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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN#92-e meeting, it was agreed that the RRM relaxation for neighboring cells for RedCap devices will be specified. And the related objective in the RedCap WID[1] is following:
	· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:
· Specify measurement (RSRP/RSRQ) based stationarity criterion and not-at-cell-edge criterion [RAN2]
· 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 UE requirements for RRM measurement relaxation [RAN4]
· No RRM measurement relaxations are specified for the serving cell. 


Some initial agreements and working assumptions on RRM relaxation mechanism have been already reached during the last RAN2 meeting. Based on the agreements and working assumptions, we focus on the details of the RRM relaxation mechanism for UE in both RRC_IDLE/INACTIVE and RRC_Connected states in this paper.
2. Discussion
2.1. RRM Relaxation Criteria for RRC_IDLE/INACTIVE
In Rel-16, a UE in RRC_IDLE and RRC_INACTIVE is allowed to relax RRM measurements on neighboring cells when it fulfills the criteria determining that the UE is in “low mobility” and/or “not at cell edge”. The corresponding parameters used to determine whether the criteria are met or not are delivered via system information. Some parameters, e.g. s-SearchThresholdP and s-SearchThresholdQ, are configured with absolute values, which are highlighted in yellow as following:
[[
    relaxedMeasurement-r16              SEQUENCE {
        lowMobilityEvaluation-r16           SEQUENCE {
            s-SearchDeltaP-r16                  ENUMERATED {
                                                    dB3, dB6, dB9, dB12, dB15,
                                                    spare3, spare2, spare1},
            t-SearchDeltaP-r16                  ENUMERATED {
                                                    s5, s10, s20, s30, s60, s120, s180,
                                                    s240, s300, spare7, spare6, spare5,
                                                    spare4, spare3, spare2, spare1}
        }                                                                                   OPTIONAL,       -- Need R
        cellEdgeEvaluation-r16              SEQUENCE {
            s-SearchThresholdP-r16              ReselectionThreshold,
            s-SearchThresholdQ-r16              ReselectionThresholdQ                       OPTIONAL        -- Need R
        }                                                                                   OPTIONAL,       -- Need R
        combineRelaxedMeasCondition-r16     ENUMERATED {true}                               OPTIONAL,       -- Need R
        highPriorityMeasRelax-r16           ENUMERATED {true}                               OPTIONAL        -- Need R
    }                                                                                       OPTIONAL        -- Need R
    ]]
In the last RAN2 meeting, how to define Rel-17 not-at-cell-edge criterion for RRC_IDLE/INACTIVE was discussed, and it was agreed that the Rel-16 not-at-cell-edge criterion can be reused in Rel-17. 
Agreements online:
3. Continue discussion on Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE within two options:
	- Option 1) Reuse Rel-16 not-at-cell-edge criterion with the same thresholds (i.e., SSearchThresholdP / SSearchThresholdQ)
	- Option 2) Reuse Rel-16 not-at-cell-edge criterion with the different thresholds
[bookmark: OLE_LINK1]However, we have agreed that some reduced capabilities for RedCap UEs, e.g. at least both the number of Rx antennas and maximum bandwidth supported by RedCap UEs are smaller than non-RedCap UEs, which may cause some degradation in the measurement results for RedCap UE comparing with non-RedCap UEs. In this way, when reusing the existing criteria in Rel-16 to RedCap UEs, we should consider the different measurement performances for RedCap UEs. Hence, it makes sense to define RedCap specific threshold values when reusing the existing criterion, at least for parameters configured with absolute value (e.g. s-SearchThresholdP and s-SearchThresholdQ), which should be different from the values of non-RedCap UEs. Similarly, the system information could be used to provide these separate configurations for RRM relaxation criterion for RedCap UEs.
Proposal 1：Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE reuses the Rel-16 not-at-cell-edge criterion with the different thresholds (i.e. Option 2).
Regarding beam-level criterion, the working assumption is following:
Agreements online:
1. Working Assumption: If beam-level criterion is adopted for Rel-17 stationary criterion in RRC_IDLE/INACTIVE, it is configured separately with Rel-16 low mobility criterion reused
During the offline discussion [2], the supporters of beam-level criterion pointed out that beam quality measurement is more accurate than cell quality measurement for determining “stationary” of the UE. While others argue the beam-level signaling quality may change very frequently, due to not only the UE mobility but also the blockage, e.g. someone passes by. Besides, the details of beam-level criterion are not clear now, it is hard to decide whether beam-level criterion can improve the power saving gain or not.
