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[bookmark: OLE_LINK272][bookmark: OLE_LINK273]Introduction
In the last meeting, following agreements regarding RLM-RS configuration were made related to NR Radio Link Monitoring [1]:

	Regarding RLM-RS configuration, 

Agreements:
· At least single-port CSI-RS resources, following the same design already agreed for BM, can be used for RLM 
· FFS configuration details, especially w.r.t. interaction with those configured for BM
Agreements:
· Discuss further offline on the maximum # of indicated CSI-RS resources & SS blocks to be used for RLM 
· In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured, where among L SS Blocks for a given frequency band, each SS block to be used for RLM can be individually indicated
· FFS signalling details (e.g., via bitmap, via SS block index)
· Note: this depends on the max # of SS blocks for RLM

Agreements:
· RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.
· Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.
· FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM
· Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM.
Agreements:
· NR supports configuration of at most X number of RLM-RS (CSI-RS and/or SSB) resources for a UE
· final value of X to be determined in the next meeting and (X <= [8])
· Note: in the deployment scenario where BM is needed, the BM processing and reporting are a pre-requisite for the network to select up to X RLM-RSs.
· FFS: whether to have different number for sub 6 and above 6 GHz



In this contribution, we discuss on the remaining issues of RLM, including the number of ports of CSI-RS for RLM-RS, relationship between RLM-RS and RS for beam failure detection, RLM-RS type, and maximum number of configured RLM-RS resources.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Discussion on Configuration of RLM-RS
Number of ports of CSI-RS for RLM-RS
The design of single port CSI-RS for BM is agreed to be used for CSI-RS based RLM. One remaining question could be whether 2-port CSI-RS should be supported for RLM. 
However, the functionality of RLM is monitoring control channel’s quality, and the control channel is single port, so it seems 2-port CSI-RS is not necessary. Besides, the operation region of single port and 2-port CSI-RS for RLM are different, which means UE would have extra implementation effort to support both single port and two-port CSI-RS are supported. 
[bookmark: _Ref498712427]Proposal 1: Two-port CSI-RS is not supported for RLM in Rel. 15. 

Relationship between RLM-RS and RS for Beam Failure Detection (BFD-RS)
It also has been discussed whether configured RLM-RS resource(s) and RS(s) used for beam failure detection (BFD-RS) are same or different set of RS. In the case of different sets of RS, there could be 3 cases: 
· Case 1: The set of RLM-RS is a subset of the set of BFD-RS
· Case 2: The set of BFD-RS is a subset of the set of RLM-RS
· Case 3: The set of RLM-RS and the set of BFD-RS are partially overlapped
In the case 2 and 3, the set of BFD-RS will not link to the quality of all RLM-RS resources, so it could unnecessarily trigger beam failure recover (BFR) procedure (e.g. RLM-RS resources could be good and not detected by BFD-RS), and it is not desirable. For the case 1, RLF could come early than the triggering of beam failure recovery procedure when all RLM-RS with bad quality, because some BFD-RSs could be good and prevent the triggering of BFR procedure. Therefore, to have a consistent behavior of RLM and BFR to avoid unnecessary BFR and to properly trigger BFR process, it prefers the same set of RSs are used for RLM and BFD.
[bookmark: _Ref494485481]Proposal 2: The configured RLM-RS resource(s) and RS(s) used for beam failure detection (BFD-RS) should be the same set.

RLM-RS type
There are two types of RS can be configured as RLM-RS, SS block or CSI-RS, and the RLM-RS is undefined until explicitly/implicitly configured. It was agreed that UE assumes same antenna port between hypothetical PDCCH and RLM-RS, but some mismatch could still happen for SSB based RLM. One mismatch is the frequency location, because the frequency location of SSB is likely static in a frequency range but the frequency location of configured CORESET could be dynamic. Therefore, SSB and CORESET could locate at different frequencies, so SSB based RLM may not accurately represent the NR PDCCH performance. 
[bookmark: _Ref494725059]Observation 1: SSB and CORESET could locate at different frequencies, so channel quality based on SSB may not precisely represent NR PDCCH performance. 

