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Introduction
In RAN4 102e meeting, WF R4-2206909 [1] was approved, and the CR to TS 38.133 [2] was agreed. Two LSs to RAN2 [3][4] have been sent, and 1 LS from RAN2 [5]is received.
Based on all above information, we provide our views on remaining issues in R17 UE power saving
Discussion 
Remaining issues on low mobility state
In previous RAN4 meetings, the following was agreed.
Agreements in RAN4 101-bis-e
Issue 2-4: Low mobility criteria configuration type
· Low mobility criterion is configured on per-UE basis. 
Agreements in RAN4 102-e
Issue 2-2-4: Clarifications for Low mobility criteria evaluation
· The low mobility criteria is evaluated on the 
· NR PCell for the case of NR single carrier, NR CA, NE-DC
· NR PSCell for the case of EN-DC
· NR PCell for the case of NR-DC
· the low mobility criteria is evaluated on SpCell (s), regardless whether BFD is configured in Scell or not


In TS 38.331[6], the following has been captured as the low mobility criterion for the RLM/BFD relaxation.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The relaxed measurement criterion for UE with low mobility in RRC_CONNECTED is fulfilled when:
-	(SS-RSRPRef – SS-RSRP) < SSearchDeltaP-Connected,
Where:
-	SS-RSRP = current L3 RSRP measurement of the SpCell based on SSB (dB).
-	SS-RSRPRef = reference L3 RSRP measurement of the SpCell based on SSB (dB), set as follows:
-	After receiving low mobility criterion configuration, or
-	After MAC of the CG successfully completes a Random Access procedure after applying a reconfigurationWithSync in spCellConfig of the CG while low mobility criterion is configured, or
-	If (SS-RSRP - SS-RSRPRef) > 0, or
-	If the relaxed measurement criterion has not been met for TSearchDeltaP-Connected:
-	The UE shall set the value of SS-RSRPRef to the current SS-RSRP value of the SpCell.



Firstly, the spec has not specified yet the measurement period assumed for the SS-RSRP that used for low mobility criteria evaluation. By default, our understanding is that the L3 measurement period specified in 9.2.5 of TS 38.133 should be used, which is based on the available SMTC occasions that are not overlapped with measurement gaps, and not used for L1 measurements. Since the measurement interval of L3 measurement in connected mode will be much shorter than that for idle mode, the sensitivity of low mobility criteria will be much higher. Frequent entering/exiting of low mobility state when the measured SS-RSRP in recent SMTC measurement occasions is around (SS-RSRPRef - SSearchDeltaP-Connected). This would lead to frequent relaxed/non-relaxed state change. For cell quality state some margin between entering threshold and exiting threshold has been set, but for low mobility state captured in current RAN2 spec, there is no such mechanism currently. Therefore, it is proposed that UE should enter low mobility state if low mobility criterion is fulfilled for a configurable interval TDeltaP,Hys if it is not in the low mobility state yet, or exit low mobility state after a configurable interval TDeltaP,Hys, if it is already in the low mobility state. TDeltaP,Hys can be a separate threshold, not related to TSearchDeltaP-Connected.
Observation 1  According low mobility criteria specified in TS 38.331, UE may frequently enter or exit relaxed RLM/BFD state if the measured SS-RSRP in recent SMTC occasions is around (SS-RSRPRef - SSearchDeltaP-Connected), and cell quality state is fulfilled.
Proposal 1  UE should 
· enter low mobility state when low mobility criterion is fulfilled for a configurable interval TDeltaP,Hys if it is not in the low mobility state yet, or 
· exit low mobility state when low mobility criterion is NOT fulfilled for a configurable interval TDeltaP,Hys, if it is already in the low mobility state. 
TDeltaP,Hys can be a separate threshold, not related to TSearchDeltaP-Connected.
Secondly, the mobility state of the UE can be determined by L3 measurement of one CC in the case of CA/DC, if co-located deployment is assumed. For non-co-located deployment, such as inter-band CA or NR-DC, the measured SS-RSRP of serving cells from different locations can be different. According to low mobility criterion above, when SS-RSRP of a serving cell becomes higher, although UE movement is possible, UE may stay in low mobility state. In this case, the SS-RSRP of a serving cell from another location may become lower, and trigger exiting from low mobility state and relaxed RLM/BFD state. On the other hand, sometimes when SS-RSRP of PCell becomes lower, UE may exit low mobility state, and exit relaxation even though the SS-RSRP of a serving cell from another location becomes higher. Therefore, similar to the TA management, UE may be configured to evaluate low mobility criteria on one other serving cell different from PCell, and apply the corresponding low mobility evaluation results on some of the active serving cells based on network indication, e.g. based on TAG indication. The max number of serving cells on which UE evaluate low mobility state criteria should be no more than 2.
Observation 2  For the non-co-located CA/DC deployment in RRC-connected mode, evaluating low mobility state only in PCC may not be enough to accurately identify low mobility state change for PSCC/SCC which corresponds to a location different from PCC.
Proposal 2  For NR-DC, UE may also evaluate low mobility criteria in PSCell if network configures, and apply the evaluated low mobility state in the corresponding cell group.
Proposal 3  For inter-band CA non-co-located deployment within the same cell group, UE may be configured to evaluate low mobility criteria on 1 other serving cell different from PCell, and apply the corresponding low mobility evaluation results on some of the active serving cells based on network indication. The max number of serving cells on which UE evaluate low mobility state criteria should be no more than 2.

