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1 Introduction

In RAN1#90b meeting, the following agreements on RLM in NR were achieved [1]:
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

· 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

· 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

· 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.

· 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

· 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.

· 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.

· Draft LS in R1-1719216, which is endorsed and approved in R1-1719218

After email discussion/approval till 10/27, the following agreements on potential RRC impact were made:
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.

· 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.

· 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

· 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

In this contribution, we provided our views on the remaining details on RLM RS configuration in NR. 
2 RLM-RS configuration
RS type and maximum number of RLM-RS
In NR, both CSI-RS and SS block are supported for NR RLM to represent control channel quality and network can configure at most X number of RLM-RS resources for a UE. For each RLM-RS, we believe that it is beneficial to configure different type RS for RLM in some scenarios. For example, network may transmit SSB with long SS burst set periodicity, e.g. 160ms for power saving purpose, and configure CSI-RS for beam management in very limited beam directions e.g. 2 serving beams for RS overhead reduction purpose. Only configure the limited number CSI-RS will easily lead to RLF due to beam blockage. Only configure the SSB with long periodicity will provide fluctuating PDCCH BLER evaluations. Therefore, supporting the configuration of different type RSs as RLM-RS resource at an instance is a good option to provide accurate RLM evaluation results on link quality. 
Note also that there is no necessity to change current periodic OOS/IS indication rules:

1) Periodic OOS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X (SSB and CSI-RS based) RLM-RS resources are below Q_out threshold. 
2) Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least 1 RLM-RS resource among all configured X (SSB and CSI-RS based) RLM-RS resources is above Q_in threshold.
Regarding the UE monitoring complexity, we think that the UE complexity of RLM is essentially linear in the number of monitoring RLM-RSs, instead of the type of monitoring RLM-RS. It is more important to limit the maximum total number of configured RLM-RS resources, and these RS resources may be of different types (i.e. CSI-RS or SS Block). The maximum number of configured RLM-RS resources for above 6GHz can be set to be 8 or less than 8. For below 6GHz, we can restrict the maximum number of configured RS resources RLM-RS to a smaller value to further reduce UE complexity, e.g. 2 RLM-RS resources. 
For above 6GHz, UE is required to monitor Y CSI-RS resources for beam failure detection and similar UE complexity issue needs to be addressed there in terms of the maximum number of configured RS resources for beam failure detection. As RLM and beam failure detection may be configured with same or different RS, it would be reasonable to restrict the maximum total number of RS resources for RLM and beam failure detection to reduce UE monitoring complexity, e.g. 8 RS resources. 
Proposal 1: NR support configurability of different RLM-RS types to UE for each RLM-RS. 

Proposal 2: For above 6GHz, NR support to configure at most X=8 RS resources for RLM, and these RLM- RS resources may be of different types (i.e. CSI-RS or SS Block). 
· Note that to further reduce the UE monitoring complexity, NR can support to configure at most X=8 RS resources for RLM and beam failure detection.
Proposal 3: For below 6GHz, NR support to configure at most X=2 RS resources for RLM, and these RLM-RS resources may be of different types (i.e. CSI-RS or SS Block).

RLM-RS configuration signaling

In case of SSB based RLM, the SSB used as RLM-RS resources are UE-specifically RRC configured using bitmap of L SS blocks or actually transmitted SS blocks of serving cell for a given frequency band. 
Proposal 4: For SSB based RLM, NR support to use bitmap of L SS blocks or actually transmitted SS blocks of serving cell for a given frequency band to configure SSB used as RLM-RS resources.
RLM complexity 
To further relax the UE complexity for monitoring RLM-RS and reduce RLM-RS configuration signaling overhead, UE is allowed to select and monitor a subset of the configured RLM-RS. For example, when high layer of UE receive an aperiodic indication from beam failure recovery procedure, UE can adapt the monitoring of the RLM-RS among the configured RLM-RS to provide more accurate IS/OOS evaluation results. In this case, no capability signaling is required for UE to support different maximum number of configured RLM-RS.
In NR RLM, periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least 1 RLM-RS resource among all configured X (SSB and CSI-RS based) RLM-RS resources is above Q_in threshold. Periodic OOS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X (SSB and CSI-RS based) RLM-RS resources are below Q_out threshold. So OOS evaluation period set by RAN4 may be longer than IS evaluation period. In this case, larger number of RLM-RS configuration could be considered.
Proposal 5: UE is allowed to select and monitor a subset of the configured RLM-RS. No RLM capability signaling to support different maximum number of configured RLM-RS is required for UE. 
Proposal 6: NR should support longer OSS evaluation period than IS evaluation period, to relax UE RLM complexity.
INR for RLM

Hypothetical PDCCH BLER has been agreed to be  the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM. The SINR-like metric with RS signal and interference and noise measurement should be performed for RLM. The resource elements used for interference measurement should be same as the resource elements carrying RLM-RS resource(s), e.g. CSI-RS or SS block REs, to provide consistent measurement results (hypothetical PDCCH BLER) on the same measurement resources. Thus, there is no need to define additional interference measurement REs for RLM.

Proposal 7: The resource elements used for interference and noise measurement should be same as the resource elements carrying RLM-RS resource(s).
3 Conclusions

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 support configurability of different RLM-RS types to UE for each RLM-RS. 

Proposal 2: For above 6GHz, NR support to configure at most X=8 RS resources for RLM, and these RLM- RS resources may be of different types (i.e. CSI-RS or SS Block). 

· Note that to further reduce the UE monitoring complexity, NR can support to configure at most X=8 RS resources for RLM and beam failure detection.

Proposal 3: For below 6GHz, NR support to configure at most X=2 RS resources for RLM, and these RLM-RS resources may be of different types (i.e. CSI-RS or SS Block).

Proposal 4: For SSB based RLM, NR support to use bitmap of L SS blocks or actually transmitted SS blocks of serving cell for a given frequency band to configure SSB used as RLM-RS resources.

Proposal 5: UE is allowed to select and monitor a subset of the configured RLM-RS. No RLM capability signaling to support different maximum number of configured RLM-RS is required for UE. 

Proposal 6: NR should support longer OSS evaluation period than IS evaluation period, to relax UE RLM complexity.

Proposal 7: The resource elements used for interference and noise measurement should be same as the resource elements carrying RLM-RS resource(s).
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