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1 Introduction

In RAN#86, a new study item on support of reduced capability NR devices [1] has been approved. On RedCap UE’s power saving, one of the objectives is to study RRM relaxation.
	Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 

· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].

· Extended DRX for RRC Inactive and/or Idle [RAN2]

· RRM relaxation for stationary devices [RAN2]


There is one email discussion [Post111-e][915] trying to discuss RedCap UE’s power saving features. In this contribution, we provide our views on further details about RRM relaxation.
2 Discussion 
Rel-16 power saving WI has just completed the specification work on UE’s RRM relaxation. This work is focused only 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 specified in RAN4’s spec when the configured criteria is met. For RRM relax in the Rel-17 RedCap SI, we understand that the intention should be to consider use cases that are not specified in the Rel-16 power saving WI, and below is the list of possible use cases.
· Case 1: Idle/Inactive state serving cell relax; 
· Case 2: Connected state serving cell relax; 
· Case 3: Connected state neighbour cell relax;
Given the limited TU for the WI, we do not think we can afford to cover all these use cases in the normative work, and some down selection must be done in the WI phase.
Proposal 1 RAN2 clarify that below three cases are covered in the SID and RAN2 should make down selection in the WI phase. 
•
Case 1: Idle/Inactive state serving cell relax; 

•
Case 2: Connected state serving cell relax; 

•
Case 3: Connected state neighbour cell relax.
Among the three use cases, case 1 and case 2 are related to serving cell measurement relaxation. Case 1 was actually discussed in the Rel-16 power saving WI, but was not agreed since many companies have concern that serving cell measurement relaxation may make UE suffer from performance loss, e.g. it may lead to too late cell reselection and cause UE to set up the connection in a bad-quality cell. In addition, neighbour cell RRM relaxation is evaluated based on serving cell measurement. If measurement relaxation is applied to the serving cell, it would make the evaluation for neighbour cell relaxation less stable and accurate.
Observation 1 Idle/Inactive state serving cell measurement relaxation may lead to too late cell reselection and make the evaluation for neighbour cell relaxation less stable and accurate.
Similar to case 1, case 2 relates to serving cell measurement relaxation in the Connected state. In our understanding, serving cell measurement in Connected state is more important than in Idle/Inactive state, since serving cell is now used for data transmission and any loose tracking of serving cell quality may affect user experience. For example, due to relaxed serving cell measurement, A2 event may be triggered late, which may result in neighbour cell measurement being configured also late. The loose serving cell tracking due to measurement relaxation may further increase the possibilities of handover failure and radio link failure, which is definitely not acceptable.
Observation 2 Connected state serving cell measurement relaxation may increase HO failures and RLF, which is not acceptable.

With above observations, we propose not to consider serving cell measurement relaxation in any RRC state.
Proposal 2 Serving cell measurement relaxation, in any RRC state, is not considered in Rel-17.
Case 3 is about neighbour cell measurement relaxation in Connected state. In our understanding, it is also beneficial for power saving when neighbour cell measurement can be relaxed. S-measure mechanism is just one example to control neighbour cell measurement, but it does not take UE mobility state into account. As a starting point, we think that Rel-16 neighbour cell measurement relaxation can be taken as baseline. That is, network can configure low-mobility/not-cell-edge criteria and UE performs relaxed neighbour cell measurement when the configured criteria are met. 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.
Proposal 3 Rel-16 mechanism can be taken as baseline for Connected state UE’s neighbour cell measurement relaxation. Parameters for low-mobility/not-cell-edge criteria can be configured via dedicated RRC signalling.
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 start (or stop) 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 of it is configured by the network can be further studied.
Proposal 4 Measurement relaxation on single RS type (SSB or CSI-RS) can be considered for further UE poser saving. FFS on whether UE determines the RS type of the RS type is configured by the network.
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. This however may not be optimal from 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 “non-good” beams, they will not have impact on 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 for each concerned cell, to save more power for stationary UEs. 
3 Conclusion
Based on the discussion in section 2 we have following observations and proposals:
Observation 1
Idle/Inactive state serving cell measurement relaxation may lead to too late cell reselection and make the evaluation for neighbour cell relaxation less stable and accurate.
Observation 2
Connected state serving cell measurement relaxation may increase HO failures and RLF, which is not acceptable.


Proposal 1
RAN2 clarify that below three cases are covered in the SID and RAN2 should make down selection in the WI phase.
•
Case 1: Idle/Inactive state serving cell relax;
•
Case 2: Connected state serving cell relax;
•
Case 3: Connected state neighbour cell relax.
Proposal 2
Serving cell measurement relaxation, in any RRC state, is not considered in Rel-17.
Proposal 3
Rel-16 mechanism can be taken as baseline for Connected state UE’s neighbour cell measurement relaxation. Parameters for low-mobility/not-cell-edge criteria can be configured via dedicated RRC signalling.
Proposal 4
Measurement relaxation on single RS type (SSB or CSI-RS) can be considered for further UE poser saving. FFS on whether UE determines the RS type of the RS type is configured by the network.
Proposal 5
RAN2 consider relaxed measurement only on a subset of beams for each concerned cell, to save more power for stationary UEs.
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