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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. The revised objectives related to RRM relaxation for Redcap based on [1], are: 
· 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. 

· Specify RAN4 core requirements for the above. 

At RAN4 101e meeting, the following agreements were achieved [3]:

Issue 2-1-3: Requirements when UE moves between different R17 relaxation criteria

· Option 1b: The transition requirements for RedCap UE configured with both Rel-16 and Rel-17 relaxation criteria is defined based on principle used in Rel-16 transition requirements (4.2.2.8 in TS 38.133) as follows; the same proposal is also valid when UE is moving within different states of Rel-17 criteria(moderator added after further clarification from proposed company)  (Ericsson ZTE MTK vivo QC)

·  When switching from a less relaxed state (Rel-16 or Rel-17) to more relaxed state (Rel-16 or Rel-17), UE shall fulfill the requirements corresponding to the less relaxed state over a measurement period (Trelaxed)

· When switching from more relaxed state (Rel-16 or Rel-17) to less relaxed state (Rel-16 or Rel-17), the UE shall fulfill the requirements corresponding to the less relaxed state upon fulling the criteria

·  When switching from normal mode to any relaxed mode (Rel-16 or Rel-17), the UE shall fulfill the requirements corresponding to the normal mode over a measurement period (Tnormal)

· When switching from any relaxed mode (Rel-16 or Rel-17) to normal mode, UE shall fulfill the requirements corresponding to the normal mode upon fulfilling the switching criteria

Issue 2-2-2: Scaling factor value when Rel-17 single criteria (stationary) is satisfied

· Option 2: >3 
· Option 2a: 6 or 8 

· Option 2b: 4 

· Option 2c: [5, 10, 30, 100] 

· Option 2d: between [3 8] 

· Option 2e: FFS 

Issue 2-2-3: Relaxation when both Rel-17 stationary and Rel-17 not-at-cell-edge criteria are satisfied

· Option 1: use a fixed long measurement period like Rel-16 for requirement relaxation 
Issue 2-2-4: The value of the long measurement period at Issue 2-2-3

· Option 2: > 1 hour

· Option 2a: 2 hours 

· Option 2b: between 6 and 24 hours 

· Option 2c: between 1 and 24 hours 

· Optoin 2d: FFS 

Issue 2-3-2: UE reporting at connected mode 

· Option 2: RAN4 shall wait and follow the conclusion from RAN2 conclusion regarding reporting rules for the stationary criterion 

RAN2’s agreements on Redcap UE RRM relaxation were summarized in [3] and copied below for reference.

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.
Agreements in RAN2#116-e:
Agreements via email - from offline 111:

1. UE is not allowed to relax its RRM measurements if both stationarity criterion and R17 not-at-cell-edge criterion are configured but UE meets only the R17 not-at-cell-edge criterion.

2. UE reports to network when it no longer meets relaxation criteria.

3. No additional signaling is introduced for network to tell UE whether and which criteria for RRM relaxation is considered satisfied when leaving RRC_CONNECTED state.

4. No need for UE to send UE Assistance Information to request network configuring it with relaxation criteria.

5. UE does not report its history/state of RRM relaxation when transitioning from RRC Idle/Inactive to RRC Connected.  

6. Relaxation criteria for UEs in RRC Connected are configured by only dedicated signaling.

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.

2. RAN2 understands that no prohibit timer is needed, if legacy measurement reporting framework is reused by UE to report its relaxation status

3. 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 this contribution, we provide our further considerations on Redcap UE RRM relaxation on the following aspects, agreements at RAN4 101bis-e meeting will be provided in each aspects:
2. Discussion
2.1 RRM relaxation scenarios
At RAN4 101bis-e meeting, scenarios when Rel-17 criteria are configured and satisfied were agreed. Scenarios when both Rel-16 and Rel-17 criteria are configured are agree as below [2]:
Agreement: the following cases are agreed
	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


To our understanding, Rel-17 stationary and Rel-16 not-at-cell-edge (scenario 7) is clearly excluded based on RAN2’s agreement. It is not clear whether scenario 8 can be exclude or not since there is no clear indication from RAN2. However we prefer to following the rule used for scenario 7 to exclude scenario 8 as well based on the following reasons:

1. When Rel-16 low mobility criteria is not satisfied and only Rel-16 not at cell edge is satisfied, scenario 8 turns into scenario 7 hence should be excluded. 

