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Introduction
This contribution shows Samsung’s view on the following remaining issues of RLM:
· Necessity of relating beam failure and RLM, and supporting aperiodic IS/OOS
· Remaining details for RLM
Relationship between RLM and Beam Failure Recovery
In RAN1#NR-AH2, the following agreements were reached:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310
· RAN2 can decide specific procedure
· Example 2: aperiodic indication(s) based on failure of beam recovery procedure
· How to use aperiodic indication can be decided in RAN2
· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used

This decision suggests RAN1 to study possible aperiodic indication mechanisms to the higher layers in relation to the beam failure recovery. It is our understanding that these two examples have been provided in the tdoc for better understanding what indication mechanisms can potentially be adopted. 
With regards to Example 1, the aperiodic indication is provided to the higher layer in the case of successful beam recovery so that T310 can be reset/stopped. Now the question would be how useful the introduction of this aperiodic indication is when periodic IS triggering is available. In our view, the additional ‘aperiodic’ indication based on successful beam recovery is not needed only except for the following use case:
· When the beam recovery is successful and UE cannot wait until the ‘periodic’ IS, before RLF declaration within a short time (e.g., timer T310 would expire soon).
However, the use case looks like a corner case, due to the following reasons: 
1. Periodic IS would work well for most of the cases.
2. T301 timer duration shall be selected long enough to ensure that most (~99%) of the UEs with the possibility of connection resume is covered. (e.g., in LTE, 1sec was selected for T310)
A. Therefore, it is seldom that a UE recover from cell level radio link problem ‘at the last few msec’
3. Aperiodic indication after a beam recovery may not really that faster than the periodic IS indication
A. Both beam recovery and IS indication need beam measurement with at least L1 filtering
B. Beam recovery may consisting of long and multiple RACH-like transmissions
Therefore, with the above observations and reasons, the ‘Necessity’ of aperiodic indication based on a successful beam recovery does not seem to be well justified.
Observation 1: As periodic IS indication is applicable in case of successful beam recovery, the use case of the additional aperiodic IS indication is limited. 
Now the remaining issue is whether there is need of aperiodic indication due to failed beam recovery. The use cases of such aperiodic indication due to failed beam recovery can be categorized as the following two alternatives: 
· Alt 1: To trigger RLF timer T310 if the timer is not triggered yet
· Alt 2: To declare RLF and perform cell reselection
The beam recovery procedure may take a while due to number of beam measurement with filtering and beam recovery request transmission through the RACH procedures. When beam recovery request transmission is transmitted via PRACH, the failure of beam recovery request would eventually result in RACH failure detection, and UE will declare RLF according to the RAN2 agreements. So, in this case, Alternative 1 is meaningless and no additional condition is required.
Observation 2: When the PRACH is used for beam recovery, additional aperiodic indication of beam recovery failure to declare RLF is not necessary, since the beam recovery failure will result in random access failure detection, and, hence, UE will declare RLF accordingly. 
Proposal 1: Aperiodic IS/OOS indication shall not be introduced in NR
Remaining Details for RLM
1 
2 
3.1 IMR for RLM and QCL between RLM-RS and CORESET
This subsection addresses the following FFS from 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
· FFS: UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters
· NR supports to configure X RLM-RS resource(s)
· FFS: if/how to configure interference measurement resource for RLM