Remaining issues on cell quality criteria
In RAN4 102e meeting, the following has been captured in [1] as a remaining issue.
Remaining issues in RAN4 102-e
Issue 2-6-2: Clarification on multiple RLM-RS/BFD-RS
· The following can be clarified in the maintenance phase
· For entering condition, 
· Option 1: the radio link quality of at least one RLM-RS is better than the entering threshold. (Huawei, Qualcomm, Xiaomi, Apple, vivo. OPPO)
· Option 2: The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the threshold (e.g. Qout + X1) for all RLM-RS resource. (CMCC, Ericsson, CATT, Nokia, ZTE)
· Option 3: pending by other issues (Intel)
· For exiting condition, 
· Option 1: the radio link quality for all the RLM-RS resources are worse than the exiting threshold. (Huawei, Qualcomm, Apple, OPPO)
· Option 2: The UE shall exit the relaxed mode when the radio link quality is worse than the threshold (e.g. Qout + X2) for any the RLM-RS resources. (CMCC, Ericsson, CATT, Nokia, ZTE)
· Option 3: The UE behaviour on checking the exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs is not specified. (vivo, Xiaomi)
· Option 4: pending by other issues (Intel)


For the o-o-s and in-sync, the requirements in TS 38.213 [7] are clear that UE is allowed to report o-o-s when all resources are o-o-s, and UE is allowed to report in-sync when any of them is in-sync. For BFD, beam failure instance is triggered when all resources are below Qout,LR. The RAN1 specs are cited below.
TS 38.213 clause 5
The physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to higher layers.
TS 38.213 clause 6
In non-DRX mode operation, the physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set , or in the set  or  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR.

