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1. Introduction
In RAN4#101-e meeting, the relaxation applicability and criteria for RLM and BFD relaxation were discussed and a way forward was agreed in [1]. In this contribution, we further discuss the RLM/BFD relaxation methodology. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1. Relaxation applicability
[bookmark: _Hlk70326378]Issue 1-1-2: UE capability for low mobility criteria?
· Option 1: RAN4 to introduce an UE capability on supporting low mobility criterion in Rel-17 power saving 
· Option 2: No need to introduce an UE capability on supporting low mobility criterion in Rel-17 power saving
· Other options are not precluded.
Based on our understanding, a UE capability such as ‘Rel-17 RLM/BFD relaxed measurement’ is enough for announcing UE capability for R17 RLM/BFD relaxation, if UE support this capability, then the UE will naturally support ‘low mobility criteria’ and other criteria. Besides, in R16 RRM relaxed measurement, only one ‘Relaxed Measurement’ feature was introduced. Therefore, no need to introduce additional UE capability on supporting low mobility criterion.
Proposal 1: No need to introduce the UE capability on supporting low mobility criterion in Rel-17 power saving.
Criteria configuration methodology
	Issue 1-1-B: whether the low mobility criterion is mandatory to be configured, when network would like to enable RLM/BFD relaxation?
· [bookmark: _Hlk91604929]Conclusion: No. The criterion is NOT mandatory to be configured to enable RLM/BFD relaxation 
· Note: UE shall evaluate the low mobility criterion if it is configured. 
Issue 1-2-B: whether the good serving cell quality criterion is mandatory to be configured, when network would like to enable RLM/BFD relaxation, assuming the good serving cell quality criterion is configurable?
· Note: UE shall evaluate the good serving cell criterion if it is configured. 
· Options: 
· Option 1: No. The criterion is NOT mandatory to be configured to enable RLM/BFD relaxation
· Note: if the criteria is not configured, the good serving cell quality state can be determined by network implementation
· Option 2: Yes. The criterion is mandatory to be configured to enable RLM/BFD relaxation.
Issue 1-2-C: whether to have an explicit indication to enable RLM/BFD relaxation, assuming the good serving cell quality criterion is predefined?
· Option 1: Yes. An explicit indication to indicate the good serving cell quality criterion shall be evaluated
· Option 2: No. UE shall evaluate the predefined criterion. 
· Note: Whether UE can enter the relaxation mode depends on the outcome of Issue 1-1-B, regarding whether the low mobility criterion is mandatory to be configured
Issue 1-3: dedicated signaling to indicate the UE when it is allowed to relax the RLM/BFD measurements
· Option 1: Allow explicit relaxation indication to the UE when it is allowed to relax the RLM/BFD measurements irrespective of the relaxation criteria configuration 
· Option 2: No 


Based on the discussion so far, there are two configuration methods of good serving cell quality criteria, first one is network configured, second one is predefined. Using which method has not been decided. Different configuration methods will lead to different configuration methods of whole relaxation criteria, which contains both low mobility criteria and good serving cell quality criteria. 
In the case of network configured good serving cell quality criteria, network should configure the whole relaxation criteria as follows:
· Network configure good serving cell quality criteria and low mobility criteria simultaneously
· Different from relaxation criteria for RRC-IDLE/Inactive, the relaxation criteria for RLM/BFD should be stricter. UE is capable of performing RLM/BFD relaxed measurement only if both low mobility criteria and good serving cell quality criteria are fulfilled. Therefore, it is more reasonable that network configure good serving cell quality criteria and low mobility criteria simultaneously. 
In the case of predefined good serving cell quality criteria, from our point of view, there is no need to define an explicit indication to enable good serving cell quality criteria evaluation. This explicit indication can be replaced by the configuration of low mobility criteria.
· Network configure the low mobility criteria
· As mentioned as above, UE will perform RLM/BFD relaxed measurement only if both low mobility criteria and good serving cell quality criteria are fulfilled. After network configuring the low mobility criteria, UE can start to evaluate both configured low mobility criteria and predefined good serving cell quality criteria. 