Proposal 2: Beam level criterion for R17 stationery could be introduced only if the use case has been identified.
As new criteria will be defined in RAN2 for RRM relaxation for RedCap UEs, e.g. stationary criterion. Thus, it is reasonable to define new relaxation methods (e.g more relaxed measurement for stationary UEs). Anyway, it is up to RAN4 to decide whether to define new relaxation methods and how to define the relaxation methods. 
Proposal 3: It is up to RAN4 to decide the relaxation methods for RedCap UEs in RRC_IDLE/INACTIVE.
2.2. RRM Relaxation Criteria for RRC_Connected
During the last RAN2 meeting, the following was agreed on the configuration of Rel-17 RRM relaxation for RRC_IDLE/INACTIVE:
[bookmark: _Ref71571220]Agreements online:
2. 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. FFS whether the same applies to RRC Connected
The remaining issue is when NW configures Rel-17 RRM relaxation for RRC_Connected, whether Rel-17 stationary criterion is mandatory, and Rel-17 not-at-cell-edge criterion is optional configuration?
For RRC_IDLE/INACTIVE, UE may be configured with either Rel-16 or Rel-17 RRM relaxation criteria, i.e. the following 5 cases for RRM relaxation configurations are supported:
· Only Rel-16 not-at-cell-edge criterion 
· Only Rel-16 low mobility criterion
· Both Rel-16 not-at-cell-edge and low mobility criteria 
· Only Rel-17 stationary criterion
· Both Rel-17 stationary and not-at-cell-edge criteria
[bookmark: OLE_LINK2]It is observed that Rel-16 not-at-cell-edge criterion can be independently configured without Rel-17 stationary criterion. However, things are different for RRC_Connected, there are no Rel-16 relaxation criteria defined for RRC_Connected. If Rel-17 stationary criterion is mandatory configuration for RRC_Connected, it will forbid UEs, which are not stationary but at cell center, to perform RRM relaxation. We don't think it is a reasonable restriction for this configuration. 
One may argue that more strict criteria should be applied to RRC_Connected than RRC_IDLE/INACTIVE, as handover failure may bring much worse user experience than failure of cell re-selection. Given which criterion should be applied and when to perform RRM relaxation are fully controlled by the network, we think network can decide whether Rel-17 stationary criterion is always configured for RRC_Connected case by case, e.g. based on the coverage size of the serving cell. In the case that network thinks stationary criterion should be mandatorily applied, it could provide the corresponding criterion always. Therefore, the specification doesn't need to prohibit network from configuring Rel-17 not-at-cell-edge criterion without Rel-17 stationary criterion. It is better to keep the flexibility for network configuration. Hence,
Proposal 4: For RRC_Connected UE, NW can configure Rel-17 RRM relaxation with Rel-17 stationary criterion and/or Rel-17 not-at-cell-edge criterion optionally, as Rel-16 RRM relaxation for RRC_IDLE/INACTIVE.
During the last RAN2 meeting, the following was agreed on the framework of the Rel-17 RRM relaxation procedure for RRC_Connected:
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)
Based on the above agreement, one possible detailed procedure of the Rel-17 RRM relaxation procedure in RRC_Connected can be following:
1. NW configures the criteria for Rel-17 RRM relaxation to UE via dedicated RRC signalling, e.g. within measurement configuration in RRCReconfiguration.
2. UE checks the criteria based on the measurement, and reports to network when the criteria are fulfilled, maybe the existing measurement report message can be reused.
3. NW may configure UE to relax the following RRM measurements based on the UE reporting. (Whether to have relaxed measurement method or not is up to RAN4 discussion)
4. UE performs relaxed RRM measurements and sends measurement results to network when measurement reporting is triggered (as legacy).
5. NW could configure UE to stop the RRM relaxation based on the UE measurement results.
This procedure could be considered as the starting point for RRM relaxation mechanism in RRC_Connected.
Proposal 5：RAN2 to discuss the following Rel-17 RRM relaxation procedure in RRC_Connected:
1. NW configures the criteria for Rel-17 RRM relaxation to UE via dedicated RRC signalling, e.g. within measurement configuration in RRCReconfiguration.
2. UE checks the criteria based on the measurement, and reports to network when the criteria are fulfilled, maybe the existing measurement report message can be reused.
3. NW may configure UE to relax the following RRM measurements based on the UE reporting. (Whether to have relaxed measurement method or not is up to RAN4 discussion)
4. UE performs relaxed RRM measurements, and sends measurement results to network when measurement reporting is triggered (as legacy).
