[bookmark: Title][bookmark: DocumentFor][bookmark: OLE_LINK5][bookmark: OLE_LINK6]3GPP TSG-RAN WG4 Meeting # 108			R4-2312518
Toulouse, France, August 21-25, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	On Multi-Rx RLM and BFD/CBD requirements
Agenda item:	8.7.3.3 
Document for:	Discussion

[bookmark: _Toc116995841]Introduction
In this contribution, we discuss RLM and BFD/CBD requirements for multi Rx for the single-DCI (s-DCI) and multi-DCI (m-DCI) scenarios.
[bookmark: _Toc116995848]RLM and BFD/CBD in s-DCI and m-DCI scenarios
In each of s-DCI and m-DCI mode, the UE is scheduled with PDSCH from two TRPs.
In s-DCI scenario, PDCCH is transmitted only from one anchor TRP. Therefore, PDSCH for each link is scheduled with one single DCI.
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Figure 1: In s-DCI scenario PDCCH is transmitted only from one anchor TRP
In m-DCI scenario, PDCCH is transmitted from both TRPs. Therefore, PDSCH scheduling is done with separate DCIs for each link.
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Figure 2: In multi-DCI mode, two TRPs are responsible for the transmission of control data (PDCCH) to the UE.

RLM and BFD/CBD procedures have been defined for PDCCH in the RAN1 specification (section 5 and 6 of TS 38.214). Therefore, 

[bookmark: _Toc142659829]In s-DCI scenario, the RS for RLM, BFD and CBD can only originate from a single anchor TRP with PDCCH configured.
[bookmark: _Toc142659830]In m-DCI scenario, according to the existing specifications, the RS for RLM, BFD and CBD may originate from two different TRPs.
RAN4 has not made it clear which RLM and link recovery requirements apply for each of s-DCI and m-DCI scenarios. Therefore, we see a need to clarify the relation between the scenarios and the requirements.

Requirement applicability
RLM
For RLM, cell-specific requirements, where only one RLM-RS set is considered, have been defined in section 8.1 of TS 38.133. TRP-specific RLM has not been specified. Therefore, RAN4 has agreed that the requirements in section 8.1 apply for the multi-Rx reception, which can be interpreted to be applicable for both s-DCI and m-DCI scenarios. 
In s-DCI scenario, radio link monitoring is only done on the link that has PDCCH configured. Therefore, the situation is the same as in single-Rx scenario, and the requirements in section 8.1 can apply directly for multi-Rx s-DCI scenario.
In m-DCI scenario, according to the existing RAN1 specifications, network may configure RLM-RS to be sent from two TRPs, because PDCCH is configured for both links. Therefore, within the evaluation period for out-of-sync and in-sync, the UE may receive RLM RS from the two TRPs in multi-DCI scenario. Hence, in this situation, RLM out-of-sync and in-sync evaluation and indication as well as radio link failure would apply to the whole cell without making a separation between the links. I.e. all the RLM RS during the evaluation period for out-of-sync need to be below Qout for the UE to indicate out-of-sync, and any RLM RS (from any of the TRPs) during the evaluation period for in-sync may be above Qin i.e. any or both of the links may be in-sync. This is not clearly reflected in the existing RLM requirements, so it needs to be clarified in the specification.
[bookmark: _Toc142659831]In RAN4 requirements for m-DCI scenario, RLM-RS that the UE receives during the evaluation period for in-sync and out-of-sync may originate from two different TRPs.
Link recovery
For link recovery, cell specific requirements, where one BFD-RS set is configured for the UE, have been defined in section 8.5. Section 8.18 defines TRP-specific link recovery requirements, where two BFD-RS sets can be configured, one for each TRP.
In s-DCI scenario, cell-specific requirements in section 8.5 can be reused, because beam failure detection and link recovery are only done for the single link with PDCCH and hence, there will only be single BFR-RS set q0 and CBD-RS set q1.
In m-DCI scenario, TRP-specific requirements can be reused, because beam failure detection and link recovery are done for two links with PDCCH and two BFR-RS sets q0,0 and q01 as well as two CBD-RS sets q1,0 and q1,1 can be configured.