Proposal 2: The configuration method for low mobility criteria (and good serving cell quality criteria) 
· In the case of network configured good serving cell quality criteria, network should configure good serving cell quality criteria and low mobility criteria simultaneously
· UE is capable of performing RLM/BFD relaxed measurement only if both low mobility criteria and good serving cell quality criteria are fulfilled.
· In the case of predefined good serving cell quality criteria, network should configure the low mobility criteria
· UE can start to evaluate both configured low mobility criteria and predefined good serving cell quality criteria after network configuring the low mobility criteria
For Issue 1-3, we have concern about this network signaling. When low mobility criteria is not configured, whether UE can relax or not is depending on network’s judgment, maybe based on UE measurement results. However, this kind of network judgment usually has delay, the judgement is based on UE past statement, which may deviate from the current UE situation.  
However, we agreed that the low mobility criterion is NOT mandatory to be configured to enable RLM/BFD relaxation in the last meeting. Considering of the completeness of the relaxation scheme, we can compromise to accept this signaling as a supplement to relaxation criteria. In other words, configure this explicit relaxation indication to UE when UE is allowed to relax the RLM/BFD measurements, only in the case of low mobility criteria is not configured.
Proposal 3: Configure explicit relaxation indication to the UE when UE is allowed to relax the RLM/BFD measurements, only in the case of low mobility criteria is not configured.
2.2. Low mobility criteria
Issue 2-1-1: RS for L3 RSRP in Low mobility criteria
Agreement
Intra-frequency L3 RSRP measurement of serving cell based on SSB is used for low mobility criteria evaluation.
· FFS: L3 CSI-RS
· FFS support beam-level low mobility criterion at least for UE configured with BFD
Network can acquire UE capability before configuring the intra-frequency measurement. After this, network will configure UE supported measurement and RS to UE. The RS can be SSB and/or CSI-RS according to UE capability. In our view, if network configure both SSB and CSI-RS for intra-frequency L3 RSRP measurement, then UE can evaluate the low mobility criteria by SSB or CSI-RS. If network configure SSB or CSI-RS for intra-frequency L3 RSRP measurement, then UE evaluate the low mobility criteria by the corresponding RS. In summary, for low mobility criteria, intra-frequency L3 RSRP measurement of serving cell based on SSB or CSI-RS will be used.
Proposal 4: For low mobility criteria, intra-frequency L3 RSRP measurement of serving cell will be based on SSB or CSI-RS. 
Issue 2-1-2: Accuracy requirements for low mobility criteria
Proposals
· Option 1: The RRM measurements used for low mobility evaluation shall fulfill the accuracy requirements defined in TS 38.133 section 10. (Nokia, Intel, Ericsson)
· Other options are not precluded.
In general, we think all SSB/CSI-RS based L3 RSRP measurements shall fulfill the accuracy requirements no matter for low mobility evaluation or other cases. So, we agree with Option 1, the accuracy requirements and related test cases in current spec can be reused. 
Proposal 5: The RRM measurements used for low mobility evaluation shall fulfill the accuracy requirements defined in TS 38.133 section 10. 
Issue 2-2: Low mobility criteria configuration type
Proposals
· Option 1: Low mobility criterion is configured on per-UE basis, and UE needs only to identify low mobility state according to RRM measurements in the NR PCell for the case of NR single carrier, NR CA, NE-DC and NR-DC, and according to that in the NR PSCell for the case of EN-DC. 
· Option 2: on per-cell basis 
· Option 3: leave for RAN2 to decide. 
During the discussion in last meeting, we think both Option 1 and Option 2 can work well. Option 1 can provide more flexibility for network configuration, while Option 2 is good for saving signalling overhead.
However, after the last meeting, considering that low mobility criteria reached the following conclusion that the low mobility criteria is not mandatary to be configured. Option 1 becomes more suitable since it can enable/disable the relaxation criteria in per-UE level. 
