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Introduction
The function of radio link monitoring (RLM) is to monitor the downlink signal quality of the primary serving cell/TRP for the purpose of indicating out-of-sync or in-sync status to higher layers. NR RLM for NR was discussed in previous meetings with the following agreements:
	RAN1#90bis
Agreements:
· The IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC
· IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)
· FFS on default IS/OOS threshold pair index
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

Agreements:
· Rel-15 NR will not provide additional signaling (other than the configuration of RLM-RS(s) resource(s)) for the purpose of interference and noise (IN) measurement for RLM.
· Rel-15 NR will not provide configuration of additional resource(s) for the purpose of IN measurement for RLM.
· RAN1 continues discussions on which (existing) resource(s) can be and/or cannot be used for IN measurement for RLM. 
· Note that this does not necessarily mean the NR specification will specify UE behavior on use of resources for IN measurement for RLM.
Agreements:
· For guidance for RAN4 testing & requirement purposes:
· UE may assume that configured RLM-RS and the “hypothetical” DMRS of the “hypothetical” PDCCH for RLM has QCL relationship with respect to spatial, average gain, delay and Doppler parameters.

Agreements:
· Include the following IS/OOS threshold pair indication in RRC parameter list

	Parameter name in text
	Description
	Value range
	Default value
	UE/Cell Specific

	IS/OOS threshold pair indication
	Index corresponds to one of the two IS/OOS threshold pair for RLM.
	{0, 1}
	0*
	UE-specific


*Note that default value of ‘0’ for IS/OOS threshold pair indication corresponds to the LTE-like IS/OOS threshold of 2% and 10% BLER, which is subject to RAN4 verification of applicability to NR PDCCH and NR PDSCH.
Agreements:
· There is no need to separately capture “number of configured RLM-RS” in the RRC parameter list. 
· Note that this is with the understanding number of configured RLM-RS will be part of the RLM-RS configuration.

Agreements:
· Delete the controversial RRC parameter row “RLM-RS-type” for now or mark it as ‘to be revisited/under discussion’
· Continue discussion on RLM-RS type issue in RAN1 #91

Agreements:
· Continue discussion in RAN1 #91 on the following aspects: 
· Capability signaling for supporting different maximum number of configured RLM-RS
· UE monitoring a sub-set of the configured RLM-RS
· Relationship between maximum number of configured RLM-RSs and evaluation period of IS and OOS
· Frequency band dependent maximum number of configured RLM-RS




	RAN1#NR_AH03
Agreements:
· For a cell group, 
· A single IS or OOS is reported by the UE 
· A single IS BLER is configured for a UE at time
· A single OOS BLER is configured for a UE at a time
· Configurable from two pairs of values for IS/OOS BLERs
· Detailed pair of values up to RAN4 to decide

Agreements:
· When SS blocks are used as RLM-RS
· A set of SS blocks are explicitly configured by RRC
· When CSI-RS is used as RLM-RS
· a set of CSI-RS resources are explicitly configured as RLM RS by RRC
· FFS whether a subset of CSI-RS resources configured for P1 BM is configured as RLM-RS



	RAN1#90
Agreements:
· For RLM, NR supports to configure a single type of RS for a CORESET for a UE at a time
· FFS on interference measurement resource for each RS type
Agreements:
· Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time




This contribution continues the discussion of the remaining issues in NR RLM after RAN1#90bis.
NR RLM-RS Resources and RLM-RS Type
One of the remaining issues for NR RLM is about the RLM-RS type due to different understandings on the following agreements made in RAN1#90: 
Agreements:
· For RLM, NR supports to configure a single type of RS for a CORESET for a UE at a time
· Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time

For the first bullet, it is clear that NR does not support configuring more than one RLM-RS type for one single CORESET. However, a UE may be configured with multiple CORESETs. The question is whether different types of RSs can be configured for different CORESETs. For the second bullet, it is clear in our view that a single RLM-RS type for RLM is configured for a UE at a time regardless how many RLM-RS resources are configured for the UE. Combining the two bullets, our understanding is that for a UE configured with multiple CORESETs, the network can configure different types of RS to different CORESETs but only a single RLM-RS type can be used for RLM for a UE at a time regardless how many RLM-RS resources are configured.
Observation 1: Based on the current agreements, NR supports configuring different types of RLM-RS resources (e.g., CSI-RS resources and SSB resources) for different CORESETs for a UE at a time, but only one single RLM-RS type can be used for RLM for the UE at a time.
Other remaining issues for NR RLM
It was agreed in RAN1#90bis to continue discussion in RAN1 #91 on the following aspects: 
· Capability signaling for supporting different maximum number of configured RLM-RS
· UE monitoring a sub-set of the configured RLM-RS
· Relationship between maximum number of configured RLM-RSs and evaluation period of IS and OOS
· Frequency band dependent maximum number of configured RLM-RS

