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Introduction
In this contribution, we discuss the remaining details of mobility management for NR, including RRM measurement and RLM.
RRM
RRM measurements for SCells without SSB
At last meeting, measurement on SCells without SSB was discussed[1] and there are two possible solutions for SSB-less SCell measurement in co-located deployment of carrier aggregation. One is only to do SS-RSSI for the SSB-less SCell while reuse SS-RSRP of other cells within the same band. The benefit is that CSI-RS for L3 mobility is not required for SSB-less SCell, which can save RS overhead. However, it will bring some other problems on SS-RSSI and SS-SINR measurement due to lack of SSB. First, it is necessary to define a new SS-RSSI measurement resource for SSB-less SCell, which will bring more standard efforts, this should be avoided especially at this standardization stage. Second, besides SS-RSRP and SS-RSRQ, SS-SINR is also an important metric for HO decision. For SSB-less SCell, interference and noise as well as SS-SINR can’t be gotten unless a dedicated RS is configured. However, a dedicated RS is needed for interference and noise measurement for SS-SINR, as additional overhead is not expected from the original intention, the benefit of this solution isn’t prominent. 
[bookmark: OLE_LINK7]The other solution is to disable Scell RRM measurement, i.e. network will not configure RRM measurement on SSB-less SCell. In this case, UE will not perform any measurement on the carrier. It should be noted that RAN4 has agreed that NR supports to configure enabling/disabling intra-frequency measurement on each NR SCell frequency layer, including both serving cell and neighbor cells[2]. It will reduce the measurement overhead and power consumption for UE, signaling overhead and possible interrupt time of DL/UL data due to scheduling restrictions. Therefore, disabling RRM measurement is more preferable for SSB-less SCell. If network want to enable RRM measurement of SSB-less SCell, CSI-RS based RRM measurement can be adopted. 
Proposal 1: Disabling RRM measurement is more preferable for SSB-less SCell. 
Clarification of SS-RSSI resource
In RAN1 #92b, it was agreed that SS-RSSI configured by higher layer is measured with timing reference from any one of the cells in the target frequency layer for inter-frequency measurement. And in RAN1 #91, it was agreed that slots in the RSSI measurement resource are configured by a bitmap with each bit corresponding to each slot of the slots within the SMTC window duration. In other words, SS-RSSI time domain resource configured by higher layer is based on SMTC window. However, timing reference for SMTC window is  serving cell timing as agreed in RAN1 #91. It looks like two agreements are contradictory. Here we clarify that the OFDM symbols for inter-frequency SS-RSSI measurement should also overlap with SS-RSSI time domain resource configured by higher layer based on the serving cell timing. Figure 1 is an example of how to derive the SS-RSSI measurement time domain resource for inter-frequency measurement. UE can obtain the configured SS-RSSI time domain resource based on the configuration and serving cell timing. Then according to the neighbor cell timing, only the OFDM symbols overlapping with the SS-RSSI time domain resource completely can be used for inter-frequency measurement. 


Fig. 1 an example of measurement resource for inter-frequency measurement 
[bookmark: OLE_LINK1]Proposal 2: For inter-frequency measurement, NR Carrier RSSI is measured on OFDM symbols with timing reference corresponding to any cell in the target frequency layer and the OFDM symbols are completely overlapping with the configured SS-RSSI time domain resource with timing reference corresponding to the primary serving cell.
Based on proposal 2, we have following text proposals for the spec.
------------------------------------Text proposal for Section 5.1.3 in TS38.215----------------------------------------------
	-	For intra-frequency measurements, NR Carrier RSSI is measured with timing reference corresponding to the serving cell in the frequency layer 
-	For inter-frequency measurements, NR Carrier RSSI is measured on OFDM symbols with timing reference corresponding to any cell in the target frequency layer, where the OFDM symbols are completely overlapping with the configured SS-RSSI time domain resource with timing reference corresponding to the primary serving cell



