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1	Introduction
In this contribution we discuss the open items in RLM after RAN1 90bis.
2	Radio Link Monitoring in NR
2.1 	Reference Signals for RLM
2.1.1. Discussion On the RLM-RS type
Agreements:
· Delete the controversial RRC parameter row “RLM-RS-type” for now or mark it as ‘to be revisited/under discussion’
Continue discussion on RLM-RS type issue in RAN1 #91

Considering the RLM relation to beam management, where the beam magement reference signals or BM-RS can be either SS Block or CSI-RS, it would be beneficial to follow same configuration principles for RLM-RS. Thus RLM-RS would not have ‘type’ as such to indicate that which type of signal the RLM is performent exclusively but just to have “RLM-RS” which can point either to CSI-RS or SS Block. Similarly in beam failure recovery UE can be identify new candidate beams based on either SS Block or CSI-RS. Considering these aspects together with the potential use of PDCCH beam indication (network indicates QCL assumption between BM-RS and PDCCH DMRS ) to update the RLM-RS, this approach shows benefits.
Proposal 1: Adopt in the specication approach where multiple RLM-RS can be configured and each RLm_RS can be configured individually to correspond either SS Block or CSI-RS.
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2.1.1 Updating RLM-RS Resources
In RAN1 NR AH#3 the RLM-RS configuration was discussed and following was agreed:
Agreements:
· At least single-port CSI-RS resources, following the same design already agreed for BM, can be used for RLM 
· FFS configuration details, especially w.r.t. interaction with those configured for BM

In RAN1 NR AH#3 the RLM-RS configuration was discussed and following was agreed:
Agreements:
· RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.
· Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.
· FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM
· Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM.
Agreements:
· At least single-port CSI-RS resources, following the same design already agreed for BM, can be used for RLM 
· FFS configuration details, especially w.r.t. interaction with those configured for BM


An open discussion point in RLM topic is whether to use subset of CSI-RS for beam management as RLM-RS. In practise there are some overlap for the CSI-RS configuration/resources used for L3 mobility and beam management as both are intended to provide information about the UE perceived beam/link quality. I.e. UE may be configured with set of CSI-RS resources for beam management and out of that set UE is configured with beam(s) for PDCCH reception. RLM-RS used for estimating PDCCH quality should reflect the quality of UE specific PDCCH reception.
When considering the relation between beam management (including beam failure detection) and radio link monitoring, both are conserned with the control channel quality (Currently the working assumption for beam failure detection is to use the hypothetical PDCCH BLER similar to RLM). Thus it would beneficial if the RLM-RS could be configured implicitly when a beam management reference signal (BM-RS which can be either SS Block of CSI-RS) is indicated to be QCL associated with the PDCCH DMRS i.e. UE is configured with PDCCH beam that corresponds to the beam used to transmit the respective BM-RS. In this manner the RLM-RS configuration follows the PDCCH indication of beam management procedure and for radio link monitoring purposes the same reference signal would be used. Also, if RLM-RS configuration would follow the PDCCH beam indication, the BLER calculations can be shared between beam failure detection and RLM. Implicit configuration also simplifies the configuration and update of RLM-RS. 
Observation 1: Implicit configuration of RLM-RS based on PDCCH beam indication simplifies the RLM-RS re-configuruation/update process. 
Alternatively network could indicate explicitly if the BM-RS that is QCL’d with PDCCH DMRS is to used as RLM-RS e.g. indicate it in the configuration message which is used to indicate the QCL association. To provide flexibility for the RLM process whether the RLM-RS follows the PDCCH beam indication (implicit/explicit) could be further configurable by network.   
If RLM-RS is configured to follow the PDCCH beam indication based on BM-RS it should be also consired how the deconfiguration is done e.g. when UE is configured with new (either PDCCH beam change or additional PDCCH link ) by beam management procedure the update/deconfiguration of RLM-RS should follow. In case of implicit configuration if NW switches/configures the UE with new PDCCH beam the RLM-RS is updated accordingly.
Observation 2: With explicit configuration, network can indicate when RLM-RS configuration is updated based on PDCCH beam indication. 
Assuming that network may configure RLM-RS to be either (CSI-RS or SS Block), as one option could be that when QCL association is indicated between PDCCH DM-RS and CSI-RS the RLM-RS can be configured to be the SS Block which is QCL’d with the indicated CSI-RS.
On the deconfiguration of RLM-RS, in case of beam recovery (when all the PDCCH links have been lost) the RLM-RS configuration should also be deconfigured so that there would not be misalignment between beam failure detection and radio link monitoring (i.e. based on different signals and determining different conclusion e.g. cell is out of sync but UE has still beam(s).
Based on the above discussion we propose the following:
[bookmark: _Ref495069659]Proposal 2: When network configures the association between beam management reference signal and PDCCH DMRS, it indicates if the corresponding beam management reference signal (e.g. SS Block / CSI-RS) is to be used also for radio link monitoring. Indication may be configured to be implicit or explicit.