2. The scenarios for both Rel-16 and Rel-17 criteria are already complexed hence reduce non-essential case is good for specification work and practical deployment. 
For the scenario 10 and 11, we think it is ok to have them and we have the following proposal with the scenario index updated:

Proposal 1: when both Rel-16 and Rel-17 criteria are configured, consider the following scenarios: 
	7
	Rel-16 low mobility
	Rel-17 stationary
	Allowed

	8
	Rel-16 not-at-cell-edge 
	Rel-17 stationary
	NO 

	9
	Rel-16 low mobility & Rel-16 not-at-cell-edge 
	Rel-17 stationary
	NO

	10
	Rel-16 low-mobility
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	11
	Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	12
	Rel-16 low mobility & Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed


The next question is how to define the requirements when both Re-16 and Rel-17 criteria are satisfied and the following options are available based on [3]
Issue 2-1-2:  Relaxation when multiple criteria of Rel-16 and Rel-17 are satisfied

· Proposals

· Option 1: UE is allowed to meet the requirements that are most relaxed out of Rel-16 and Rel-17 requirements. (Nokia vivo, Ericsson, CMCC MTK ZTE)

· Option 2: Up to UE implementation (Huawei xiaomi oppo ZTE)

· Option 3: The UE shall perform Rel-17 RRM relaxation method (Apple MTK xiaomi)

· Option 3a: A note shall be added to the rel-17 RRM relaxation to mention that when rel-17 RRM relaxation criterion is fulfilled then the rel-16 RRM relaxation shall be disabled (MTK)

Recommended WF: FFS

Among all options, option 1 is clearer on UE behavior compared with option 2 whereas option 2 provide more freedom on UE implementation. For option 3, based on requirements for Rel-17 criteria, it will have the same effect as option 1 however disabling Rel-16 RRM relaxation is a new UE behavior and has not been discussed hence we suggest option 3 should not be considered.  

Proposal 2: For issue 2-1-2, option 3 should not be considered since disabling Rel-16 RRM relaxation when Rel-17 criteria are satisfied is a new UE behavior and has not been discussed. In addition option 3 has the same effect as that of option 1.  

Proposal 3: For issue 2-1-2, we prefer option 1, When both Rel-16 and Rel-17 relaxation criteria are configured, use option 1 for the RRM relaxation requirements, i.e., UE is allowed to meet the requirements that are most relaxed out of Rel-16 and Rel-17 requirements. 

2.2 Idle/inactive state relaxation requirements

At RAN4 101 bis-e meeting the following agreements are achieved [2]:
Issue 2-2-1: Relaxation when  Rel-17 stationarity is configured and fulfilled, or if both Rel-17stationarity criterion and Rel-17 not-at-cell-edge criterion are configured however UE meets only the R17 stationarity criterion:

· Proposals

· Option 1: using single scaling factor (Apple vivo Huawei xiaomi CMCC oppo MTK Ericsson)

· Option 2: using multiple scaling factor and only one is broadcast at a time (Nokia Qualcomm)

Agreement: option 1 

Issue 2-2-2: Scaling factor value when Rel-17 single criteria (stationary) is satisfied

· Proposals

· Option 1: 8 (apple)

· Option 2: >3 (Huawei xiaomi oppo MTK)

· Option 3: 4 (CMCC Ericsson)

· Option 4: [5, 10, 30, 100] (Nokia)

· Option 5: [5, 10, 20, 50, 100] (Qualcomm)

· Option 6: between 4 and 8 (vivo)

· Option 7: 5 (MTK)

Tentative agreement: Select one from [4 5 6 8] 

Issue 2-2-3: The value of the one fixed long measurement period when both Rel-17 criteria are satisfied

· Proposals

· Option 1: 8 hours (Apple MTK)

· Option 2: > 1 hour (Huawei xiaomi oppo Ericsson)

· Option 3: 2 hours (CMCC)

· Option 5: one value between 2 and 24 hours (vivo)

· Option 6: [1h, 2h, 6h, 24h] (Nokia)

· Option 7: [2 hour, 4 hours, 8 hours, 12 hours, 24 hours] (Qualcomm)

Tentative agreement: Select one from [2 8 12 24] hours 
For the left issue 2-2-2, since the Rel-17 stationary criteria is quite stricter compared with that of Rel-16 low mobility criteria, we think the value of scaling factor should be noticeable larger compared with that of Rel-16 scaling factor hence we are ok with 8 or 6.

