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1. Introduction
In RAN4#98-e meeting, the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD were discussed and a way forward was agreed in [1], the evaluation assumptions were given in [2]. In this contribution, we further discuss the RLM/BFD relaxation methodology. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1. [bookmark: _Hlk66296646]Relaxation criteria
[bookmark: _Hlk66268689][bookmark: _Hlk66287197]Issue 1: Criteria which the UE is allowed to relax the RLM/BFD requirements
[bookmark: _Hlk66268733]Agreement in RAN4#98-e meeting:
· 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
[bookmark: _Hlk66268928]After the discussion in RAN4#98-e meeting, at least the UE mobility and the serving cell’s quality will be considered into relaxation criteria. In our view, the serving cell’s quality variation should also be considered. The serving cell’s quality variation can be included in low mobility rule. One method can be the SINR drift rate under a threshold during a certain estimation period.
Proposal 1: Take serving cell’s quality variation into account as a part of relaxation criteria. It can be included in low mobility rule.
Proposal 2: If SINR drift rate is under a threshold during a certain estimation period, then the UE can be considered to fulfill the serving cell’s quality variation rule.
[bookmark: _Hlk66290263]Issue 2: How to consider serving cell’s quality as relaxation criteria
Agreement in RAN4#98-e meeting:
· 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.
We prefer to take the SINR to determine whether the UE fulfill the serving cell’s quality rule. Some companies have the concern that SNIR is based on UE implementation. However, the BLER  also depends on different UE implementation. Besides, it is hard to define a test case for BLER test, additional work is needed.
Proposal 3: Consider the serving cell’s quality based on SINR.
Issue 3: How to consider UE mobility as relaxation criteria
Agreement in RAN4#98-e meeting:
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
For this issue, we prefer Option1, Option3, and Option5. For Option1, R16 low-mobility criterion use RSRP/RSRQ (if configured) to determine whether UE is in low-mobility state. For RLM/BFD relaxation, it is a more straightforward way to use SINR for low-mobility criterion since RLM/BFD is based on SINR estimation. Option3 has been discussed in issue 1 and we support this option. Option5 will be discussed in issue 4.
Proposal 4: R16 low-mobility criterion should not be directly reused in R17 SINR-based criterion for RLM/BFD relaxation. The SINR (value and variation) can be used for low-mobility criterion. 
Issue 4: Network or UE to determine if the relaxation criteria is fulfilled
Agreement in RAN4#98-e meeting:
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?
For the first FFS, we prefer the configurable relaxation criteria. The configurable parameters include the parameters in low mobility rule and serving cell’s quality rule, and the relaxation factor. The principle of configuration can be based on UE measurement report, UE type, the UE battery status and so on. 
For second FFS, it is better to let UE to determine whether the relaxation criteria can be fulfilled or not. If network do the determination, additional measurement report should be done by UE. It will bring extra processing and reporting delay
Proposal 5: We support the configurable relaxation criteria, the configurable parameters include the parameters in low mobility rule and serving cell’s quality rule, and the relaxation factor. 
Proposal 6: UE determine whether the relaxation criteria can be fulfilled or not.
2.2. [bookmark: _Hlk66298003]Relaxation scheme
Issue 5: relaxation factor determination
Agreement in RAN4#98-e meeting:
Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on
· DRX cycle and RLM-RS periodicity
· [bookmark: _Hlk66297207]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.
In our view, the determination of scaling factor should consider two aspects. The first one is RLM/BFD performance after relaxation, another one is the evaluation period after relaxation. The RLM/BFD performance after relaxation can be evaluated by simulation, this part can be controlled with the suitable relaxation factor. The evaluation period is affected by a lot of factors, such as TDRX, TSSB, N factor, P factor, and frequency range. The basic principle is that the evaluation period after relaxation should be smaller or equal to a threshold, otherwise the measurement can’t reflect the radio link quality variation accurately.
Proposal 7: the determination of scaling factor should consider:
· RLM/BFD performance after relaxation
· The evaluation period after relaxation, which should be smaller or equal to a threshold
Issue 6: relaxation factor: different relaxation factor in FR1 and FR2
Agreement in RAN4#98-e meeting:
RAN4 further to discuss whether different relaxation factors can be allowed for FR1 and FR2 based on ongoing simulation study.
As we stated in Issue 5, the frequency range will affect the evaluation period when the reference signal is SSB. In FR2 and SSB-RS, N is equal to 8 which will increase the evaluation period 8 times. So, we think different relaxation factors should be allowed not only considering the simulation result, but also take the evaluation period into account. Besides, if the relaxation factor is configurable, then of course different relaxation factors can be allowed for different cases.
