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Introduction 
This paper discusses two aspects related to RLM/BFD relaxations:
1. BFD relaxation criterion;
2. Configurations for RLM/BFD relaxation.
Discussion
BFD relaxation criterion
In RAN4’s LS to RAN2 on RLM/BFD relaxation [1], the following RAN4 agreements are included: 
	For the relaxation criteria, RAN4 have also achieved agreements as follows.
· Network to enable and disable this feature. (in RAN4 #98e)
· Whether relaxed RLM/BFD requirements can be applied depends on both the serving cell quality and UE mobility state. (in RAN4 #98e-bis) 
· If the UE fulfills any of serving cell quality exit condition or low mobility exit condition, or DRX cycle length is NOT allowed for relaxation, UE will exit relaxation mode. (in RAN4 #99e)
· If the UE applies a DRX cycle longer than 80ms, the UE is assumed not to perform relaxed RLM/BFD measurements and the existing RLM/BFD requirements would apply. (in RAN4 #100e)
· When neither serving cell quality criteria nor low mobility criteria is configured, the existing RLM/BFD requirements shall apply. (in RAN4 #100e)
· Note: It can be revisited if 
· dedicated or broadcast signalling to indicate the UE when it is allowed to relax the RLM/BFD measurements is agreed, or 
· good serving cell criteria is agreed to be predefined.
· FFS: Whether low mobility criteria are necessary to be configured
For the low mobility criterion, RAN4 have achieved agreements so far as follows
· Low mobility criteria (in RAN4 #100e)
· Reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation.
· FFS the RSs for L3 RSRP measurement


Among the above agreements, the key points are:
· Whether UE may relax its RLM/BFD measurements depends on whether it meets both serving cell quality and low-mobility criteria.
· Low-mobility criterion reuses Rel-16 low mobility criterion, which is based on cell-level L3 RSRP measurements.
We think it is sensible to include both serving cell quality and low mobility in the relaxation criteria for RLM/BFD. However, we have concerns on reusing Rel-16 low mobility criterion for the low mobility criterion, for the following reasons.
Rel-16 low mobility criterion is designed for relaxing RRM measurements used in cell reselection procedures in RRC Idle/Inactive. It therefore evaluates UE’s L3 mobility and is based on filtered L3 RSRP measurements of the best beams transmitted by UE’s serving cell. UE is considered to have low mobility as long as its L3 RSRP measurements do not change much; it does not matter if there is any underlying beam change. 
On the other hand, BFD deals with L1 mobility in RRC Connected and is evaluated based on L1 SINR measurements of up to two configured BFD reference signals (BFD RS). Therefore, for the reasons explained above, the Rel-16 low mobility criterion may not be able to correctly capture the L1 mobility that matters to BFD. In the following we use two examples to illustrate this point.
Example A. A UE circles around its serving cell base station. It has relatively stable RSRP measurements so that it meets the Rel-16 low mobility criterion. However, the UE has to keep changing its serving beam as it moves within the cell. Therefore, it should NOT relax its BFD measurements in this case even if it meets the Rel-16 low mobility criterion.
Example B. UE is stationary but suffers from time-varying interference from neighbor cells. Since Rel-16 low mobility criterion is based on RSRP measurements, this interference does not have impact on UE’s evaluation of the Rel-16 low mobility criterion. However, because BFD is based on SINR measurement, this time-varying interference will force UE to switch its beam from time to time. Therefore, UE should NOT relax its BFD measurements in this case. 
Observation 1. Rel-16 low mobility criterion is based on cell-level L3-RSRP measurements and may not be able to correctly capture the L1 mobility needed for BFD relaxations (e.g. when UE circles around gNB or is stationary but suffers from interference).
UE detects beam change by evaluating whether SINR of all its BFD RSs drops below a configured threshold. UE can relax its BFD measurements if beam failure is not expected to happen in the near future. Therefore, we think low mobility criterion for BFD relaxation should focus on the L1 mobility of BFD RS. In addition, since BFD RSs are configured per carrier or per band, low mobility criterion for BFD relaxation should also be evaluated per carrier or per band, instead of per UE. After all, it is the measurements that are related to those RSs can trigger BFD.
