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1 Introduction
In RAN4#100-e, a WF on RLM/BFD relaxation for UE power saving enhancements was approved in [1]. Some remaining issues are left to be discussed. In this paper, we continue to analyse the open issues for the RLM and/or BFD measurement relaxation.
2 Discussion
Relaxation applicability
	Issue 1-1: Relaxation when neither serving cell quality criteria nor low mobility criteria is configured
When neither serving cell quality criteria nor low mobility criteria is configured, the existing RLM/BFD requirements shall apply.
· 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.
Issue 1-2: Whether low mobility criteria is necessary to be configured?
· Option 1: No. It is up to network.
· Option 2: Yes. (CMCC)
Issue 1-3: Whether good serving cell criteria is necessary to be configured?
· Option 1: No. It is up to network. 
· Option 2: Yes.


For low mobility criteria, company proposed in last meeting that the mobility status would not be necessary to be configured by NW. To our understanding, it is fine to make the criteria more flexible. However, it was agreed in RAN4 98e-bis, whether relaxed RLM/BFD requirements can be applied depends on both the serving cell quality and UE mobility state. We think this agreement would be the precondition for RAN4 to move on for this issue. Thus, even if NW do not configure the criteria, UE can only relax the RLM/BFD measurement when both criteria are satisfied. In this case, the low mobility criteria could be evaluated in an implicit way by UE implementation. 
Proposal 1: The low mobility criteria could be evaluated in an implicit way by UE implementation.
For good serving cell criteria, we think it is necessary to be configured. It was agreed in previous RAN4 meeting to use SINR as the evaluation metric of good serving cell quality. For RLM/BFD, the SINR measurement results of UE would not be reported to NW. In this way, the serving cell quality could only be evaluated from UE side. 
Proposal 2: Good serving cell criteria would be necessary to be configured by NW.
Relaxation criteria
	Issue 2-1: Low mobility criteria 
· Agreements:
· Low mobility criteria
· Reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation.
· FFS the RSs for L3 RSRP measurement


In last meeting, RAN4 reached agreement to reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation for RLM/BFD relaxation. For the RSs for L3 RSRP measurement, we think it is straightforward to use the configured RLM-RS(s) / BFD-RS(s).
Proposal 3: The R17 low mobility criterion could be evaluated based on the configured RLM-RS(s) / BFD-RS(s).
	Issue 3-1: SINR definition for good serving cell quality criteria
· Option 1: reuse the legacy definition of the SINR for radio link quality evaluation of RLM/BFD. 
· Option 2: L3-SINR. RSRQ and RSRP can also be used as serving cell quality metric for UE that does not support the optional L3-SINR measurement. (Apple)
Issue 3-2: predefined or configured threshold
· Option 1: The thresholds are configured to the UE by the network.
· Option 2: The thresholds is predefined. 
· Option 3: The offset values X to UE for deriving the threshold 
· Option 3a: The offset values are configured to the UE by the network. 
· Option 3b: The offset value(s) are predefined
                          Note: Values of X are discussed in issue 3-3-1/3-3-2
Issue 3-3-1: good serving cell quality criteria for RLM
The good serving cell quality criteria for RLM is
· Option 1: radio link quality >  Qout + X (dB). 
· Value of X is FFS.
· Option a: X may depend on TSSB and TDRX
· Option b: X may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Option 2: radio link quality >  Qin + X (dB). 
· Value of X is FFS.
· Option a: X may depend on TSSB and TDRX
· Option b: X may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Other options are not precluded
Issue 3-3-2: good serving cell quality criteria for BFD
The good serving cell quality criteria for BFD is
· Option 1: radio link quality >  Qout_LR + Y (dB). 
· Value of Y is FFS.
· Option a: Y may depend on TSSB and TDRX
· Option b: Y may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Option 2: radio link quality >  Qin_LR + Y (dB). 
· Value of Y is FFS.
· Option a: Y may depend on TSSB and TDRX
· Option b: Y may depend on scenarios, i.e., RS types (SSB/CSI-RS), frequency range
· Other options are not precluded
· Other options are not precluded
Issue 3-4-1: same thresholds for RLM and BFD 
· Option 1: the same thresholds used for good serving cell quality and low mobility criteria are applied for both RLM relaxation and BFD relaxation 
· Option 2: different threshold should be allowed.