The metric for RLM is SINR-like metric, and hence both channel and interference need to be measured. For the channel measurement, CSI-RS or SS block can be used based on the agreements. For the interference measurement, more discussion is necessary. In the legacy LTE, REs in CRS OFDM symbols in the PDCCH region were used for the RLM interference measurement. The same mechanism does not seem to be desirable especially for the case of channel measurement based on SS blocks, because SS blocks are fully occupying the SS block BW. For the case of channel measurement based on CSI-RS, to enable legacy like measurement, the channel-measurement CSI-RS needs to be placed in CORESETs, of which tradeoff has not been well understood in RAN1 yet. Then, it seems necessary to consider other alternatives as well. The main features required for a signal/channel to be used as RLM IMR is that (1) the UE should be able to regularly measure the interference; and (2) the signal/channel should be able to represent the interference in the PDCCH region (i.e., the signal/channel should be in the PDCCH region). There are at least two alternatives satisfying these requirements: (1) PDCCH DMRS; and (2) ZP-CSI-RS mapped in the PDCCH region.
The PDCCH DMRS is non-always-on signals which will present only when PDCCH is transmitted. The PDCCH DMRS sequence has not been agreed in the control session yet. It can be determined as either cell/CORESET-specific or UE-specific. In case PDCCH DMRS is cell/CORESET-specifically scrambled, UE configured with a CORESET can measure interference by stripping off the PDCCH DMRS power from the total power from the PDCCH DMRS REs. The main benefit of using the PDCCH DMRS as IMR for RLM is that no separate resources need to be reserved. However, as discussed here, the prerequisite of using the PDCCH as IMR is that the PDCCH DMRS should be cell/CORESET specifically scrambled, which does seem to be FFS from the control session. 
In case PDCCH DMRS cannot be used as IMR for RLM, ZP-CSI-RS mapped in the PDCCH region could be considered as an alternative. This alternative requires to reserve some resources in the PDCCH region for ZP CSI-RS mapping. If the number of REs mapped for ZP CSI-RS is not much, and if PDCCH RE power boosting is applicable by power pulling from the unused power from the ZP CSI-RS, this option could be a valid option. 
It is also noted that the signal and interference measurement should be performed with the same Rx beam, if UE performs Rx beam. This can be ensured, if the PDCCH CORESET is configured to be QCL’ed with the channel measurement signal. The QCL relation between the channel measurement signal and PDCCH CORESET also allows that the UE can measure channel estimation parameters for the PDCCH demodulation from the channel measurement signals. Hence, it is proposed to support the QCL relation. 
Based on the discussions above, the following is proposed. 

Proposal 2: The following should be supported
· UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters
· For each case of using CSI-RS and SS blocks as an RLM-RS resource, 
· If control session decides the PDCCH DMRS is cell/beam-specifically scrambled, PDCCH DMRS in the CORESET QCL’ed with the RLM-RS resource is used for IMR for RLM measurement
· Otherwise, ZP CSI-RS transmitted in the CORESET QCL’ed with the RLM-RS resource is used for IMR for RLM measurement
3.2 Configuration of RLM-RS when SS Block is configured for Channel Measurement
This subsection addresses the following FFS from the RAN1#90 agreements. 
· NR supports to configure X RLM-RS resource(s)
· One RLM-RS resource can be either one SS/PBCH block or one CSI-RS resource/port
· The RLM-RS resources are UE-specifically configured at least in case of CSI-RS based RLM
· FFS: how to configure RLM-RS resources in case of SS/PBCH block based RLM
· FFS: whether/which the default RLM-RS resource(s) is defined

The default RLM-RS resource(s) should be SS blocks, as CSI-RS may not always be available. Then, the remaining question is which SS blocks should be regarded as default RLM-RS resource(s). It seems natural that UE needs to only monitor actually transmitted SS blocks (SSBs). According to RAN1#90 WAs, the SSB set composition is indicated in two places: (1) in RMSI; and (2) in RRC. Until UE is indicated by the RRC, the default SSBs to monitor RLM should be all the SSBs indicated by the RMSI. Once the UE is configured by RRC, the default SSBs to monitor RLM should be all the SSBs indicated by RRC. Further reducing the number of RLM resources than the SSBs indicated by RRC does not seem to be desirable, to make the RLF condition stringent (i.e., less service interruption). As long as some of CORESETs QCL’ed with the SS blocks can have reliable SINR, the UE can still receive PDCCH from the cell, and the UE can still get service from the cell. 
Proposal 3: The default RLM-RS should be SS blocks.
· Until RRC indication of SSB set composition is available, the default SSB set to measure RLM is configured according to the RMSI indication of SSB set composition.
· Once RRC indication of SSB set composition is available, the default SSB set to measure RLM is configured according to the RRC indication.

Conclusions
[bookmark: _GoBack]The proposals of this contribution are re-collected below:
Proposal 1: Aperiodic IS/OOS indication shall not be introduced in NR:
Proposal 2: The following should be supported:
· UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters
· For each case of using CSI-RS and SS blocks as an RLM-RS resource, 
· If control session decides the PDCCH DMRS is cell/beam-specifically scrambled, PDCCH DMRS in the CORESET QCL’ed with the RLM-RS resource is used for IMR for RLM measurement
· Otherwise, ZP CSI-RS transmitted in the CORESET QCL’ed with the RLM-RS resource is used for IMR for RLM measurement
Proposal 3: The default RLM-RS should be SS blocks.
· Until RRC indication of SSB set composition is available, the default SSB set to measure RLM is configured according to the RMSI indication of SSB set composition.
· Once RRC indication of SSB set composition is available, the default SSB set to measure RLM is configured according to the RRC indication.

