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1. [bookmark: _GoBack]Introduction
In this contribution, we discuss remaining issues for NR radio link monitoring (RLM) measurements and procedures related to radio link failure declaration. 

2.  Discussion on LS from RAN2 [1]
RAN2 has sent an LS to RAN1 regarding RLM RSs and beam failure detection (BFD) RS. In the LS, RAN2 has asked two questions related to RLM. The questions from RAN2 are as follows:

· Based on the information provided by RAN1 previously, RAN2 understands that up to 8 RLM-RS(s) can be configured for the UE. However, there is no maximum number of BFD RS resources provided yet. 
· Question 1: Should the maximum number be applicable per RS resource purpose (i.e. separate maximum number for RLM and for BFD) or should the maximum cover both purposes (i.e. a single maximum number value of RLM+BFD RS(s) )? What is the maximum number of BFD-RS(s) in the first case or the maximum number of sum of BFD and RLM RS(s) in the second case?
· RAN2 understanding is that it is up to the network configuration how to configure RLM-RS and BFD-RS resources, i.e. they can overlap entirely (i.e. the same RS resources are used for both purposes), overlap partially (i.e. some of RS(s) configured for RLM and for BFD are the same) or they can be completely orthogonal (i.e. all of the resources configured for RLM are different from the ones configured for BFD). However, RAN2 was not sure whether the last option is possible.
· Question 2: Can the RS resources for BFD and RLM be completely orthogonal?

For question 1, RAN1 actually has agreed on the maximum number of BFD-RS(s). It was agreed to be 2 per BWP. The following is the agreed text from RAN1 #92.
	Agreement (RRC parameter update):
maxNrofFailureDetectionResources is 2 per BWP


 
For question 2, RAN1 has agreed early on that RS configured for RLM and BM are separately configured and it was up to network on how these RSs would be configured at least for CSI-RS. The following is agreement from RAN1 #90.
	Agreements:
1. RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.
0. Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.
0. FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM
0. Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM.



In the spirit of the agreement made in RAN1 #90, it would be logical that same configurability would be allowed for SSBs. 
Additionally, the entire motivation behind limiting the number of RS that could be configured for RLM was to limit UE complexity associated with computing hypothetical PDCCH BLER. Therefore, the maximum number of unique (i.e. orthogonal) RSs that could be configured for RLM and BFD need to upper bounded to 8 for above 6 GHz.
Based on observations above, we propose the following answers to the LS from RAN2.

Answer 1: The maximum number of BFD-RS(s) is 2 per BWP. The maximum number of RLM-RS(s) and BFD-RS(s) should depend on whether same RS(s) is shared between RLM and BFD. The maximum number of unique RS(s), each RS using different set of resources, for both RLM-RS(s) and BFD-RS(s) is:
· 2 RS(s) per BWP for below 3 GHz,
· 4 RS(s) per BWP for above 3 GHz and below 6 GHz,
· 8 RS(s) per BWP for above 6 GHz,
where maximum number of BFD-RS(s) is 2 per BWP. If unique RS(s) are configured for RLM and BFD and 2 RS(s) are configured for BFD, then at most 6 RS(s) would be able to be configured for RLM in above 6 GHz. If 2 RS(s) are configured for BFD and the same set of RS(s)s are also configured for RLM, then at most 8 RS(s) would be able to be configured for RLM in above 6 GHz (including the 2 RS(s) that are same as BFD).
Answer 2: The configured RS(s) for BFD and RLM can be completely orthogonal. It is up to network to configure the same, partially same, or different set of RS(s) for RLM and BFD.

Proposal 1:
· RAN1 to draft reply LS to RAN2 with the answers listed above.