The SINR definition for good serving cell quality criteria was discussed in last meeting. The current RLM and BFD are conducted relying on an indirect definition. UE compares the SINR of the configured RLM/BFD-RS to an internal threshold Qout/Qout_LR, which maps the BLER of a hypothetical PDCCH. In this way, the SINR that UE used to compare with the Qout/Qout_LR could be reuse for the evaluation of RLM/BFD relaxation. 
Proposal 4: The SINR that used to compare with the Qout/Qout_LR would be used for the evaluation of the serving cell quality criteria.
As the mapping between the SINR and the BLER depends on what receiver the UE implemented, it is proposed not to define the SINR thresholds for relaxation as a fixed value. UE could be configured with offset values for deriving the UE specific thresholds. 
Proposal 5: The offset values would be configured for UE deriving its specific thresholds.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In this way, the RLM relaxation threshold could be derived from the UE specific Qout plus an offset X (dB), similarly, the BFD threshold would be derived from the Qout_LR plus an offset Y (dB). The offset X and Y would be determined separately. Furthermore, we propose the two offsets, e.g. X and Y, to be defined as two fixed parameters or a set of discrete values indicated to UE by network.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 6: The offset X and Y could be pre-defined or defined as a set of discrete values by the network.
	Issue 4-1: Exit criteria based regarding the radio link quality
· Option 1: Exit RLM relaxation mode when any relaxation criterion is not met, or when N310 starts to count. No additional exit criterion needs to be defined. 
· Option 2: Reuse Qout as the radio link quality threshold. Exit relaxation mode when the radio link quality is worse than Qout 
· Option 3: Introduce a radio link quality threshold higher than Qout. Exit relaxation mode when the radio link quality is worse than a SINR threshold (Thexit ). 
· Option 3a: Thexit = SINRenter with a hysteresis value 
· Option 3b: Thexit = SINRenter – 3dB 
· Option 3c: Thexit > Qout
· Option 3d: Thexit = Qout+7dB or Qin 
· Option 4: No additional criteria are needed, previous agreement from 98-e-bis and 99-e-bis are sufficient. 
Issue 4-2: Whether to additionally specify the exit criterion for low mobility criteria
No additional exit criterion for low mobility, i.e. UE exit low mobility state as long as the entering condition is not met. 


