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1. Introduction

In last meeting, there were a lot of progress with RLM operation [1] which were shown in appendix. In this contribution, we discuss the details for configuration of RLM resources and definition of IS/OOS based on the agreement in last meeting.
2. Indication of radio link problem
Periodic IS/OOS indication

Based on the discussion on definition of RLF in last meeting, the condition for periodic IS/OOS indication can be defined as : 

· Periodic OOS : Periodic OOS is indicated to higher layer if channel quality of all configured RSs to be measured for RLM is worse than the threshold Qout . 

· Periodic IS : Periodic IS is indicated to higher layer if channel quality of any RS (it means that Y is fixed to one) among all configured RSs to be measured for RLM is better than the threshold Qin.
· The conditions are used in both single and multi-beam scenario, and the periodic OOS/IS indication is not reflecting on beam management status (e.g. beam failure)
Aperiodic indication of radio problem in multi-beam scenario
In LTE system, detection of radio link failure is declared based on 1) periodic OOS 2) random access problem 3) RLC maximum retransmission. In other words, lower layers (corresponding to physical layer and MAC layer) indicate the problems of functionality defined on the layer to higher layer (corresponding to RRC layer), and higher layer performs radio link recovery procedure (e.g. RRC re-establishment in LTE) based on the indicated radio link problem. According to radio link recovery procedure in LTE, the radio link problems occurred during beam management in multi-beam scenario need to be indicated together with periodic IS/OOS indication, and which was already agreed by beam management agenda. In last meeting, the need for an indication of beam recovery success was discussed with aperiodic indication of radio link problem. However, when beam recovery procedure is successfully completed, the periodic IS would be indicated to higher layer and RRC connection is not released according to radio link failure. Therefore, the benefit from indication of beam recovery success is limited only to the case that periodicity of RLM-RS resources is large, and normal RLM operation may not be guaranteed with large periodicity of RLM-RS. Based on the discussion, it is proposed that only the aperiodic radio link problem of beam recovery failure is indicated to higher layer, but beam recovery success is not indicated.
· Aperiodic radio link problem indication : Radio link problem is indicated to higher layer when the beam recovery procedure is not successfully completed (e.g. new beam could not be detected, the channel quality of the new best beam is worse than the threshold QBF-out (or Qout) after beam failure or network does not respond to beam recovery operation). The condition is used in only multi-beam scenario, and RRC layer might need to re-establish RRC connection as soon as the event is indicated by Layer 1 or 2 (detail procedure will be discussed by RAN2)
Proposal 1. The condition for radio link problem indication could be defined as follows.

· Periodic indication of IS/OOS

· OOS : When channel quality of all configured X RSs to be measured for RLM is worse than the threshold Qout
· IS : When channel quality of at least one RS among all configured X RSs to be measured for RLM is better than the threshold Qin. (Y is fixed to 1)
· Aperiodic indication of Beam recovery failure 
· When the beam recovery procedure is failed (e.g. new beam could not be detected, the channel quality of the new best beam is worse than the threshold QBF-out (or Qout) after beam failure or network does not respond to beam recovery operation). 
3. RLM-RS resource configuration 
Configuration of RLM-RS resource
For radio link monitoring, it is desirable that channel quality of all potential communication channels between gNodeB and UE are checked for determining RLM status, but which beams or TRPs can be used as potential communication channels should be configurable for network flexibility. 
· SS/PBCH block : Since SS/PBCH blocks are cell-specific signals, UE could use SS/PBCH blocks as RLM-RS without any UE-specific configuration. Therefore, it is desirable that SS/PBCH blocks are used as default RLM-RS resource for RLM. However, even if cell-specific signal does not need any configuration, information on actual transmitted SS/PBCH blocks needs to be signalled for reducing UE power consumption. In this case, information on actual transmitted SS/PBCH blocks can be obtained through RMSI.
· CSI-RS : CSI-RS should be UE-specifically configured and which beams or TRPs are used for RLM might be transparent to UE. Additionally, QCL information with SS/PBCH block might be helpful for optimization of UE operation.
Proposal 2. SS/PBCH blocks are used as default RLM-RS resource, and CSI-RS resources are UE-specifically configured by RRC signalling.
Relationship with BM CSI-RS

Basically, we have proposed that radio link monitoring is performed independently with beam management because RLM is related to potential channel quality with serving cell while BM is related to channel quality of serving beam. However, regardless of independent operation, hypothetical PDCCH performance can represent the radio link quality both for RLM and BM even if it was not determined whether RSRP or SINR is selected as actual measurement metric for beam failure detection. Therefore, unless the hypothetical PDCCH for RLM and BM is differently defined, it is helpful in a perspective of UE complexity that same RSs are used for both RLM and BM.

Interference measurement resource
As discussed above, reference signal should represent the channel quality of control channel. Usually, channel quality consists of two components : signal and noise including interference. For signal component, it can be estimated from reference signal and compensated by power offset to PDCCH, which is not related with resource position in time and frequency domain. For noise component, it should be estimated in the PDCCH transmission region (CORESET) in order to measure the channel quality representing PDCCH performance. In LTE system, resource elements for C-RS are used for noise power measurement by subtracting channel components from received signal. For measuring noise power within CORESET in NR system, two candidates can be taken into consideration.

