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1 Introduction

In this contribution, we discuss how to define stationary RedCap UEs and trigger RRM relaxation for the UEs.
2 Discussion
In RAN2#113bis-e meeting, following agreements were made:
Agreements:

1. Assuming there will be a stationary property based on subscription (which is FFS), we will not restrict to this and will continue to assume that a UE can use some RSRP/RSRQ based criteria (FFS whether reuse R16 thresholds or new ones. FFS also on the use of a beam based criteria)

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.

Agreements - via email (from offline [102]):

1. 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. 

2.1 UE subscription information of stationarity
Some RedCap UEs such as video surveillance cameras, industrial wireless sensors, or robots in a warehouse may have no mobility or locate inside certain area. For example, once the video surveillance camera is installed, its location may not change for a long time and robots in a warehouse may move only inside the warehouse. Thus, such UEs can perform RRM relaxation without RRM relaxation criteria evaluation without mobility performance degradation because the neighbour cell list and its measurement results would not change dynamically. In this case, if such UEs have subscription information to inform its device type, the UE does not need to perform RRM relaxation criteria evaluation and directly perform RRM relaxation, if network broadcasts indication.
Observation 1: For RedCap UEs which have no mobility or locate inside certain area, subscription information of UE can be the simple way to trigger RRM relaxation

Proposal 1: UEs with subscription information of stationarity performs RRM relaxation when the network broadcasts the indication.

2.2 R17 RRM relaxation criteria configuration
If R17 RRM relaxation is introduced, how can the R17 criteria can be configured above the R16 relaxed measurement criterion should be discussed. Compared to normal mobile NR UEs which are target scenario of R16 relaxed measurement, the R17 RedCap UEs are normally less mobile. So the network may want to set different RSRP change threshold for normal NR UEs and RedCap UEs. Thus, different low-mobility criterion for R17 should be provided.
Proposal 2: Introduce new set of thresholds for R17 low-mobility criterion. If the low-mobility criterion configuration is absent, the UE can use the R16 low-mobility criterion.
In R16 relaxed measurement criteria, low-mobility criterion and not-at-cell edge criterion can be configured. According to satisfied condition, UE performs RRM relaxation. The way of performing RRM relaxation can be extending the measurement interval or stop the measurement. The purpose of low-mobility criterion is to estimate UE’s mobility based on serving cell RSRP change. The purpose of not-at-cell edge criterion is to avoid UEs with low cell quality to relax its measurement because it may reselect to neighbor cell soon. From network’s perspective, the network may want to configure lower serving cell quality threshold or not configure the threshold for the stationary RedCap UEs because their radio condition is usually stable compared with mobile NR UEs. Thus, R17 not-at-cell edge threshold should be configured. If the threshold is absent, the UE should not evaluate the not-at-cell edge criterion rather than evaluating R16 not-at-cell edge criterion.
Proposal 3: Introduce new set of R17 not-at-cell edge thresholds. If this set of thresholds are absent, the UE does not evaluate not-at-cell edge condition.

2.3 Early RRM relaxation triggering
In Rel-16 relaxed measurements in order to avoid mobility performance degradation, 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 relaxes 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 sufficient time period (i.e. TSearchDeltaP) to trigger measurement relaxation on all the configured frequencies. Thus, if the network configures long TSearchDeltaP to prevent any mobility performance degradation because RRM relaxation, triggering of the measurement relaxationwill be delayed.
Once the fixed or temporarily fixed RedCap UE enters stationary state, we can assume that its mobility state will not change rapidly. In other words, once the UE satisfies the low-mobility criterion, it might be low possibility that the serving cell RSRP changes greatly. That is, once the UE satisfies the low-mobility criterion and TSearchDeltaP is started, 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 is expected that mobility performance will not be degraded.

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 4: UE can relax the measurement on part of configured frequencies(e.g. lower-priority frequencies) before the UE satisfies the low-mobility criterion for a time period of TsearchDeltaP.
2.4 RRM relaxation in RRC_CONNECTED
While UE is in connected mode, the measurement is based on the measurement configuration given by the network. Based on the measurement reporting, the network can estimate the mobility status of the UE and provide handover command and CA/DC configuration. Difference from neighbor cell measurements in RRC_IDLE/INACTIVE is that there is no frequency priority and the UE should perform measurements on all the configured frequencies if serving cell quality is below s-measure. It means all the frequencies configured for measurement has possibility to handover. Thus, if UE autonomously triggers RRM relaxation in RRC_CONNECTED, it may bring degrade mobility performance.
Proposal 5: RRM relaxation criteria used in RRC_IDLE/INACTIVE is not supported in RRC_CONNECTED.

Rather than triggering RRM relaxation by itself, indicating UE’s stationarity status to the network may be beneficial. As the network does not know UE’s stationarity status as soon as the UE accesses to the network, if UE’s stationarity status is informed to the network, the network can provide appropriate measurement configuration to the UE. For example, if the UE has performed RRM relaxation in idle mode and indicates it to the network upon access, the network would provide minimal number of frequencies to measure or less frequent measurement reporting triggering conditions.
Proposal 6: When UE accesses to the network, UE indicates its RRM relaxation status (e.g. whether the UE has performed RRM relaxation, or temporarily stationary, or measurement results) to the network. Based on the information, the network can provide relaxed measurement configuration if the UE is in stationary state.
3 Conclusion
In conclusion, we propose the followings:

Observation 1: For RedCap UEs which have no mobility or locate inside certain area, subscription information of UE can be the simple way to trigger RRM relaxation

Proposal 1: UEs with subscription information of stationarity performs RRM relaxation when the network broadcasts the indication.

Proposal 2: Introduce new set of thresholds for R17 low-mobility criterion. If the low-mobility criterion configuration is absent, the UE can use the R16 low-mobility criterion.

Proposal 3: Introduce new set of R17 not-at-cell edge thresholds. If this set of thresholds are absent, the UE does not evaluate not-at-cell edge condition.

Observation 2: In R16 relaxed measurements, UE should satisfy low-mobility criterion for a sufficient time period (i.e. TSearchDeltaP) to trigger measurement relaxation on all the configured frequencies. Thus, if the network configures long TSearchDeltaP to prevent any mobility performance degradation because RRM relaxation, triggering of the measurement relaxationwill 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 4: UE can relax the measurement on part of configured frequencies(e.g. lower-priority frequencies) before the UE satisfies the low-mobility criterion for a time period of TsearchDeltaP.
Proposal 5: RRM relaxation criteria used in RRC_IDLE/INACTIVE is not supported in RRC_CONNECTED.

Proposal 6: When UE accesses to the network, UE indicates its RRM relaxation status (e.g. whether the UE has performed RRM relaxation, or temporarily stationary, or measurement results) to the network. Based on the information, the network can provide relaxed measurement configuration if the UE is in stationary state.
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