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1. Introduction
In this contribution, we discuss radio link monitoring (RLM) measurements and procedures related to radio link failure declaration. The contribution focuses on finalizing the FFS points from the RAN1 #90 and RAN1 NR Adhoc #3. The following is a copy of agreements made in regarding RLM.
	Agreements:
· NR supports RLM on PCell and PSCell only
· 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
· Signal and interference measurements for a given CORESET may be performed by using same RX beam

Agreements:
· Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time

Agreements:
· Hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM
· UE assumes same antenna port between hypothetical PDCCH and RS used for RLM
· 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)
· 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
· FFS: whether configured RLM-RS resource(s) and RS(s) used for beam failure detection are same or different set
· FFS: in case of CSI-RS based RLM, which CSI-RS is used, beam management CSI-RS or L3 mobility CSI-RS
· FFS: if/how to configure interference measurement resource for RLM
· The symbols used for interference measurement can be same or different from the symbol from RLM-RS resource(s)
· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),
· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS: Y is configurable or fixed, and the value, e.g., Y=1
Agreements:
· NR supports x in-sync BLERs and x out-of-sync BLERs for a hypothetical PDCCH
· The number of different BLER values x in the range of [1 < x <= 3]
· FFS: One or more in-synch BLER and one or more out-of-synch BLER is configured per UE at a time
· FFS: Default one in-synch BLER and one out-of-synch BLER values are used if not configured.
· FFS: the values of the BLERs of for hypothetical PDCCH corresponding to x In-synch and x out-of-synch thresholds
Agreements:
· For a cell group, 
· A single IS or OOS is reported by the UE 
· A single IS BLER is configured for a UE at time
· A single OOS BLER is configured for a UE at a time
· Configurable from two pairs of values for IS/OOS BLERs
· Detailed pair of values up to RAN4 to decide
· FFS whether the configuration is an explicit RRC configuraiotn or implicitly derived from other parameter
· FFS the case of URLLC & mMTC

Agreements:
· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),
· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS the interference measurement resource related to the estimated link quality crresponding to the hypothetical PDCCH BLER

Agreements:
· RLM-RS is undefined until explicitly/implicitly configured.
· Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM

Agreements:
· When SS blocks are used as RLM-RS
· A set of SS blocks are explicitly configured by RRC
· When CSI-RS is used as RLM-RS
· a set of CSI-RS resources are explicitly configured as RLM RS by RRC
· FFS whether a subset of CSI-RS resources configured for P1 BM is configured as RLM-RS




2. Clarification of Existing Agreement
One of the agreements on RLM stated the following:
	Agreements:
· For a cell group, 
· A single IS or OOS is reported by the UE 
· A single IS BLER is configured for a UE at time
· A single OOS BLER is configured for a UE at a time
· Configurable from two pairs of values for IS/OOS BLERs
· Detailed pair of values up to RAN4 to decide
· FFS whether the configuration is an explicit RRC configuration or implicitly derived from other parameter
· FFS the case of URLLC & mMTC


	From our understanding, the concept of cell group for RLM in the agreement was a mistake and it should have been instead “For a set of configured RLM-RSs,”. This should be corrected, such that there are no confusion later due to this agreement.
Proposal 1:
· Replace “For a cell group” statement in the previous agreement in RAN1 NR Adhoc #3 to “For a set of configured RLM-RSs”. 

3.  Interference & Noise Measurement for RLM
When performing measurements to obtain SINR-like metrics, there are 3 approaches that were discussed during RAN1 NR Adhoc #3. 
1) The first approach is to measure both signal and interference/noise components using the same set of resources. 
2) The second approach is the measure signal and interference/noise components using different resources, where interference/noise resources does not contain any signal from the serving cell.
3) The third approach is to use a reference signal known to UE sent by the serving cell and use the resources in which the known RS is transmitted for interference/noise measurement. One of the proposed RS is the DMRS of PDCCH.
In LTE RLM, the first approach was used and worked quite well as the density of the CRS (used for RLM) is quite dense in both time and frequency and available in all subframes of the radio frame. UE could use all the CRS resources to accurately measure the signal component and subtract out the serving cell signal components from all available resources and measure interference/noise.
In NR RLM, the first approach may result in accuracy issues. The issue might be quite more severe if the SSBs are used for RLM. The SSB is typically a narrow band signal compared to the system BW. Furthermore, SSB periodicity configured for the serving cell could be ranging anywhere from 5 msec to 160 msec. The density of the SSB compared to LTE CRS is quite low and could result in less accurate estimation of RLM measurement metric. The other aspect that cause accuracy issue is the false measurement of interference from neighbor cell SSBs.
In synchronous network, it is very likely that different cell would transmit SSB at same timings. If the UE only measures interference from SSB resources, UE could potentially measure interference from neighbor cell SSB and think that would be the typical load for PDCCH reception. Because SSB can be beamformed by the gNB, interference measurement from SSB resource could be both under biased and over biased. In lower frequencies, the estimate would always provide high interference load, even if the network was quite idle. In the higher frequencies, due to beamforming the measured interference could be different depending on the situation. However, the interference would be constant throughout the RLM measurement lifetime.
Therefore, we propose to not to use the SSB resources for RLM interference/noise measurement. To further provide common interference/noise measurement framework for SSB based RLM measurement and CSI-RS based RLM measurement, we propose to utilize either approach 2 or 3.