The main purpose of RLM is to provide proper service for a user from UE’s perspective and to support efficient usage of the RF resources from network perspective. In general, the need for UE to make either IS or OOS decision when the UE is located in poor RF condition where the RS measurement accuracy is normally low and thus the error margin for making IS or OOS decision is normally high, which in general is aound a few dBs. Thus, in the design of RLM, there is no need to make the RLM too complicated.
RLM Capability Signalling
With current agreement, NR supports two pair of RLM thresholds. But, an UE is only configured with one pair of RLM thresholds at a time. It should be the basic function for all UEs to supporting the configuration of the RLM thresholds. Therefore, it seems no need to support RLM capability signalling.
Proposal 1. 
· No need to support RLM capability signaling.

Maximum number of configured RLM-RS
It was agreed that NR supports configuration of at most X (<=8) number of RLM-RS (CSI-RS and/or SSB) resources for a UE, and the final value of X to be determined in RAN1#91. The main purpose of the RLM is to support proper RF resource usage. For a UE in connection, it will keep searching for the best DL beams and adjusting the serving beams whenever necessary. Thus, there is no need to configure too many RLM-RS for the UE, since it may unnecessarily increase UE power consumption without clear benefits. Considering the number of beams needed to be monitored for sub 6 and above 6 GHz are significantly different, the maximum number of RLM-RS (CSI-RS and/or SSB) resources for sub 6 and above 6 GHz should also be different. However, to avoid over design of the RLM, there is no need to define the maximum number of configured RLM-RS per frequency band.
Proposal 2. 
· No need to define the maximum number of configured RLM-RS resources per frequency band.
· NR supports configuring maximum 2 RLM-RS resources for a UE for sub 6-GHz, and 8 RLM-RS resources for a UE for above 6-GHz.

Monitoring of a sub-set of the configured RLM-RS
Once the RLM-RS resources is configured for a UE, it will then up to UE’s implementation on how it monitoring these RLM-RS resources as long as it meets the minimum performance requirement to be defined by RAN4. For example, the UE may only keep monitor one or few of the RLM-RSs with best signal quality and only start monitoring other configured resources when the signal quality under monitoring becomes of the poor. But, it will b
Proposal 3. 
· It is up to UE on how to monitor the configured RLM-RS, as long as it meets the minimum performance requirement to be defined by RAN4. 

Relationship of the number of RLS-RSs and RLM evaluation period
In our opinion, the evaluation period of IS and OOS may depend on many factors, including the maximum number of configured RLM-RSs, the Hypothetical PDCCH and IS/OOS thresholds, and especially the minimum RLM performance. Thus, our suggestion is let RAN4 to consider the evaluation period of IS and OOS.
Proposal 4. 
· The relationship of the RLM evaluation period with other configuration parameters such as the number of RLS-RSs can be decided by RAN4.

Conclusion
In this paper, we discussed the remaining NR RLM issues and made the following observation and proposal:
Observation 1.
Based on the current agreements, NR supports configuring different types of RLM-RS resources (e.g., CSI-RS resources and SSB resources) for different CORESETs for a UE at a time, but only one single RLM-RS type can be used for RLM for the UE at a time.

Proposal 1. 
· No need to support RLM capability signaling.

Proposal 2. 
· No need to define the maximum number of configured RLM-RS resources per frequency band.
· NR supports configuring maximum 2 RLM-RS resources for a UE for sub 6-GHz, and 8 RLM-RS resources for a UE for above 6-GHz.

Proposal 3. 
· It is up to UE on how to monitor the configured RLM-RS, as long as it meets the minimum performance requirement to be defined by RAN4. 

Proposal 4. 
· The relationship of the RLM evaluation period with other configuration parameters such as the number of RLS-RSs can be decided by RAN4.
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