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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In the RAN#91-e meeting, it was agreed that the RRM relaxation for neighboring cells for RedCap devices will be further studied and specified. And the related objective in the RedCap WID[1] is following:
	· 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. 


During the last RAN2 meeting, the RRM relaxation mechanism for RRC_Idle/Inactive has already been discussed extensively. In this paper, we focus on RRM relaxation mechanism for UE in RRC_Connected state. 
2. Discussion
2.1. Power Saving Gain of RRM Relaxation for RRC_Connected
The power saving gain on reducing RRM measurement for RRC_Connected UE has been evaluated in Rel-16. The results were captured in the TR38.875[2] as follows:
	E.2.3	RRM relaxation in connected mode in [10]
RRC_Connected UEs is required to derive one L3 sample per 200ms at the maximum. Such frequent measurement may not be always necessary for stationary or low mobility RedCap UEs, e.g. some fixed industry sensors. In addition, UE is required to perform measurement on too many inter-frequency layers and cells per frequency layers. Related RRM relaxation enhancements has been evaluated in Rel-16 and the results come from Power saving SI TR [6]: 
· By increasing measurement period 4 times for RRC_Connected UEs, 11.1% - 26.6% power saving gains are observed, at the cost of an increase of handover failure rate from 0% to 0.26% for stationary or low mobility (e.g., 3km/h) case.
· By reducing the number of measured cells for RRC_Connected UEs, 1.8% - 21.3% power saving gain can be observed. In addition, 26.43% - 37.5% power saving gain is shown by assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· By reducing the number of measured inter-frequency layers can provide 21%~38% power saving gain for RRC_Connected UEs.


In the above, the power saving gain achieved by reducing RRM measurement on only neighboring cells is highlighted in green, and the gain achieved by reducing RRM measurement on both neighboring and serving cells is highlighted in yellow. Based on the results, a significant gain can be observed even if RRM relaxation is only applied to neighboring cells.
Observation 1: Significant power saving gain can be achieved even if RRM relaxation is only applied to neighboring cells measurement for UE in RRC_Connected state according to TR38.875.
Meanwhile, based on the above evaluation results, introducing RRM relaxation for UE in RRC_Connected state leads to marginal impact on mobility performance for low mobility cases, i.e. for 3km/h case, the handover failure rate only increases 0.26% as the measurement period increases from 200ms to 800ms. Besides, it is reasonable to expect the impact on mobility performance will decrease further when RRM relaxation is applied to stationary UE and only for neighboring cell measurement.
Observation 2: For low mobility cases, introducing RRM relaxation for UE in RRC_ Connected leads to marginal impact on mobility performance according to TR38.875. It can be expected that the impact on mobility performance will decrease further when RRM relaxation is applied to stationary UE and only for neighboring cell measurement.
Take the above observations into account, we propose:
[bookmark: _Ref71571218]Proposal 1: For stationary and low mobility UE in RRC_Connected state, RRM relaxation for neighboring cells is supported in Rel-17, since it brings significant power saving gain at the cost of marginal impact on mobility performance.
2.2. RRM Relaxation Criteria for RRC_Connected
During the last RAN2 meeting, the subscription and measurement based Rel-17 relaxation criteria have been discussed for UE in RRC_Idle/Inactive states. The subscription based Rel-17 relaxation criterion is still FFS while a measurement based Rel-17 stationarity criterion has been agreed as follows:
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.
It is well known that UEs in all RRC states have subscription information and need to perform RRM measurement. Technically, it is natural for RRC_Connected UE to reuse the subscription and measurement based Rel-17 relaxation criteria if they are introduced for UE in RRC_Idle/Inactive state. 
One main concern about such reusing is that UE in RRC_Connected state is more sensitive to error relaxation decision than UE in RRC_Idle/Inactive state, therefore the relaxation criteria for RRC_Connected should be designed with the peculiarities of the state. We have a different understanding of this issue. As pointed in section 2.1, the evaluation results show the impact on mobility performance caused by RRM relaxation is very low (i.e. no more than 0.26%) even if RRM relaxation on both serving and neighboring cells are applied. Given the Rel-17 RRM relaxation is only applied to neighboring cell measurement, its impact on mobility performance should be even less than 0.26%. What’s more, when and where to apply the RRM relaxation is under the full control of the network, the network can anyway disable the RRM relaxation if big impact on mobility performance is observed in some special scenarios, if any. Hence, we see no big issue on reusing the criterion from RRC_Idle/Inactive to RRC_Connected, and propose reusing from RRC_Idle/Inactive could be taken as a baseline. But we are also open to discuss RRC_Connected specific relaxation criteria, which are different from those for UE in RRC_Idle/Inactive state, if time permitted.
[bookmark: _Ref71571220]Proposal 2: The Rel-17 RRM relaxation criteria being specified for RRC_Idle/Inactive are reused for RRC Connected. RRC_Connected specific relaxation criteria can also be considered if time permitted.
2.3. Triggering RRM Relaxation for RRC_Connected
During the Rel-17 SI phase of RedCap, RRM relaxation mechanisms for RRC_Connected state have been discussed. According to the TR38.875[2], the enhanced RRM relaxation solutions for RRC_Connected are following:
	· Solution 1: UE reports "stationary" status to network in Msg5. How the mobility status is determined, e.g. left up to UE implementation or based on measurements or location information, should be studied further in normative phase, if it is to be considered.
· 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. How the mobility status is determined, e.g. left up to UE implementation or based on measurements or location information, should be studied further in normative phase. 
· Solution 5: Network enables measurement relaxation based on UE's measurement report.