2.1.2 RLM-RS in initial access and beam failure recovery
Before UE has RRC configuration, based on current agreements, it would not be able to perform radio link monitoring based on any reference signals. Hence as there was no concensus what would be possible candidates for the RLM-RS in the course of initial acces, there was no agreement to introduce any ‘default’ RLM_RS configuration that UE would apply prior the RRC configuration.  

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

From system operation perspective call set-up success ratio in NR from Idle mode and RRC_Connected Inactive mode will be an important performance indicator as it is in UTRA and E-UTRA. This metric can be used for example to evaluate the service accessbility. Following the past agreement not to introduce any meachanism to recover from the issues in the call set-up procedure (i.e. prior Msg4/Msg6) may lead to prolonged time in conditions where no call can be established with negative impact to user experience. Therefore it is proposed to reconsider the option and introduce some default configuration for RLM.
As discussed in past meetings,options for ‘default’ RLM configuration could be to have it fixed or define it to be dynamic. An example of the fixed configuration would be to consider all SSBs of the cell to which UE is attempting the access. For dynamic configuration, in context of initial access, the RS (SSB) to which UE associates in initial access procedure (i.e. selects and indicates by transmitting corresponding PRACH preamble) could be considered as default RLM-RS. Furthermore as it has been agreed that UE may assume that the selected SSB (to which associated RACH resources are used to transmit RACH Msg1) is QCL’d with Msg2 and also with (in case when no beam reporting in Msg3) Msg4, this would be reflected in actual PDCCH monitoring. Hence it would seem possible to determine an SSB as default. The default RLM-RS could be consired as a temporary with parametrisaton (timers and counters) based on default values in specification and network would be required to provide updated RLM-RS configuration as a part of the Connection Establishement procedure.

Proposal 3: Adopt in the specification use of the implicit configuration of RLM-RS (prior to RRC configuration) based on the selected downlink RS for Msg#1 transmission in initial access and for which UE assumes to be QCL with Msg#2/4.

2.2. Number of RLM-RS Resources

Agreements:
· Discuss further offline on the maximum # of indicated CSI-RS resources & SS blocks to be used for RLM 
· In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured, where among L SS Blocks for a given frequency band, each SS block to be used for RLM can be individually indicated
· FFS signalling details (e.g., via bitmap, via SS block index)
Note: this depends on the max # of SS blocks for RLM
Agreements:
· NR supports configuration of at most X number of RLM-RS (CSI-RS and/or SSB) resources for a UE
· final value of X to be determined in the next meeting and (X <= [8])
· Note: in the deployment scenario where BM is needed, the BM processing and reporting are a pre-requisite for the network to select up to X RLM-RSs.
· FFS: whether to have different number for sub 6 and above 6 GHz


If the RLM-RS and RS for detecting beam failure (SS Block / CSI-RS) are the same UE would not need to do multiple hypothetical BLER estimates calculations when evaluating beam failure or radio link failure. In this case the maximum number of RLM resources would follow the maximum number of BM-RS used for beam failure detection. This would allow the RLM-RS configuration to e.g. implicitly follow the RS configuration used for beam failure detection. Thus defining maximum value that would be less than the maximum number of resources for beam failure detection seems not to be a good option.  

Observation 3: Maximum number of RLM resources could be aligned with the maximum number of RS for detecting beam failure (BM-RS that are QCL’d with PDCCH DMRS).  

With implicit RLM-RS (re-)configuration based on PDCCH beam indication by beam management procedure, there would be potentially need for less amount of RLM-RS to be configured than what would be the defined maximum value. 

Proposal 4: In case the RLM-RS configuration is implicitly configured or is implicitely updated based on BM procedures, the number of RLM-RS depends on the number PDCCH links configured by beam management process. 

In case no implicit RLM-RS configuration based on BM-RS (or beam failure detection RS) is used a larger number of RLM-RS resources is needed. At least for sub6G the current value of X<=8 could be seen as suitable value if we consider that maximum number of SS Blocks in a cell for sub6G is L=8. It is unlikely that UE would have simultaneously e.g. more than 8 PDCCH links to monitor in sub6G. 


