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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. 
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 RRM relaxation criteria and RRM relaxation methods. These two parts can be handled individually, i.e. Rel-17 RRM relaxation criteria can work together with Rel-16 RRM relaxation methods or Rel-17 RRM relaxation methods if agreed in RAN4. Therefore, RAN2 can introduce Rel-17 RRM relaxation criteria even if no RRM relaxation methods are agreed in RAN4.
Proposal 1: To confirm, Rel-17 RRM relaxation criteria can work together with Rel-16 RRM relaxation methods (i.e. RAN2 can enable new criteria even if RAN4 does not introduce new Rel-17 RRM relaxation methods).
During SI phase, RAN2 discussed the enhancements on Rel-16 RRM relaxation criteria based on email discussion in [3] for both IDLE/INACTIVE and CONNECTED. We will continue the discussion in following sections. 
RRM relaxation criteria for IDLE/INACTIVE
Regarding the RRM relaxation criteria for IDLE/INACTIVE, RAN2 discussed it in [3] and agreed
1. The following enhancements for triggering neighbour RRM relaxation in RRC_IDLE/RRC_INACTIVE are endorsed for inclusion in the TR. Among these solutions, -Enhancement #1, #2, #3 and #5 can be considered as higher priority. Exact TP and whether some amendments are needed/ further enhancements need to be added can be further discussed:
· Enhancement 1: Introduce additional SsearchDeltaP_stationary threshold to support 2 level speed evaluation (i.e. stationary, low mobility); 
· Enhancement 2: Take into account of beam switching in low mobility evaluation; 
· Enhancement 3: UE determines its stationary property based on subscription information (e.g. USIM); 
· Enhancement 4: Introduce an additional SsearchDeltaP_correction threshold and configure the UE to use it if only it detects that it observes higher received  signal power variation that do not violate stationarity i.e., rotating around itself, dynamically changing multipaths;
· Enhancement 5: Introduce additional TSearchDeltaP_stationary to support 2-level stationarity (i.e. fixed location vs low mobility);
Considering RAN2 has agreed that enhancement 1, 2, 3 and 5 are considered as higher priority. We will only focus these solutions.
For enhancement 1 and enhancement 5, SsearchDeltaP and TSearchDeltaP are used together in Rel-16 power saving mechanism. TSearchDeltaP specifies the time period over which the Srxlev variation is evaluated for relaxed measurement. Therefore, these two enhancements can be merged together, i.e.
Enhancement 1+5: Introduce additional SsearchDeltaP_stationary threshold and TSearchDeltaP_stationary to support 2 level speed evaluation (i.e. stationary, low mobility), as
-	Stationary: (SrxlevRef – Srxlev) < SSearchDeltaP_stationary
-	Low mobility: SSearchDeltaP_stationary <= (SrxlevRef – Srxlev) < SSearchDeltaP_low_mobility
Enhancement 2 is the enhancement on top of enhancement 1+5 by taking into account beam information, i.e. 

Enhancement 2: 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: 
-	number of beam changes < N2 or 
-	SSearchDeltaP_stationary <= (SrxlevRef – Srxlev) < SSearchDeltaP_low_mobility

Enhancement 1+5 is a simple extension from the current specification and has the smallest impact to the specification. However, it doesn’t consider the beam operation hence the measurement is not accurate when beam switch happens.
Enhancement 2 considers the beam operation using the number of beam switch. However, for the scenarios where the UE is stationary, the number of beam switch can still be very high (e.g. the UE is spinning). In that case, the relax of RRM measurement will not be available. On the other hand, if the number of beam switch is small, the chance of a high-speed UE is very low. For this reason, the method still seems reasonable. 
For enhancement 3 “UE determines its stationary property based on subscription information (e.g. USIM).”, as mentioned in the TR, it is simpler and faster than evaluating the quality of serving cell, but it is only applicable to limited scenarios, e.g. fixed-location devices. 
Considering these solutions all have pros and cons, we prefer to support both enhancement 2 and enhancement 3, and leave it to network on which enhancement should be applied based on scenarios.
Therefore we propose:
Proposal 2: RAN2 to agree both enhancement 2 and enhancement 3 as below:
· Enhancement 2: 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;
· Enhancement 3 “UE determines its stationary property based on subscription information (e.g. USIM).”;
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 3: 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 4 : For CONNECTED, the UE stationary property is included in CN Assistance Information, and to be sent from the 5GC to the gNB.
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 enable new criteria even if RAN4 does not introduce new Rel-17 RRM relaxation methods).
Proposal 2: RAN2 to agree both enhancement 2 and enhancement 3 as below:
· Enhancement 2: 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;
· Enhancement 3 “UE determines its stationary property based on subscription information (e.g. USIM).”;
Proposal 3: For CONNECTED, the stationary is determined based on UE subscription.
Proposal 4 : For CONNECTED, the UE stationary property is included in CN Assistance Information, and to be sent from the 5GC to the gNB.
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