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1 Introduction
At RAN4 #100-e, the technical discussion on RRM measurement relaxations for neighbouring cells for the WI on reduced capability NR (RedCap) devices [1] was continued [2]. Agreements and open issues on this matter were captured in the WF [3]. 
Following agreements were reached.
	Agreements
Relaxation methods for IDLE/Inactive states 
· will not be postponed until more progress is reached in RAN2.
Priority issue 
· Regarding RAN2’s progress, RAN4 starts discussion from stationary and not-cell-edge relaxation criterion for RRC_IDLE/INACTIVE as high priority 
Mechanism for R17 RedCap UE in IDLE/Inactive mode 
· Reuse the same mechanism as Rel-16 RRM measurement relaxation in IDLE/Inactive 
· Method 1: Using scaling factors (value for FFS) 
· Method 2: Using a period of time (value for FFS)
· Criteria for using Method 1 and/or 2 are FFS
· Note: EMR is not supported by RedCap UEs and the relaxation mechanisms related to EMR carriers do not apply to RedCap
Scenario for RRM relaxation in RRC_CONNECTED
· Wait for RAN2 until more progress on RRM relaxation in CONNECTED mode. 
EMR
EMR will not be considered in RRM measurement relaxation for RedCap UE in IDLE/Inactive mode. 



Following items for further study were identified.
	Items for further study
Relaxation when stationary criteria is satisfied
· Option 1: use scaling factor ( one or multiple and fixed/non-fixed for FFS) (Eric Xiaomi OPPO vivo MTK)
· Option 1a: if single criteria (stationarity or not-at-cell-edge) is fulfilled, use K1_RedCap /K2_RedCap to relax the RRM requirement. K1_RedCap /K2_RedCap has the similar applicability condition as K1/K2 in R16 power saving WI, and FFS on the values for K1_RedCap /K2_RedCap (Apple)
· Option 1b: When the stationarity criterion is configured, the scaling factor based RRM relaxation principle in Rel-16 should be considered firstly ()
· Option 1c: The requirements for R16 low mobility criterion can be used as baseline for Rel-17 stationary criterion, with a larger scaling factor (e.g., K2＞3) due to different Rel-17 thresholds. ()
· Option 1d:  For stationary scenario, RRM measurement relaxation with larger scaling factor of measurement interval than R16 low mobility is applied - The scaling factor is fixed ()
· Option 2: Relax by at least one hour - During Idle/Inactive mode, when a UE is configured with and fulfils the stationarity criterion, then irrespective of other criteria being configured and/or fulfilled, it may relax the neighbour cell measurements by at-least one hour. Exact value is FFS (QC)
· Option 3: FFS ()
Relaxation when either Rel-17 or Rel-16 not-at-cell-edge criteria  is satisfied 
· Option 1: same relaxation factor for the Rel-17 stationary criterion is used  if a new Rel-17 not-at-cell edge criterion  (MTK)
· Option 2: For R17 not-at-cell-edge criterion, RAN4 can wait for RAN2 to decide whether to reuse the requirements of R16 not-at-cell-edge.(Eric, Apple, QC Xiaomi OPPO)
· Option 3: Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE reuse Rel-16 not-at-cell-edge criterion with the same thresholds. (Huawei)
· Option 4: FFS (vivo)
· Option 5: propose to agree on the relaxation method using a scaling factor for this case also ()
Relaxation when multiple criteria are satisfied
· Option 1: More relaxed RRM requirements (vivo MTK) 
· Option 1b: when a UE is configured with and fulfils the stationarity criterion and additionally fulfils Rel 16 and/or Rel-17 (if defined by RAN2) not-at-cell-edge criteria, the measurement relaxation could be greater than the one defined for a UE fulfilling only stationarity criterion. (QC Xiaomi OPPO vivo)
· Option 1c: When both R17 stationary and not at cell edge criteria are fulfilled, more relaxed RRM measurement is expected. (Huawei)
· Option 2: if both criterion (stationarity and not-at-cell-edge) are configured and fulfilled, use a fixed long measurement period for requirement relaxation, e.g., like 1 hour in R16 power saving WI. (Eric, Apple MTK)
· Option 3: FFS ()
Requirements when UE moves between different states
· Option 1: For RedCap RRM relaxation in RRC connected mode, based on measurement, when UE turns from ‘fulfil criteria’ to ‘not fulfil criteria’, this is also needed to report to network. ()
· Option 2: RAN4 to consider minimum requirements at transitions for different criterions switching (Apple OPPO);
· Option 3: RAN4 to discuss assumptions how to evaluate RRM measurement relaxation. A distinction into RRC states and neighbour cell types may serve well in this context. ()
· Option 4: FFS (QC MTK Huawei)
· Option 5: Option 1 is RAN2 issue ()
· Option 6: RAN4 to introduce minimum requirements at transition when UE changes between relaxed and normal measurement modes based on same transition principle in release 16 relaxation requirements in IDLE/INACTIE states. Whether to introduce minimum requirements at transition when UE changes between relaxed and normal measurement modes in CONNECTED state is FFS  (Eric Apple QC vivo Huawei)