Considering the exiting criteria of RLM relaxation, there are still diverse opinions proposed in last meeting. 
For Option1, no addition exit criterion needs to be defined. There lists two potential exit conditions. The first one, UE exits RLM relaxation mode when any relaxation criterion is not met, for which we have concern about the ping-pong effect. The other one, when N310 starts to count, this condition implies that UE would exit relaxation mode when one OOS indication was indicated. In this case, UE may not exit the relaxation mode in time.
For Option2, we prefer to define the SINR threshold larger than Qout to ensure the good quality of serving cell.
For this issue we tend to Option3. As RAN4 agreed to define SINR threshold value for RLM / BFD relaxation, e.g. SINRenter, it is reasonable to exit the relaxation mode when the measured SINR value is below the SINRenter. Option 3a introduces a hysteresis value, which we think is a robust way to avoid the ping-pong effect. 
Proposal 7: UE would exit relaxation mode when the radio link quality of the serving cell is worse than the SINRenter with a hysteresis value.
During Relaxation
	Issue 5-1: Whether to specify UE behavior in the relaxation mode
· RAN4 does not specify UE RLM/BFD relaxation behaviour in the spec but to specify the evaluation period during for relaxation
Issue 5-2-1: the formula of relaxed evaluation period
Previous agreement: 
Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB) [R4-2105797]. 
· RAN4 specify the new evaluation period based on Max(T, Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS))
· where Y is K * current Rel-15 samples, and K is the predefined relaxation factor. 
· where T is the lower bound of relaxed evaluation period. FFS whether the relaxation factor K to be applied on T.
· Scaling factor K is defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB).
· Note: 1.5 scaling factor is considered in current Rel-15 samples.
Issue 5-2-2: whether to apply relaxation factor on lower bound of relaxed evaluation period
· Option 1: Yes, also lower bound of relaxed evaluation period is also relaxed. 
· Option 2: No. 
Issue 5-3: relaxation factors
Previous agreement: 
Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB) [R4-2105797].
· The following aspects can be considered when specify the relaxation factor:
· different relaxation factors for FR1 and FR2
· different relaxation factors for SSB and CSI-RS
· FFS different relaxation factors for different SINR regions
· FFS the exact value of relaxation factors
· Option 1: 
· K=1 for 80 ms＜TSSB≤160 ms 
· K=4 for MAX(TDRX, TSSB)≤80 ms
· Option 2:
· K=2 for MAX(TDRX, TSSB)≤40 ms in FR1
· K=1.5 for 40ms < MAX(TDRX, TSSB)≤80 ms in FR1
· FFS K for FR2.
· Option 3: 
· K=4 for MAX(TDRX, TSSB)≤80 ms in FR1
· K=2 for MAX(TDRX, TSSB)≤80 ms in FR2
· Option 4: Relaxation factors are different for FR1 and FR2, for the different SINR regions.
· Other options are not precluded
Issue 5-4: OOS indication during relaxation mode
· Option 1: UE indicates OOS during relaxation mode.
· Option 2: UE is not required to send the first OOS indication to higher layers during relaxation mode.
· Option 2a: UE indicate OOS right at exiting relaxation mode
· Option 3: Left to UE implementation.
· Option 4: the UE shall continue evaluate the serving cell quality and send out-of-sync indications when the measured SINR becomes worse than Qout threshold and follow the associated procedures (including N310 counters.), i.e. same as in legacy RLM procedure


For the relaxed RLM/BFD evaluation periods, we held the view that the evaluation period should be extended based on the legacy RLM/BFD requirements by considering the scaling factors, e.g. RS type, FR1 or FR2. 
For issue 5-2-2, we prefer to apply relaxation factor on lower bound of relaxed evaluation period. 
[bookmark: _GoBack]Proposal 8: RAN4 to relax the lower bound of relaxed evaluation period.
For issue 5-4, we prefer Option1 that UE to indicate OOS during relaxation mode, following the existing mechanism.
Proposal 9: UE to indicate OOS during relaxation mode following the existing mechanism.
3 Conclusion
Proposal 1: The low mobility criteria could be evaluated in an implicit way by UE implementation.
Proposal 2: Good serving cell criteria would be necessary to be configured by NW.
Proposal 3: The R17 low mobility criterion could be evaluated based on the configured RLM-RS(s) / BFD-RS(s).
Proposal 4: The SINR that used to compare with the Qout/Qout_LR would be used for the evaluation of the serving cell quality criteria.
Proposal 5: The offset values would be configured for UE deriving its specific thresholds.
Proposal 6: The offset X and Y could be pre-defined or defined as a set of discrete values by the network.
Proposal 7: UE would exit relaxation mode when the radio link quality of the serving cell is worse than the SINRenter with a hysteresis value.
Proposal 8: RAN4 to relax the lower bound of relaxed evaluation period.
Proposal 9: UE to indicate OOS during relaxation mode following the existing mechanism.
4 Reference
[1] R4-2115348 WF on RLM/BFD relaxation for UE Power Saving enhancements, MediaTek Inc.
[2] R4-2115349 LS on criteria for RLM/BFD relaxation, vivo, MediaTek Inc.