5. NW could configure UE to stop the RRM relaxation based on the UE measurement results.

[bookmark: OLE_LINK3]In Rel-16, when the RRM relaxation criteria are fulfilled, neighboring cell measurement in RRC_IDLE/ INACTIVE applies the relaxation methods defined by RAN4, e.g. relaxed measurements with longer intervals (scaling factor) and stop measurement for up to 1hour.
But in connected mode, there is no Rel-16 like RRM relaxation methods, but only network implementation-based RRM relaxation methods can be applied. For example, network can reconfigure measurement configuration for RRC_Connected UE via, e.g. removing some MOs, providing white cell list or black cell list. In our understanding, network implementation-based RRM measurement relaxation methods are not enough and have some drawbacks, e.g. frequently reconfigure measurement configuration will cause a lot of RRC signalling overhead, the effect of power saving is not as good as relaxed measurements with longer intervals, etc. But anyway, the details of the RRM measurement relaxation methods should be discussed and decided in RAN4. 
Proposal 6：To relax RRM measurement in RRC_Connected, in addition to reconfigure measurement with the existing mechanism (e.g. reduce MO number, include white/black cell list), other RRM measurement relaxation methods (e.g. relaxed measurements with longer intervals, i.e. scaling factor, or stop measurement for some time) should be supported. Details of the relaxation methods is up to RAN4 discussion. 
Based on the above discussion in sections 2.1 and 2.2, we think an LS should be sent to RAN4 to inform them our conclusions on RRM relaxation, e.g. criteria and mechanism, and request RAN4 to discuss the RRM relaxation method on neighboring cells for RedCap UEs in RRC_IDLE/INACTIVE and RRC_Connected. A draft LS is provided in Annex. 
Proposal 7：Send an LS to RAN4 to inform them of our conclusions on RRM relaxation, e.g. criteria/ mechanism, and request RAN4 to discuss the RRM relaxation methods on neighboring cells for RedCap UEs in RRC_IDLE/INACTIVE and RRC_Connected. 
2.3. Transition from RRC_Connected to RRC_IDLE/Inactive
Based on the current procedure, UE determines whether the criteria for RRM measurement relaxation are fulfilled in RRC_Connected and RRC_IDLE/Inactive independently. However, as the criteria are defined based on the UE measurement on serving cell, in this way, whether the criteria for RRM measurement relaxation are fulfilled is not changed during UE’s RRC state transition (since the measurement will not change). 
[bookmark: OLE_LINK4]For example, a UE in RRC_Connected is stationary and/or at cell center, it is not likely it starts to move or enters cell edge in a short time after leaving RRC_Connected. Hence, better power saving performance on RRM relaxation can be expected if UE can continue to perform RRM relaxation after RRC state transition as soon as possible. Since the network knows the RRM relaxation criteria for all RRC states, we think it is easy for the network to decide whether a RRC_Connected UE can continue RRM measurement relaxation after RRC state transition. Hence, we propose:
Proposal 8：To allow UE to continue to relax RRM measurement after RRC state transition, NW can indicate the UE via dedicated RRC signaling whether and which criteria for RRM relaxation is considered as satisfied after leaving RRC_Connected state. Details can be studied further. 
3. Conclusion
In this contribution, we discussed the detailed RRM relaxation mechanism for UE in both RRC_IDLE/INACTIVE and RRC_Connected states. The proposals are following:
Proposal 1：Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE reuses the Rel-16 not-at-cell-edge criterion with the different thresholds (i.e. Option 2).
Proposal 2: Beam level criterion for R17 stationery could be introduced only if the use case has been identified.
Proposal 3: It is up to RAN4 to decide the relaxation methods for RedCap UEs in RRC_IDLE/INACTIVE.
Proposal 4: For RRC_Connected UE, NW can configure Rel-17 RRM relaxation with Rel-17 stationary criterion and/or Rel-17 not-at-cell-edge criterion optionally, as Rel-16 RRM relaxation for RRC_IDLE/INACTIVE.
Proposal 5：RAN2 to discuss the following Rel-17 RRM relaxation procedure in RRC_Connected:
1. NW configures the criteria for Rel-17 RRM relaxation to UE via dedicated RRC signalling, e.g. within measurement configuration in RRCReconfiguration.
2. UE checks the criteria based on the measurement, and reports to network when the criteria are fulfilled, maybe the existing measurement report message can be reused.
3. NW may configure UE to relax the following RRM measurements based on the UE reporting. (Whether to have relaxed measurement method or not is up to RAN4 discussion)
4. UE performs relaxed RRM measurements, and sends measurement results to network when measurement reporting is triggered (as legacy).