At the present meeting an LS from RAN2 is received [4] being replicated below.
	1  	Overall description 
RAN2 have discussed the RRM relaxations and achieved the following agreements on RRM relaxation criteria.
	Agreements in RAN2#113bis-e:
· 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.
· 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.
Agreements in RAN2#114-e:
· 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).
· Subscription based relaxation criteria will not be considered in Rel-17 RRM relaxation.
· Reuse R16 low mobility criterion, as part or whole of Rel-17 stationary criterion in RRC_IDLE/INACTIVE. When NW configures both Rel-17 stationary criterion and Rel-16 low mobility criterion, NW configures different Rel-17 thresholds (i.e., SSearchDeltaP_stationary/TSearchDeltaP_stationary) from Rel-16 (SSearchDeltaP / TSearchDeltaP). How to configure the criterion (e.g. more stringent) is left to NW implementation (i.e. no specification impact to RAN2).  
· Postpone the following discussion until RAN4 defines RRM relaxation method for Rel-17:
When NW configures both R16/R17 relaxation criteria and the UE fulfills both, UE performs:
- Option 1) UE performs Rel-17 RRM relaxation method
- Option 2) It is up to UE implementation to select either Rel-16 or Rel-17 relaxation operation
· When NW configures Rel-17 RRM relaxation for RRC_IDLE/INACTIVE, Rel-17 stationary criterion is mandatory, and Rel-17 not-at-cell-edge criterion is optional configuration. 
Agreements in RAN2#115-e:
· Do not introduce nor reuse not-at-cell-edge threshold for R17 RRC_CONNECTED UEs.
· Do not introduce beam change based criterion in Rel-17.
· The network provides the configuration of stationarity criterion to the UE via dedicated signalling (e.g. RRCReconfiguration message) in RRC_CONNECTED.
· Introduce separate Rel-17 not-at-cell-edge threshold, and the new threshold is only associated with Rel-17 stationary criterion (if configured). If configured with a not-at-cell-edge criterion, the R17 stationary criterion can only be configured together with the R17 not-at-cell-edge criterion, not with the R16 one.



RAN2 respectfully asks RAN4 to take the above agreements into account.
For RRC_IDLE/INACTIVE, RAN4 is asked to study and define the corresponding Rel-17 RRM relaxation method.
For RRC_CONNECTED, RAN2 will continue discussing the details.
2	Actions
To RAN4 group:
ACTION: 	RAN2 respectfully asks RAN4 to take the above agreements into account.
For RRC_IDLE/INACTIVE, RAN4 is asked to study and define the corresponding Rel-17 RRM relaxation method.


