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Introduction
In RAN4#98-bis-e meeting, a way forward on Rel-17 power saving enhancement was approved in [1].
In this contribution, we provide the further consideration of open issues of Rel-17 power saving enhancement and give our proposals. 
Discussion
In the way forward [1], the results for some topics are listed. They are discussed further as following.
· Feasible scenarios for relaxation
In way forward [1], it is listed as below:
	· RAN4 conclude the feasible scenario and will define the RLM/BFD requirements for R17 UE measurements relaxation for RLM and/or BFD in work phase for the following cases, 
· Case 1: SSB based RLM/BFD measurement relaxation in FR1 
· Case 2: CSI-RS based RLM/BFD measurement relaxation in FR1 
· Case 3: CSI-RS based RLM/BFD measurement relaxation in FR2
· Case 4: SSB based RLM/BFD measurement relaxation in FR2
· Note: UE is allowed but not mandatory to perform relaxed RLM/BFD measurements when the relaxation criteria is met in above feasible scenarios.
· For the feasible cases with positive power saving gain
· Option 1: When defining relaxation requirement, RAN4 should consider the maximum additional delay of RLF declaration within a confidence level due to power saving, i.e., the probability of maximum additional delay within x is larger than y, for power saving evaluation on different schemes. 
· further considerations as bellows are considered
· Option 1: Negative system level impact due to RLM/BFD relaxation should be minimized 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Option 2: RAN4 can further discuss whether the beneficial scenario is a reasonable case for network configuration.



For the feasible scenarios for relaxation, as shown in our discussion paper in previous meeting, it is feasible to do the relaxation for both SSB-based and CSI-RS based RLM/BFD measurement and RAN4 concludes the feasible scenario to Case1~Case4 including both SSB-based and CSI-RS based RLM/BFD measurement. RAN4 can further discuss whether the beneficial scenario is a reasonable case for network configuration. 
Proposal 1: Both SSB-based and CSI-RS based RLM/BFD measurement in FR1/FR2 are feasible to relax. RAN4 further discuss whether the beneficial scenario is a reasonable case for network configuration.
· Issue 2-2-6: DRX cycle applicability
In way forward [1], it is listed as below:
	· Relaxation is applicable for DRX<=80ms.
· FFS adjustment to other DRx cycles is needed to keep the monotonicity of DRx cycles w.r.t. evaluation time 
· FFS Maximum relaxation factor should be related to DRX cycle and RS periodicity.


In previous meeting, we present some simulation results for SSB-based and CSI-RS based RLM measurement relaxation. From the simulation results, it shows that it is feasible to do the relaxation for short DRX cycle. Other companies also presented simulation results. In general, we agree that relaxation can be applied for short DRX cycles. No need for adjustment to other DRX cycles. For different DRX cycle and RS periodicity, the performances of relaxation are different. Therefore, in our view, for different DRX cycle and RS periodicity, the maximum relaxation factor can be different. 
Proposal 2: Relaxation can be applied for short DRX cycles. No need for adjustment to other long DRX cycles. For different DRX cycle and RS periodicity, the maximum relaxation factor can be different.
· Relaxation criteria
In way forward [1], it is listed as below:
	Issue 2-3-1: Criteria of RLM/BFD relaxation – General
whether relaxed RLM/BFD requirements can be applied depends on both the serving cell quality and UE mobility state
· FFS the precise and robust metric for serving cell quality and UE mobility state
Issue 2-3-2/2-3-3/2-3-4: Good serving cell quality criteria of RLM/BFD relaxation
· 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