· ZP-CSI-RS : In LTE system, ZP-CSI-RS is configured for measuring noise power or spatial statistics. In NR system, same concept could be adopted for RLM and it might be cell-specifically configured in order assist a UE in idle mode to receive NR-PDCCH.

· DM-RS within CORESET : In NR system, CORESET for NR-PDCCH transmission would include DM-RS because C-RS is not defined. Like LTE system, resource elements for DM-RS within CORESET can be used for noise power measurement by subtracting channel components from received signal. However, it is not guaranteed that resource elements within CORESET are used for transmission of only PDCCH. For example, when gNodeB tries to transmit PDSCH over multi slot without any scheduling information or when gNodeB schedules only mini-slot PDSCHs over a whole slot for urgent transmission, resource elements in CORESET can be used as resources for transmission of PDSCH. In this case, if UE measures noise power in CORESET without any prior information of this, high level of noise power is estimated regardless of real channel quality. Therefore, some resource elements need to be reserved for noise power measurement of RLM, and resource elements for DM-RS within CORESET can be adopted as a candidate for the reserved resource so that resource elements for DM-RS could be always used for noise power measurement regardless of which channel transmission the REs are used for. 

Proposal 3. Reference signal for noise power measurement within CORESET(s) should be defined for monitoring channel quality representing control channel performance and following candidates can be considered.

· Option 1. ZP-CSI-RS within CORESET is configured for noise power measurement

· Option 2. Some REs (e.g. DM-RS REs) within CORESET are reserved and not used for transmission of other channels (e.g. some REs within CORESET is nulled in case of transmission of NR-PDSCH).

4. Multiple Qin/Qout 
In last meeting, adopting multiple Qin/Qout (per service type) for RLM was agreed as follows.
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Usually, radio link failure based on periodic IS/OOS means that communication quality between gNodeB and UE is very poor and RRC connection could not be maintained. As soon as RLF is declared, UE perform RRC re-establishment operation to regain reliable communication quality.
According to basic RLF operation, if service quality does not meet the configured RLM threshold, UE releases RRC connection. That is, if the required quality of service is higher than nominal traffic and UE is located in an area which does not satisfy the quality of service, then UE might repeatedly try to release RRC connection and restore RRC connection with same cell, which is not undesirable behavior from the perspective of both UE and network. Therefore, in order to avoid the behavior, some solution can be taken into consideration.

· UE side solution : Multiple RLM thresholds including default RLM threshold are configured in order to define OOS per service type and indicate it to higher layer, and different RLF procedure is operated according to OOS per service type. (e.g. if OOS is determined by higher quality requirement, UE does not release RRC connection and finds new frequency layer to meet the required quality or negotiates new quality of service.) Therefore, RLF procedure should be significantly changed by this solution.
· Network side solution : If only single threshold is configured at a time and UE repeatedly requests RRC reestablishment, network could determine that channel quality of the UE could not support the quality of service and try to find other solution to avoid the repetitive operation. Therefore, RLF procedure is basically same with LTE and the problems can be resolved by network implementation.
Based on the discussion, it is proposed that only one RLM threshold is configured to UE at a time in order to avoid redundant RLF procedure. 
Proposal 4. Even if multiple and/or configurable RLM thresholds are supported in NR, only one threshold for RLM is configured at a time.
5. Conclusion
In this contribution, it is discussed about resource configuration of RLM-RS and RLM operation, and we provide the following proposals.
Radio link problems
Proposal 1. The condition for radio link problem indication could be defined as follows.

· Periodic indication of IS/OOS

· OOS : When channel quality of all configured X RSs to be measured for RLM is worse than the threshold Qout
· IS : When channel quality of one RS among all configured X RSs to be measured for RLM is better than the threshold Qin/Qout (Y is fixed to 1)

· Aperiodic indication of Beam recovery failure 

· When the beam recovery procedure is failed (e.g. new beam could not be detected, the channel quality of the new best beam is worse than the threshold QBF-out (or Qout) after beam failure or network does not respond to beam recovery operation). 
Resource configuration of RLM-RSs
Proposal 2. SS/PBCH blocks are used as default RLM-RS resource only with configuration for actual SS/PBCH block transmissions, and CSI-RS resources are UE-specifically configured by RRC signalling.
Proposal 3. Reference signal for noise power measurement within CORESET(s) should be defined for monitoring channel quality representing control channel performance and following candidates can be considered.

· Option 1. ZP-CSI-RS within CORESET is configured for noise power measurement

· Option 2. Some REs (e.g. DM-RS REs) within CORESET are reserved and not used for transmission of other channels (e.g. some REs within CORESET is nulled in case of transmission of NR-PDSCH).
Multiple RLM thresholds
Proposal 4. Even if multiple and/or configurable RLM thresholds should be supported in NR, only one threshold for RLM is configured at a time.
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7. Appendix
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
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

· 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:
· Periodic OOS is indicated 
· If the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold

· FFS: The evaluation of OOS takes beam failure recovery procedure into account
· FFS: Aperiodic OOS
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:


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