Proposal 6: Low mobility criterion is configured on per-UE basis, and UE needs only to identify low mobility state according to RRM measurements in the NR PCell for the case of NR single carrier, NR CA, NE-DC and NR-DC, and according to that in the NR PSCell for the case of EN-DC. 
Issue 2-3: RAN4 or RAN2 to define the low mobility criteria
Proposals
· Option 1: Low mobility criterion is preferred to be further discussed in RAN2.
· Option 2: Be discussed in RAN4. 
On one hand, this WI is led by RAN4, on the other hand, RAN4 had already achieved some progress for low mobility criterion. We prefer to continue discussing the low mobility criteria in RAN4. The conclusion can be informed to RAN2 for signalling definition.
Proposal 7: Continue discussing the low mobility criteria in RAN4. 
2.3. Good serving cell quality criteria
Issue 3-2-1: good serving cell quality criteria for RLM
Agreement
The good serving cell quality criteria for RLM is based on an offset X dB and Qx, while Qx is derived from PDCCH transmission parameters.    
· Option 1: Qx = Qout
· Note: Larger value of X can be considered. 
· Note: Companies are encouraged to provide the range/value of offset X.
· Option 2: Qx = Qin
· Option 2a: Qx = Qin, while set offset as X = 0 dB. 
Both Option 1 and Option 2 are fine for us, because what really matters is the value of Qx+X dB. Through setting different X value, Option 1 and Option 2 can achieve same result. The advantage of Option 1 is that the good serving cell quality criteria for RLM and BFD can be based on same metric (Qout and Qout_LR). However, further limitation on the range of offset X may be needed. We propose X≥8dB according to the SSB-SNR setting in current RLM test cases.
Proposal 8: Qx = Qout
· X shall be equal to or larger than 8dB.
Issue 3-2-2: 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).  
· Note: Companies are encouraged to provide the range/value of offset Y.
· Note: Larger value of Y can be considered. 
· Option 2: radio link quality > Qin_LR + Y (dB). 
· Option 2a: The value of Y can consider the PDCCH BLER performance for BFD based on SSB or CSI-RS. 
· Option 2b: Y = 0.   
We support Option 1. It should be mentioned that the good serving cell quality criteria is SINR based. However, for Option 2, Qin_LR is used to compare with L1-RSRP instead of SINR. As for the range of Y, in order to be consistent with RLM, we propose to use 8dB as the lower bound of Y.
Proposal 9: The good serving cell quality criteria for BFD is radio link quality > Qout_LR + Y (dB).  
· Y shall be equal to or larger than 8dB.

Issue 3-3-1: predefined or configured offset (X in Issue 3-2-1, Y in Issue 3-2-2)
Proposals
· Option 1: The offset values are configured to the UE by the network.
· Option 2: Use predetermined offset value. 
· Option 2a: The threshold for determining the good serving cell quality is pre-defined as in existing RLM evaluation principle and offset values on top of the existing requirement can be considered. 
· Option 2b: Use predetermined offset value of 5dB. 
· Option 2c: The threshold for determining the good serving cell quality is pre-defined as Qin, and no need to define any offset values. 
Network configuration gives more flexibility to network to differentiate the UE class or deployment scenario. Such as the offset values/thresholds can be higher under the outdoor scenario, and it can be lower under the indoor scenario, which UE’s mobility is usually lower and channel state is more stable.
Proposal 10: The offset values are configured to the UE by the network.
Issue 3-3-4: different offsets for RLM and BFD 
Proposals
· Option 1: The offset values for deriving the threshold used for good serving cell quality criterion can be different for RLM relaxation and BFD relaxation. 
· Option 2: Same threshold if the same set of RSs are used. 
· Option 3: using Qin and Qin_LR as the entering criteria, there is no need to define offset value, or the offset values are assumed to be 0. 
Option 1 is preferred. From our point of view, the offset value or threshold is configured by network, naturally, different offset values are allowed for RLM and BFD.
Proposal 11: Different offset values should be allowed for RLM and BFD.
