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1 Introduction

In this contribution, we discuss how to design RRM relaxation for stationary RedCap UEs in RRC_IDLE/INACTIVE.
2 Discussion
In RAN2#114-e meeting, following agreements were made:
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).  

2. 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

2.1 Beam quality-based stationarity criterion
There are some views to introduce beam quality-based criterion. If network configures beam-related parameter in the system information (e.g. RangeToBestCell), the cell quality is derived based on the measurement results of some good beams. So even if the beam-quality is used in the stationarity criterion, the UE does not need additional measurement. 

However, in general, the beam quality changes more rapidly than cell quality because the beam has more narrow coverage. So we calculate average of good beams for cell quality derivation to alleviate the fluctuation of beam quality measurement results. For example, even if a UE is in stationary state, a beam quality may change if something is placed nearby between the UE and the cell or a person passes by near the UE. If the beam quality is introduced in the stationarity criterion, such sudden beam quality change may bring leaving from the stationarity criterion. Then, the UE shall satisfy the stationarity criterion for a time period again to perform measurement relaxation. It will bring more power consumption to perform measurement, even though introducing the beam quality in the stationarity criterion would not bring much benefit for the accuracy of the stationarity criterion.
Observation 1: The beam measurement results may change rapidly or frequently according to the surrounding environment, so the UE may unnecessarily leave stationary state. Then the UE shall fulfil the stationarity criterion for a time period again
Proposal 1: Beam quality-based criterion is not introduced for stationarity criterion.
2.2 Early RRM relaxation triggering
In Rel-16 relaxed measurements low-mobility criterion, in order to check whether the UE is really stationary, the UE can trigger measurement relaxation when the low-mobility criterion is satisfied for a time period (i.e. TsearchDeltaP). Upon triggering the measurement relaxation, the UE can relax the measurements on all the configured neighbor frequencies. Therefore, if the network configures long TsearchDeltaP value in order to check whether UE is completely stationary, the UE should wait more time to trigger the relaxed measurements.
Observation 2: In R16 relaxed measurements, UE should satisfy low-mobility criterion for a time period (i.e. TSearchDeltaP) to trigger measurement relaxation on all the configured frequencies. Thus, if the network configures long TSearchDeltaP to confirm whether the UE is completely in low-mobility, triggering of the measurement relaxation will be delayed.

Once the RedCap UE enters stationary state, generally we can assume that the UE will not move \rapidly. In other words, once the UE satisfies the low-mobility criterion, it might be low possibility that the serving cell RSRP changes greatly and leave the low-mobility criterion. That is, once the UE satisfies the low-mobility criterion and TSearchDeltaP starts, it is low possibility that the UE leaves the low-mobility criterion. Therefore, even if the UE relaxes measurement on part of the configured frequencies (e.g. lower-priority frequencies) before TsearchDeltaP expiry, it will not effect the mobility performance of the UE.

Observation 3: When stationary RedCap UE satisfies low-mobility criterion once, it might be low possibility that its serving cell RSRP changes rapidly and the UE leaves the low-mobility criterion before TsearchDeltaP expiry.

Proposal 2: Once the UE fulfils the stationarity criterion, UE can perform measurement relaxation on part of configured frequencies(e.g. lower-priority frequencies) before TsearchDeltaP expiry.
2.3 Scenarios of RRM relaxation criteria
The main target scenario of RRM relaxation for stationary RedCap UEs is to allow stationary UEs to perform RRM relaxation to save power consumption for performing measurements. Stationary UEs (e.g. video surveillance), or temporarily stationary UEs (e.g. smart watch) are the use cases. Thus, on the contrary to the R16 relaxed measurements in which low-mobility criterion and not-at-cell edge criterion are both optional, the stationarity criterion should be mandatorily configured in the R17 RRM relaxation to evaluate whether the UE is in stationary state.
Proposal 3: In RRM relaxation for RedCap UEs, R17 stationarity criterion is mandatorily configured.

If the UE fulfils the stationarity criterion, the R17 not-at-cell edge criterion also can be configured to avoid the UEs at cell edge to perform RRM relaxation. As the R16 not-at-cell edge criterion is targeting the mobile UEs and the R17 not-at-cell edge criterion is targeting the stationary RedCap UEs, the thresholds should be separately configured. 

Proposal 4: In RRM relaxation for RedCap UEs, R17 not-at-cell edge criterion is optionally configured and the thresholds are separately configured from R16 not-at-cell edge criterion.

