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1. Introduction
In this contribution, we discuss remaining issues on RRM measurement and RLM procedure.

2. RRM measurement
2.1. Resource configuration in C-DRX mode 
In DRX mode, UE tries to operate (e.g. PDCCH reception, tracking operation, RRM measurement including RLM and neighbour cell measurement, etc) for as short duration as possible in order to minimize UE power consumption. For this operation in C-DRX mode, CSI-RS resource configuration and UE measurement operation in C-DRX mode was discussed in last several meetings, and it was agreed that UE is not required to measures CSI-RS outside the active time. However, we did not reach any conclusion on CSI-RS resources configuration and UE operation for other time region. 
As mentioned in above, UE generally tries to stay awake for as short time as possible in C-DRX mode. However, if it is determined that measurement results for serving cell after waking up is not good or beam tracking for neighbour cell is needed (which is a choice according to UE implementation), it might be beneficial that UE does not enter sleep mode and needs to keep measuring CSI-RS while changing receiver beam. Therefore, for stable connection, network needs to configure same CSI-RS periodicity with non-C-DRX mode and UE performs RRM measurement outside active time whenever necessary. In conclusion, we propose that same periodicity of CSI-RS resources is kept in C-DRX mode and it is up to UE implementation that UE measure CSI-RS resources of neighbour cell even outside active time.
Proposal 1. UE assumes that the periodicity of CSI-RS resources configured before entering C-DRX mode is kept during C-DRX mode, and it is up to UE implementation that UE measures CSI-RS resources of neighbour cell even outside active time. (Additional update for specification is not needed.)
2.2. RRM measurement for SCells without SSB 
In last meetings, some discussion on whether or not to support SSB-based RRM measurement for SCell without SSB was made from proposal of some companies. [2]
In our understanding, the use of SS-RSRP measurement obtained from other serving cells for the SCells without SSB is irrelevant to UE operation and is only related to MO configuration and network operation. That is, if network determine that RRM measurement is needed for SCells without SSB, MO would be configured with CSI-RS-based RRM measurement. Otherwise, MO would be configured with SSB-based RRM measurement for serving cells with SSB and RSRP measurement obtained from the serving cell would be also used for mobility of SCells without SSB by network.
For timing synchronization, if SSB is not contained within the frequency band of serving cell to be configured, initial timing of the serving cell would be based on the other serving cell in same frequency band, because frequency band might have an impact on timing synchronization. Therefore, it would be desirable that at least one SSB will be deployed in a frequency band from a perspective of timing synchronization.
Proposal 2. The use of SS-RSRP from other serving cells for the SCells without SSB is only related to network configuration and operation, and additional discussion is not needed about RRM measurement for SCells without SSB.

2.3. Measurement report in case of no detection of SSB index
In last meeting, clarification for the usage of the useServingCellTimingForSync was discussed and the following agreement was made.
· For RRM, UE may assume that in TDD bands, the half radio frame boundaries of the cells in the same frequency layer are aligned.
· When useServingCellTimingForSync is set to TRUE for measurements, it means the following:
· For intra-frequency measurements, UE may use the serving cell timing to derive the SSB index of neighbor cells in the same frequency layer.
· For inter-frequency measurements, UE may use timing of any detected cell in the target frequency layer to derive the SSB index of neighbor cells of the target frequency layer
· Note: cells in different frequency layer are not assumed to be half radio frame aligned.
· UE may assume that in TDD bands useServingCellTimingForSync is assumed to be set to TRUE
· Note: half radio frame alignment is the minimal requirement in RAN1’s understanding that allows the UE to use timing of one cell to derive the SSB index of another cell. However, it is up to RAN4 to determine the exact requirements for the “useServingCellTimingForSync”. In RAN1 understanding, the agreements above should not impact RAN4 discussion on the requirements for “useServingCellTimingForSync”.
· RAN 1 believes useServingCellTimingForSync information should be also applicable to UEs in IDLE/INACTIVE mode.
· It is up to RAN2 to determine to how to provide/apply useServingCellTimingForSync information in IDLE/INACTIVE mode.

According to the agreement, frame boundary should be obtained from any detected cell in target frequency at least for the inter-frequency measurement even if useServingCellTimingForSync is set to TRUE, which means that UE should detect SSB index from PBCH DM-RS for FR1 and FR2 and decode PBCH for FR2. However, since detection performance of SSB index and decoding performance of PBCH is poorer than SSS detection performance (for inter-frequency measurement, PBCH combining might not be possible), it is probable that UE does not obtain SSB index even after detection of physical cell ID. In this situation, if UE is configured to report per-beam measurement result, UE might not send measurement result even in case of neighbour cell with good channel quality because UE should include the beam indexes associated to the best beams in measurement report with the configuration of per-beam measurement. From this issue, UE might experience additional latency for sending measurement report and eventually degrades the mobility performance.
In order to resolve the issue, some solutions could be taken into consideration by RAN1 (e.g. sending measurement report with an information of no available SSB index regardless of handover delay), but details of solution could be determined by RAN2.
Proposal 3. Discuss UE operation for measurement reporting when SSB index could not be detected for neighbour cell.