Therefore, if on one RS UE has fulfilled the cell quality criteria, then UE may apply the relaxed measurements on this RS, and fall back to normal measurement when the radio link quality on this RS is below Qout. In this case, UE may still be able to meet the relaxed requirements and there is no impact to the RLF or BF detection latency.
Observation 3  If UE enters relaxation given that the measured radio link quality on one RS is above the entering threshold, UE may still be able to identify the out-of-sync or beam failure within the required relaxed duration specified in TS 38.133, and there is no additional impact to RLF or BF detection latency.
For the exit condition, as currently specified in TS 38.133, only when the UE identifies o-o-s or beam failure, the UE is required to exit from RLM/BFD relaxation. Exiting from relaxation state earlier is not precluded from the spec as long as UE meets the conformance requirements. In other words, RRM requirements are only specified for the worst case.
Observation 4  From the perspective of impact to RLF or BF detection latency, there is no need to specify the UE behaviour on checking the exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs, as long as the relaxed RLF and BF detection latency can be met
On the other hand, for the entering/exiting threshold when more than one RLM-RSs or BFD-RSs are configured, the spec needs to be clear since it would impact the applicability of the relaxed requirements. However, as recently agreed in RAN2 and RAN plenary, the UE may report the information on relaxed/normal RLM/BFD state to network in UAI. Based on UAI, network may disable RLM/BFD relaxation if it sees not proper to relax RLM/BFD. There is no need to restrict the applicable scenarios of relaxed requirements in the spec, given that network already have full control of enabling/disabling relaxation. Moreover, as analysed above, network may not be able to obtain any other benefits except exiting from relaxation state, i.e UE applying normal requirements instead of relaxed requirements.
Observation 5  Since network is already able to disable relaxation via RRC signalling based on UAI report, there is no additional benefit for the network if the applicability of relaxed requirements is restricted in the cases when more than one RLM-RSs or BFD-RSs are configured.
Proposal 4  For the case when more than one RLM-RSs or BFD-RSs are configured, UE enters RLM and BFD relaxation if the radio link quality of at least one RS is better than the entering threshold.
Proposal 5  For the case when more than one RLM-RSs or BFD-RSs are configured, the UE behaviour on checking the exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs is not additionally specified, given that UE behaviour for checking the o-o-s and beam failure is already clear in TS 38.213.

Remaining issues on relaxation method
The following remaining issue is captured in [1]. 
Remaining issues in RAN4 102-e
Issue 2-1-1: The cases that UE is allowed to apply the relaxed RLM/BFD requirement
UE is allowed to apply the relaxed RLM/BFD requirement, 
· provided UE is configured the explicit signalling to enable RLM/BFD relaxation and UE has fulfilled good serving cell criterion, if low mobility criteria is NOT configured, or 
· provided UE is configured the explicit signalling to enable RLM/BFD relaxation and UE has fulfilled both good serving cell criterion and low mobility criterion if low mobility criteria is configured
· The following note shall be further clarified in the maintenance phase
· Note: if the explicit signalling is configured to enable the RLM/BFD relaxation and fulfilment of the low mobility criteria, or if it means low mobility state of the UE may be implicitly inferred.


