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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN4 #98-bis-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 Reverting to the normal RLM operation
In last meeting, there are open issues related to how to revert to the normal RLM operation:
	FFS which of the following options can be used as the exiting criteria of RLM relaxation
· Option 1: exit relaxation mode when any relaxation criterion is not met
· Option 1a: a hysteresis value (e.g. 3dB) could be used to avoid ping-ping effect.
· Relaxation exiting condition: Qualitymeasured + Hys < Thresh
· Option 2: exit relaxation mode when the radio link quality is worse than a certain SINR threshold Thexit, which is higher than Qout.
· Option 2a: set different radio link quality threshold for entering and exiting the relaxation
· Option 2b: either the averaged SINR based on reduced number of samples is below Thexit, or the one-shot SINR is below Qout. 
· Option 3: exit relaxation mode based on out-of-sync indication. 
· Option 3a: exit when N310 starts to count, i.e. 1 out-of-sync indication.
· Option 3b: exit when T310 is running witch is triggered by a new counter
· Option 3c: exit when certain number of out-of-indications 
· Option 3d: exit when certain consecutive out-of-sync indications
· Option 4: Additional time is allowed for UE to evaluate first OOS indication when UE is in power saving mode. UE is in normal mode after first OOS indication. The additional delay for RLF declaration is guaranteed to be within OOS evaluation time (TEvaluate_out_SSB) in normal mode. Relaxation factor and exit SINR threshold (for good cell quality condition) is up to UE implementation, but the “first OOS indication” requirement has to be satisfied.


If criteria of reverting back to the normal RLM operation is based on Qout, there will be extra delay for RLF declaration. The delayed time will be (K-1)* evaluation period, where K is the scaling factor. However, we prefer that no RLF delay is caused by RLM relaxation. Therefore, criteria higher than Qout for reverting back is more proper and a margin is needed, i.e. Thexit will be Qout+ X1 dB, where Thexit is the threshold for exiting relaxation mode and X1dB is the margin. The margin can be derived by estimated SINR distribution to make sure that SINR is not lower than Qout in high probability. Or the criteria can simply be Qin to make sure that no OOS will happen during relaxation.

Proposal 1: Exit relaxation threshold (Thexit) will be Qout+X1dB or simpley Qin, which is higher than Qout.
3 How to consider serving cell’s quality as relaxation criteria
In last meeting, there is open issues related to how to consider serving cell’s quality as relaxation criteria:
	· Good serving cell quality criteria of RLM/BFD relaxation is defined as the radio link quality is better than a threshold. 
· FFS radio link quality > Qout + X (dB) for RLM
· FFS radio link quality > Qout,LR + Y (dB) for BFD relaxation. 
· FFS how to derive the values of X, Y
· The radio link quality in good serving cell quality criteria for R17 RLM/BFD relaxation is based on SINR 
· FFS how to derive the corresponding SINR level of the threshold used in good serving cell quality criteria
· FFS which SINR is used
· Option 1: Reuse SINR for RLM/BFD evaluation
· FFS whether RSRP is also needed for BFD as additional condition
· FFS: The thresholds are configured or pre-defined.
· FFS: Different threshold configuration (i.e. different IEs in RRC signaling )for SSB based and CSI-RS based RLM/BFD is allowed
· 



Since RLM/BFD will depend on the SINR estimation, it’s agreed that relaxation criteria can be based on SINR quality. RLM/BFD relaxation will happen when channel is in good quality. It’s reasonable that the entering threshold is higher than Qin. A margin can be used to be added to the Qin to make sure that channel is higher than Qin in most cases. Similar with existing criteria, the entering threshold(Thenter) will be Qin+X2dB, where X2 dB is margin. In this way, the margin between Thenter and Thexit will be large enough to avoid ping-pong effect.
Proposal 2: Entering relaxation threshold (Thenter) for RLM will be Qin+X2 dB.
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:
	· Given the this feature is enabled by the network, the low mobility criterion is defined based on
· FFS until RAN4 #99e
· Option A: UE will need to verify whether the low mobility criterion is fulfilled based on the channel condition
· Option A1: RSRP variation (reuse R16 low mobility criterion and procedure)
· Option A2: SINR variation
· Option B: UE will not need to verify whether the low mobility criterion is fulfilled based on the channel condition
· Option B1: UE defines if the low mobility criterion is fulfilled (e.g. fixed UE) or not fulfilled (e.g. vehicular UE).
· Option B2: Network configures whether the low mobility criterion is fulfilled or not
· Option C: The low mobility criterion can be left for RAN2 to decide. Send LS to RAN2 to trigger RAN2 discussion.
· Option D: Other options on how often UE verifies the low mobility criterion is open for discussions at next meeting.



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 variation of SINR” state. 
Proposal 3: R16 low-mobility relaxation criterion is not suitable to be re-used in Rel-17.
Proposal 4: For Rel-17, it’s better to consider the “low variation of SINR”, which is more relevant to RLM/BFD performance. support option A2.
5 BFD measurements relaxation and exit relaxation
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. Similar with relaxation for RLM, the entering threshold(Thenter) will be rsrp-ThresholdSSB +X3dB, where X2 dB is margin.
Proposal 5: RSRP is also needed to be considered for relaxation criteria of BFD, the entering threshold(Thenter) will be rsrp-ThresholdSSB +X3dB, where X3 dB is margin.
For exit relaxation of BFD, the possible WF is:
	FFS which of the following options can be used as the exiting criteria of BFD relaxation
· Option 1: exit relaxation mode when any relaxation criterion is not met 
· Option 1a: a hysteresis value (e.g. 3dB) could be used to avoid ping-ping effect.
· Relaxation exiting condition: Qualitymeasured + Hys < Thresh
· Option 2: exit relaxation mode when the radio link quality is worse than a certain threshold Thexit, which is higher than Qout_LR. 
· Option 2a: set different radio link quality threshold for entering and exiting the relaxation 
· Option 2b: either the averaged SINR based on reduced number of samples is below Thexit, or the one-shot SINR is below Qout_LR. 
· Option 3: exit relaxation mode based beam failure instance indication
· Option 3a: exit upon detecting the 1 beam failure instance indication. 
· Option 3b: exit 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. 
· Other options are not precluded



Similar with exiting criteria of RLM, we prefer option 2a, where different radio link quality threshold for entering and exiting the relaxation are set and the threshold for exiting will be higher than Qout_LR. 
[bookmark: _Hlk67646922]Proposal 6: For exit relaxation of BFD, we prefer option 2a. 
6 Conclusion
In this contribution, we provide our views regarding to UE power saving for RLM/BFD: 
Proposal 1: Exit relaxation threshold (Thexit) of RLM will be Qout+X1dB or simpley Qin, which is higher than Qout.
Proposal 2: Entering relaxation threshold (Thenter) for RLM will be Qin+X2 dB.
Proposal 3: R16 low-mobility relaxation criterion is not suitable to be re-used in Rel-17.
Proposal 4: For Rel-17, it’s better to consider the “low variation of SINR”, which is more relevant to RLM/BFD performance. support option A2.
Proposal 5: RSRP is also needed to be considered for relaxation criteria of BFD, the entering threshold(Thenter) will be rsrp-ThresholdSSB +X3dB, where X3 dB is margin.
Proposal 6: For exit relaxation of BFD, we prefer option 2a. 
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