3. Multiplexing of CSI-RS and SSB for RLM
In our companion contribution [6], we discuss unclear UE behaviors related to multiplexing of physical channels and RS with and without spatial QCL relationships. We can categorize the multiplexing of physical channels and RSs into two cases.
1. Type 1 multiplexing 

0. Definition: Multiplexing is expected to degrade UE function/performance (even if QCL Type D can be ensured and the same Tx beam is used by the gNB)

0. UE is expected to perform Rx-beam switching (refinement) with respect to a RS that is multiplexed (a BM RS or RRM RS is multiplexed here) or when QCL indication is not possible (SSB multiplexing across CCs)

0. Whether/how to allow multiplexing by the gNB?

0. If multiplexed in a particular instance, UE behavior 

2. Option 1: Skipping transmission of RS/channel
2. Option 2: Overriding QCL assumptions
2. Option 3: Prioritization of processing of one RS/channel over another
2. Option 4: left to UE implementation 

1. Type 2 multiplexing

1. Definition: Multiplexing is not expected to degrade UE function/performance if QCL Type D can be ensured by the gNB 

0. UE is not expected to perform Rx-beam switching (refinement) for any of the RS multiplexed here or Rx-beam switching (refinement) is applicable to all multiplexed RS that are QCL-ed.

0. Note that using the same Tx beam at the NW during multiplexing may not be sufficient to ensure QCL Type D  (e.g. PDSCH is multiplexed with CORESET, PDSCH is QCL with CSI-RS, and CORESET is QCL with SSB, UE is not aware that CSI-RS and SSB is QCL)

1. Whether to allow multiplexing by the gNB?
1. FDM multiplexing can be allowed if QCL Type D is ensured by the gNB

1. If multiplexed but QCL Type D is not ensured by the NW

2. Option 1: Skipping transmission of RS/channel
2. Option 2: Overriding QCL assumptions
2. Option 3: Prioritization of processing of one RS/channel over another
2. Option 4: left to UE implementation
2. Option 5: Error condition (multiplexing not allowed) 
Among the cases identified in [6], there are multiplexing of RSs that needs to be discussed in the initial access and mobility agenda. The yellow highlighted parts are suggestions on categorization of the multiplexed channels/RSs. Issues related to PDSCH and PDCCH are best left up to RAN 4 where the discussions are being taken place. The initial acess agenda should focus on multiplexing between SSB and CSI-RS with different purposes and configuration and how this should be treated (e.g. define a UE behavior, treat as error case, or undefined and leave to UE implementation, etc).
It should be noted that in order SSB and CSI-RS to be multiplexed in the same OFDM symbol, it was agreed that network ensure spatial QCL exists between SSB and CSI-RS. Additionally, some RSs can have multiple functionalities. For example, CSI-RS for RLM can be also configured for CSI-RS for BFD and BM. This further complicates the issue.  Additionally, UE behavior aspects related to multiplexing of SSB and CSI-RS in different CC may need to be clarified as well.
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Based on the potential multiplexing of SSB and CSI-RS, RAN1 will need to conclude on potential UE behavior (including leaving it up to UE implementation) or multiplexing restrictions. It should be noted that RAN4 may discuss some multiplex aspects even though it was not listed as up to RAN4.
Proposal 2:
· RAN1 to further discuss potential UE behavior or multiplexing restrictions when SS/PBCH block and CSI-RS are multiplexed in the same OFDM symbol.


4. Conclusions
	In this contribution, we discussed remaining details of RLM. Our proposals are summarized as below:

Proposal 1:
· RAN1 to draft reply LS to RAN2 with the following answers:
· Answer 1: The maximum number of BFD-RS(s) is 2 per BWP. The maximum number of RLM-RS(s) and BFD-RS(s) should depend on whether same RS(s) is shared between RLM and BFD. The maximum number of unique RS(s), each RS using different set of resources, for both RLM-RS(s) and BFD-RS(s) is:
· 2 RS(s) per BWP for below 3 GHz,
· 4 RS(s) per BWP for above 3 GHz and below 6 GHz,
· 8 RS(s) per BWP for above 6 GHz,
· where maximum number of BFD-RS(s) is 2 per BWP. 
· If unique RS(s) are configured for RLM and BFD and 2 RS(s) are configured for BFD, then at most 6 RS(s) would be able to be configured for RLM in above 6 GHz. If 2 RS(s) are configured for BFD and the same set of RS(s)s are also configured for RLM, then at most 8 RS(s) would be able to be configured for RLM in above 6 GHz (including the 2 RS(s) that are same as BFD).
· Answer 2: The configured RS(s) for BFD and RLM can be completely orthogonal. It is up to network to configure the same, partially same, or different set of RS(s) for RLM and BFD.

Proposal 2:
· RAN1 to further discuss potential UE behavior or multiplexing restrictions when SS/PBCH block and CSI-RS are multiplexed in the same OFDM symbol.
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