This contribution discusses above open issues in the context of the received LS from RAN2 above.
2 Discussion
In this section, we summarize the discussion in RAN2 list and discuss open RAN4 issues related to RRM measurement relaxation.
2.1 Status of RAN2 discussion on RRM relaxations 
With regard to above RAN2 LS, the status of RAN2 discussion on RRM relaxations can be summarized for RRC Idle/Inactive state and RRC Connected state as given below.  
	RRC state
	RRM measurement relaxation criteria
	Procedure

	RRC Idle/
RRC Inactive 
	· RSRP/RSRQ based stationary criterion (R17)
· with two thresholds (SSearchDeltaP_stationary/TSearchDeltaP_stationary)
· it may include low mobility criterion (R16) as part or whole with two R17 thresholds (SSearchDeltaP / TSearchDeltaP).
· mandatory configuration
· not-at-cell-edge-criterion 
· with two R17 thresholds
(SSearchThresholdP / SSearchThresholdQ)
· optional configuration
	Upon evaluation of R16/R17 RRM relaxation criteria, UE will:
· apply RRM neighbour cell relaxations 


	RRC Connected
	· RSRP/RSRQ based stationary criterion (R17)
· with two thresholds (SSearchDeltaP_stationary/TSearchDeltaP_stationary)
· mandatory configuration
	· Stationary criterion is configured via dedicated signalling  (e.g. RRCReconfiguration)
· Upon evaluation of stationary criterion, UE will:
· report to network that relaxation criterion is met
· wait on NW command to reconfigure RRM measurements and/or grant RRM neighbour cell relaxations 