Based on the examples and analysis above, we propose that 
Proposal 1. 	Low mobility criterion for BFD relaxation is evaluated per carrier/band and is based on beam-level measurements of BFD RSs instead of cell-level L3-RSRP measurement.
We think there can be at least two types of approaches to evaluating UE’s L1 mobility. 
One type of approach is to use past information/statistics to predict the future, e.g. use the number of beam updates in a past time window to predict how likely beam may fail in the near future. This approach is simple to implement but may suffer from the shortcoming that it is too slow to react to a new failure, especially when a failure is caused by interference. 
Another type of approach is to use SINR measurements of BFD RSs. If designed properly, we think this approach can be more responsive and thus allows UE to enter and exit relaxations faster. For example, a possible solution is to evaluate how the SINR of the BFD RSs change relative to those of the candidate beams. The rationale behind this idea is that if UE moves and may need to update its serving beams, then the SINR of its BDF RSs would drop and while the SINR of its best candidate beam would increase. Hence the difference between their SINRs would drop. Or if UE’s serving beam is affected by strong interference while its candidate beams are not, then the difference between their SINRs would also drop. 
There can be additional enhancements to make the above idea more robust:
· We can restrict the set of candidate beams for this evaluation to only those which are not QCL with any BFD RS, as SINRs of beams which are QCL tend to be correlated.
· The change in the difference in SINR instead of the difference itself can better reflect the L1 mobility of BFD RSs. More specifically, if we denote S1 as the SINR measurement of the weakest BFD RS, S2 as the strongest SINR measurement among candidate beams that are not QCL with any BFD RS, M(n) = S1-S2 in the nth measurement occasion, then UE meets low mobility criterion if M(n) – M(n-1) < configured threshold.
Comparing the above two approaches, we think the 2nd one has clear advantage and hence propose that  
Proposal 2.  	UE meets low mobility criterion for BFD relaxation for a carrier/band if change in the difference in SINR between the weakest BFD RS and the strongest SINR measurement among candidate beams which are not QCL with any BFD RS is smaller than a configured threshold. 
Configurations for RLM/BFD relaxation
RAN4 discussed whether low mobility criterion should be mandatory for BFD. We think it can be optional, as both network and UE have efficient and reliable means to estimate its L1 beam level mobility, e.g. Doppler shift measurement is readily available to UE and network. Therefore, if network is confident about its estimate on UE’s mobility status, it is possible that only after network detects UE is in low mobility state, it configures good serving cell quality as the last test on whether to enable RLM/BFD relaxations for the UE. 
Proposal 3.	Low mobility criterion is optional for RLM/BFD relaxations.
Network typically configure BFD RSs per carrier or frequency band, depend on whether the carriers are intra-band, inter-band or a mix of both. Since low mobility criterion for BFD relaxation is evaluated based on BFD RSs and BFD Rs is configured on a per-cell/band basis, a natural configuration granularity of BDF relaxation is per carrier/band.
Proposal 4.	Network can configure, enable/disable BFD relaxations independently on a per-cell/band basis.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Low-mobility criterion
Observation 1. Rel-16 low mobility criterion is based on cell-level L3-RSRP measurements and may not be able to correctly capture the L1 mobility needed for BFD relaxations (e.g. when UE circles around gNB or is stationary but suffers from interference).
Proposal 1. 	Low mobility criterion for BFD relaxation is evaluated per carrier/band and is based on beam-level measurements of BFD RSs instead of cell-level L3-RSRP measurement.
Proposal 2.  	UE meets low mobility criterion for BFD relaxation for a carrier/band if the difference in SINR between the weakest BFD RS and the strongest candidate beam which is not QCL with the weakest BFD RS is larger than a configured threshold. 
Proposal 3.	Low mobility criterion is optional for RLM/BFD relaxations.
Proposal 4.	Network can configure, enable/disable BFD relaxations independently on a per-cell/band basis.
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