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1 Introduction

In RAN#91e meeting, a revised WID on support of RedCap UEs [1] has been approved. In the WID, one of the objectives is to study RRM relaxations for RedCap UEs:

	· 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. 


In this contribution, we discuss RRM relaxation for RedCap UEs.
2 Discussion

Rel-16 power saving WI has just completed the specification work on UE’s RRM relaxation. This work is focused on Idle/Inactive state neighbour cell measurement relaxation and the key feature is to introduce two criteria (i.e. low-mobility criterion and not-cell-edge criterion) in RAN2’s spec for UE’s evaluation, and relaxed measurement requirement is specified in RAN4’s spec when the configured criteria is met. Based on the Rel-17 RedCap WID, the scope of RRM relaxation for RedCap UEs includes neighbour cell RRM relaxation for both Idle/Inactive state and Connected state.

Considering the guidance given in the WID, neighbour cell measurement relaxation for Connected state should reuse Rel-16 neighbour cell measurement relaxation criteria for Idle/Inactive state so as to maximize the commonality with Idle/Inactive UEs. That is, network can configure low-mobility/not-cell-edge criteria. In addition to the SIB broadcasting approach in Rel-16, parameters for low-mobility/not-cell-edge criteria can also be configured via dedicated RRC signalling for Connected state UE. In this way, network could configure different UEs with different parameters for low-mobility/not-cell-edge criteria, e.g, based on the UE’s mobility attribute. That is, fixed UEs could be configured with looser criteria, while slightly moving UEs could be configured with more stringent criteria.
For Connected state UE, neighbour cell measurement relaxation may be triggered in the following ways:

· Option 1: When the configured criteria are met, the UE automatically triggers neighbour cell measurement relaxation without informing network.

· Ooption 2:  When the configured criteria are met, UE triggers a report, e.g. via UE assistance information. Based on UE’s report, network could enable neighbour cell measurement relaxation for the UE. 
For option 1, whether to perform relaxed neighbour cell measurement is determined by UE based on the configured criteria, but network does not know whether UE has triggered relaxed neighbour cell measurement or not. For option 2, network is fully in control of RRM relaxation of the UE. Considering that RRM measurement in Connected state should be relaxed with more carefulness since any mobility impacts is quite unacceptable, we prefer option 2.
Proposal 1 Rel-16 mechanism can be taken as baseline for Connected state UE’s neighbour cell measurement relaxation. Measurement for low-mobility/not-cell-edge criteria can be configured via dedicated RRC signalling.

Proposal 2 Network enables neighbour cell measurement relaxation for a Connected state UE based on UE’s measurement report.
Different from idle state measurement which is SSB-based only, a Connected state UE performs SSB and CSI-RS measurements, if both are configured by the network. In the existing measurement procedure, UE starts (or stops) these two kinds of neighbour cell measurements at the same time, according to the evaluation of serving cell quality against the s-measure parameter. If measurement relaxation criteria are met, measurements on single reference signal type (SSB or CSI-RS) would achieve further UE power saving compared to measurements on both SSB and CSI-RS. We think measurement relaxation in RS type domain should be considered for Connected state UEs in Rel-17. The details on whether UE determines the RS type or it is configured by the network can be further studied.

Proposal 3 Measurement relaxation on single RS type (SSB or CSI-RS) can be considered for further UE power saving. FFS on whether UE determines the RS type or the RS type is configured by the network.

Currently, the network could provide a Connected state UE with a set of measurement configurations. The UE performs measurements based on measurement configuration. Based on UE measurement reports, if network wants to configure the UE with relaxed RRM measurement, e.g., to reduce the number of measured frequencies, the network could reconfigure the measurement by removing some measurement objects. Later, when measurement relaxation criterion is not met, network may add back those measurement objects, which may cause frequent RRC reconfiguration and increase signalling overhead. To address this issue, a simple approach would be to allow the network to activate/deactivate some of the measurement configurations in a more dynamic manner, e.g., via new MAC CE, rather than adding or removing some measurement configurations frequently. 
Proposal 4 RAN2 consider dynamic network control of RRM measurement relaxation via MAC CE.
In Rel-16 power saving, when RRM relaxation criterion is met, it is done for all applicable neighbour cells. Note that in NR, cell measurement is derived from beam measurement. Therefore, Rel-16 RRM relaxation is applied to all beam measurements of each concerned neighbour cell, which however may not be optimal from UE power saving’s perspective, especially for stationary UEs. While cell measurement is derived based on beam measurement, it is actually not based on all beams’ measurement, but only on those good beams which meet some quality threshold. For those bad beams, they will not contribute to the final cell measurement result and thus measurement on them can be further relaxed to save UE power, e.g. not to be measured at all. 

Proposal 5 RAN2 consider relaxed measurement only on a subset of beams (e.g. some good beams) for each concerned cell, to save more power for stationary UEs. 

3 Conclusion

Based on the discussion above, we propose the following: 
Proposal 6 Rel-16 mechanism can be taken as baseline for Connected state UE’s neighbour cell measurement relaxation. Measurement for low-mobility/not-cell-edge criteria can be configured via dedicated RRC signalling.
Proposal 7 Network enables neighbour cell measurement relaxation for a Connected state UE based on UE’s measurement report.
Proposal 8 Measurement relaxation on single RS type (SSB or CSI-RS) can be considered for further UE power saving. FFS on whether UE determines the RS type or the RS type is configured by the network.

Proposal 9 RAN2 consider dynamic network control of RRM measurement relaxation via MAC CE.
Proposal 10 RAN2 consider relaxed measurement only on a subset of beams (e.g. some good beams) for each concerned cell, to save more power for stationary UEs. 
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