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1 Introduction
In RAN4#98-e meeting, the WF on RLM and/or BFD relaxation was approved in [1]. In this discussion, we provide further discussions on the RLM and/or BFD measurement relaxation.
2 Discussion
RLM/BFD relaxation criteria
	Issue 2-3-1: Criteria which the UE is allowed to relax the RLM/BM requirements
· At least take UE mobility into account as the relaxation criteria.
· also take serving cell’s quality into account
· FFS whether and how to take other aspects into account
Issue 2-3-3: How to consider serving cell’s quality as relaxation criteria
· RAN4 to further discuss how to take serving cell’s quality into account for the relaxation criteria 
FFS how to consider serving cell’s quality. E.g. Based on SINR or BLER.
FFS how to address different UE implantation issues.
FFS: When radio link quality > Qout + X (dB) for RLM  and Qout,LR + Y (dB) for BFD relaxation
X and Y are FFS.
Issue 2-3-2: How to consider UE mobility as relaxation criteria
FFS the following options
· Option 1: R16 low-mobility criterion should not be directly reused in R17 SINR-based criterion for RLM/BFD relaxation. 
· Option 2: R16 RRM relaxation criterion can be used as baseline for RLM/BFD relaxation. 
· Option 3: “low mobility criteria” should consider both UE velocity and the channel quality variation. 
· Option 4: Consider time associated with a given condition when determining UE mobility state. 
· Option 5: Low mobility scenario under which the UE is allowed to apply the RLM/BFDBM requirements is determined and configured to UE by the network
Other options are not precluded
Issue 2-3-4: Network or UE to determine if the relaxation criteria is fulfilled
· Network to enable and disable this feature.
FFS Should the relaxation criteria be predefined or configurable?
FFS Should it be network or UE to determine the relaxation criteria is fulfilled or not?


The legacy requirement for RLM in section 8.1 in TS38.133 is that UE is expected to monitor the downlink link quality based on the RLM-RS and compare it to the thresholds Qout and Qin. Qout is the level at which the downlink radio link cannot be reliably received and corresponds to 10% PDCCH BLER. Qin is the level at which the downlink radio link quality can be significantly more reliably received, which corresponds to 2% PDCCH BLER. Similar as RLM, BFD is designed to discover the situation that the NW cannot reach the UE with PDCCH transmission. UE is expected to monitor the beam quality based on the BFD-RS and compare it to the thresholds Qout_LR, which maps to 10% PDCCH BLER.
In our understanding, the reason using the concept of a hypothetical PDCCH to define the IS and the OOS conditions is to consider the different UE receiver implementations. Thus, it is a reasonable way to consider the serving cell’s quality using certain BLER value of a hypothetical PDCCH. Then the corresponding SINR could be left for UE implantation.
Proposal 1: The evaluation of serving cell quality based on BLER of hypothetical PDCCH can be considered as the RLM/BFD measurement relaxation criteria.
As for UE mobility scenario, we think Rel-16 RRM relaxation criterion could be used as baseline for RLM/BFD relaxation. Low mobility criterion for Rel-16 RRM relaxation is based on variation in signal strength. It is feasible to reuse such method in RLM/BFD relaxation by modifying the evaluation metric, which we think BLER could also be considered.
Proposal 2: Rel-16 RRM relaxation criterion can be used as baseline for RLM/BFD relaxation for low mobility scenario.
In last RAN4 meeting, it is agreed that the relaxation of RLM/BFD should be enabled by NW. As RLM and BFD are crucial features for the connection between the serving cell and the UE, the relaxation criteria should be predefined by the NW. To maintain the flexibility of UE behaviour, we think it could be determined by UE whether the relaxation criteria is fulfilled or not.
Proposal 3: The relaxation criteria should be predefined by the NW and it could be determined by UE whether the relaxation criteria is fulfilled or not.
RLM/BFD relaxation scheme
	Issue 2-4-1: Scheme of RLM/BFD measurements relaxation
· Use of a scaling factor to extend the RLM/BFD evaluation period.
Issue 2-4-2: relaxation factor determination
· Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on
DRX cycle and RLM-RS periodicity
FFS based on max(TDRX, TSSB)
FFS other factors are not precluded, e.g. estimated SINR level, UE mobility, N factor, P factor, RS type, FR1 or FR2.
· FFS whether scaling factor can be different for different SINR regions (e.g. high/medium SINR)
Issue 2-4-3: relaxation factor: different relaxation factor in FR1 and FR2
· RAN4 further to discuss whether different relaxation factors can be allowed for FR1 and FR2 based on ongoing simulation study.


