulfilled, the requirements will be distinguished case by case (see the yellow highlight in Table 2). It is, to some extent, complicated to specify requirements. From UE perspective, whether UE would like to choose the relaxed requirements is up to UE implementation. It is better to provide more room for implementation freedom. Therefore when UE fulfils both mixed R16 and R17 relaxation criteria, it is up to UE implementation to select either Rel-16 or Rel-17 relaxation operation
Proposal 4: When UE fulfils both mixed R16 and R17 relaxation criteria, it is up to UE implementation to select either Rel-16 or Rel-17 relaxation operation.
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For the RRM relaxation in connected mode, RAN2 has reached the below agreements.
Agreements:
1. An RSRP/RSRQ based stationarity criterion (Working Assumption: the same as in idle/inactive) can be configured for UEs in RRC Connected. If the criterion is met, this is reported to the network (FFS how/when). It is FFS whether, based on this, besides possibly reconfiguring RRM measurements (up to network implementation), the network can enable RRM measurement relaxation (FFS whether same method as in Idle/Inactive)

	Agreements online: (RAN2#116e)
1. RAN2 assume that the existing RRM measurement framework can be used as baseline for enabling and disabling RRM relaxations for UEs in RRC Connected. Other methods can be considered too based on relaxation methods agreed by RAN4.
1. RAN2 understands that no prohibit timer is needed, if legacy measurement reporting framework is reused by UE to report its relaxation status
1. The granularity of RRM measurement relaxations (i.e. whether it should be specified per beam, per cell or per frequency) should be handled by RAN4



In RRC connected mode, if the stationary criterion is met, UE reported the information to network. Enabling/disabling of RRM measurement relaxation is under network’s control. 
According to RAN2 agreement, the existing RRM measurement framework can be used as baseline for enabling and disabling RRM relaxations for UEs in RRC Connected. In other words, network can configure related parameters to relax UE’s measurement if needed. For example, network can configure long SMTC periodicity or large DRX cycle length to UE. The agreements in RAN2 also mean that from RAN2 perspective, the measurement relaxation in connected mode is completed.
Furthermore for Redcap UE, typically the duration UE in connected mode is short. Redcap UE can quickly enter to RRC idle/inactive mode to save more power. The strong justification of introducing new relaxation methods is not foreseen.
If new UE behaviour of RRM relaxation measurement is introduced, UE is allowed to skip some SSB measurement occasions, however the RLM/BFD procedure is still performed on the same SSB symbols, the power saving resulting from only relaxation on RRM measurement is limited.
Consequently no new UE behaviour of RRM measurement relaxation is needed for RedCap UE in connected mode.
Proposal 5: No new UE behaviour of RRM measurement relaxation is needed for RedCap UE in connected mode.
Conclusions
This contribution provides our analysis on RRM measurement relaxation for RedCap UE. The following proposals are provided:
Proposal 1: UE is allowed to perform RRM measurement relaxation with larger fixed scaling factor Kstationary=4,
· When UE is configured with Rel-17 stationary criterion and UE has fulfilled, or 
· when both Rel-17 stationary and Rel-17 not at the cell edge criterion are configured and combineRelaxedMeasCondition not configured, and UE has fulfilled only Rel-17 stationary criterion
Proposal 2: When R17 stationary and R17 at-at-cell edge criterion is fulfilled, UE can stop measurement for a longer interval, e.g., 2 hours.
Proposal 3: Scenario#8, #10 and #11 for mixed R17 criterion and R16 criterion are valid.
Proposal 4: When UE fulfils both mixed R16 and R17 relaxation criteria, it is up to UE implementation to select either Rel-16 or Rel-17 relaxation operation.
Proposal 5: No new UE behaviour of RRM measurement relaxation is needed for RedCap UE in connected mode.
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