In our understanding, RAN4 has already discussed the issue for several meetings, and common understanding is that low mobility criteria is not necessarily configured, but low mobility state is necessary for UE to enter RLM/BFD relaxation. The case when UE is only in good cell quality state but not in low mobility state is precluded from entering RLM/BFD relaxation.
Observation 6  Low mobility state is necessary for UE to enter RLM/BFD relaxation. UE is not allowed to enter RLM/BFD relaxation state if it is in good cell quality state but not in low mobility state.
However, in some network implementation, the mobility state of the UE would be known to the network, even if no UE reporting to network for the mobility state is considered. For example, by periodic SRS transmission, network may have uplink channel estimation, and the UE movement can be identified by the radio link quality change observed in SRS. Therefore, it is not always necessary for network to configure low mobility criteria to the UE and let UE to evaluate whether itself is in low mobility state or not. Since the control of enabling/disabling RLM/BFD relaxation feature is fully flexible to network, network may only enable such feature if it has identified that the corresponding UE is already in low mobility state. In this case, the low mobility state of the UE is inferred by the enabling signalling of RLM/BFD relxation.
Proposal 6  If UE is configured the explicit signalling to enable RLM/BFD relaxation and UE has fulfilled good serving cell criterion, and low mobility criteria is NOT configured, UE is allowed to enter RLM/BFD relaxation state, since the low mobility state of the UE can be already implicitly inferred from the enabling signalling.
Conclusion
Based on above analysis, we have following observations and proposals.
Observation 1  According low mobility criteria specified in TS 38.331, UE may frequently enter or exit relaxed RLM/BFD state if the measured SS-RSRP in recent SMTC occasions is around (SS-RSRPRef - SSearchDeltaP-Connected), and cell quality state is fulfilled.
Proposal 1  UE should 
· enter low mobility state when low mobility criterion is fulfilled for a configurable interval TDeltaP,Hys if it is not in the low mobility state yet, or 
· exit low mobility state when low mobility criterion is NOT fulfilled for a configurable interval TDeltaP,Hys, if it is already in the low mobility state. 
TDeltaP,Hys can be a separate threshold, not related to TSearchDeltaP-Connected.
Observation 2  For the non-co-located CA/DC deployment in RRC-connected mode, evaluating low mobility state only in PCC may not be enough to accurately identify low mobility state change for PSCC/SCC which corresponds to a location different from PCC.
Proposal 2  For NR-DC, UE may also evaluate low mobility criteria in PSCell if network configures, and apply the evaluated low mobility state in the corresponding cell group.
Proposal 3  For inter-band CA non-co-located deployment within the same cell group, UE may be configured to evaluate low mobility criteria on 1 other serving cell different from PCell, and apply the corresponding low mobility evaluation results on some of the active serving cells based on network indication. The max number of serving cells on which UE evaluate low mobility state criteria should be no more than 2.
Observation 3  If UE enters relaxation given that the measured radio link quality on one RS is above the entering threshold, UE may still be able to identify the out-of-sync or beam failure within the required relaxed duration specified in TS 38.133, and there is no additional impact to RLF or BF detection latency.
Observation 4  From the perspective of impact to RLF or BF detection latency, there is no need to specify the UE behaviour on checking the exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs, as long as the relaxed RLF and BF detection latency can be met
Observation 5  Since network is already able to disable relaxation via RRC signalling based on UAI report, there is no additional benefit for the network if the applicability of relaxed requirements is restricted in the cases when more than one RLM-RSs or BFD-RSs are configured.
Proposal 4  For the case when more than one RLM-RSs or BFD-RSs are configured, UE enters RLM and BFD relaxation if the radio link quality of at least one RS is better than the entering threshold.
Proposal 5  For the case when more than one RLM-RSs or BFD-RSs are configured, the UE behaviour on checking the exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs is not additionally specified, given that UE behaviour for checking the o-o-s and beam failure is already clear in TS 38.213.
Observation 6  Low mobility state is necessary for UE to enter RLM/BFD relaxation. UE is not allowed to enter RLM/BFD relaxation state if it is in good cell quality state but not in low mobility state.
Proposal 6  If UE is configured the explicit signalling to enable RLM/BFD relaxation and UE has fulfilled good serving cell criterion, and low mobility criteria is NOT configured, UE is allowed to enter RLM/BFD relaxation state, since the low mobility state of the UE can be already implicitly inferred from the enabling signalling.
A draft LS to RAN2 is provided in the appendix
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1. Overall Description:
In RAN4 #103-e meetings, RAN4 have discussed RLM/BFD relaxation for ePowSav. Based on discussion RAN4 would like to provide the following information.

UE should 
· enter low mobility state when low mobility criterion is fulfilled for a configurable interval TDeltaP,Hys if it is not in the low mobility state yet, or 
· exit low mobility state when low mobility criterion is NOT fulfilled for a configurable interval TDeltaP,Hys, if it is already in the low mobility state. 
TDeltaP,Hys can be a separate threshold, not related to TSearchDeltaP-Connected.

For NR-DC, UE may also evaluate low mobility criteria in PSCell if network configures, and apply the evaluated low mobility state in the corresponding cell group.

For inter-band CA non-co-located deployment within the same cell group, UE may be configured to evaluate low mobility criteria on 1 other serving cell different from PCell, and apply the corresponding low mobility evaluation results on some of the active serving cells based on network indication. The max number of serving cells on which UE evaluate low mobility state criteria should be no more than 2.

If UE is configured the explicit signalling to enable RLM/BFD relaxation and UE has fulfilled good serving cell criterion, and low mobility criteria is NOT configured, UE is allowed to enter RLM/BFD relaxation state, since the low mobility state of the UE can be already implicitly inferred from the enabling signalling.


2. To RAN WG2 group. 
ACTION: 	RAN4 respectfully asks RAN2 to take RAN4 conclusions in consideration and further specify corresponding signaling.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #104	Aug. 22 – Aug. 26	France
TSG-RAN4 Meeting #104-bis-e	Oct. 10 – Oct. 19	Online
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