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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN4 #98-e meeting, the relaxation of RLM/BFD was discussed and a WF [1] was approved. In this contribution, we share our view on the relaxation of RLM/BFD measurements following the agreed WF.
2 How to consider serving cell’s quality as relaxation criteria
In last meeting, there are open issues related to 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.



Since RLM/BFD will depend on the SINR estimation, it’s reasonable that relaxation criteria also consider SINR quality as well. However, since estimated SINR value varies with time, it only reflects instant channel quality. If a fixed SINR value is used as the threshold, estimated SNR value may be up or below the threshold frequently. For example, if the averaged SINR=4dB for current channel, due to fluctuation, the SINR range will changed from -4dB to 12dB.
[image: ]
Fig.1 SINR varies with time
If at one time, we find the SINR is larger than the threshold and decide to start relaxing. However, shortly, we found that SINR is below the threshold while still higher than the OOS threshold, it’s not clear if we shall stop the relaxing scheme or not.
Therefore, a more robust criteria is expected to be discussed. Otherwise, it’s hard to employ the relaxion scheme stable. 
Observation 1: Estimated SINR value varies with time, if a fixed SINR threshold is used as relaxation criteria, estimated SINR value may be up or below the threshold frequently.
Proposal 1: Since SINR value varies with time, a more robust criteria based on SINR is expected to be discussed.
In order to provide more robust and reduce fluctuation of SINR, filter SINR value will be one possible solution. SINR will be evaluated during a time window to check if it satisfies the criteria or not. The exact evaluation period of SINR and how to process SINR value during the period for relax RLM/BFD can be further studied. Legacy measurement period can be further checked if one measurement period is sufficient to reduce SINR fluctuation and re-used as the evaluation period for SINR of relaxing scheme.
Here, we study the impact of evaluation period on SINR fluctuation. We simulate different evaluation time for low speed case, where UE speed is 3km/h. We don’t consider the SINR estimation error by UE. The evaluation time is 1/5/10/15 samples respectively. During the evaluation time, we simply average instantaneous SINR values to get one filtered SINR value. The X axis is the SINR fluctuation range.
[image: ]
Fig.2 SINR fluctuation range with different evaluation window length
From our simulation results, it shows that SINR fluctuation will be reduced with more averaged samples. with 10 samples as evaluation time, the maximum SINR fluctuation range is smaller than 1.3dB for 95% cases. However, if only one sample is used, the maximum SINR fluctuation range will increase to 4.8dB within 95% cases. Here, we just give an example of the CDF of SINR fluctuation, since many factors will have impact on the SINR fluctuation, such as UE speed and channel model. 
Observation 2: SINR fluctuation will be reduced with more averaged samples.
Proposal 2: SINR will be evaluated during a time window to check if it satisfies the criteria of relaxation or not. The exact window length and how to process SINR value during the window for relaxing RLM/BFD can be further studied. 
The SINR fluctuation range can be further added to the SINR threshold to make sure that in most cases, the SNR is still above the threshold by considering the SINR fluctuation. For example, suppose the SINR threshold is X dB and we take 10 samples as evaluation time, the additional YdB fluctuation range can be added to XdB, to make sure that SINR will be above X dB for 95% cases. 
Proposal 3: SINR threshold for start relaxing RLM needs to consider SINR fluctuation.
3 Reverting to the normal RLM operation
From our understanding, the criteria to enter relaxation criteria and revert to the normal RLM operation should be aligned. In last meeting, there are open issues related to how to revert 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



If we consider high SINR as the criteria to enter relaxation criteria and take out-of-sync as the reverting back criteria, the SINR gap will be big, then there will be some problem. For example, as shown in the following figure,


Fig.3 SINR threshold to start and exit relaxation
At time A, SINR is higher than the SINR criteria to start relaxation, RLM starts to relax. Starting from point B, SINR is below the relaxation threshold while still higher than the OOS threshold and UE will not revert back to normal mode. However, the relaxation criteria is not satisfied any more from time B to C and the measurement accuracy can’t be guaranteed. Relaxation criteria and reverting back criteria should be designed jointly to avoid such cases. 
The SINR fluctuation range can also be further considered for criteria of reverting back to the normal mode or the Qin can be simply used as the reverting back criteria either.
Observation 3: If high SINR is used as the relaxation threshold, there will some problems if out-of-sync is used as the reverting back criteria.
Proposal 4: Relaxation criteria and reverting back criteria should be designed jointly.
Proposal 5: SINR threshold for reverting back needs to consider SINR fluctuation or simply use Qin as threshold.
4 How to consider UE mobility as relaxation criteria
In last meeting, there is open issues related to 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



In Rel-16, according to 38.304, The relaxed measurement criterion for UE with low mobility is fulfilled when:
	(SrxlevRef – Srxlev) < SSearchDeltaP,
Where:
 - Srxlev = current Srxlev value of the serving cell (dB).
   - SrxlevRef = reference Srxlev value of the serving cell (dB),
After selecting or reselecting a new cell, or
-	If (Srxlev - SrxlevRef) > 0, or
-	If the relaxed measurement criterion has not been met for TSearchDeltaP:
-	The UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell.
   - SSearchDeltaP,, the threshold (in dB) on Srxlev variation for relaxed measurement.