In higher frequencies where larger number of beams could be envisioned with different spatial coverage, larger number of RLM-RS resources may be needed. Hence as the beam management procedure could be required to adjust and select the beams from larger set of beams, to avoid frequent RRC based RLM-RS reconfigurations, sufficiently large set of RLM-RS resources would be needed. 

Proposal 5: In case no implicit (re-)configuration of RLM-RS based on BM procedures is not used, the maximum number of RLM-RS resources is at least 8. 


2.3. Interference Measurement Resource for RLM
Follwing agreement was made regarding the interference measurement for RLM:
Agreements:
· Rel-15 NR will not provide additional signaling (other than the configuration of RLM-RS(s) resource(s)) for the purpose of interference and noise (IN) measurement for RLM.
· Rel-15 NR will not provide configuration of additional resource(s) for the purpose of IN measurement for RLM.
· RAN1 continues discussions on which (existing) resource(s) can be and/or cannot be used for IN measurement for RLM. 
· Note that this does not necessarily mean the NR specification will specify UE behavior on use of resources for IN measurement for RLM.

Assuming that two types of signals, can be configured as RLM-RS, it should be also determined that how to estimate the interference in case of both SS block and CSI-RS. It was agreed in RAN1#90bis that no additional signaling or additional resouces is provided for IN measurements for RLM, Thus UE needs to estimate the interference using the signals defined as RLM-RS. 
Hence it would seem straighforward to base the reference for the interference measurement for hypothetical PDCCH BLER estimation to the respective resource elements that are used for signal level measurement.
Proposal 6: The reference for interference measurement to determine hypotethical PDCCH BLER is measured on the same resource elements as the the respective RLM RS (same for CSI-RS and SS Block).
As discussed in last meeting, specification should not prevent UE doing better and preclude use of possible additional signals that could be suited for interference estimation to establish hypothethical PDCCH BLER. To reflect the determined RLM-RS reference the potential additional signals that UE may use for estimating the interference should anyway share the QCL association with the configured RLM-RS. 
Observation 4: The optional additional resources that UE may use for improving the interference estimate for hypothetical BLER determination purposes should be QCL’d with the actual RLM-RS resource. 
Naturally there are different ‘strengths’ of QCL association, and while CSI-RS configured for various purposes may have some level of QCL association, it might not be preferable to to use them (i.e. the QCL association might be loose). Naturally, this relates only to interference estimation and the QCL association might not need to be very strict to deem the signal usable for that purpose. Typically it could be assumed, to ensure successful reception, that QCL association established for DMRS (e.g. to CSI-RS or SSB) could be considered to be stronger. Hence, DMRS that have QCL association with the RLM-RS could be considered as viable candidates for optional additional resources for interference estimation. As the RLM-RS resource configuration is independent of other configurations, e.g. BM, UE would be able to identify such linkage if the RS in question is SSB or the configurations for CSI-RS (QCL with the DMRS) are exactly indentical (i.e. use same resources at same time). 
Observation 5: DMRS QCL’d with the RLM-RS could be used by the UE to improve the interference estimate for hypothetical BLER calculation.

2.4. Open Discussion Items in RLM
Following open issues were listed to be continued in RAN1#91:
Agreements:
· Continue discussion in RAN1 #91 on the following aspects: 
· Capability signaling for supporting different maximum number of configured RLM-RS
· UE monitoring a sub-set of the configured RLM-RS
· Relationship between maximum number of configured RLM-RSs and evaluation period of IS and OOS
· Frequency band dependent maximum number of configured RLM-RS