In last RAN4 meeting, it was agreed to use a scaling factor to extend the RLM/BFD evaluation period. In our understanding, the evaluation period should be extended based on the legacy RLM/BFD requirements, which has already considered the scaling factors, e.g. N factor, P factor, RS type, FR1 or FR2. The exact values of scaling factor(s) could be decided based on the ongoing simulation results.
Proposal 4: The evaluation period should be extended based on the legacy RLM/BFD requirements by considering the scaling factors, e.g. N factor, P factor, RS type, FR1 or FR2.
Other aspects
	Issue 2-5-1: Reverting to the normal RLM operation
The UE while performing relaxed RLM upon detecting certain number of out-of-sync indications or upon triggering T310 or upon observed link quality degradation or mobility state change reverts to the normal RLM operation (i.e. without relaxation).
· FFS the following options
Option 1a: revert when the relaxation criterion is not met 
Option 1b: revert when N310 starts to count, i.e. 1 out-of-sync indication. 
Option 1c: revert when T310 is running, i.e. N310 out-of-sync indication.
Option 1d: revert when observed link quality degradation. 
Option 1e: revert regarding observed mobility state change. 
· Other options are not precluded
Issue 2-5-2: Reverting to the normal BFD operation
· Option 1: Reverting to the normal BFD operation upon detect 1 beam failure instance indication. 
· Option 2: The UE while performing relaxed BFD upon beam failure detection reverts to the normal BFD operation (i.e. without relaxation). 
· Option 3: There might be no benefit to configure conditions for UE reverting to normal BFD. 
· Option 4: Whether reverting to normal BFD operation aligns with whether reverting to normal RLM operation 
· Other options are not precluded.
Issue 2-5-3: Relaxation of RLM/BFD when not all serving cells in intra-band CA/DC meets relaxation criteria
The following options have been discussed in this meeting
· Option 1: For intra-band CA case, the UE should relax only on serving cells where the relaxed criteria is fulfilled. 
· Option 2: if UE has fulfilled the criterion for operating RLM/BFD in relaxed mode in one serving cell (SpCell), then it is allowed to operate RLM/BFD in relaxed mode in all other serving cells (e.g. Scells). 
· Option 3:if UE has failed to fulfil the criterion for operating RLM/BFD in relaxed mode in one serving cell (SpCell), then it shall revert to normal RLM/BFD operation (i.e. without relaxation) in all other serving cells (SCells).
· Other options are not precluded.
· FFS how many cells that UE is required to perform RLM/BFD in intra-band CA/DC.
Issue 2-5-4:  Relaxation on PDCCH monitoring
Not to further discuss whether PDCCH monitoring should be relaxed until RAN1 design is stable.
Issue2-5-5: Relaxation rules among serving cells for intra-band CA/DC scenario
· FFS
Option1: For intra-band CA case, RAN4 to define the same RLM/BFD measurement relaxation criteria for the serving cells. 
Other options are not precluded


As the RLM and BFD are essential functionality to guarantee the downlink quality between the serving cell and the UE, it is reasonable to consider the back-to-normal-operation condition. 
When T310 is running, it is not expected to relax the evaluation of in-sync to avoid RLF occurring, in other word, the UE is expected to revert to normal RLM operation during T310 is running. 
BFD is the procedure to detect whether the beam is failure or not. Once the UE has declared beam failure, it would initiate the corresponding beam recovery procedure. UE is required to indicate the beam failure event and provide a new suitable beam with index for beam recovery. From our perspective, when UE declares that the current beam is failed, it is the end of BFD procedure. Hence, there is no need to configure the conditions for reverting to normal BFD operation, while there would be a new evaluation for BFD relaxation based on the new beam.
Proposal 5: UE is expected to revert to normal RLM operation during T310 is running.
Proposal 6: There is no need to configure conditions for UE reverting to normal BFD operation.
As defined in RAN1 spec, the RLM operation only support in PCell and PSCell, while the BFD operation, which was enhanced in Rel-16, support PCell, PSCell and SCell. According to consensus in RF session, all the intra-band CA/DC band combination is considered as co-located in Rel-16. Thus, it is assumed that the reference signal from intra-band CA/DC is considered as QCL-ed, and the UE measurement behaviours on these carriers are the same. Therefore, the measurement results of CCs in intra-band CA/DC would be quite similar.
Observation 1: The measurement results of CCs in intra-band CA/DC would be quite similar.
In this way, we think it is quite straightforward to define the same measurement relaxation rules for the serving cells in intra-band CA/DC. In other word, if UE fulfils the relaxed criterion for RLM/BFD in one serving cell, it is expected to operate relaxed RLM/BFD operation in other serving cell(s). So does the back-to-normal-operation. If UE meets the conditions of reverting to the normal RLM/BFD in one serving cell, it is expected the reversion operations are applied to other serving cell(s).
Proposal 7: For intra-band CA/DC, if UE fulfils the relaxed criterion for RLM/BFD in one serving cell, it is expected that the relaxation operations are applied to the other serving cell(s).
Proposal 8: For intra-band CA/DC, if UE meets the conditions of reverting to the normal RLM/BFD in one serving cell, it is expected the reversion operations are applied to other serving cell(s).
3 Conclusion
Proposal 1: The evaluation of serving cell quality based on BLER of hypothetical PDCCH can be considered as the RLM/BFD measurement relaxation criteria.
Proposal 2: Rel-16 RRM relaxation criterion can be used as baseline for RLM/BFD relaxation for low mobility scenario.
Proposal 3: The relaxation criteria should be predefined by the NW and it could be determined by UE whether the relaxation criteria is fulfilled or not.
Proposal 4: The evaluation period should be extended based on the legacy RLM/BFD requirements by considering the scaling factors, e.g. N factor, P factor, RS type, FR1 or FR2.
Proposal 5: UE is expected to revert to normal RLM operation during T310 is running.
Proposal 6: There is no need to configure conditions for UE reverting to normal BFD operation.
Observation 1: The measurement results of CCs in intra-band CA/DC would be quite similar.
Proposal 7: For intra-band CA/DC, if UE fulfils the relaxed criterion for RLM/BFD in one serving cell, it is expected that the relaxation operations are applied to the other serving cell(s).
Proposal 8: For intra-band CA/DC, if UE meets the conditions of reverting to the normal RLM/BFD in one serving cell, it is expected the reversion operations are applied to other serving cell(s).
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