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Introduction
This contribution discusses the remaining aspects of RLM. 
SSB based RLM
An RRC signalling for RLM-RS is provided in TS 38.331 as follows:
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[bookmark: _Ref510783903]Figure 1: SSB transmission in configured DL BWP
It seems that RAN2 assumes that SSB is cell-defining SSB if it is configured as an RLM-RS. As a matter of fact, it was not agreed in RAN1 yet. Furthermore, since some BWPs may not contain cell-defining SSB and RLM-RS is BWP-dependent configuration, relying on cell-defining SSB only does not make SSB-based RLM possible. Also, it was agreed that gNodeB needs to configure RLM-RS for UE to perform RLM. Hence, when RLM is based on SSB only, the SSB should be configured in all configured DL BWPs as illustrated in Figure 1.
	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



Proposal 1: For SSB-based RLM, either cell-defining SSB or measurement SSB could be configured as an RLM-RS. Furthermore, SSB is configured for each configured DL BWP for UE to perform SSB-based RLM.
SSB for RLM might be transmitted in any channel number (NR-ARFCN) or sync channel number (GSCN). Without knowing the frequency of SSB, UE would need to perform frequency search to detect SSB over all possible channel numbers and GSCNs, which significantly complicates UE complexity and processing latency during BWP switch.
Proposal 2: When an SSB is configured as an RLM-RS, the frequency of such SSB is also signalled to UE as part of RLM-RS configuration. In addition, UE is not expected to be configured with multiple SSB frequencies for RLM in a given DL BWP.
· Send LS to RAN2 on this RLM-RS configuration correction
For some deployments where a SSB is transmitted over a frequency within an DL BWP and is configured for intra-frequency RRM, SSBs on such frequency should be configured as RLM-RSs. By doing this, network could greatly reduce the RS overhead for supporting RRM and RLM simultaneously while UE complexity in performing RLM/RRM measurement could be reduced. 
Proposal 3: If SSB is transmitted over an SSB frequency within an DL BWP and is configured for intra-frequency RRM, SSB transmitted over this SSB frequency is configured for RLM.
RLM indication period
Consider the following example scenario in FR2 (as illustrated in Figure 2):
· Serving cell SSB of periodicity 20ms is configured for RLM, so based on the current TS 38.213 Section 5, UE needs to monitor RLM once every indication period 20ms.
· SMTC is configured every 40ms for supporting SSB-based RRM. Furthermore, it contains configured SSB for RLM.
· SSB for RLM/RRM is transmitted over the same sync channel raster.
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[bookmark: _Ref510446809]Figure 2: SSBs over a SSB frequency are used for both RLM and RRM
In this case, UE shall use the serving Rx beam to monitor the SSB configured for RLM (RLM-SSB). If some neighbor cells are also seen in that SSB but with a different Rx beam, then UE shall not have opportunity to measure the SSB of those neighbor cells (i.e., no SSB-based RRM measurements for those neighbor cell). 
As a result, it is proposed that the RLM indication period is relaxed for FR2 while meeting RAN4 RLM requirements.
Proposal 4: Relax RLM indication period for FR2 as long as RAN4 RLM requirements are met. More specifically, RAN1 adopts the following TP.
========== Start of Text proposal for TS38.213 Section 5 =========
In non-DRX mode operation, the physical layer in the UE shall assess once per indication period for FR1 and once per N indication periods for FR2 the radio link quality, evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qout and Qin) configured by higher layer parameter RLM-IS-OOS-thresholdConfig. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec. It is up to UE implementation to select the value of N as long as the RLM requirements are satisfied. 
========== End of Text proposal for TS38.213 section 5 =========
RLM-RS in DL BWPs
When SSBs are used as RLM-RSs in different DL BWPs, UE assumes SSBs with the same SSB index in different DL BWPs are QCLed at least w.r.t spatial parameters. This QCL assumption would help to reduce UE complexity in performing SSB-based RLM measurement i.e., UE could use the same Rx beams for receiving SSBs with the same SSB index.
Proposal 5: UE assumes SSBs with the same SSB index in different DL BWPs are QCLed at least w.r.t spatial parameters.
Note that the UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec. Hence, the periodicity of RLM-RS should be RRC signaled to UE, which is missing in TS 38.331. For SSB, the periodicity, timing offset and SCS of SSB are the same in all configured DL BWPs.
Proposal 6: The periodicity, timing offset and subcarrier spacing of SSB in all configured DL BWPs are identical.
Conclusions
This contribution has provided our view on remaining details of radio link monitoring. The following proposals have been made:
Proposal 1: For SSB-based RLM, either cell-defining SSB or measurement SSB could be configured as an RLM-RS. Furthermore, SSB is configured for each configured DL BWP for UE to perform SSB-based RLM.
Proposal 2: When an SSB is configured as an RLM-RS, the frequency of such SSB is also signalled to UE as part of RLM-RS configuration. In addition, UE is not expected to be configured with multiple SSB frequencies for RLM in a given DL BWP.
· Send LS to RAN2 on this RLM-RS configuration correction
Proposal 3: If SSB is transmitted over an SSB frequency within an DL BWP and is configured for intra-frequency RRM, SSB transmitted over this SSB frequency is configured for RLM.
Proposal 4: Relax RLM evaluation period for FR2 as long as RAN4 RLM requirements are met. More specifically, RAN1 adopts the following TP
========== Start of Text proposal for TS38.213 Section 5 =========
In non-DRX mode operation, the physical layer in the UE shall assess once per indication period for FR1 and once per N indication periods for FR2 the radio link quality, evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qout and Qin) configured by higher layer parameter RLM-IS-OOS-thresholdConfig. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec. It is up to UE implementation to select the value of N as long as the RLM requirements are satisfied. 
========== End of Text proposal for TS38.213 section 5 =========
Proposal 5: UE assumes SSBs with the same SSB index in different DL BWPs are QCLed at least w.r.t spatial parameters.
Proposal 6: The periodicity, timing offset and subcarrier spacing of SSB in all configured DL BWPs are identical.


1/7
image1.emf
RadioLinkMonitoringRS ::=         SEQUENCE   {     --   Determines whether the UE shall monitor the associated reference signal for the  purpose of  cell -   and/or beam failure detection.     purpose                   ENUMERATED   {beamFailure, rlf, both},     --   A reference signal that the UE shall use for radio link monitoring. The network provides an  ssb - Index only if     --   the purpose is set to rlf.     detectionResource             CHOICE   {       ssb - Index                 SSB - Index,       csi - RS - Index               NZP - CSI - RS - ResourceId     },     ...   }    
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