After the discussion in RAN4#98-bit-e meeting, both the serving cell quality and UE mobility state will be considered into relaxation criteria. In Rel-15, the radio link quality on the configured RLM-RS resources is used to compare to Qout to indicate the radio link quality. If it is worse than Qout, which means the link is not good enough. That would be much worse for relaxation. Therefore, for UE applied relaxation criteria, the radio link quality must be better than the threshold at least Qout. The margin can be added into Qout for robust performance for relaxation.  The radio link quality is based on SINR and it is on UE implementation. One possible way is reusing SINR for RLM/BFD. In Rel-15, Qout is derived based on the hypothetical PDCCH transmission parameters. The thresholds can be configured by networks for RLM and BFD. RAN4 further discuss whether the thresholds can be different from SSB based and CSI-RS based measurement. 
Proposal 3: The radio link quality is based on SINR and it is on UE implementation. One possible way is reusing SINR for RLM/BFD. The thresholds can be configured by networks for RLM and BFD. RAN4 further discuss whether the thresholds can be different from SSB based and CSI-RS based measurement.
· Relaxation factors
In way forward [1], it is listed as below:
	· FFS on following:
· Option 1: Evaluation period based on fixed sample number
· The relaxation factor is implicitly defined, similar to the beam sweeping factor implicitly defined in FR2 RRM measurement requirements.
· Option 2: Evaluation period scaling with the relaxation factor
· The relaxation factor is explicitly defined
· FFS whether Different relaxation factors between FR1 and FR2
· FFS whether Different relaxation factors for different SINR range
· FFS whether Different relaxation factors for SSB and CSI-RS
· FFS What UE speed is used as reference for derving the relaxation factor
· Option 3: Up to UE implementation as long as the additional delay for RLM/BFD declaration is within the (to be defined) relaxed requirement
· Other options are not precluded.


In our view, in current requirements of evaluation time, the scaling factor N=8 has been introduced for FR2 which has increased evaluation time as 8 times. When relaxation factor is introduced, N should be considered as well. Therefore, we prefer to use different relaxation factors between FR1 and FR2 and with consideration the simulation results. 
Proposal 4: Use different relaxation factors between FR1 and FR2 with consideration of N in FR2 and with consideration the simulation results.
· Issue 2-3-5: Low mobility criteria of RLM/BFD relaxation
In way forward [1], it is listed as below:
	· Low mobility criterion for identifying low mobility scenario under which the UE is allowed to apply the RLM/BM requirements is determined and configured to UE by the network, and it is up to the UE whether to apply relaxed RLM/BM requirements when configured. 
· 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 our view, we prefer option A and option C. In Rel-16 power saving WI, the RSRP variation over time period is used for low mobility criterion. RAN4 specified the requirements of how to the relaxation and RAN2 specified the relaxation criterion. 
Proposal 5: For low mobility criteria of RLM/BFD relaxation, we prefer option A and option C. 
· Issue 2-3-6: Exiting criteria of RLM relaxation
· Issue 2-3-7: Exiting criteria of BFD relaxation
	· Background:
· Following agreement was made at last meeting [R4-2103670]: 
· “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).”
Following additional options are listed below:
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.


Both the serving cell quality and UE mobility state will be considered into relaxation criteria. When the relaxation criterion is not fulfilled, UE shouldn’t continue working in the relaxed mode. Considering the cell quality can be less than a threshold with margin. The threshold can be configured by network. 
Proposal 6: Revert to normal RLM/BFD operation when the relaxation criterion is not fulfilled. Considering the cell quality can be less than a threshold with margin. The threshold can be configured by network.
· Issue 2-4-2: Are the parameters of relaxation criteria predefined or configurable
In way forward [1], it is listed as below:
	· The parameters of relaxation criteria can be configured by the network. 
· Option 1: The relaxation criteria shall be configured by the network to the UE. If the threshold (criteria) is not configured, it means the UE cannot go into relaxation mode.” 
· Option 2: The parameters of relaxation criterion of low mobility and entering condition of good cell quality can be configured by the network. Exit condition of good cell quality is FFS.
· Option 3: The parameters used in good serving link quality criteria are predefined. FFS other potential parameters. 