Summarizing sections 3.1 and 3.2, the requirement applicability for s-DCI and m-DCI scenarios is the following:
In TS 38.133, RLM and link recovery requirements that are related to each multi-Rx scenario are:
	
	s-DCI
	m-DCI

	RLM
	Section 8.1
	Section 8.1

	BFD and CBD
	Section 8.5
	Section 8.18



Furthermore, the requirement applicability when multi-Rx is introduced is as proposed below:
[bookmark: _Toc142659832]For s-DCI scenario, reuse RLM requirements in section 8.1 of TS 38.133.
[bookmark: _Toc142659833]For s-DCI scenario, reuse BFD/CBD requirements in section 8.5 of TS.38.133.
[bookmark: _Toc142659834]For m-DCI scenario, reuse RLM requirements in section 8.1 of TS 38.133, with the clarification that in multi-TRP scenario, the RLM-RS for evaluating out-of-sync and in-sync may originate from two different TRPs.
[bookmark: _Toc142659835]For m-DCI scenario, reuse link recovery requirements in section 8.18 of TS 38.133.
Beam sweeping factor reduction
In RAN4#107 meeting it was agreed not to introduce beam sweeping reduction for CSI-RS based RLM and link recovery requirements, where N=1 [1].
	Issue 2-1-1: Beam sweeping factor for cell specific RLM and BFD/CBD for multi-Rx
<Agreement >:
· Faster beam sweeping is not applicable for CSI-RS based RLM and BFD measurements, due to N=1 in the existing requirements.



The overview of the existing beam sweeping factor in current RLM and BFD/CBD requirements is as shown in the table below: 
	Type
	N value for FR2-1
	Spec table in 38.133

	SSB RLM
	N=8
	TEvaluate_out_SSB is defined in Table 8.1.2.2-2

	CSI-RS RLM
	N=1
	TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS are defined in Table 8.1.3.2-2

	SSB BFD, cell specific
	N=8
	TEvaluate_BFD_SSB is defined in Table 8.5.2.2-2

	CSI-RS BFD, cell specific
	N=1
	TEvaluate_BFD_CSI-RS is defined in Table 8.5.3.2-2

	SSB BFD, TRP specific
	N=8
	TEvaluate_BFD_SSB is defined in Table 8.18.2.2-2

	CSI-RS BFD, TRP specific
	N=1
	TEvaluate_BFD_CSI-RS is defined in Table 8.18.3.2-2

	SSB CBD, TRP specific
	N=8
	TEvaluate_CBD_SSB is defined in Table 8.18.5.2-2

	CSI-RS CBD, TRP specific
	N=8
	TEvaluate_CBD_CSI-RS is defined in Table 8.18.6.2-2



In the most recent agreement in RAN4#107[1], it was agreed that the faster beam sweeping is not applicable for CSI-RS based RLM and BFD measurements, since the existing requirements already consider N=1. There has not been any agreement for the requirements where N=8 regarding RLM and BFD/CBD requirements. However, it was agreed under the L1-RSRP measurement agenda item [2] to define new optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement if the UE is capable of multi-Rx operation, where candidate values for beam sweeping factor reduction are {2, 4, 6} for FR2-1 UE (in addition to current N=8 value). 
	Issue 1-2-1: Methods to achieve faster beam sweeping 
Agreements:
RAN4 to define new optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement if the UE is capable of multi-Rx operation.
Issue 1-2-3: Candidate values for beam sweeping factor reduction:
Agreements:
The candidate number can be {2, 4, 6} for FR2-1.



We propose to use the same approach in the RLM and BFD/CBD requirements.
[bookmark: _Toc142659837]For the RLM and BFD/CBD requirements where N=8 for FR2-1 in the current requirements, use the new optional UE capability agreed for multi-Rx SSB-based L1-RSRP reporting with beam sweeping factor values {2, 4, 6}.
Beam failure recovery in simultaneous reception
In the RAN4#107 meeting, the following options were listed for the discussion on possible enhancements on TRP-specific CBD procedure:
	Issue 2-2-2: Whether to enhance TRP specific CBD procedure
<Way forward >: 
· Proposals
· Option 1: (Apple)
· It is proposed to make a decision if the issues in R4-2307348 should be addressed to ensure system performance, and if the necessary requirements can be defined to ensure the expected UE behavior.
· Option 2: (vivo)
· For TRP specific link recovery, enhancement on BFD/CBD may be considered in Rel-19.
· Option 3: (MediaTek)
· Proposal 4: Rel-17 TRP specific BFD/CBD procedure can resume the failure beam from each RSs set with different QCL type D from two TRPs. No new enhancement is needed for multi-Rx UEs.
· Option 4
· RAN4 to not consider simultaneously formed multiple UE Rx beam based RLM and BFD/CBD on multiple resources from two TRPs.