  
The low mobility of Rel-16 reflects the low fluctuation of filtered RSRP. For Rel-17, since RLM/BFD will depend on the SINR estimation, Low mobility criteria of Rel-16 is not suitable to be re-used anymore. RSRP mainly focus about the useful signal power, while SINR also take the noise and interference power into account. For Rel-17, it’s better to consider the “low fluctuation of SINR”, which is more directly relevant to RLM/BFD performance. RLM/BFD relaxing scheme is hoped to be used in a better channel condition and low SINR fluctuation scenarios. For example, SINR difference between adjacent SINR level can be used as reference to be compared with a threshold. Whether SINR is filter or not can be further discussed. If SINR difference is smaller than the threshold for a time duration, it can be assumed that current scenario is stable and in “low fluctuation of SINR” state. 
Observation 4: The low mobility criteria of Rel-16 reflects the low fluctuation of filtered RSRP and is not directly relevant to the RLM/BFD performance.
Proposal 6: R16 low-mobility relaxation criterion is not suitable to be re-used in Rel-17.
Proposal 7: For Rel-17, it’s better to consider the “low fluctuation of SINR”, which is more relevant to RLM/BFD performance. How to define “low fluctuation of SINR” can be further discussed.
5 BFD measurements relaxation and reverting back
BFD is designed to help the UE determine poor beam quality and trigger beam failure recovery without causing Radio link failure. BFD is half of the procedure of Beam management. Another half procedure is candidate beam detection(CBD). CBD is similar with Qin of RLM, which will make sure that current beam is in good quality. CBM can be assumed as the In-sync condition of beam management. Both RLM and BFD should be relaxed at least better than In-Sync condition. 
In-sync condition is different from RLM and BFD. For RLM, In-Sync means that SINR is higher than Qin threshold. Different from RLM, the criteria for CBD in BM satisfied that the measured L1-RSRP is equal to or better than the threshold Qin_LR, which is indicated by higher layer parameter rsrp-ThresholdSSB. It’s reasonable that relaxation for BFD only happens when UE is in a better channel quality. Whether RSRP is also needed to be considered for relaxation for BFD needs further discussion.
Observation 5: For RLM, In-Sync means that SINR is higher than Qin threshold. Different from RLM, the criteria for CBD in BM satisfied that the measured L1-RSRP is equal to or better than the threshold Qin_LR, which is indicated by higher layer parameter rsrp-ThresholdSSB.
Proposal 8: BFD should be relaxed at least better than CBD condition. Whether RSRP is also needed to be considered for relaxation criteria of BFD needs further discussion.
If SINR is used as the relaxation criteria, similar as RLM, since Qout of BFD is 4dB higher than Qout of RLM, if the same margin is considered for relaxation criteria, the criteria for BFD will be more strict, e.g. SINR relaxation threshold for BFD will be higher than that of RLM.
For reverting back, if it’s also based SINR threshold, since Qout of BFD is different than that of RLM, the threshold will be different either.
[bookmark: _Hlk67646922]Proposal 9: Relaxation and reverting back criteria for RLM and BFD are different. 
6 Conclusion
Observation 1: Estimated SINR value varies with time, if a fixed SINR threshold is used as relaxation criteria, estimated SINR value may be up or below the threshold frequently.
Proposal 1: Since SINR value varies with time, a more robust criteria based on SINR is expected to be discussed.
Observation 2: SINR fluctuation will be reduced with more averaged samples.
Proposal 2: SINR will be evaluated during a time window to check if it satisfies the criteria of relaxation or not. The exact window length and how to process SINR value during the window for relaxing RLM/BFD can be further studied. 
Proposal 3: SINR threshold for start relaxing RLM needs to consider SINR fluctuation.
Observation 3: If high SINR is used as the relaxation threshold, there will some problems if out-of-sync is used as the reverting back criteria.
Proposal 4: Relaxation criteria and reverting back criteria should be designed jointly.
Proposal 5: SINR threshold for reverting back needs to consider SINR fluctuation or simply use Qin as threshold.
Observation 4: The low mobility criteria of Rel-16 reflects the low fluctuation of filtered RSRP and is not directly relevant to the RLM/BFD performance.
Proposal 6: R16 low-mobility relaxation criterion is not suitable to be re-used in Rel-17.
Proposal 7: For Rel-17, it’s better to consider the “low fluctuation of SINR”, which is more relevant to RLM/BFD performance. How to define “low fluctuation of SINR” can be further discussed.
Observation 5: For RLM, In-Sync means that SINR is higher than Qin threshold. Different from RLM, the criteria for CBD in BM satisfied that the measured L1-RSRP is equal to or better than the threshold Qin_LR, which is indicated by higher layer parameter rsrp-ThresholdSSB.
Proposal 8: BFD should be relaxed at least better than CBD condition. Whether RSRP is also needed to be considered for relaxation criteria of BFD needs further discussion.
Proposal 9: Relaxation and reverting back criteria for RLM and BFD are different. 
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