2.2 RRM measurement relaxation methods
According to the objective in the WID [1], RRM relaxations related to neighbour cell measurements in RRC Idle, RRC Inactive and RRC Connected for stationary and low mobility RedCap devices shall be investigated and specified for the benefit of UE power saving. 
This needs to follow RAN2 agreements on RRM measurement relaxation trigger criteria for the different RRC states (see above) as well as RAN2 studies on RRM measurement relaxation methods:
· For RRC Idle / RRC Inactive: e.g. stopping NC measurement for certain time window (> 1 hour), measuring a minimum of NC frequencies only, or lesser reference signals or only specific beams, as described in [5].
· For RRC Connected: e.g. reporting stationary status in Msg 5 or via measurement reporting, or confining the measurement to single RS type, as described in [5]. 
RAN4’s task is to specify measurement requirements for RRM relaxation for neighbour cells once enabled by the network for stationary and low mobility RedCap devices in RRC Idle / RRC Inactive and for stationary RedCap devices in RRC Connected.
RAN4 has started the discussion at RAN4 #100-e considering different options for RRM measurement relaxation methods [3]. These are considered in more detail below. 
2.2.1 Relaxation when stationary criteria is satisfied
In our view, the approach from Rel-16 for the low mobility criterion can be reused for the stationary criterion which can be configured both in RRC Idle/Inactive and in RRC Connected states. A relaxation factor should be defined to scale the neighbour cell measurements. We agree that the relaxation factor should be larger than for low mobility criterion, hence K>3. We do not see an issue introducing multiple values for K for the stationary criterion. For instance, the set for K = {5, 10, 30, 100} can be defined and can serve well to broadcast this parameter or adjust it in the dedicated signalling. The value is expected to depend also on network deployments, as a dense network will provide better connectivity than a network with large cells.
	Use the scaling-based approach from Rel-16 and introduce a set of relaxation factors, higher than for the low-mobility criterion, e.g. K = {5, 10, 30, 100}, for the stationary criterion. 
2.2.2 Relaxation when either Rel-17 or Rel-16 not-at-cell-edge criteria is satisfied
According to the above, RAN2 agreed to define new thresholds for the Rel-17 not-at-cell-edge criterion, which can be configured in RRC Idle/Inactive state. It is understood that this criterion is optionally configured in addition to the mandatory stationary criterion. In our view, the same relaxation method as for stationary criterion can be used. We assume the criterion is less stringent than the stationary criterion, since applying also for devices with mobility, hence the relaxation factor in this case should be lesser compared to that for the stationary criterion. Again, we propose to use a set of relaxation factors, e.g. K = {3, 6, 20, 50}, which can serve well to broadcast this parameter.
	Use the scaling-based approach from Rel-16 and introduce a set of relaxation factors, higher than for the low-mobility criterion, e.g. K = {3, 6, 20, 50}, for the not-at-cell-edge criterion. 
2.2.3 Relaxation when multiple criteria are satisfied
In case both criteria (stationarity and not-at-cell-edge) are configured and fulfilled in RRC Idle/Inactive state, we agree to reuse a larger relaxation than for the above cases, i.e. apply a fixed long measurement period for requirement relaxation, e.g. like 1 hour in R16 power saving WI, thus we support option 2 above. 
	In case both stationary and not-at-cell-edge criteria are configured and fulfilled in RRC Idle/Inactive state, apply a fixed long measurement period, e.g. like 1 hour in R16 power saving WI. 
2.2.4 Requirements when UE moves between different states
We agree that if UE moves from the mode where relaxation criteria are fulfilled to the mode where not fulfilled, it needs to return to normal measurement mode in case of RRC Idle / Inactive state or report this to network in case of RRC Connected state. This is a procedural issue, which needs to be covered by RAN2. 
In our view, RAN4 needs to ensure that measurement requirements related to RRM relaxations are appropriately defined for transition between RRC states, for example:
· In case the UE moves from RRC Idle / Inactive state to RRC Connected state, it returns to normal measurement mode, to obtain fresh neighbour cell measurements, even if it has been staying in relaxed measurement mode. Thereafter, the evaluation of RRM relaxation criteria for RRC Connected state is started.
· In case the UE moves from RRC Connected state to RRC Idle / Inactive state, it can stay within the same measurement mode, e.g. if it was in relaxed measurement mode in RRC Connected state, it will stay there in RRC Idle / Inactive state until the next evaluation of RRM relaxation criteria takes place. 
	In our view, RAN4 needs to ensure that measurement requirements related to RRM relaxations are appropriately defined for transition between RRC states, for example:
· In case the UE moves from RRC Idle / Inactive state to RRC Connected state, it returns to normal measurement mode, to obtain fresh neighbour cell measurements, even if it has been staying in relaxed measurement mode. Thereafter, the evaluation of RRM relaxation criteria for RRC Connected state is started.
· In case the UE moves from RRC Connected state to RRC Idle / Inactive state, it can stay within the same measurement mode, e.g. if it was in relaxed measurement mode in RRC Connected state, it will stay there in RRC Idle / Inactive state until the next evaluation of RRM relaxation criteria takes place.
3 Conclusion
This contribution summarizes the status of RAN2 discussions on RRM measurement relaxation and provides our view on open RAN4 issues related to RRM measurement relaxation.
The following proposals are made: 
1. 	Use the scaling-based approach from Rel-16 and introduce a set of relaxation factors, higher than for the low-mobility criterion, e.g. K = {5, 10, 30, 100}, for the stationary criterion. 
	Use the scaling-based approach from Rel-16 and introduce a set of relaxation factors, higher than for the low-mobility criterion, e.g. K = {3, 6, 20, 50}, for the not-at-cell-edge criterion. 
	In case both stationary and not-at-cell-edge criteria are configured and fulfilled in RRC Idle/Inactive state, apply a fixed long measurement period, e.g. like 1 hour in R16 power saving WI. 
	In our view, RAN4 needs to ensure that measurement requirements related to RRM relaxations are appropriately defined for transition between RRC states, for example:
· In case the UE moves from RRC Idle / Inactive state to RRC Connected state, it returns to normal measurement mode, to obtain fresh neighbour cell measurements, even if it has been staying in relaxed measurement mode. Thereafter, the evaluation of RRM relaxation criteria for RRC Connected state is started.
· In case the UE moves from RRC Connected state to RRC Idle / Inactive state, it can stay within the same measurement mode, e.g. if it was in relaxed measurement mode in RRC Connected state, it will stay there in RRC Idle / Inactive state until the next evaluation of RRM relaxation criteria takes place.
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