RLM
[bookmark: _GoBack]RLM-RS can be configured by RRC signaling explicitly and TCI state of CORESET implicitly when RRC signaling is not provided. It works well in most case. However, in some special cases, further operation is needed to avoid unnecessary problems. As shown in Figure 2, in the beginning, network configure beam 1 and beam 2 for both RLM and BFD through RRC signaling while beam 3 and beam 4 are configured for new beam identification. Here we use beam to represent RS for RLM and BFD monitoring and new beam identification. At T1, beam 1 and beam 2 are both blocked. Then at T2 beam failure is declared and beam failure recovery procedure is triggered. At T3, T310 is started by RRC layer due to the fact that consecutive N310 OOS are received. At T4, beam 3 is recovered successfully and used for PDCCH/PDSCH reception for UE from then on. Therefore, from our opinion, beam 3 should also be used for RLM at this time. But in fact, beam 3 is configured for RLM until T5 due to the latency of RRC signaling. The maximum number of RLM-RS is 2 for sub-3GHz carrier, 4 for from 3GHz to 6GHz, 8 for beyond 6GHz respectively while the maximum number of RS for new candidate beam identification is 16. This means the recovered beam is probably not in the configured RLM-RS set. In this case, network should reconfigure RLM-RS after beam failure recovery every time, which leads to two problems. First, the overhead of RRC signaling to reconfiguration RLM-RS after beam failure recovery every time may be unbearable. Second, the latency from T4 to T5 caused by RRC latency may lead to RLF because UE monitors beam 1 and beam 2 until T5. To avoid unnecessary RLF declaration and RRC signaling overhead, beam 3 should be used for RLM as soon as possible when beam failure recovery is successful. 



Fig. 2 RLF procedure
[bookmark: OLE_LINK2]Proposal 3: When beam failure recovery is successful, RS for recovered beam should be used for RLM immediately. 
Based on Proposal 3, we have following text proposals for the spec.
--------------------------------------Text Proposal for Section 5 in TS38.213---------------------------------------
	



A UE can be configured for each DL BWP of a SpCell [11, TS 38.321] with a set of resource indexes, through a corresponding set of higher layer parameters RadioLinkMonitoringRS, for radio link monitoring by higher layer parameter failureDetectionResources. The UE is provided either a CSI-RS resource configuration index, by higher layer parameter csi-RS-Index, or a SS/PBCH block index, by higher layer parameter ssb-Index. The UE can be configured with up to  RadioLinkMonitoringRS for link recovery procedures, as decribed in Subclause 6, and for radio link monitoring. From the  RadioLinkMonitoringRS, up to  RadioLinkMonitoringRS can be used for radio link monitoring depending on a maximum number  of candidate SS/PBCH blocks per half frame as described in Subclause 4.1, and up to two RadioLinkMonitoringRS can be used for link recovery procedures.

A CSI-RS resource or SS/PBCH block associated with index  shall be used for RLM after the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space provided by recoverySearchSpaceId, as described in Subclause 6, until RS for RLM is reconfigured by network. 


Conclusions
In this contribution, NR mobility issues are discussed and we have following proposals:
Proposal 1: Disabling RRM measurement is more preferable for SSB-less SCell.
Proposal 2: For inter-frequency measurement, NR Carrier RSSI is measured on OFDM symbols with timing reference corresponding to any cell in the target frequency layer and the OFDM symbols are completely overlapping with the configured SS-RSSI time domain resource with timing reference corresponding to the primary serving cell.
Proposal 3: When beam failure recovery is successful, RS for recovered beam should be used for RLM immediately. 
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Appendix
	Agreements:(RAN1 #91)
When a set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier for a UE in RRC_CONNECTED mode: 
· Slots in the RSSI measurement resource are configured by a bitmap with each bit corresponding to each slot of the slots within the SMTC window duration 
· Here, the slots are determined based on the SSB numerology
· OFDM symbol level configuration for the configured slots: 
· Configurable with a limited set of ending symbols; the set of symbols in a slot is from symbol 0 to the ending symbol
· No more than 4 values for the end symbol 
Agreements:
· For intra frequency measurements, SMTC window duration, timing offset and SMTC periodicity are signalled in either RMSI or OSI for IDLE mode, and RRC for CONNECTED mode
· For IDLE mode, RAN2 will decide the signalling container between RMSI and OSI
· For inter frequency measurements, SMTC window duration, timing offset and SMTC periodicity are signalled per frequency, in either RMSI or OSI by the serving cell for IDLE mode, and RRC for CONNECTED mode
· For IDLE mode, RAN2 will decide the signalling container between RMSI and OSI
· SMTC window duration:
· Both for inter-/intra- frequency measurements, the candidate values are {1,2,3,4,5} msec
· SMTC window timing offset:
· SMTC window timing reference for the timing offset is SFN#0 of the corresponding serving cell.
· Note: For IDLE mode, the serving cell here implies the cell UE is camped on.
· For intra-frequency measurements, the candidate values are {0, 1, …, SMTC periodicity -1} ms
· For inter-frequency measurements, the candidate values are {0, 1, …, SMTC periodicity -1} ms.
· SMTC periodicity:
· Both for inter-/intra-frequency measurements, the candidate values are {5, 10, 20, 40, 80, 160} msec




	Agreements:(RAN1 #92b)
· For intra-frequency measurements, SS-RSSI configured by higher layers is measured with timing reference from serving cell in the frequency layer.
· For inter-frequency measurements, SS-RSSI configured by higher layers is measured with timing reference from any one of the cells in the target frequency layer
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