Additionally, if the R17 not-at-cell edge criterion is not configured, from network’s perspective, it may mean that being in stationary state is enough to perform RRM relaxation. Thus, if the R17 not-at-cell edge criterion is not configured, the UE does not need to perform not-at-cell edge criterion even if R16 criterion is configured.
Proposal 5: If R17 stationarity criterion is configured but R17 not-at-cell edge condition is not configured, the UE does not evaluate not-at-cell edge criterion. (i.e. do not evaluate R16 not-at-cell edge criterion)

If both R17 stationarity criterion and R17 not-at-cell edge criterion are configured, the UE shall fulfil the stationarity criterion to perform RRM relaxation. If the UE does not fulfil the stationarity criterion but fulfil the not-at-cell edge criterion, the UE should not perform RRM relaxation because being stationary is the fundamental condition for the R17 RRM relaxation.
Proposal 6: If both stationarity criterion and not-at-cell edge criterion are configured but the UE only fulfils not-at-cell edge condition, the UE does not perform RRM relaxation.

In R16 relaxed measurements, when the network configures both low-mobility criterion and not-at-cell edge criterion, it is configurable by the network whether the UE shall fulfil both criteria to perform RRM relaxation (i.e. combineRelaxedMeasCondition). If this field is absent, the UE is allowed to perform RRM relaxation even if only single condition is met.
However, in R17 RRM relaxation for RedCap UEs, regarding that the UEs are reduced capabilities UEs, it is desirable to give as much as changes to save power consumption. As satisfying the R17 stationarity criterion might mean that the UE is almost truly stationary, it is reasonable to allow the RRM relaxation if the UE fulfils only stationary criterion when both stationarity criterion and not-at-cell edge criterion are configured. Whether the method how to perform RRM relaxation can be different from the case when only stationarity criterion is configured and the UE fulfils it.
Proposal 7: If both stationarity criterion and not-at-cell edge criterion are configured and the UE only fulfils stationarity criterion, the UE is allowed to perform RRM relaxation.
In R16 relaxed measurements, there are two ways to perform measurement relaxation – longer measurement interval and no measurement. If the UE fulfils only single criterion, the UE can perform the former one and if the UE fulfils both criteria, the UE can perform the latter one. We could keep same approach for the method of performing RRM relaxation, but it is up to RAN4 decision.
Observation 4: How to define the method of performing RRM relaxation in each measurement relaxation scenario is up to RAN4 discussion.

Proposal 8: Send LS to RAN4 to inform each following cases to define the method of performing RRM relaxation:

· Only stationarity criterion is configured, and the UE fulfils the stationarity criterion.

· Both stationarity criterion and not-at-cell edge criterion are configured, and UE fulfils both criteria.

· Both stationarity criterion and not-at-cell edge criterion are configured, and UE only fulfils the stationarity criteria.

3 Conclusion
In conclusion, we propose the followings:

Observation 1: The beam measurement results may change rapidly or frequently according to the surrounding environment, so the UE may unnecessarily leave stationary state. Then the UE shall fulfil the stationarity criterion for a time period again

Proposal 1: Beam quality-based criterion is not introduced for stationarity criterion.
Observation 2: In R16 relaxed measurements, UE should satisfy low-mobility criterion for a time period (i.e. TSearchDeltaP) to trigger measurement relaxation on all the configured frequencies. Thus, if the network configures long TSearchDeltaP to confirm whether the UE is completely in low-mobility, triggering of the measurement relaxation will be delayed.

Observation 3: When stationary RedCap UE satisfies low-mobility criterion once, it might be low possibility that its serving cell RSRP changes rapidly and the UE leaves the low-mobility criterion before TsearchDeltaP expiry.

Proposal 2: Once the UE fulfils the stationarity criterion, UE can perform measurement relaxation on part of configured frequencies(e.g. lower-priority frequencies) before TsearchDeltaP expiry.
Proposal 3: In RRM relaxation for RedCap UEs, R17 stationarity criterion is mandatorily configured.

Proposal 4: In RRM relaxation for RedCap UEs, R17 not-at-cell edge criterion is optionally configured and the thresholds are separately configured from R16 not-at-cell edge criterion.

Proposal 5: If R17 stationarity criterion is configured but R17 not-at-cell edge condition is not configured, the UE does not evaluate not-at-cell edge criterion. (i.e. do not evaluate R16 not-at-cell edge criterion)

Proposal 6: If both stationarity criterion and not-at-cell edge criterion are configured but the UE only fulfils not-at-cell edge condition, the UE does not perform RRM relaxation.

Proposal 7: If both stationarity criterion and not-at-cell edge criterion are configured and the UE only fulfils stationarity criterion, the UE is allowed to perform RRM relaxation.
Observation 4: How to define the method of performing RRM relaxation in each measurement relaxation scenario is up to RAN4 discussion.

Proposal 8: Send LS to RAN4 to inform each following cases to define the method of performing RRM relaxation:

· Only stationarity criterion is configured, and the UE fulfils the stationarity criterion.

· Both stationarity criterion and not-at-cell edge criterion are configured, and UE fulfils both criteria.

· Both stationarity criterion and not-at-cell edge criterion are configured, and UE only fulfils the stationarity criteria.
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