In our view, we prefer option 1. The relaxation criteria and related parameters shall be configured by the network to the UE. And UE uses these settings to determine whether the relaxation criteria can be fulfilled or not based on the relaxation criteria.
Proposal 7: The relaxation criteria and related parameters shall be configured by the network to the UE. UE uses these settings to determine whether the relaxation criteria can be fulfilled or not.
· Issue 2-5-3: Relaxation criteria in intra-band CA/DC
· Issue 2-5-2: Exiting relaxation mode in intra-band CA/DC
As pointed in last meeting, in current spec, the UE shall monitor the downlink radio link quality based on the reference signal configured as RLM-RS resource(s) in order to detect the downlink radio link quality of the PCell and PSCell. Therefore, only one cell is applied for RLM measurement. We prefer the option: for intra-band CA/DC, if UE has fulfilled the criterion for the RLM in relaxed mode in PCell and PSCell, then it is allowed to operate RLM in relaxed mode in all other serving cells.
Proposal 8: For intra-band CA/DC, if UE has fulfilled the criterion for the RLM in relaxed mode in PCell and PSCell, then it is allowed to operate RLM in relaxed mode in all other serving cells.

For BFD, in current spec, the UE shall assess the downlink radio link quality of a serving cell based on the reference signal in the set  for PCell and PSCell and SCell. For PCell and PSCell, the RS resource configuration can be SSB or CSI-RS. For SCell, the RS resource can only be periodic CSI-RS. Therefore, we prefer the option: for intra-band CA/DC, if UE has fulfilled the criterion for the BFD in relaxed mode in PCell and PSCell, then it is allowed to operate BFD in relaxed mode in all other serving cells.
Proposal 9: For intra-band CA/DC, if UE has fulfilled the criterion for the BFD in relaxed mode in PCell and PSCell, then it is allowed to operate BFD in relaxed mode in all other serving cells.
For the exiting relaxation mode in intra-band CA/DC, we prefer to use the similar principle. 
Proposal 10: For intra-band CA/DC, if UE meets the conditions of reverting to the normal RLM/BFD in PCell and PSCell, it is expected the reversion operations are applied to other serving cells. 
Conclusion
In this contribution, we discuss several open issues of requirement for Rel-17 power saving enhancement and give our proposals as follow:
Proposal 1: Both SSB-based and CSI-RS based RLM/BFD measurement in FR1/FR2 are feasible to relax. RAN4 further discuss whether the beneficial scenario is a reasonable case for network configuration.
Proposal 2: Relaxation can be applied for short DRX cycles. No need for adjustment to other long DRX cycles. For different DRX cycle and RS periodicity, the maximum relaxation factor can be different.
Proposal 3: The radio link quality is based on SINR and it is on UE implementation. One possible way is reusing SINR for RLM/BFD. The thresholds can be configured by networks for RLM and BFD. RAN4 further discuss whether the thresholds can be different from SSB based and CSI-RS based measurement.
Proposal 4: Use different relaxation factors between FR1 and FR2 with consideration of N in FR2 and with consideration the simulation results.
Proposal 5: For low mobility criteria of RLM/BFD relaxation, we prefer option A and option C.
Proposal 6: Revert to normal RLM/BFD operation when the relaxation criterion is not fulfilled. Considering the cell quality can be less than a threshold with margin. The threshold can be configured by network.
Proposal 7: The relaxation criteria and related parameters shall be configured by the network to the UE. UE uses these settings to determine whether the relaxation criteria can be fulfilled or not.
Proposal 8: For intra-band CA/DC, if UE has fulfilled the criterion for the RLM in relaxed mode in PCell and PSCell, then it is allowed to operate RLM in relaxed mode in all other serving cells.
Proposal 9: For intra-band CA/DC, if UE has fulfilled the criterion for the BFD in relaxed mode in PCell and PSCell, then it is allowed to operate BFD in relaxed mode in all other serving cells.
Proposal 10: For intra-band CA/DC, if UE meets the conditions of reverting to the normal RLM/BFD in PCell and PSCell, it is expected the reversion operations are applied to other serving cells. 
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