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1. Introduction

In this contribution we provide our considerations on radio link monitoring in NR.
2. Discussion
Currently, the following agreements were made for radio link monitoring in RAN1 [1].

	Agreements:
· The RS used for RLM should have following properties 

· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Supporting both single beam and multi-beam operations

· Representing control channel quality

· Both CSI-RS based RLM and SS block based RLM are supported

· FFS: whether or not only a single type of RS is configured to UE for RLM at a time
Agreements:
· 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


Based on the above agreements, it can be seen that there are two types of radio link quality estimation. One is to evaluate the radio link quality according to in-sync/out-of-sync indications, the other is to evaluate the radio link quality according to aperiodic indication(s) based on beam failure recovery procedure.
· In-sync/Out-of-sync indications
UE perform measurements on RS to derive a SINR-like metric in order to evaluate the radio link quality of serving cell/TRP. In order to provide long-term cell-level link quality information, the SINR-like metric should be measured over a certain evaluation period. Obviously, the evaluation period shall be long enough to provide sufficient measurement samples in order to obtain an accurately measured SINR-like metric. However, too long evaluation period might not reflect the change of control channel quality timely. Hence, the proper evaluation period should be investigated for RLM requirements in NR.

The SINR-like metric measured on RS should represent control channel quality. Both CSI-RS and SS block can be used for RLM. The control channel quality may be estimated based on SS block or based on CSI-RS. According to RAN1 design, SS block is quite different with CSI-RS (e.g., RS density, RS transmission periodicity, RS transmission bandwidth), which might lead to different evaluation period. RAN4 shall investigate the evaluation period for both SS block and CSI-RS.
Proposal 1: It is suggested to investigate the RLM evaluation periods separately for SS block based and CSI-RS based.
The SINR-like metric will be compared to the threshold Qin and Qout for determining in-sync and out-of-sync indication. The threshold Qout corresponds to the link quality level below which the NR-PDCCH transmission cannot be reliably received, which is called as out-of-sync state. The threshold Qin corresponds to the link quality level above which the NR-PDCCH transmission can be significantly reliably received, which is called as in-sync state. In LTE, the threshold Qin is defined as 2% BLER of a hypothetical PDCCH transmission, while the threshold Qout is defined as 10% BLER of a hypothetical PDCCH transmission. In NR, the threshold Qin/Qout could also be defined as a hypothetical NR-PDCCH BLER. RAN4 needs to study the hypothetical NR-PDCCH transmission parameters (DCI format, aggregation level, PDCCH power boost value etc.) for in-sync/out-of-sync. The hypothetical transmission parameters are suggest to be typical NR-PDCCH configurations when UE in in-sync state or in out-of-sync state.
The threshold Qin/Qout shall be properly defined based on the NR-PDCCH demodulation performance. The corresponding SINR difference between Qout and Qin shall cover the propagation attenuation changing within a small range so that UE will not frequently report in-sync or out-of-sync indication due to small propagation attenuation changing. In LTE, The SINR level difference between Qout and Qin is about 4~5dB, which can be used as starting points.
Proposal 2: RAN4 shall study the hypothetical NR-PDCCH transmission parameters for in-sync/out-of-sync, which needs RAN1 inputs on NR-PDCCH.
Proposal 3: The difference between threshold Qout and threshold Qin should be large enough to cover a certain propagations attenuation changing.
· Aperiodic indication based on beam failure recovery procedure
According to RAN1 agreements on RLM, the aperiodic indication(s) based on beam failure recovery procedure is defined to assist radio link failure (RLF) procedure. RAN1 has agreed that the following procedure are included for beam failure recovery mechanism.
· Beam failure detection

· New candidate beam identification

· Beam failure recovery request transmission

· UE monitors gNB response for beam failure recovery request

Both beam failure detection and new candidate beam identification are perform by UE based on the measurement on CSI-RS (and SS-blocks) for beam management. If the aperiodic indication is based on the existing measurement for beam management, the aperiodic indication seems to be an indication to high layers of UE and do not impact the current RLM measurement procedure. If the aperiodic indication is based on newly defined measurement procedure, then the corresponding measurement requirements shall be studied.
When the condition(s) for beam failure recovery request transmission is triggered, UE will perform a certain number of beam failure recovery request transmissions and monitor NR-PDCCH during a time window to receive gNB response for beam failure recovery request. If the indication was also related to NR-PDCCH transmission performance, RAN4 might study whether to define a kind of link quality threshold to decide in which conditions the indication shall be triggered.
Proposal 4: RAN4 may study the impacts of aperiodic indication(s) on RLM requirements from the following aspects.
· Whether to impact current RLM measurements or need to introduce new type of RLM measurements.
· Whether need to define new type of threshold(s) related to the aperiodic indication
However, RAN1/RAN2 has not defined the condition(s) of triggering aperiodic indication and decide how to use aperiodic indication. Currently, it is difficult to analyze the impacts of such aperiodic indication on RLM requirements.
3. Conclusions

This contribution provides some analysis on radio link monitoring requirements in NR. The following proposals are given: 
Proposal 1: It is suggested to investigate the RLM evaluation periods separately for SS block based and CSI-RS based.
Proposal 2: RAN4 shall study the hypothetical NR-PDCCH transmission parameters for in-sync/out-of-sync, which needs RAN1 inputs on NR-PDCCH.
Proposal 3: The difference between threshold Qout and threshold Qin should be large enough to cover a certain propagations attenuation changing.
Proposal 4: RAN4 may study the impacts of aperiodic indication(s) on RLM requirements from the following aspects.

· Whether to impact current RLM measurements or need to introduce new type of RLM measurements.

· Whether need to define new type of threshold(s) related to the aperiodic indication
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