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1. Introduction

At the last RAN1 meeting, RAN1 made following agreements related to radio link monitoring (RLM) and radio link failure (RLF) [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

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.

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



In this contribution, we discuss on the remaining issues on RLM-RS configuration and interference/noise measurement resource for RLM. 
2. Discussions
Maximum number of configured RLM-RSs

At the last RAN1 meeting, it was agreed that NR supports configuration of at most X (X <= [8]) number of RLM-RS resources for a UE. However, we still have a concern that 8 seems too small considering the value of L for SSB and CSI-RS in high frequency band. If 8 is the maximum number of RLM-RS resources to be configured, RLM-RS resources need to be reconfigured within a cell when all original 8 beams are unavailable while there still exists other available beams for the UE within the same cell, especially in case of SSB based RLM. Therefore, at least for SSB based RLM, maximum number of configured RLM-RSs should be up to 64 for above 6 GHz. Different values of X can be supported for sub 6 and above 6 GHz considering different value of L for SSB. For sub 6 GHz, maximum number of configured RLM-RSs can be 4 or 8 according to the value of L.
There may be a concern on UE complexity for monitoring large number of beams simultaneously for RLM. We think it can be discussed and solved in RAN4. Currently RAN4 is discussing on the UE measurement capability, such as minimum number of beams UE shall be capable of performing measurement simultaneously.  Even if large number of RSs (beams) are detectable for a UE, the UE is not mandated to measure more than the number of beams defined as minimum measurement capability. Similar consideration can be applied to RLM.
For example, UE can monitor a sub-set of the configured RLM-RSs for a time. In other words, UE is required to monitor at least best M RLM-RSs within configured RLM-RS resources to determine IS or OOS indication for a measurement period. As long as monitored RLM-RSs are appropriately selected for each measurement period, IS/OOS determination could be appropriately performed. The method to select the best M RLM-RS resources is important in terms of both appropriate IS/OOS determination and UE complexity. For example, assuming that measuring RSRP on each RLM-RS resource is not so complex compared with SINR measurement for RLM, UE can select at least the best M RLM-RS resources based on rough (e.g., one-shot) RSRP measurement on all configured RLM-RS resources, and UE can perform RLM (i.e., SINR measurement) on the selected  RLM-RS resources .
Proposal 1
· NR supports configuration of at most 4 or 8 RLM-RS resources for sub 6 GHz and at most 64 RLM-RS resources for above 6 GHz for a UE.
· If UE can appropriately select RLM-RSs to be monitored from all configured RLM-RSs for each measurement period, UE is not mandated to monitor all the configured RLM-RSs simultaneously for a measurement period.
· Minimum UE capability on the number of RLM-RS resources UE shall be capable of monitoring simultaneously can be discussed in RAN4.
Evaluation period for IS and OOS

In RLM, IS can be indicated if at least one beam provides sufficient link quality, i.e., above Qin threshold. If multiple RLM-RS resources are configured for a UE, as long as one good link is confirmed, the UE may not need to monitor other beams since anyway IS will be indicated irrespective of RLM results on other beams. On the other hand, regarding OOS indication, UE needs to confirm that all configured beams (or the number of beams within its capability) could not provide sufficient link quality, i.e., below Qout threshold. Therefore, the actual number of beams that UE is required to monitor may change in different periods. Similar as LTE, RAN4 may define separate IS evaluation period and OOS evaluation period in NR. In addition, it is natural that IS evaluation period can be shorter than OOS evaluation period like LTE. 
Proposal 2
· NR supports different evaluation periods for IS and OOS. Evaluation period for IS is shorter than that for OOS.
RLM-RS type

At the last RAN1 meeting, it was found that companies have different understanding of agreements made in RAN1#90 regarding configuration of RLM-RS. Following two alternatives were discussed.
· Alt 1) UE is only configured with a single type (between SSB or CSI-RS) of RLM-RS for all RLM-RSs

· Alt 2) UE can be configured with any types of RLM-RS for each RLM-RSs

Since SS block and CSI-RS have different functionalities and requirements, different RS can be used for RLM in different deployments/configurations. For example, SS block is the always-on signal that provide the cell wide coverage, which can be used for RLM when CSI-RS is not configured. However, if long SS block periodicity is applied or the collided SS blocks with neighbouring cells could not well reflect control channel quality, it would be preferred to perform RLM based on CSI-RS, which could also be transmitted periodically to cover the whole cell area for mobility. Even though both SSB based RLM and CSI-RS based RLM are supported, in order to simplify the UE RLM behaviour and procedure, it seems better that UE is only configured with a single type (SSB or CSI-RS) of RLM-RS for all RLM-RSs at a time. In that case, the RLM criterion and IS/OOS condition would be simple by considering only one type of RLM-RS. Otherwise, UE complexity would be increased and additional specification effort would be needed to support two types of configured RLM-RS at the same time.