To support different RLM-RS types will increase UE complexity to UE side. Especially, UE has to monitor multiple RLM-RS resources, which already increases UE complexity. 
To potential UE complexity would include: 
· Longer measurement time: To handle both SSB and CSI-RS, it will increase measuring time when SSB and CSI-RS are TDMed. In addition, FDMed SSB and CSI-RS is not feasible, because UE may need to use different Rx beams to handle SSB and CSI-RS.
· UE power consumption: It would take longer measuring time. The measurement sampling rate for RLM could be higher than that for RRM, so power consumption is one concern.
· Different periodicity: The OOS indication is based all RLM-RS resources. However, the RLM-RS with long periodicity can’t promptly reflect channel quality, and it may delay the RLF declaration. 
· Different offset: it will potentially introduce longer measuring time.
[bookmark: _Ref498712473]Observation 2: FDMed SSB and CSI-RS is not feasible in above 6 GHz case, because UE may need to use different Rx beams to handle SSB and CSI-RS. 
[bookmark: _Ref498712476]Observation 3: Configure different RLM-RS types to a UE would increase RLM measuring time and the corresponding power consumption.
Therefore, from UE complexity perspective, it should take both the number of configured RLM-RS resources and the support of configuring different RLM-RS types into account.

Maximum number of configured RLM-RS resources
UE complexity is linear increased by the number of monitored RS resources, so a maximum number of RS resources for UE to monitor would help to limit the UE complexity. 
To support the narrow beam operation, where could be a large number of SSB and CSI-RS, beam management mechanism can be utilized to down-select a small set of SSB/CSI-RS resources for RLM. Therefore, a large number of configured RLM-RS resources seems not necessary. 
[bookmark: _Ref498712497]Observation 4: Beam management mechanism can be utilized to down-select a small set of SSB/CSI-RS resources for RLM.

On the other hand, there are some scenarios without beam managements, e.g., in lower frequency bands, single Tx beam per cell is already sufficient. In our understanding, the major motivation to support multiple RLM-RS monitoring is to resolve beam pair link blocking, and it impacts more on above 6GHz case. Therefore, we think it’s beneficial to have frequency dependent maximum numbers. 
[bookmark: _Ref498712433]Proposal 3: NR supports configuration of at most X number of RLM-RS resources for a UE. For sub3 GHz, X = [1]; for 3-6 GHz, X = [2]; for above 6 GHz, X = [4].

In addition, UE capability signaling can be utilized to limit UE complexity, especially if the maximum number is not a small number. 
[bookmark: _Ref494726233]Observation 5: UE capability signaling on maximum number of monitored RLM-RS resources can be used to limit UE complexity.

Another way to limit UE complexity could be that UE performs RLM only on a subset of the configured RLM-RS. In that case, the selection rule/behaviour for UE to select RS to be monitored should be addressed. 
[bookmark: _Ref498712511]Observation 6: If UE is able to select a subset of configured RLM-RS to be monitored, the selection rule should be addressed. 
[bookmark: _GoBack]Conclusion
In this contribution, we provided more discussion on aspects related to radio link monitoring. Based on the discussion, the following proposals are given for consideration.


Proposal 1: Two-port CSI-RS is not supported for RLM in Rel. 15.
Proposal 2: The configured RLM-RS resource(s) and RS(s) used for beam failure detection (BFD-RS) should be the same set.
Observation 1: SSB and CORESET could locate at different frequencies, so channel quality based on SSB may not precisely represent NR PDCCH performance.
Observation 2: FDMed SSB and CSI-RS is not feasible in above 6 GHz case, because UE may need to use different Rx beams to handle SSB and CSI-RS.
Observation 3: Configure different RLM-RS types to a UE would increase RLM measuring time and the corresponding power consumption.
Observation 4: Beam management mechanism can be utilized to down-select a small set of SSB/CSI-RS resources for RLM.
Proposal 3: NR supports configuration of at most X number of RLM-RS resources for a UE. For sub3 GHz, X = [1]; for 3-6 GHz, X = [2]; for above 6 GHz, X = [4].
Observation 5: UE capability signaling on maximum number of monitored RLM-RS resources can be used to limit UE complexity.
Observation 6: If UE is able to select a subset of configured RLM-RS to be monitored, the selection rule should be addressed.
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