Observation 1: The Rel-17 stationary criteria is stricter compared with Rel-16 low mobility criteria hence once it is fulfilled, more relax on RRM measurement is reasonable compared with that of when Rel-16 low mobility criteria is fulfilled.
Proposal 4: Prefer to use 8 or 6 as the value of the scaling factor when Rel-17 stationary criterion is configured alone and fulfilled
For the issue 2-2-3, For the value of long measurement period, we do not have strong view on the value. To use hours level is sufficient long enough hence we prefer 4 or 8 hours.  
Proposal 5: Use 4 or 8 hours for the value of the long measurement period.
2.3 RRM measurement relaxation for Redcap at CONNECTED state
Issue 2-3-1: On RRM relaxation scenarios for RRC_CONNECTED mode

· Proposals

· Option 1: only consider scenario 4 (Rel-17 stationary configured alone) of the idle state scenario list in Connected state.(Nokia Apple Huawei oppo)

· Option 2: No need discussion (Ericsson)

· Option 3: eDRX enhancements in CONNECTED mode may not add further much power saving enhancements (MTK)
· Option 4: FFS (vivo QC)

For the scenario for RRM relaxation for RRC_CONNECTED mode, if this feature is considered for Rel-17, based on RAN2 agreement, we think option 1 is sufficient for connected state scenario.  
Proposal 6: For the scenario for RRM relaxation for RRC_CONNECTED mode, use option 1.  
For the RRM relaxation for connected state, other issues have also been discussed at previous RAN4 meeting such the how to evaluate RRM relaxation criteria at RRC_CONNECTED and whether UE shall report fulfilment of relaxation when performing CGI reading etc., however besides these detailed technical issues, there is no consensus so far no consensus on whether and how to define requirements for Redcap RRM relaxation at Connected state. Considering the Rel-17 timeframe, it is better to have consensus on this topic, if possible and conclusions on scenario if there is no consensus.  

Proposal 7: Determine whether to specify Redcap RRM relaxation requirements or not at Rel-17 timeframe.    
3. Conclusion
In this contribution, we provide our initial considerations on RRM measurement relaxation for Redcap and have the following observations and proposals:
Observation 1: The Rel-17 stationary criteria is stricter compared with Rel-16 low mobility criteria hence once it is fulfilled, more relax on RRM measurement is reasonable compared with that of when Rel-16 low mobility criteria is fulfilled.
Proposal 1: when both Rel-16 and Rel-17 criteria are configured, consider the following scenarios: 
	7
	Rel-16 low mobility
	Rel-17 stationary
	Allowed

	8
	Rel-16 not-at-cell-edge 
	Rel-17 stationary
	NO 

	9
	Rel-16 low mobility & Rel-16 not-at-cell-edge 
	Rel-17 stationary
	NO

	10
	Rel-16 low-mobility
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	11
	Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	12
	Rel-16 low mobility & Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed


Proposal 2: For issue 2-1-2, option 3 should not be considered since disabling Rel-16 RRM relaxation when Rel-17 criteria are satisfied is a new UE behavior and has not been discussed. In addition option 3 has the same effect as that of option 1.  

Proposal 3: For issue 2-1-2, we prefer option 1, When both Rel-16 and Rel-17 relaxation criteria are configured, use option 1 for the RRM relaxation requirements, i.e., UE is allowed to meet the requirements that are most relaxed out of Rel-16 and Rel-17 requirements. 

Proposal 4: Prefer to use 8 or 6 as the value of the scaling factor when Rel-17 stationary criterion is configured alone and fulfilled
Proposal 5: Use 4 or 8 hours for the value of the long measurement period.
Proposal 6: For the scenario for RRM relaxation for RRC_CONNECTED mode, use option 1.  
Proposal 7: Determine whether to specify Redcap RRM relaxation requirements or not at Rel-17 timeframe.    
References

[1] RP-211574, Revised WID on support of reduced capability NR devices, RAN 92e
[2] R4-2202672
, WF on eDRX and RRM measurement relaxations requirements for Redcap, vivo, RAN4 101 bis-e
[3] R4-2120325, WF on eDRX and RRM measurement relaxations requirements for Redcap UE, vivo, RAN4 101e
 6 / 6