Radio link monitoring is one of the fundamental procedures, and also due to partially determininig whether UE is allowed to transmit or not, that are part of requlatory requirements (in some countries), it would seem that all UEs should support sufficient capability to ensure the proper RLM operation. Hence at least in context of within given frequency band range (e.g. sub 6GHz) it would not seem necessary to introduce UE capapbilites in terms of radio link monitoring. When considering different requency ranges, namely sub and above 6GHz, the deployements could differ and therefore the number of resources that could be relevant for RLM could be different. Like discussed in Section 2.2 there could be seen to be some implicit linkage to the number of resources to be supported depending interaction between RLM-RS configuration and beam management procedures. Like discussed tt higher frequency band the number of resources configured for beam management could be high, and the resources used for beam failure detection could be changed dynamically. Namely, if there is no interaction between the resource sets, and the RLM re-configuration needs to be done via RRC, there would need to have some reserve in the amount of RLM-RS resources so that sufficient number of candidates could be configured. Therefore, it could be possible to consider frequency band dependent capability for the number of RLM-RS resources.
Observation 6: It would seem preferable not to introduce different UE capabilities per frequency band for RLM monitoring. For different frequency ranges different number of supported RLM-RS resources could be considered.
In context of RLM-RS evaluation period that there may be need to adjust it based on the RLM-RS monitoring periodicity. This is would also affect the rate which UE provides inidications to higher layers. In LTE, when DRX is used, the downlink radio link quality is, as example in case of OOS, estimated over the last TEvaluate_Qout_DRX [s] which is based on the applied DRX cycle length. In context of NR and especially at higher frequency bands where the UE is assumed to use spatially selective receivers, the number of resources configured for RLM could affect the rate which each RLM-RS can be monitored. This of course also implies that if UE needs to use different RX spatial filters to monitor different RLM-RS, the overhead of radio link monitoring increases with number of RLM resources. As UE needs to monitor RLM-RS periodically with different RX spatial filters, this would potentially require network to configure measurements gaps for radio link monitoring which would in turn have negative effect on UE’s ability to monitor PDCCH (and be scheduled) and affect negatively on experienced throughput.   
It should be also understood how the resource configuration then relates to the evaluation period. As per agreement it only requires one RLM-RS to be in IS condition e.g. if RLM-RS#0 is in IS condition UE would not potentially need to measusre other RLM-RS, up #MAX. In case of determining OOS condition for the cell, all RLM-RS has to be in OOS condition, thus in worst UE needs to measure all RLM-RS. Hence the need to adjust the evaluation period could depend also whether UE is in IS or OOS condition. 
Overall the requirements related to monitoring and evaluation period length are based on RAN4 requirements and hence it would appear that the need to adjust these, if any, should be more appropriately discussed in RAN4.

Observation 7: There may be a need to adjust the evaluation period depending on the rate that UE can be assumed to be able to perform the monitoring of RLM-RS configured. It is felt that this discussion would be best handeled part of the discussion on related requirements in RAN4. 



3	Conclusion
In this contribution we have discussed about open issues related to RLM and made following observations and prosals.
On the configuration flexibity of RLM-RS we propose.- 
Proposal 1: Adopt in the specication approach where multiple RLM-RS can be configured and each RLm_RS can be configured individually to correspond either SS Block or CSI-RS.
Observation: Implicit configuration of RLM-RS based on PDCCH beam indication simplifies the RLM-RS re-configuruation/update process. 
Observation: With explicit configuration, network can indicate when RLM-RS configuration is updated based on PDCCH beam indication. 
Proposal 2: When network configures the association between beam management reference signal and PDCCH DMRS, it indicates if the corresponding beam management reference signal (e.g. SS Block / CSI-RS) is to be used also for radio link monitoring. Indication may be configured to be implicit or explicit.
Also we revisit earlier agreement related to default RLM-RS definition and see a need to introduce default resources:-
Proposal 3: Adopt in the specification use of the implicit configuration of RLM-RS (prior to RRC configuration) based on the selected downlink RS for Msg#1 transmission in initial access and for which UE assumes to be QCL with Msg#2/4.
For the number of RLM-RS resources we see that depending on the interaction between beam management procedures and RLM-RS updates there may be different number of resources needed:
Observation: Maximum number of RLM resources could be aligned with the maximum number of RS for detecting beam failure (BM-RS that are QCL’d with PDCCH DMRS
Proposal 4: In case the RLM-RS configuration is implicitly configured or is implicitely updated based on BM procedures, the number of RLM-RS depends on the number PDCCH links configured by beam management process. 

Proposal 5: In case no implicit (re-)configuration of RLM-RS based on BM procedures is not used, the maximum number of RLM-RS resources is at least 8. 

For interference measurement resource we conclude as follows:-
Proposal : The reference for interference measurement to determine hypotethical PDCCH BLER is measured on the same resource elements as the the respective RLM RS (same for CSI-RS and SS Block).
Observation: The optional additional resources that UE may use for improving the interference estimate for hypothetical BLER determination purposes should be QCL’d with the actual RLM-RS resource. 
Observation: DMRS QCL’d with the RLM-RS could be used by the UE to improve the interference estimate for hypothetical BLER calculation.
In addition we make following observations:-
Observation: It would seem preferable not to introduce different UE capabilities per frequency band for RLM monitoring. For different frequency ranges different number of supported RLM-RS resources could be considered.
Observation: There maybe a need to adjust the evaluation period depending on the rate that UE can be assumed to be able to perform the monitoring of RLM-RS configured. It is felt that this discussion would be best handeled part of the discussion on related requirements in RAN4. 
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