Among approach 2 and 3, approach 2 is preferred. This is because approach 3 relies on the assumption that DMRS of the PDCCH would be cell specifically derived and all UEs within the serving cell are able to perform channel estimation of the DMRS regardless of who is receiving the PDCCH. Furthermore, in case the PDCCH is not transmitted in some resources of the CORESET used to monitor PDCCH, UEs would make the wrong channel estimate and provide a biased estimate of interference and noise power. This bias would depend on which PDCCH resources the UE used for the RLM monitoring and which PDCCH is actually transmitted by the network. Therefore, the measurement itself may not be stable in nature. 
Based on the discussion above, we support possible configuration of a separate interference and noise measurement resources (IMR) for RLM. We can use the same framework as ZP CSI-RS resources to indicate the IMR for RLM. Given that RLM is intended to capture the performance of PDCCH, the IMR configured for CSI may not be best resources for RLM measurement. This is because CSI is intended for PDSCH, where the RLM is intended for PDCCH. Therefore, the network should have the ability to separately configure IMR for RLM, which could be different from IMR for CSI feedback. This would provide an accurate and reliable framework of measuring interference and noise for RLM.
Proposal 2:
· Interference and noise Measurement Resource (IMR) for RLM can be configured by the network.
· IMR for RLM is a separate configuration from IMR for CSI feedback.
· IMR for RLM uses the same signaling framework as the IMR for CSI feedback and is baseline for design.


4. Configuration for CSI-RS based RLM
It was agreed that CSI-RS based RLM is to be supported in NR. However, we have multiple configurations for CSI-RS. One CSI-RS configuration is intended for beam managements (namely P-1), the other CSI-RS configuration is intended for CSI feedback, and finally last CSI-RS configuration is intended for L3 mobility. The RLM process monitors the status of the serving cell link to figure out if the connection with the serving cell has been severed. Therefore, the best CSI-RS configuration that matches this process would be the CSI-RS configuration for P-1 beam management. CSI-RS configuration for L3 mobility may work, however there is a chance that CSI-RS for L3 mobility is highly optimized for L3 mobility and may not accurately reflect the connection status to the serving cell. 
Based on the discussion above, we propose the following:
Proposal 3:
· CSI-RS based RLM is based on CSI-RS configuration for P-1 beam management. This implies if CSI-RS configuration for P-1 beam management is not configured for the UE, UE would by default use SSB for RLM.

5. Number of Concurrent RLM-RS Configured
The configured RLM-RS for RLM procedure should provide accurate and stable measurement of the PDCCH BLER performance of the PDCCH used for communication between the gNB and UE. Furthermore, although UE could be configured to monitor multiple CORESETS and therefore PDCCH, the number of monitored CORESETS would be limited. Once additional Tx beams that could be potentially used for connection is found, RLM-RS corresponding to those Tx beams could be configured by the network. Therefore, in most typical cases, the number of useful RLM-RS would be limited.
Additionally, the RLM metric of hypothetical PDCCH BLER is based on SINR measurements. To achieve very reliable estimates (with stable estimates for SINR values down to -15 dB in LTE), the processing effort for RLM is quite high. The process required for RLM is order magnitude more complex than measurement for RRM, such as RSRP or RSRQ. Therefore, if the UE is required to monitor very large number of RLM-RS concurrently, it would put a severe burden on UE processing.
Therefore, we propose to limit the number of RLM-RS that the UE can monitor concurrently. The exact number of RLM-RS that could be monitored would be FFS. Different maximum number of RLM-RSs for monitoring could be specified based on UE capability.
Proposal 4:
· Limit the number of RLM-RSs configured to be monitored concurrently for RLM.
· FFS on the exact maximum number of RLM-RSs for configuration.
· FFS whether the maximum number of RLM-RSs for configuration depends on UE capability.


6. Conclusions
	In this contribution, we discussed remaining details of RLM. Our proposals are summarized as below:
Proposal 1:
· Replace “For a cell group” statement in the previous agreement in RAN1 NR Adhoc #3 to “For a set of configured RLM-RSs”. 

Proposal 2:
· Interference and noise Measurement Resource (IMR) for RLM can be configured by the network.
· IMR for RLM is a separate configuration from IMR for CSI feedback.
· IMR for RLM uses the same signaling framework as the IMR for CSI feedback and is baseline for design.

Proposal 3:
· Network can configure a subset of the SSB for RLM.
· By default (i.e. unless configured otherwise), RLM measurement of all actually transmitted SSB (indicated by RMSI) is performed by the UE.

Proposal 4:
· Limit the number of RLM-RSs configured to be monitored concurrently for RLM.
· FFS on the exact maximum number of RLM-RSs for configuration.
· FFS whether the maximum number of RLM-RSs for configuration depends on UE capability.
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