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1. Introduction
At the RAN#91, RAN2 completed the work on “Study Item on support of reduced capability NR devices”, and the WID was revised in [1] with following objectives:
· RRM relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected, considering the alternatives identified in the RedCap SI:
· Study until RAN#92e, and, if agreed, specify RRM measurement relaxation criteria (where, for RRC_Idle/Inactive the Rel-16 mechanism is the baseline, and for RRC_Connected the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive so as to maximize the commonality with Idle/Inactive UEs) [RAN2]
· Enabling/disabling of RRM relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM relaxation.
· After RAN#92e, if agreed in RAN2, specify RRM measurement relaxation [RAN4]
· No RRM relaxations are specified for the serving cell. 
Based on the approved WID, RAN2 should focus on the RRM measurement relaxation criteria, and RAN4 should focus on RRM measurement relaxation.  
At RAN2#113b, based on [5] [6], RAN2 agreed to the following:
1. Assuming there will be a stationary property based on subscription (which is FFS), we will not restrict to this and will continue to assume that a UE can use some RSRP/RSRQ based criteria (FFS whether reuse R16 thresholds or new ones. FFS also on the use of a beam based criteria)
Agreements:
1.	At least for RRC idle/inactive, a measurement-based R17 stationarity criterion can be configured separately from R16 low-mobility criterion for R17 UEs supporting the feature. FFS how the configuration is provided. FFS whether this stationarity criterion is based on:
	-	the same algorithm used in R16 low-mobility criterion but with its own specific set of thresholds; and/or
	-	a combination of R16 low-mobility criterion and/or beam-change based criterion. Exact details of beam change criterion are FFS.
Agreements - via email (from offline [102]):
1. Network can configure R17 stationarity criterion/criteria together with a not-at-cell-edge criterion, to trigger RRM relaxations in RRC Idle/Inactive for R17 UEs supporting the feature. FFS whether the R16 not-at-cell-edge thresholds can be reused or separate R17 not-at-cell-edge thresholds are needed. 
And post-meeting email discussion [Post103bis-e][102] continues the discussion on open issues. 
In this contribution, we discuss the issues on RRM measurements relaxation criteria.
1. [bookmark: Proposal_Pattern_Length]Discussion
[bookmark: _Hlk47304067]Rel-16 measurement relaxation feature allows UEs in RRC_IDLE and RRC_INACTIVE to relax measurements on neighbour cells (i.e. relax measurements with longer intervals or stop measurements for up to 1 hour) when it meets the rules and criteria determining that UE is in “low mobility” and/or “not at cell edge”.
[bookmark: _Hlk68028296]In RAN plenary, some companies thought the RRM relaxation should be decided by RAN4. Our understanding is, RRM relaxation can be split into two parts, 1) RRM relaxation criteria and 2) RRM relaxation methods. These two parts can be handled individually, e.g. subscription based stationary determination is used for fixed UE, and beam switching number is the enhancement to R16 criteria, and therefore they can work together with Rel-16 RRM relaxation mechanisms i.e. Rel-17 RRM relaxation criteria (e.g. subscription based criterion, beam switching number) can work together with Rel-16 RRM relaxation methods or Rel-17 RRM relaxation methods (if introduced in RAN4). Therefore, RAN2 can introduce Rel-17 RRM relaxation criteria even if no Rel-17 RRM relaxation methods are introduced by RAN4.
Proposal 1: To confirm, Rel-17 RRM relaxation criteria can work together with Rel-16 RRM relaxation methods (i.e. RAN2 can introduce new criteria even if RAN4 does not introduce new Rel-17 RRM relaxation methods).
RRM relaxation criteria for IDLE/INACTIVE
For subscription based stationary determination, RAN2 agreed to the following:
1. Assuming there will be a stationary property based on subscription (which is FFS), 
To our understanding, stationary property based on subscription is faster than measurement based approach because the UE does not need to perform measurement before determine the stationary state. For the use cases that the UE location is fixed, e.g. video surveillance cameras, industrial wireless sensors, robots in a warehouse etc., the UE/network do not need to determine the stationarity based on measurement. Subscription based stationary determination should be sufficient. As discussed in proposal 1, it can work together with Rel-16 RRM relaxation mechanism even if RAN4 will not introduce Rel-17 RRM relaxation mechanism. Therefore we propose:
Proposal 2: Introduce subscription based stationary determination as Rel-17 RRM relaxation criterion. 
For IDLE/INACTIVE UE, there are two options to obtain the subscription:
Option 1: the subscription can be obtained by UE itself, e.g. via USIM and the RAN can enable the RRM relaxation for fix location UE via system information. 
Option 2: The RAN could also get the UE subscription from AMF, and then indicate whether RRM relaxation is enabled when releasing UE’s RRC connection.  
Both options can work. But for option 2, all things are controlled by the network, e.g. the RAN can pick up some UEs for RRM relaxation, and it can provide more flexibility to RAN. Therefore we slightly prefer option 2. 
Proposal 3: For IDLE/INACTIVE UE, the RAN obtains UE’ stationary subscription from the AMF, and indicates whether the RRM relaxation is applied for the UE when releasing RRC connection. 
For measurement based Rel-17 stationary criterion, RAN2 agreed:
At least for RRC idle/inactive, a measurement-based R17 stationarity criterion can be configured separately from R16 low-mobility criterion for R17 UEs supporting the feature. FFS how the configuration is provided. FFS whether this stationarity criterion is based on:
	-	the same algorithm used in R16 low-mobility criterion but with its own specific set of thresholds; and/or
	-	a combination of R16 low-mobility criterion and/or beam-change based criterion. Exact details of beam change criterion are FFS.

