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Introduction
There were extensive discussions for RLM/BFD relaxation for UE power saving during the past RAN4 meetings and a WF on RRM requirements was approved [1] in RAN4#100-e meeting. 
In this contribution, we provide our consideration of several open issues and give our proposals.
Discussion
In RAN4#100-e meeting and before, several aspects have been discussed. Some agreements have been reached, but there are still some open issues.
· Relaxation applicability
In way forward of RAN4#100-e meeting [1], it is listed as below:
	Issue 1-2: Whether low mobility criteria is necessary to be configured?
· Option 1: No. It is up to network. 
· Option 2: Yes. 
Issue 1-3: Whether good serving cell criteria is necessary to be configured?
· Option 1: No. It is up to network. 
· Option 2: Yes.


As the agreement before, UE is allowed to relax RLM/BFD only if both low mobility criterion and good serving cell quality criterion are met. We support low mobility criteria and good serving cell criteria are necessary to be configured. 
Proposal 1: Low mobility criteria and good serving cell criteria are necessary to be configured. 
· Low mobility criteria
In way forward of RAN4#100-e meeting [1], it is listed as below:
	· Agreements:
· Low mobility criteria
· Reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation.
· FFS the RSs for L3 RSRP measurement


It is agreed to reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation. In Rel-16 power saving, RSRP is for measuring SSB-RSRP in idle state. The signalling is also in SIB for all UEs in the cell. In Rel-17 power saving, it is for connected mode. We think RSRP for measuring SSB or CSI-RS are both feasible. The RAN2 signalling should be re-designed. 
Proposal 2: RSRP for measuring SSB or CSI-RS are both feasible. The RAN2 signalling should be re-designed. 
· Good serving cell quality criteria
In way forward of RAN4#100-e meeting [1], it is listed as below:
	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. 
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


In Rel-15, the radio link quality is based on SINR and it is on UE implementation. The straightforward method is reusing SINR for RLM/BFD to ensure the RLM/BFD performance. Therefore, we still support option 1 to reuse the legacy definition of the SINR for radio link quality evaluation of RLM/BFD. The SINR can be SS-SINR or CSI-SINR or both of them. 
Proposal 3: Reuse the legacy definition of the SINR for radio link quality evaluation of RLM/BFD.
The thresholds can be configured by networks for RLM and BFD. For legacy RLM and BFD, the thresholds are depends on UE implementation for Qin/Qout. Therefore, network can indicate an offset to UE than legacy threshold. 
Proposal 4: The thresholds can be derived by offset values configured by networks for RLM and BFD. 
	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


For the good serving cell quality criteria for RLM, we support option 2 which means the signal quality is quite good enough to do the relaxation. The value of X can consider the PDCCH BLER performance for RLM based on SSB or CSI-RS. 
Proposal 5: For the good serving cell quality criteria for RLM, we support radio link quality >  Qin + X (dB).  The value of X can consider the PDCCH BLER performance for RLM based on SSB or CSI-RS. 
	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


[bookmark: _GoBack]For the good serving cell quality criteria for BFD, we support option 2 which means the signal quality is quite good enough to do the relaxation. The value of Y can consider the PDCCH BLER performance for BFD based on SSB or CSI-RS. 
Proposal 6: For the good serving cell quality criteria for BFD, we support radio link quality > Qin_LR + Y (dB).  The value of Y can consider the PDCCH BLER performance for BFD based on SSB or CSI-RS. 
	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.


In our view, the X and Y can be achieved by PDCCH BLER performance for multiple cases. They can be different.
Proposal 7: Different thresholds should be allowed for RLM and BFD.
· Exiting Relaxation criteria
In way forward of RAN4#100-e meeting [1], it is listed as below:
	· 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.


In our view, exit relaxation should be higher than Qout for non-relaxation mode. We support option 3a. 
Proposal 8: For exiting relaxation criteria, the relaxation mode should exit when the radio link quality is worse than a SINR threshold, Thexit = SINRenter with a hysteresis value.
· During Relaxation mode
In way forward of RAN4#100-e meeting [1], it is listed as below:
	· 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.


For current requirement, only consider the DRX <= 80ms, the lower bound is 100 or 200. Compare it to the latter parts; it needs to be relaxed to K time also. 
Proposal 9: For the requirements of evaluation period, the relaxation factor K is also applied on the lower bound T. 
	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 OOS indication during relaxation mode, if the serving cell quality degrades, UE shall indicate OOS during relaxation mode. Therefore, legacy RLM procedure can be used also. 
Proposal 10: For OOS indication during relaxation mode, 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.
	Issue 6-2-3: Relaxation criteria in NR-DC and inter-band CA
FFS:
· For the case of NR-DC and inter-band CA, whether UE needs to evaluate the entering/exiting conditions for each serving cell configured for either RLM and/or BFD evaluation.
· For the case of NR-DC and inter-band CA, whether UE is allowed to relax RLM/BFD if it meets the relaxation criterion in other serving cells


For relaxation in NR-DC and inter-band CA, there can be multiple cases:
PCell RLM + PSCell RLM + PCell BFD + PSCell BFD + SCell BFD. The cell quality can be different which means the criterion can be met in one cell while not in another cell. UE needs to evaluate the entering condition for each serving cell configured for RLM/BFD evaluation. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 11: For relaxation in NR-DC and inter-band CA, UE needs to evaluate the entering condition for each serving cell configured for RLM/BFD evaluation. 
Conclusion
In this contribution, we provide the further consideration of several open issues for RLM/BFD relaxation and present our proposals as below:
Proposal 1: Low mobility criteria and good serving cell criteria are necessary to be configured. 
Proposal 2: RSRP for measuring SSB or CSI-RS are feasible. The design for RAN2 signalling should be re-designed. 
Proposal 3: Reuse the legacy definition of the SINR for radio link quality evaluation of RLM/BFD.
Proposal 4: The thresholds can be derived by offset values configured by networks for RLM and BFD. 
Proposal 5: For the good serving cell quality criteria for RLM, we support radio link quality >  Qin + X (dB).  The value of X can consider the PDCCH BLER performance for RLM based on SSB or CSI-RS. 
Proposal 6: For the good serving cell quality criteria for BFD, we support radio link quality > Qin_LR + Y (dB).  The value of Y can consider the PDCCH BLER performance for BFD based on SSB or CSI-RS.
Proposal 7: Different thresholds should be allowed for RLM and BFD.
Proposal 8: For exiting relaxation criteria, the relaxation mode should exit when the radio link quality is worse than a SINR threshold, Thexit = SINRenter with a hysteresis value.
Proposal 9: For the requirements of evaluation period, the relaxation factor K is also applied on the lower bound T. 
Proposal 10: For OOS indication during relaxation mode, 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.
Proposal 11: For relaxation in NR-DC and inter-band CA, UE needs to evaluate the entering condition for each serving cell configured for RLM/BFD evaluation. 
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