5. NW could configure UE to stop the RRM relaxation based on the UE measurement results.
Proposal 6：To relax RRM measurement in RRC_Connected, in addition to reconfigure measurement with the existing mechanism (e.g. reduce MO number, include white/black cell list), other RRM measurement relaxation methods (e.g. relaxed measurements with longer intervals, i.e. scaling factor, or stop measurement for some time) should be supported. Details of the relaxation methods is up to RAN4 discussion. 
Proposal 7：Send an LS to RAN4 to inform them of our conclusions on RRM relaxation, e.g. criteria/ mechanism, and request RAN4 to discuss the RRM relaxation methods on neighboring cells for RedCap UEs in RRC_IDLE/INACTIVE and RRC_Connected. 
Proposal 8：To allow UE to continue to relax RRM measurement after RRC state transition, NW can indicate the UE via dedicated RRC signaling whether and which criteria for RRM relaxation is considered as satisfied after leaving RRC_Connected state. Details can be studied further. 
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Annex - Draft LS to RAN4 on RRM relaxation for RedCap UEs

1. Overall Description:
RAN2 have discussed the RRM relaxation on neighboring cells for RedCap UEs in RRC_IDLE/ INACTIVE/CONNECTED states, and the following agreements [to be updated after discussion] have been achieved:
The Agreement reached in RAN2#114-e are following：
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:
1. Subscription based relaxation criteria will not be considered in Rel-17 RRM relaxation
Agreements via email (from offline 111):
1. 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).  
1. 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

Agreements online:
1.	Working Assumption: If beam-level criterion is adopted for Rel-17 stationary criterion in RRC_IDLE/INACTIVE, it is configured separately with Rel-16 low mobility criterion reused
2.	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. FFS whether the same applies to RRC Connected
3.	Continue discussion on Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE within two options:
	- Option 1) Reuse Rel-16 not-at-cell-edge criterion with the same thresholds (i.e., SSearchThresholdP / SSearchThresholdQ)
	- Option 2) Reuse Rel-16 not-at-cell-edge criterion with the different thresholds

The Agreement reached in RAN2#115-e are following [to be updated after discussion]：
	1. Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE reuses the Rel-16 not-at-cell-edge criterion with the different thresholds (i.e. Option 2).
2. Beam level criterion for R17 stationery could be introduced only if the use case has been identified.
3. It is up to RAN4 to decide the relaxation methods for RedCap UEs in RRC_IDLE/INACTIVE.
4. For RRC_Connected UE, NW can configure Rel-17 RRM relaxation with Rel-17 stationary criterion and/or Rel-17 not-at-cell-edge criterion optionally, as Rel-16 RRM relaxation for RRC_IDLE/INACTIVE.
5. RAN2 to discuss the following Rel-17 RRM relaxation procedure in RRC_Connected:
· NW configures the criteria for Rel-17 RRM relaxation to UE via dedicated RRC signalling, e.g. within measurement configuration in RRCReconfiguration.
· UE checks the criteria based on the measurement, and reports to network when the criteria are fulfilled, maybe the existing measurement report message can be reused.
· NW may configure UE to relax the following RRM measurements based on the UE reporting. (Whether to have relaxed measurement method or not is up to RAN4 discussion)
· UE performs relaxed RRM measurements, and sends measurement results to network when measurement reporting is triggered (as legacy).
· NW could configure UE to stop the RRM relaxation based on the UE measurement results.
6. To relax RRM measurement in RRC_Connected, in addition to reconfigure measurement with the existing mechanism (e.g. reduce MO number, include white/black cell list), other RRM measurement relaxation methods (e.g. relaxed measurements with longer intervals, i.e. scaling factor, or stop measurement for some time) should be supported. Details of the relaxation methods is up to RAN4 discussion. 
7. Send an LS to RAN4 to inform them of our conclusions on RRM relaxation, e.g. criteria/ mechanism, and request RAN4 to discuss the RRM relaxation methods on neighboring cells for RedCap UEs in RRC_IDLE/INACTIVE and RRC_Connected. 
8. To allow UE to continue to relax RRM measurement after RRC state transition, NW can indicate the UE via dedicated RRC signaling whether and which criteria for RRM relaxation is considered as satisfied after leaving RRC_Connected state. Details can be studied further. 



2. Actions:
To RAN WG4
RAN2 kindly request RAN4 to: 
1. take the above information into account during the following work for RRM relaxation for RedCap UEs.
2. Provide feedback, if any. 