Beam failure recovery on one or both of the links in multi-TRP reception is handled as specified in TS 38.321. According to section 5.17 of TS 38.321, when the UE is configured with two BFD-RS sets and beam failure happens on one of the links (in one of these BFD-RS sets) in multi-TRP reception, beam failure recovery procedure may be initiated on the failing link by sending a BFR MAC-CE to the network. If beam failure happens on both links and BFR procedure is not successfully completed on any of the links, random access procedure is initiated on the cell. [38.321]
[bookmark: _Toc142659838]When beam failure occurs on one of the links in multi-TRP reception, beam failure recovery may be initiated on the failing link by sending a BFR MAC-CE to the network.
[bookmark: _Toc142659839]If beam failure happens on both links in multi-TRP reception and BFR procedure is not successfully completed on any of the links, random access procedure is initiated on the cell.
One of the problems that has been brought up by the company contributions in multi-Rx WI is that when beam failure happens and beam failure recovery is performed on one of the TRP links, how to guarantee that the new beam that is selected as a result of the beam failure recovery procedure can be received simultaneously with the other beam that is not failing. If the network indicates a beam that the UE cannot receive simultaneously with the other beam, the UE will not be able to continue in simultaneous multi-Rx reception. 
[bookmark: _Toc142659840][bookmark: _Toc142659841]As a result of beam failure recovery procedure on one failing link in multi-TRP reception, UE may be configured with a beam for the failing link that it cannot receive simultaneously with the other beam, causing the UE not being able to continue in multi-Rx reception.
In this scenario, the network could of course use the beam pairs reported in the previous group-based beam report as a reference, but this information may not be up-to-date anymore at the time of beam recovery. Furthermore, there may not be any other suitable beam pair reported even in the previous group-based beam report. Hence, some UE assistance would be useful during the beam recovery. However, this may require changes to the beam recovery procedure, and RAN2 involvement would likely be needed. Considering that RAN4#108 is scheduled to be the last meeting for the Rel-18 multi-Rx WI and chairman guidance has been to avoid any non-mandatory enhancements, it may not be possible to define a working solution to this and any other similar problems within the Rel-18 timeframe. Therefore, we would propose to handle such potential problem scenarios in multi-Rx beam failure recovery in Rel-19.
[bookmark: _Toc142659842]For TRP specific link recovery, enhancement on BFD/CBD may be considered in Rel-19.

Conclusion
In this contribution we have made the following observations and proposals:
Observation 1: In s-DCI scenario, the RS for RLM, BFD and CBD can only originate from a single anchor TRP with PDCCH configured.
Observation 2: In m-DCI scenario, according to the existing specifications, the RS for RLM, BFD and CBD may originate from two different TRPs.
Proposal 1: In RAN4 requirements for m-DCI scenario, RLM-RS that the UE receives during the evaluation period for in-sync and out-of-sync may originate from two different TRPs.
Proposal 2: For s-DCI scenario, reuse RLM requirements in section 8.1 of TS 38.133.
Proposal 3: For s-DCI scenario, reuse BFD/CBD requirements in section 8.5 of TS.38.133.
Proposal 4: For m-DCI scenario, reuse RLM requirements in section 8.1 of TS 38.133, with the clarification that in multi-TRP scenario, the RLM-RS for evaluating out-of-sync and in-sync may originate from two different TRPs.
Proposal 5: For m-DCI scenario, reuse link recovery requirements in section 8.18 of TS 38.133.
Proposal 6: For the RLM and BFD/CBD requirements where N=8 for FR2-1 in the current requirements, use the new optional UE capability agreed for multi-Rx SSB-based L1-RSRP reporting with beam sweeping factor values {2, 4, 6}.
Observation 3: When beam failure occurs on one of the links in multi-TRP reception, beam failure recovery may be initiated on the failing link by sending a BFR MAC-CE to the network.
Observation 4: If beam failure happens on both links in multi-TRP reception and BFR procedure is not successfully completed on any of the links, random access procedure is initiated on the cell.
Observation 5: As a result of beam failure recovery procedure on one failing link in multi-TRP reception, UE may be configured with a beam for the failing link that it cannot receive simultaneously with the other beam, causing the UE not being able to continue in multi-Rx reception.
Proposal 7: For TRP specific link recovery, enhancement on BFD/CBD may be considered in Rel-19.
[bookmark: _Toc116995849]
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