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[bookmark: _Ref129681832]In this contribution, we discuss the remaining open issues of NR RLM.

RLF/RLM and BFR
We believe that indications from beam failure recovery (BFR) are beneficial to UE’s RLF evaluations and operations for the following reasons:
1) The RS for RLF/RLM includes SS/PBCH block and CSI-RS for beam management and L3 mobility, while the RS for BFR includes SS/PBCH block and CSI-RS for beam management. The RS for RLF/RLM and the RS for BFR can be different RS, depending on network configuration. Even when the same RS-type is configured for the RLM and BFR, the RLM-RS resource set may be different. If different RLM-RS resource sets are used, the evaluation results on BFR and RLF/RLM may be different. 
2) BFR is a short-term procedure and provides indications more frequently. RLF/RLM is a long-term procedure and can provide periodic indications. The short-term and long-term results may lead to different UE behaviors at some time.
3) RLF/RLM is based on comparison of hypothetical PDCCH BLER and Q_in/Q_out to provide IS/OOS indications and evaluations, while L1-RSRP measurement may be used for BFR. Even if the same RS is used for RLF/RLM and BFR, the evaluation results may be different. 
Given the differences as pointed out above, any assistance information for the RLM procedure would be beneficial. For instance, if L1 beam failure recovery is successful before the expiry of T310 timer for RLM, it means that a beam pair link is available to UE, at least for a certain time duration. Such indication from beam failure recovery to L3 can help UE to defer the RLF declaration. When UE receives the new indication, it can reset T310 to clear the current IS counter and start a new T310 timer to count N311 IS. When another N311 IS is received before the new T310 expiry, UE can stop T310 timer. Otherwise, UE will declare RLF if T310 expires. 
Proposal 1: NR supports UE aperiodic indication from beam failure recovery procedure to high layers to assist the RLM procedure.

Relationship between RLM-RS and the monitored PDCCH 
It is agreed in RAN1 #90 that UE is expected to receive maximum two PDCCHs corresponding to scheduled PDSCHs while it is agreed in RAN1 NR AH 1801 that UE can be configured with up to 8 RLM-RS resources in FR2.  There should be a QCL correspondence between the configured RLM-RS resources and the DMRS of the PDCCHs otherwise the RLM IS/OOS indications do not represent the serving PDCCHs conditions. Therefore, we propose
[bookmark: _GoBack]Proposal 2: UE is not expected to monitor a PDCCH whose DMRS is not QCLed with any of the configured RLM-RS resources.
To capture this issue, a TP is provided in the Annex A for TS 38.213. 
QCL for RLM-RSs in different BWPs
In RAN1#92 meeting, there are conclusions about QCL for RLM-RSs in different BWPs
Conclusions [1]:
· No RRC configuration involvement in determining whether or not QCL of RLM-RSs in two or more different BWPs of the Pcell/PScell is assumed by the UE
· Discuss further offline whether QCL is always assumed or no-QCL is always assumed – (to be further discussed till next meeting)
In NR systems, UE can be configured with multiple BWPs by gNB. If QCL for RLM-RSs in different BWPs is assumed, when UE switches to a new BWP and the serving beam remains the same, UE can receive the RLM-RS in the new BWP based on the QCL assumption and gNB does not need to indicate the QCL information. On the other hand, if UE’s serving beam has been changed when switching to a different BWP, gNB can indicate the QCL information for the RLM-RS and the indication will override the QCL assumption. The related TP is given in the Annex B for TS38.213.
Proposal 3: Unless indicated, UE always assumes that the RLM-RSs in two or more different BWPs of the Pcell/PScell are QCLed.

RLM procedure and configuration related to multiple BWP
In RAN1#91 meeting, the following agreements were made on BWP-based RLM
Agreements [2]:
· UE is not required to perform RLM measurements outside the active DL BWP
· Note: RAN4 is discussing RLM requirements and need for measurement gaps. 

Based on the above agreements, UE only needs to perform RLM measurements within its active DL BWP. On the other hand, gNB can indicate UE to switch its active BWP through RRC signaling or DCI. Thus, during the RLM evaluation period, UE’s active BWP might be changed. We need to consider how to deal with the change of UE’s active BWP for RLM.
Generally, two BWPs may be different on the bandwidth, SCS and frequency location. The RLM measurements on one BWP cannot accurately reflect the radio link quality of another different BWP. After UE’s active BWP has been switched, the RLM measurement results on the previous BWP should be discarded by UE. For example as shown in Figure 1, when UE has switched from BWP1 to BWP2, the OOS results based on RLM measurements on BWP1 should not be included in the counting of N310. To capture this issue, we give a TP in the Annex C for TS38.213. 
[image: 绘图6]
Figure 1. RLM when UE’s active BWP has been switched
Proposal 4: When UE’s active BWP has been switched, UE is not required to use the RLM measurement results of the previous BWP.
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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution has provided our view on the remaining details on RLM RS configuration in NR. The following proposals have been made: 
Proposal 1: NR supports UE aperiodic indication from beam failure recovery procedure to high layers to assist the RLM procedure.
Proposal 2: UE is not expected to monitor a PDCCH whose DMRS is not QCLed with any of the configured RLM-RS resources.
Proposal 3: Unless indicated, UE always assumes that the RLM-RSs in two or more different BWPs of the Pcell/PScell are QCLed.
Proposal 4: When UE’s active BWP has been switched, UE is not required to use the RLM measurement results of the previous BWP.
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Annex A:
---------------------------------------------- Start of Text Proposal ------------------------------------------

5       Radio link monitoring 
-------------------------------------------- Unchanged parts omitted -----------------------------------------
A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. The higher layer parameters CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-ResourceId, CSI-IM-timeConfig, CSI-IM-FreqBand, CSI-IM-ResourceMapping, and Pc_SS in the CSI-RS configuration are not applicable. In CSI-RS resource configuration, a UE expects to be provided only ‘No CDM’ from higher layer parameter CDM-Type, only ‘1’ and ‘3’ from higher layer parameter density, and only ‘1 port’ from higher layer parameter nrofPorts [6, TS 38.214]. For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. UE is not expected to monitor a PDCCH whose DMRS is not QCLed with any of the configured RLM-RS resources.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

Annex B:
---------------------------------------------- Start of Text Proposal ------------------------------------------

5       Radio link monitoring
-------------------------------------------- Unchanged parts omitted -----------------------------------------
A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. Unless indicated, UE always assumes that the RLM-RSs in two or more different BWPs of the Pcell/Pscell are QCLed. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. The higher layer parameters CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-ResourceId, CSI-IM-timeConfig, CSI-IM-FreqBand, CSI-IM-ResourceMapping, and Pc_SS in the CSI-RS configuration are not applicable. In CSI-RS resource configuration, a UE expects to be provided only ‘No CDM’ from higher layer parameter CDM-Type, only ‘1’ and ‘3’ from higher layer parameter density, and only ‘1 port’ from higher layer parameter nrofPorts [6, TS 38.214]. For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. 
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

Annex C:
---------------------------------------------- Start of Text Proposal ------------------------------------------

5       Radio link monitoring
-------------------------------------------- Unchanged parts omitted -----------------------------------------
The physical layer in the UE shall in frames where the radio link quality is assessed indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE shall in frames where the radio link quality is assessed indicate in-sync to higher layers. When UE’s active DL BWP on the primary cell or the PSCell has been switched, UE is not required to use the RLM measurement results of the previous BWP.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
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