Proposal 3
· NR supports configuration of a single RS type for all RLM-RS(s) at a time.

Configuration of RLM-RS
In case of SSB based RLM, the RLM-RS resources are UE-specifically configured by RRC signaling. Among L SSBs for a given frequency band, each SSB to be used for RLM can be individually indicated. At last RAN1 meeting, the signaling details were discussed and there were following two alternatives.
· Alt. 1: bitmap
· Alt. 2: SS block index
If it is possible to indicate large number of SSBs for RLM, bitmap indication is beneficial since it provides less signaling overhead compared with SS block index indication. There is a bitmap indication of actually transmitted SSBs for rate matching purpose in RRC signaling. It may be possible to just inform UE that such actually transmitted SSBs are configured as RLM-RSs so that signaling overhead for the indication can be minimized.
In case of CSI-RS based RLM, in order to avoid too early RLF, a superset of CSI-RS resources for beam management can be configured as RLM-RS. At the last RAN1 meeting, it was agreed that framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for beam management. In that case, additional updates of CSI-RS for RLM based on updates of CSI-RS in beam management would be necessary. The latest activated CSI-RS resource set for beam management should be used for CSI-RS for RLM.
Proposal 4
· In case of SSB based RLM, bitmap signaling is used to indicate the SSB used for RLM.
· Actually transmitted SSB indication for rate matching purpose can be reused as RLM-RS configuration.
· If CSI-RS resource sets configured for beam management are used for RLM, CSI-RS set for RLM is updated based on the latest activated CSI-RS resource set for beam management.
Interference/noise measurement resource for RLM

At the last RAN1 meeting, it was agreed that Rel-15 NR will not provide additional signaling or configuration of additional resources for the purpose of interference/noise measurement for RLM. It is still under discussion whether NR specification should specify IMR resources for RLM or not. In LTE, such IMR definition for RLM is not necessary. Since in LTE, PDCCH region is known to all UEs and CRS is always transmitted. However, in NR, UE may not be fully aware which resources belong to serving cell downlink. Hence, it is better to clarify that UE measures the interference and noise relying on RLM-RS resources instead of leaving it to UE implementation. In addition, we already define IMR for SS-SINR and CSI-SINR in [2], it is also simple to just reuse it as the definition of IMR for RLM. Therefore, for SSB based RLM, SSS and PBCH DMRS REs are used for interference/noise measurement for RLM. For CSI-RS based RLM, CSI-RS REs used for the signal measurement are used for interference/noise measurement for RLM.
Proposal 5

· NR explicitly defines interference/noise measurement resources in the specification.

· The IMR definition used for SS-SINR/CSI-SINR is reused for interference/noise measurement for RLM.
3. Conclusion 

In this contribution, we discussed on the remaining issues on RLM-RS configuration and interference/noise measurement resource for RLM.  Based on the discussion, we made following proposals. 
Proposal 1
· NR supports configuration of at most 4 or 8 RLM-RS resources for sub 6 GHz and at most 64 RLM-RS resources for above 6 GHz for a UE.
· If UE can appropriately select RLM-RSs to be monitored from all configured RLM-RSs for each measurement period, UE is not mandated to monitor all the configured RLM-RSs simultaneously for a measurement period.
· Minimum UE capability on the number of RLM-RS resources UE shall be capable of monitoring simultaneously can be discussed in RAN4.
Proposal 2
· NR supports different evaluation periods for IS and OOS. Evaluation period for IS is shorter than that for OOS.
Proposal 3
· NR supports configuration of a single RS type for all RLM-RS(s) at a time.

Proposal 4
· In case of SSB based RLM, bitmap signaling is used to indicate the SSB used for RLM.
· Actually transmitted SSB indication for rate matching purpose can be reused as RLM-RS configuration.
· If CSI-RS resource sets configured for beam management are used for RLM, CSI-RS set for RLM is updated based on the latest activated CSI-RS resource set for beam management.

Proposal 5

· NR explicitly defines interference/noise measurement resources in the specification.

· The IMR definition used for SS-SINR/CSI-SINR is reused for interference/noise measurement for RLM.
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