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1. Introduction
In the previous RAN1 meetings, the NR radio link monitoring was discussed, with following agreements [1] [2]:
Agreements: (RAN1 NR adhoc#2)
· 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: (RAN1#89)

· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE

· SINR-like metric as in LTE represents whether or not UE can receive PDCCH

· FFS: PDCCH in U-SS and/or PDCCH in C-SS

· RS used to derive SINR-like metric is down selected from following options

· Opt.1: CSI-RS

· Opt.2: DMRS for NR-PDCCH in C-SS

· Opt.3: DMRS for NR-PBCH

· Opt.4: NR-SSS

· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)

· FFS: how many options are used

· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. 

· RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.

· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.
In this contribution, we further discuss the NR radio link monitoring issue, especially on how a radio link monitoring design can more accurately reflect PDCCH quality. 
2. Discussion
In LTE, RLF/RLM is based on measurement on CRS. UE evaluates the PDCCH quality by CRS RSRQ, which including co-channel serving and non-serving cells, and adjacent channel interference, and thermal noise etc.
In NR in summary, it was agreed to use a SINR-like metric to reflect PDCCH quality for RLM. It was further agreed that both SS and CSI-RS can be used as RLM reference signal. In practice, both SS and CSI-RS are valid reference signal from channel measurement perspective, as the common PDCCH can be QCL’ed with SS while the UE specific PDCCH can be QCL’ed with CSI-RS. However, neither SS nor CSI-RS can reflect the interference experienced by PDCCH. In a synchronous network deployment, measurement on SS can only see the interference by the collided SS from the neighbor cells, which is totally different from the interference seen by the PDCCH. On the other hand, when CSI-RS is used for RLM, as typically the CSI-RS is configured in the data symbols on which the interference is coming from neighbor PDSCH or CSI-RS, which is also not accurate to evaluate PDCCH quality. Based on the above discussion, we observe that that simply measurement on SS and CSI-RS cannot reflect PDCCH quality and thus is not sufficient for accurate RLM. 
Observation 1: Simply measurement on SS and CSI-RS cannot reflect PDCCH quality and thus is not sufficient for accurate RLM.

In order to provide more accurate RLM, especially for more accurate interference estimation on PDCCH, some additional solutions should be discussed. 

· When CSI-RS is used for RLM

CSI-RS can be QCL’ed with the PDCCH UE specific search space so it is proper for channel quality measurement in RLM. But again the interference seen on regular CSI-RS (used for DL CSI acquisition) does not reflect the PDCCH interference level. Following solutions can be considered to evaluate the PDCCH interference
· Option 1: gNB configures CSI-RS in PDSCH symbols to mimic the inter cell interference seen on the PDCCH symbols. This method may not require additional CSI-RS resource but may degrade the channel measurement performance for DL CSI acquisition due to additional interference mimic. 
· Option 2: gNB configures additional CSI-RS in PDCCH symbols. Furthermore, the CSI-RS can be configured in particular one or multiple CORESETs corresponding to common search space and/or UE specific search space. This method can reflect PDCCH interference but require additional CSI-RS overhead. 
· Option 3: gNB configures additional IMR resource in PDCCH symbols. Similarly as option 2, the IMR can be configured in particular one or multiple CORESETs corresponding to CSS and/or UESS. The pros and cons for this method are similar as option 2. 
· When SS is used for RLM

SS can be QCL’ed with the PDCCH common search space so it is proper for channel quality measurement in RLM. However, interference seen on SS resource has no correlation with the interference seen on PDCCH symbols. Additional resource should be used to measure the interference on PDCCH symbols, the interference measurement resource may be IMR resource or additional CSI-RS configured in PDCCH symbols, which is similar as option 2 and 3 as discussed above. 
Based on the above discussions, we have

Proposal 1: For both SS based and CSI-RS based RLM, additional methods to measure the interference seen on PDCCH should be introduced. 
It has been agreed that multi-beam PDCCH monitoring can be configured for more robust PDCCH transmission. It is expected that multi-beam PDCCH monitoring at least can be configured for UE specific search space(s). If CSI-RS which is QCL’ed with the UE specific search space is used for RLM, it should be further clarified which CSI-RS out of multiple beams is used for RLM. 
Proposal 2: RLM measurement behavior on CSI-RS(s) when multi-beam PDCCH monitoring is configured should be further discussed. 
3. Conclusion
In this contribution, we discuss the issues on NR RLM, with following observations and proposals. 

Observation 1: Simply measurement on SS and CSI-RS cannot reflect PDCCH quality and thus is not sufficient for accurate RLM.
Proposal 1: For both SS based and CSI-RS based RLM, additional methods to measure the interference seen on PDCCH should be introduced. 
Proposal 2: RLM measurement behavior on CSI-RS(s) when multi-beam PDCCH monitoring is configured should be further discussed. 
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