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1 Introduction

In this contribution, we discuss initial issues for RRM relaxation for RedCap devices.
2 Discussion
In RAN#91-e meeting, WID of Reduced Capability was revised [1]:
	· 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. 


The main target scenario of RRM relaxation for RedCap UEs is fixed or immobile UEs. Thus, it is assumed that the radio condition might be much stable compared with normal NR UEs. Another considerable scenario is for temporarily fixed UEs. In this case, the UE is mobile but sometimes fixed for a certain time period (e.g. smart watch is stationary during night). While being temporarily fixed, the stability of its radio condition may be almost same with the originally fixed UEs. Therefore, we do not need to differentiate RRM relaxation solution for fixed UEs and temporarily fixed UEs. One additional discussion point for temporarily fixed UEs is that entering/leaving condition of stationary state should be defined accurately.
Observation 1: Different RRM relaxation solution between fixed UEs and temporarily fixed UEs are not needed because stability of radio condition during stationary state might be almost same.
Proposal 1: Introduce one solution for RRM relaxation of fixed UEs and temporarily fixed UEs. Serving cell RSRP changed-based Rel-16 RRM relaxation criteria can be the baseline for defining entering/leaving condition of stationary state.
2.1 RRC_IDLE
In Rel-16 relaxed measurements criteria, low-mobility criterion is specified. As the UE mobility performance should not be degraded during the relaxed measurement on the neighbor cells, the low-mobility criterion should be satisfied for a time period (i.e. TsearchDeltaP). When the relaxed measurements is triggered, 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 perform relaxed measurements on all the configured frequencies. Therefore, if the network configures long TSearchDeltaP to avoid any mobility performance degradation while RRM relaxation, triggering of the relaxed measurements will be delayed.
Once the fixed UE or temporarily fixed UE enters stationary state, we can assume that its mobility state will not change rapidly. In other words, once a 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 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 2: UE can relax the measurement on part of configured frequencies before the UE satisfies the low-mobility criterion for a time period of TsearchDeltaP.
If early RRM relaxation in advance to TsearchDeltaP expiry is introduced, how to choose which frequency to relax the measurement in advance can be further discussed.
Basic approach may be based on the measurement results of each frequency. As UE performs cell reselection to a cell when the cell quality satisfies the cell reselection criterion, it may be unnecessary to continue the measurement on a cell with low cell quality. Thus, it would not degrade mobility performance if the UE relax the measurement on frequencies with low cell quality in advance to TsearchDeltaP expiry.

Another approach may be based on frequency priority. If frequency priority is low, from network’s point of view, it may be undesirable to perform cell reselection to the frequency. Thus, it seems quite reasonable to perform early RRM relaxation on the frequencies in ascending order of frequency priority. For example, initially the UE relaxes the measurement on the frequency of the lowest frequency priority, and then measurement on frequency of the second lowest frequency priority is relaxed after a while..
Proposal 3: When UE performs early RRM relaxation in advance to TsearchDeltaP expiry, the UE may choose frequencies to trigger the early RRM relaxation in ascending order of cell quality or frequency priority.
2.2 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. However, as soon as the UE accesses to the network, as recent measurement reporting was not received, the network cannot estimate the mobility status of the UE.
Observation 4: As soon as UE accesses to the network, the network cannot estimate the mobility status of the UE because it has not received measurement reporting recently.

Thus, it may be beneficial for the network if the UE indicates its RRM relaxation related status to the network upon access. The indication may include whether the UE has performed RRM relaxation in idle/inactive mode, or the UE is temporarily stationary, or recent measurement results. Based on the indication, the network may provide relaxed measurement configuration if the UE has performed RRM relaxation (e.g. less frequency list, less measurement reporting).
Proposal 4: 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 appropriate measurement configuration.
3 Conclusion
In conclusion, we propose the followings:

Observation 1: Separate RRM relaxation solution for fixed UEs and temporarily fixed UEs is not needed because stability of radio condition during stationary state might be almost same.

Proposal 1: Introduce one solution for RRM relaxation of fixed UEs and temporarily fixed UEs. Serving cell RSRP changed-based Rel-16 RRM relaxation criteria can be the baseline for defining entering/leaving condition of stationary state.
Observation 2: In R16 relaxed measurements, UE should satisfy low-mobility criterion for a sufficient time period (i.e. TSearchDeltaP) to perform relaxed measurements on all the configured frequencies. Therefore, if the network configures long TSearchDeltaP to avoid any mobility performance degradation while RRM relaxation, triggering of the relaxed measurements 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 so that the UE leaves the low-mobility criterion before TsearchDeltaP expiry.

Proposal 2: UE can relax the measurement on part of configured frequencies before the UE satisfies the low-mobility criterion for a time period of TsearchDeltaP.
Proposal 3: When UE performs early RRM relaxation in advance to TsearchDeltaP expiry, the UE may choose frequencies to trigger the early RRM relaxation in ascending order of cell quality or frequency priority.
Observation 4: As soon as UE accesses to the network, the network cannot estimate the mobility status of the UE because it has not received measurement reporting recently.

Proposal 4: 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 appropriate measurement configuration.
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