[bookmark: _Hlk66351978]Proposal 8: Different relaxation factors should be allowed for FR1 and FR2 at least when the RLM/BFD-RS is SSB. 
2.3. Other Aspects 
Issue 7: Reverting to the normal RLM operation
Agreement in RAN4#98-e meeting:
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
First of all, it is important to detectand leave relaxation mode in time if the RLF or beam failure happens or the link quality is unstable. Option1a, and 1e are depended on UE continuous measurement on low mobility state. Option 1b and 1c are the more straightforward way to trigger the revert. For Option 1b, the common way is to revert to normal measurement after several consecutive out-of-sync indication. The specific value can be indicated through the network. A new Counter may be needed to give more flexibility to network. For Option 1c, an enhanced method is reverting when T310 is running, while set the smaller N310 value in relaxation mode than that in normal mode. By this way, we can guarantee the short RLF determination period. In order to avoid frequent counter(N310) reconfiguration, it’s better to define a new counter which is used in measurement relaxation mode.
[bookmark: _Hlk68100334]Proposal 9: 
· Alt1: Revert after several consecutive out-of-sync indications, the specific value is configured by network, a new Counter may be needed in order to give more flexibility to network.
· Alt2: Revert when T310 is running, i.e. after X out-of-sync indication, the X can be a new Counter and configured by network in order to avoid frequent counter(N310) reconfiguration.
[bookmark: _Hlk66350794]After the revert, when and how to go into relaxation mode is a new issue which should be discussed. 
If Alt1 of proposal 9 is used for UE revert, then after the revert, while T310 is not starting, if the UE reports several in-sync indications, when we can think the link quality is good and stable, then UE can go back to relaxation mode. The number of in-sync indications can be configured by network, such as set a new counter.
There is such a situation that UE start the T310 and then stop the T310 because receiving N311 in-sync indication. In this case, the link quality is unstable. To make sure UE perform reliable power saving behavior, a timer can be defined, and while this timer is active, UE couldn’t go into relaxation mode again. When the timer expires, the UE can decide whether go into relaxation mode by relaxation criteria. 
[bookmark: _Hlk66351998][bookmark: _Hlk68100358]Proposal 10:
If UE revert to normal RLM operation, and the T310 is not starting. UE can go back to relaxation mode after receiving several in-sync indications. The number of in-sync indications can be configured by network, such as configure a new counter.
Proposal 11:
If UE stop the T310 because receiving N311 in-sync indication, UE couldn’t go into relaxation mode again during a certain period, such as when a new timer is active. UE can decide whether go into relaxation mode by relaxation criteria after the timer expires. The timer is configured by network.
Issue 8: Reverting to the normal BFD operation
Agreement in RAN4#98-e meeting:
· 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.
The reverting to the normal BFD operation is similar to the logic of the reverting to the normal RLM operation. For Option 1, the common way is reverting to normal measurement after several consecutive beam failure instance indications. The specific value can be indicated through the network, a new counter or a new parameter may be needed. If the BFI_COUNTER add to the value of the new counter or the new parameter, then UE revert to normal BFD operation mode. Another enhanced method is defining a new parameter instead of beamFailureInstanceMaxCount used in BFD relaxation measurement operation, when BFI_COUNTER add to the value of the new parameter, then UE trigger the RLF processing.
[bookmark: _Hlk68100375]Proposal 12: 
· Alt1: Revert after BFI_COUNTER add to the value of a new counter or a new parameter, the new counter or the new parameter is configured by network.
· Alt2: Revert when UE trigger the RLF, i.e. after BFI_COUNTER add to a new parameter, the new parameter which is used in relaxation mode is configured by network.
After the revert, when and how to go into relaxation mode is a new issue which should be discussed. 
If Alt1 of proposal 12 is used for UE revert, then after the revert and beamFailureDetetionTimerT310 expires, this case present the beam quality is unstable. A punish time should be defined, during this punish time, UE could not go back to relaxation mode again. The length of punish time can be defined by network such as a timer. After the new timer expires, UE can go back to relaxation mode depends on whether the relaxation criteria can be fulfilled or not. 
If Alt2 if proposal 12 is used for UE revert, then after the revert, UE will perform link recovery procedure. At this case, a punish time is necessary for guarantee network performance. A punish time should be defined, during this punish time, UE could not go back to relaxation mode again. The length of punish time can be defined by network such as a timer. After the new timer expires, UE can go back to relaxation mode depends on whether the relaxation criteria can be fulfilled or not. 