3. Radio link monitoring
3.1. Non-Cell defining SSB for RLM
In last meeting, some discussion was made about whether non-cell defining SSB could be used for radio link monitoring or not. However, as already discussed, RAN2 has made following agreement for the usage of cell-defining SSB. 
	Agreements (RAN2 #101bis)
1	From the network perspective, if RMSI is provided for different SSBs (with same or different PCIs) in a wideband carrier then the RMSI associated with the different SSBs will have different CGIs. (i.e. they are potentially cell defining SSBs)
FFS: Whether this has any consequence for system information reception in connected mode. 
2	Reconfirm that there can be different SSBs within a wideband carrier from the network perspective. These SSBs can have the same or different PCIs. From the UE perspective, for RRM purposes the different SSBs (irrespective of PCI) are considered as different cells (i.e. different MOs are considered as different cells from UE perspective


Therefore, based on the discussion made so far by RAN1 and RAN2, we propose that only cell-defining SSB could be used for radio link monitoring.
Proposal 4. In Rel-15, only cell-defining SSB could be used as SSB resources for RLM

3.2. Fast configuration of RLM-RS resources
It was agreed that the maximum number of configured RLM-RS (which corresponds to 2, 4 and 8 according to frequency band) could be configured to be less than the number of transmission beam used in gNodeB. With the limited number of configured RLM-RS resources, RLM-RS resources might be re-configured whenever serving beam is updated if the number of configured RLM-RSs (candidate beams) is less than the number of total transmission beams. It might occur large signalling overhead and we need to discuss how to reduce the signalling overhead for RLM-RS reconfiguration [2]. 
For this problem, a company suggested that it could be solved by MAC CE activation of RLM-RS resources, similarly to TCI state activation in beam management procedure with increasing the maximum number of configured RLM-RS resources, which has impact on RRC specification. However, looking carefully, candidate beams (TCI states) for PDCCH has been already defined in order to provide QCL-relationship of PDCCH DM-RS in CORESET configuration, and we might reuse the configured TCI states for CORESET as candidates of RLM-RS resources. 
Observation 1. List of TCI states is configured for providing QCL-relationship of PDCCH DM-RS in CORESET configuration, and actual TCI state of CORESET is activated by MAC-CE.

Based on the observation, it is understood that TCI state for PDCCH (tci-StatesPDCCH-ToAddList in TS 38.331) can be used as the candidates of RLM-RS resources and monitored RLM-RS resources among them could be provided and activated by activation command of TCI state for PDCCH. That is, if TCI state for PDCCH is activated by MAC-CE, RLM-RS resource set configured by RRC signal is immediately deactivated and RLM-RS resources listed in TCI state change command are used as RLM-RS resources.
Proposal 5. MAC-CE for TCI-state indication of PDCCH is used for fast configuration of RLM-RS resources. (Details could be determined by RAN2)
· Tci-StatesPDCCH-ToAddList in CORESET configuration are used as candidates of RLM-RS resources
· RLM-RS resource to be monitored are activated by MAC-CE (TCI-state indicator of PDCCH is reused as MAC-CE command for RLM-RS activation), and additional TCI-states for RLM-RS are defined in the MAC-CE of TCI-state indication of PDCCH 
· Immediately on receiving MAC-CE, RLM-RS resources configured by RRC signaling are deactivated, and RLM-RS resources listed in MAC-CE are used for RLM


4. Conclusion
In this contribution, we discussed remaining issues for RRM measurement and RLM operation, and our proposals are given as follows:
For RRM measurement
Proposal 1. UE assumes that the periodicity of CSI-RS resources configured before entering C-DRX mode is kept during C-DRX mode, and it is up to UE implementation that UE measures CSI-RS resources of neighbour cell even outside active time. (Additional update for specification is not needed.)
Proposal 2. The use of SS-RSRP from other serving cells for the SCells without SSB is only related to network configuration and operation, and additional discussion is not needed about RRM measurement for SCells without SSB.
Proposal 3. Discuss UE operation for measurement reporting when SSB index could not be detected for neighbour cell.

For RLM operation
Proposal 4. In Rel-15, only cell-defining SSB could be used as SSB resources for RLM
Proposal 5. MAC-CE for TCI-state indication of PDCCH is used for fast configuration of RLM-RS resources. (Details could be determined by RAN2)
· Tci-StatesPDCCH-ToAddList in CORESET configuration are used as candidates of RLM-RS resources
· RLM-RS resource to be monitored are activated by MAC-CE (TCI-state indicator of PDCCH is reused as MAC-CE command for RLM-RS activation), and additional TCI-states for RLM-RS are defined in the MAC-CE of TCI-state indication of PDCCH 
· Immediately on receiving MAC-CE, RLM-RS resources configured by RRC signaling are deactivated, and RLM-RS resources listed in MAC-CE are used for RLM
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