To our understanding, this Rel-17 measurement based stationary criterion should be configured separately from Rel-16 low mobility criterion and with separate threshold. In addition, beam operation shall be taken into account, otherwise the measurement is not accurate when the beam switching happens. 
[bookmark: _Hlk71294377]Rel-17 measurement based stationary criterion (with beam switching information): 

Introduce additional SsearchDeltaP_stationary threshold and TSearchDeltaP_stationary to support 2 level speed evaluation (i.e. stationary, low mobility) and take into account of beam switching;
Stationary: 
-	number of beam changes < N1 or 
-	no beam change and (SrxlevRef – Srxlev) < SSearchDeltaP_stationary
Low mobility (beam switching on top of Rel-16 low mobility criterion): 
-	N1 < number of beam changes < N2 or 
-	SSearchDeltaP_stationary <= (SrxlevRef – Srxlev) < SSearchDeltaP_low_mobility
Therefore we propose:
Proposal 4: In Rel-17, introduce measurement based stationary criterion (with beam switching information) as: Introduce additional SsearchDeltaP_stationary threshold and TSearchDeltaP_stationary to support 2 level speed evaluation (i.e. stationary, low mobility) and take into account of beam switching;
· Stationary: 
-	number of beam changes < N1 or 
-	no beam change and (SrxlevRef – Srxlev) < SSearchDeltaP_stationary
· Low mobility (beam switching on top of Rel-16 low mobility criterion): 
-	N1< number of beam changes < N2 or 
-	SSearchDeltaP_stationary <= (SrxlevRef – Srxlev) < SSearchDeltaP_low_mobility

For not at cell edge, RAN2 agreed to the following:
1. Network can configure R17 stationarity criterion/criteria together with a not-at-cell-edge criterion, to trigger RRM relaxations in RRC Idle/Inactive for R17 UEs supporting the feature. FFS whether the R16 not-at-cell-edge thresholds can be reused or separate R17 not-at-cell-edge thresholds are needed. 
To our understanding, the cell coverage could be different for redcap UE and non-RedCap UE, and therefore separate threshold is needed for not at cell edge threshold. 
Proposal 5: Introduce a new R17 “not-at-cell-edge” threshold for RedCap UE, i.e. separate from non-RedCap UE.
RRM relaxation criteria for CONNECTED
Regarding the RRM relaxation criteria for CONNECTED, RAN2 discussed it in [3] [4] and agreed
1. For neighbour cell RRM relaxation in RRC_CONNECTED, “fixed or immobile UEs” are considered with higher priority than “slightly moving UEs”. 