According to which node is responsible for triggering the RRM Relaxation, the above solutions can be categorized into two directions as follows:
· Direction A: Network triggers UE to perform the RRM Relaxation
Solution 1/2/3/5 are belonging to this direction. With this direction, RAN configures UE to perform RRM relaxation for neighboring cells based on UE mobility state/property information from UE or AMF. The network side well knows whether and when a UE in RRC_Connectd state performs RRM relaxation.
· Direction B: UE decides whether to perform the RRM Relaxation
Solution 4 belongs to this direction. With this direction, RAN configures UE with the criteria for RRM relaxation. UEs could automatically perform RRM relaxation for neighboring cells when even the criteria are fulfilled. As a result, whether and when a UE in RRC_Connectd state performs RRM relaxation is invisible at network side. The triggering mechanism of RRM relaxation in this direction is similar to the RRM relaxation in Rel-16 for UE in RRC_Idle/Inactive state. 
In our understanding, solutions in direction A provide the network with stronger control capability than the solution in direction B, at the cost of potential more frequent information exchange, e.g. measurement reporting. Hence, both directions have benefits and should be considered further. 
[bookmark: _Ref71571221]Proposal 3: RAN2 to decide how RRM relaxation for neighboring cell is triggered for UE in RRC_Connected, i.e. network triggers UE to perform the RRM relaxation based on information from UE/AMF or UE decides whether to perform the RRM relaxation when the criteria configured by network are fulfilled.
3. Conclusion
In this contribution, we discussed the RRM relaxation mechanism for UE in RRC_Connected state. The proposals are following:
Proposal 1: For stationary and low mobility UE in RRC_Connected state, RRM relaxation for neighboring cells is supported in Rel-17, since it brings significant power saving gain at the cost of marginal impact on mobility performance.
Proposal 2: The Rel-17 RRM relaxation criteria being specified for RRC_Idle/Inactive are reused for RRC Connected. RRC_Connected specific relaxation criteria can also be considered if time permitted.
Proposal 3: RAN2 to decide how RRM relaxation for neighboring cell is triggered for UE in RRC_Connected, i.e. network triggers UE to perform the RRM relaxation based on information from UE/AMF or UE decides whether to perform the RRM relaxation when the criteria configured by network are fulfilled.
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