[bookmark: _Hlk68100392]Proposal 13:
If ALT1 is used in proposal 12, then after the beamFailureDetetionTimerT310 expires, UE could not go back to relaxation mode before the punish time ends, the punish time can be a timer by network configuration. 
Proposal 14:
If ALT2 is used in proposal 12, then when UE trigger the RLF, UE could not go back to relaxation mode before the new timer expires. The new timer is configured by network, and this timer start right after UE perform revert.
Issue 8: Relaxation of RLM/BFD when not all serving cells in intra-band CA/DC meets relaxation criteria
Agreement in RAN4#98-e meeting:
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.
Issue9: 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
From our point of view, the issue 8 and issue 9 are related issues. As for issue 9, we think the relaxation criteria and K factor should be configurable, it is possible that different RLM/BFD measurement relaxation criteria is used for SpCells and SCells. Such as the relaxation criteria of SpCell measurement is stricter than the relaxation criteria of SCells. In this case, the UE should relax only on serving cells where the relaxed criteria is fulfilled. Even if we don’t consider different RLM/BFD measurement relaxation criteria for SpCells and SCells, Option1 includes the Option2 and Option3 since the measurement results of intra-band CCs are generally the same. For the accidental case that the measurement results of intra-band CCs have big difference, the Option 1 can guarantee the network performance without big efforts of UE. 
[bookmark: _Hlk68100402]Proposal 15: For intra-band CA case, the UE should relax only on serving cells where the relaxed criteria is fulfilled.
Proposal 16: The relaxation criteria and K factor should be configurable. SpCells and SCells can use different RLM/BFD measurement relaxation criteria.
3. Conclusion
In this contribution, we discuss the RLM/BFD relaxation methodology. The proposals are:
Proposal 1: Take serving cell’s quality variation into account as a part of relaxation criteria. It can be included in low mobility rule.
Proposal 2: If SINR drift rate is under a threshold during a certain estimation period, then the UE can be considered to fulfill the serving cell’s quality variation rule.
Proposal 3: Consider the serving cell’s quality based on SINR.
Proposal 4: R16 low-mobility criterion should not be directly reused in R17 SINR-based criterion for RLM/BFD relaxation. The SINR (value and variation) can be used for low-mobility criterion. 
Proposal 5: We support the configurable relaxation criteria, the configurable parameters include the parameters in low mobility rule and serving cell’s quality rule, and the relaxation factor. 
Proposal 6: UE determine whether the relaxation criteria can be fulfilled or not.
Proposal 7: the determination of scaling factor should consider:
· RLM/BFD performance after relaxation
· The evaluation period after relaxation, which should be smaller or equal to a threshold
Proposal 8: Different relaxation factors should be allowed for FR1 and FR2 at least when the RLM/BFD-RS is SSB. 
Proposal 9: 
· Alt1: Revert after several consecutive out-of-sync indications, the specific value is configured by network, a new Counter may be needed in order to give more flexibility to network.
· Alt2: Revert when T310 is running, i.e. after X out-of-sync indication, the X can be a new Counter and configured by network in order to avoid frequent counter(N310) reconfiguration.
Proposal 10:
If UE revert to normal RLM operation, and the T310 is not starting. UE can go back to relaxation mode after receiving several in-sync indications. The number of in-sync indications can be configured by network, such as configure a new counter.
Proposal 11:
If UE stop the T310 because receiving N311 in-sync indication, UE couldn’t go into relaxation mode again during a certain period, such as when a new timer is active. UE can decide whether go into relaxation mode by relaxation criteria after the timer expires. The timer is configured by network.
Proposal 12: 
· Alt1: Revert after BFI_COUNTER add to the value of a new counter or a new parameter, the new counter or the new parameter is configured by network.
· Alt2: Revert when UE trigger the RLF, i.e. after BFI_COUNTER add to a new parameter, the new parameter which is used in relaxation mode is configured by network.
Proposal 13:
If ALT1 is used in proposal 12, then after the beamFailureDetetionTimerT310 expires, UE could not go back to relaxation mode before the punish time ends, the punish time can be a timer by network configuration. 
Proposal 14:
If ALT2 is used in proposal 12, then when UE trigger the RLF, UE could not go back to relaxation mode before the new timer expires. The new timer is configured by network, and this timer start right after UE perform revert.
Proposal 15: For intra-band CA case, the UE should relax only on serving cells where the relaxed criteria is fulfilled.
Proposal 16: The relaxation criteria and K factor should be configurable. SpCells and SCells can use different RLM/BFD measurement relaxation criteria.
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