Issue 3-4: Good serving cell quality criteria configuration type
Proposals
· Option 1: Cell quality criterion is effective on per-cell basis, either activated by explicit thresholds configuration on per-cell basis or by other broadcast/dedicated signaling on per-cell basis. 
· Option 2: per-UE basis 
· Option 3: leave for RAN2 to decide.
Similar analysis as Issue 2-2, we are fine with both Option 1 and Option 2 during the discussion in last meeting.
However, In the end of last meeting, RAN4 agreed that the low mobility criteria is not mandatary to be configured. We think the low mobility criteria and the good serving cell quality criteria shall be configured simultaneously. Therefore, Option 2 becomes more suitable since it can enable/disable the relaxation criteria in per-UE level. 
Proposal 12: Good serving cell quality criteria is configured on per-UE basis.
2.4. Exiting Relaxation criteria
Issue 4-1: Exit criteria based regarding the radio link quality
Background: 
Agreement in RAN4 98-e-Bis meeting:
· 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).
Agreement in RAN4 99-e-Bis meeting:
· If the UE fulfills any of serving cell quality exit condition or low mobility exit condition, or DRX cycle length is NOT allowed for relaxation, UE will exit relaxation mode.
· Note1: Whether the exit condition for serving cell quality is explicitly specified or not is up to issue 2-3-2.
· Note2: FFS the details of the exit condition of low mobility’
Proposals in RAN4 100-e meeting:
· Option 1: No additional criteria are needed, previous agreement from 98-e-bis and 99-e-bis are sufficient.  
· Option 2: Set exit threshold as entering threshold with a hysteresis value. 
· FFS the exit threshold is configurable. 
· Option 3: Use Qout as exit threshold i.e. the UE will exit from relaxation mode when OOS is detected. 
As stated in the agreement of RAN4 98-e-Bis meeting, UE will revert to normal RLM operation upon observed link quality degradation.
We prefer Option 2. From our view, when channel quality drops to near Qout, it is not suitable for UE to continue the relaxation. The exit threshold in Option 2 can be higher than Qout, which can guarantee UE exit relaxation mode before UE triggering the RLF, further avoid introducing additional RLF triggering delay in most cases.
The exit threshold can be expressed as: SINRexit = SINRenter – H, H is the hysteresis value. If SINRenter = Qout +X, then SINRexit = Qout + Z, Z = X – H. Z can be configured by network.
Proposal 13: Set exit threshold as entering threshold with a hysteresis value
· SINRexit = Qout + Z
· Z is in the range of (0, X)
· Z can be configured by network
2.5. During Relaxation mode
Issue 5-1: lower bound of relaxed evaluation period
Proposals:
· Option 1: the lower bound of relaxed evaluation period is also relaxed. 
· Option 2: the lower bound of relaxed evaluation period is NOT relaxed.
We support Option 2. First, the legacy method in R15 DRX relaxation is Option 2, relaxation factor is not applied to the lower bound. Second, the lower bound will not be selected in the most cases, except for when the RS transmission period equals to 5ms. Last, even the lower bound will be selected, it is larger than the relaxed evaluation period, the measurement has already been relaxed by using this lower bound.
Proposal 14: The lower bound of relaxed evaluation period is not relaxed.
Issue 5-3: OOS indication during relaxation mode
Proposals
· Option 1: Same as in legacy RLM procedure, UE indicates OOS when the measured SINR becomes worse than Qout during the relaxed mode. 
· Option 2: Do not send OOS indication in relaxation mode. UE shall exit from the relaxed RLM/BFD measurements at the 1st Qout occurrence.
· Option 3: no need to further discuss 
· Option 4: depends on other issue
We support Option 1. In our point of view, the OOS indication has no relation with whether UE is in relaxation mode or not. Although SINR lower than Qout during relaxation mode is small probability event with proper exit criteria, the UE should also send the OOS indication under this case.
Proposal 15: The UE shall send OOS indications when the measured SINR becomes worse than Qout threshold and follow the associated procedures (including N310 counters), regardless UE is in relaxation mode or not, i.e. same as in legacy RLM procedure.