1. Capture in TR the following solutions to assist triggering neighbour RRM relaxation in RRC_CONNECTED. 
	•	Solution 1: UE reports “stationary” status to network in Msg5; 
	•	Solution 2: Network provides (e.g. low mobility, not-at-cell-edge) evaluation parameters to UE via dedicated signalling; 
	•	Solution 3: AMF sends “stationary” indication to gNB (based on UE subscription); 
	•	Solution 4: UE reports “stationary” in UE Assistance Information to network;

As mentioned in the TR “For neighbour cell RRM relaxation in RRC_CONNECTED, due to the concern on potential mobility performance impact, it is RAN2 recommendation that “fixed or immobile UEs” are considered with higher priority than “slightly moving UEs”. Therefore we can focus this discussion on “fixed or immobile UEs” for RRM relaxation for CONNECTED mode devices. Then solution 1, 2 and 4 should be sufficient.
For solution 1, 2, and 4, the common part should be that the stationary is determined based on UE subscription, same as enhancement 3 described above for IDLE/INACTIVE.
Proposal 6: For CONNECTED, the stationary is determined based on UE subscription.
For solution 1 and 4 above, it should be: 
· UE determines its stationary property based on subscription information (e.g. USIM) and then
· Reports to the gNB in MSG5 or in UE assistance information;
For solution3, it should be:
· The network determines UE’s stationary property based on subscription information and then
· Sends it to the gNB;
[bookmark: _Hlk68088614]So far, the 5GC sends CN Assistance Information as part of “INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST and PATH SWITCH REQUEST ACKNOWLEDGE.”. This CN Assistance Information for RRC INACTIVE aims to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. Therefore, if supported, the NG-RAN node stores this information in the UE context and use it for e.g. the RRC_INACTIVE state decision and RNA configuration for the UE and RAN paging if any for a UE in RRC_INACTIVE state. Solution 3 can reuse the same IE to transfer the UE stationary property to RAN. Considering UE stationary property information is stable and it is unnecessary to send this information whenever the UE moves to CONNECTED, e.g. from INACTIVE. Therefore we prefer solution3.
Proposal 7: For CONNECTED, the UE stationary property is included in CN Assistance Information, and to be sent from the 5GC to the gNB.
For temporary stationary UE, the network can get UE measurements based on RRM configuration, and then decide whether to relax the RRM or not. How to determine the temporary stationary state can be left to network implementation. And therefore measurement based RRM relaxation criterion is not needed for CONNECTED UE;
Proposal 8: For CONNECTED, RAN can determine the temporary stationary UE based on existing RRM measurement, and therefore RRM based relaxation criterion is not needed. 
For RRM relaxation method, the network may only configure serving frequency, adjust S measurement, etc. New signalling may be needed but it depends on what RRM relaxation will be for CONNECTED mode UE, e.g. whether the UE can stop the serving cell measurement or not. The decision should be made by RAN4. 
Proposal 9: For RRC_CONNECTED, RRM relaxation can be realized by changing RRM configuration. The details should be further discussed in RAN4. 

1. Conclusion
Based on the discussion, we have following proposals:
Proposal 1: To confirm, Rel-17 RRM relaxation criteria can work together with Rel-16 RRM relaxation methods (i.e. RAN2 can introduce new criteria even if RAN4 does not introduce new Rel-17 RRM relaxation methods).
Proposal 2: Introduce subscription based stationary determination as Rel-17 RRM relaxation criterion. 
Proposal 3: For IDLE/INACTIVE UE, the RAN obtains UE’ stationary subscription from the AMF, and indicates whether the RRM relaxation is applied for the UE when releasing RRC connection. 
Proposal 4: In Rel-17, introduce measurement based stationary criterion (with beam switching information) as: Introduce additional SsearchDeltaP_stationary threshold and TSearchDeltaP_stationary to support 2 level speed evaluation (i.e. stationary, low mobility) and take into account of beam switching;
· Stationary: 
-	number of beam changes < N1 or 
-	no beam change and (SrxlevRef – Srxlev) < SSearchDeltaP_stationary
· Low mobility (beam switching on top of Rel-16 low mobility criterion): 
-	N1<number of beam changes < N2 or 
-	SSearchDeltaP_stationary <= (SrxlevRef – Srxlev) < SSearchDeltaP_low_mobility
Proposal 5: Introduce new R17 “not-at-cell-edge” threshold for RedCap UE, i.e. separate from non-RedCap UE.
Proposal 6: For CONNECTED, the stationary is determined based on UE subscription.
Proposal 7 : For CONNECTED, the UE stationary property is included in CN Assistance Information, and to be sent from the 5GC to the gNB.
Proposal 8: For CONNECTED, RAN can determine the temporary stationary UE based on existing RRM measurement, and therefore RRM based relaxation criterion is not needed. 
Proposal 9: For RRC_CONNECTED, RRM relaxation can be realized by changing RRM configuration. The details should be further discussed in RAN4. 
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