2.6. Other Aspects
Issue 6-1: Relaxation criteria for multiple RLM-RS/BFD-RS
Proposals
· Option 1: Entering power saving mode when at least one of the configured resources are better than the entering threshold.
· 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 (Qout + X1) for all RLM-RS resource. 
· The shall exit the relaxed mode when the radio link quality is worse than the threshold (Qout + X2) for any the RLM-RS resources. 
· The values of X1, X2 are FFS.
· Option 3: The UE behaviour on checking the entering/exiting condition of cell quality criterion regarding multiple RLM-RSs/BFD-RSs is not specified. 
· Option 4: relaxation is based on per-RS basis 
Both Option 1 and Option 2 have no impact to OOS indication procedure and results when UE is in relaxation mode. Option 2 means stricter criteria for enter and exit, it can avoid frequent revert behavior. Therefore, Option 2 is slightly preferred. Besides, the words corresponding to entering and exiting thresholds may need to be revisited according to Issue 3-2-1/1 and Issue 4-1.
Proposal 16: 
· 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 entering threshold for all RLM/BFD-RS resource. 
· The UE shall exit the RLM/BFD relaxed mode when the radio link quality is worse than the exiting threshold for any the RLM/BFD-RS resources.
3. Conclusion
In this contribution, we discuss the relaxation applicability and criteria for RLM and BFD relaxation. The proposals are:
Proposal 1: No need to introduce the UE capability on supporting low mobility criterion in Rel-17 power saving.
Proposal 2: The configuration method for low mobility criteria (and good serving cell quality criteria) 
· In the case of network configured good serving cell quality criteria, network should configure good serving cell quality criteria and low mobility criteria simultaneously
· UE is capable of performing RLM/BFD relaxed measurement only if both low mobility criteria and good serving cell quality criteria are fulfilled.
· In the case of predefined good serving cell quality criteria, network should configure the low mobility criteria
· UE can start to evaluate both configured low mobility criteria and predefined good serving cell quality criteria after network configuring the low mobility criteria
Proposal 3: Allow explicit relaxation indication to the UE when it is allowed to relax the RLM/BFD measurements, only in the case of low mobility criteria is not configured.
Proposal 4: For low mobility criteria, intra-frequency L3 RSRP measurement of serving cell will be based on SSB or CSI-RS. 
Proposal 5: The RRM measurements used for low mobility evaluation shall fulfill the accuracy requirements defined in TS 38.133 section 10. 
Proposal 6: Low mobility criterion is configured on per-UE basis, and UE needs only to identify low mobility state according to RRM measurements in the NR PCell for the case of NR single carrier, NR CA, NE-DC and NR-DC, and according to that in the NR PSCell for the case of EN-DC. 
Proposal 7: Continue discussing the low mobility criteria in RAN4. 
Proposal 8: Qx = Qout, X shall be equal to or larger than 8dB.
Proposal 9: The good serving cell quality criteria for BFD is
· Option 1: radio link quality > Qout_LR + Y (dB).  
· Y shall be equal to or larger than 8dB.
Proposal 10: The offset values are configured to the UE by the network.
Proposal 11: Different offset values should be allowed for RLM and BFD.
Proposal 12: Good serving cell quality criteria is configured on per-UE basis.
Proposal 13: Set exit threshold as entering threshold with a hysteresis value
· SINRexit = Qout + Z
· Z is in the range of (0, X)
· Z can be configured by network
Proposal 14: The lower bound of relaxed evaluation period is NOT relaxed.
Proposal 15: The UE shall send OOS indications when the measured SINR becomes worse than Qout threshold and follow the associated procedures (including N310 counters), regardless UE is in relaxation mode or not, i.e. same as in legacy RLM procedure.
Proposal 16: 
· 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 entering threshold for all RLM/BFD-RS resource. 
· The UE shall exit the RLM/BFD relaxed mode when the radio link quality is worse than the exiting threshold for any the RLM/BFD-RS resources.
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