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1	Introduction
RAN4 has discussed RRM requirements for relaxed RLM and BFD for last several meetings and good progress has been reached. The outcome of the discussions from last meeting were summarized in a way forward documents in [1], and a LS was sent to RAN2 containing the RAN4 agreements [2]. In this contribution, we discuss and provide our view on the remaining issues. 
2	Discussions on the open issues
2.1 Relaxation applicability
UE capability for low mobility criterion
It was discussed at last meeting whether to introduce a UE capability on supporting low mobility criterion for Rel-17 UE power saving. The UE capability is typically discussed at the end of the work item. As per earlier RAN4 agreement, both Rel-16 and Rel-17 low mobility criterion can be used for determining the low mobility state for Rel-17 UE power saving. Therefore the low mobility UE capability from Rel-16 UE power saving can be reused. 
· Proposal #1: UE capability from Rel-16 low mobility criterion is reused for low mobility criterion in Rel-17 UE power saving requirements.

Configuration of good serving cell quality
It was agreed at last meeting that configuration of low mobility criterion is not mandatory for the network [1]. Following the same approach, we support the option of having the good serving cell quality criterion as an optional configuration for the network. Since UE needs to evaluate both low mobility and good serving cell quality criterion to determine whether to apply relaxed requirements, having only the good serving cell quality criterion as mandatory does not lead to any benefit. 
· Proposal #2: Good serving cell quality criterion, which is used for determining whether to apply relaxed RLM/BFD, is not mandatory to be configured by the NW. 

Explicit indication to enable RLM/BFD relaxation
The use case for having an explicit indication is not entirely clear and needs more discussion. It has been discussed earlier to have an explicit indication to enable or disable relaxed RLM/BFD feature. Such indication can be very useful as the NW can based on own collected data enable or disable this feature. In our understanding, this particular indication is related to having another possibility for the NW to indicate that the good serving cell quality is sufficient to apply relaxation. It shall however be noted that UE still needs to meet the other remaining criteria to enter the relaxed mode. If the good serving cell quality criterion is configured or predefined, then it should be the task of the UE to evaluate it and there is no clear benefit in explicitly indicating that UE has fulfilled those.
· Proposal #3: Allow an explicit indication from NW to UE to relax the RLM/BFD measurements irrespective of the relaxation criteria configuration. 

· Proposal #4: The benefit of having an explicit indication to indicate the good serving cell quality shall be evaluated needs more discussions.  

2.2 Low mobility criteria
RS for L3 RSRP in low mobility criterion
At last meeting it was agreed to use the SSB based intra-frequency L3 RSRP measurement of the serving cell to evaluate the low mobility criteria [1]. The open issues include whether to further consider L3 CSI-RS or additional beam level conditions. The current agreement based on SSB is sufficient as it is the fundamental RS required for basic operation and there is no need further enhance the feature for other optional capabilities. 
· Proposal #5: The existing agreement to use SSB based L3-RSRP measurement of the serving cell to evaluate the low mobility criterion is sufficient.

Accuracy requirements for low mobility criteria
It is important that the measurements used for determining the low mobility state of the UE are valid and reliable measurements. The RRM requirements used for evaluating the low mobility criteria shall therefore fulfill the corresponding measurement accuracy requirements which are defined in section 10 of TS 38.133. This way UE can avoid a situation where it mistakenly enters into a relaxed mode.
· Proposal #6: The RRM measurements used for evaluating the low mobility criterion shall fulfill the measurement accuracy requirements.

Additional factors to consider in low mobility criteria
RAN4 is currently discussing whether to introduce additional conditions to determine the low mobility state based on following options: 
	· Option 1: RAN4 additionally to define a low mobility criterion based on the number of serving beam changes over time (e.g. TCI state change) (Nokia)
· It is up to network to configure if the low mobility criteria is based on RSRP variation or TCI changes, or the two in combination. (Nokia)
· Option 1a: Relaxed mode operation for RLM/BFD is allowed if UE has not done any beam failure detection over last X (e.g. X=1) evaluation period. (Ericsson)
· Option 2: Use the following low mobility evaluation for BFD: (Qualcomm)
· For a serving cell, the change in the difference between SINR of its BFD RSs and the largest SINR of other non-QCLed beams is lower than a threshold configured by network. Network can configure BFD RS with two non-QCLed RSs to enable the SINR comparison between serving and other non-QCLed beams.
· Option 2a: Define L1-SINR measurement accuracy requirement for BFD low mobility evaluation purpose. (Qualcomm)
· Option 3: not to define any additional low mobility criteria. (Huawei, Apple, Intel, vivo, CATT, MTK, Xiaomi, OPPO) 



In general, our view is that the previous agreements are sufficient to determine the low mobility state of the UE as part of the criteria to operate in relaxed mode, as proposed in option 3. However, given that the RRM measurements that are used in evaluating the low mobility criteria are subject to measurement bias, additionally taking into account the beam aspects as part of the low mobility criteria may further improve the reliability especially in FR2. More specifically, relaxed mode of operation can be allowed provided that there has not been any beam changes over a certain time period, e.g. during last evaluation period. If any beam changes have occurred then this might be an indication that the UE location has changed and therefore the UE should be performing the RLM/BFD following the normal (legacy) mode.
· Proposal #7: The UE shall not operate RLM/BFD in relaxed mode if any Rx beam changes have occurred during the last N evaluation period.  
Configuration of relaxation criteria
Unlike the IDLE/INACTIVE state relaxation criteria which are per-cell, the CONNECTED mode relaxation criteria can be configured per UE. In CONNECTED mode, NW has the possibility to configure the criteria (e.g. the thresholds) individually per UE based on different types of information such as reported measurement results or RedCap-type UE. Per-UE based criteria gives more flexibility to the NW and it also ensures that the mechanism can be more reliable as it can be adapted based on individual state of the UE. Therefore we propose that both low mobility criteria and good serving cell criteria are configured per UE in CONNECTED mode for relaxed RLM/BFD.
· Proposal #8: Low mobility criterion is configured on per-UE basis for relaxed RLM/BFD.
· Proposal #9: Good serving cell quality criterion is configured on per-UE basis for relaxed RLM/BFD.
Following agreement was reached regarding the thresholds used in the low mobility criterion [1]:
	Issue 2-1-3: thresholds for R17 low mobility criteria
Agreement
For low mobility criterion, the threshold on RSRP variation and the time period over which the RSRP variation is evaluated for relaxed RLM/BFD measurement are configured by network.
· Thresholds for R16 low mobility criterion and R17 low mobility criterion can be configured separately.



The above agreement means that both Rel-16 and Rel-17 low mobility criterion can be configured separately. The former criterion is referred to the Rel-16 low mobility criterion introduced as part of Rel-16 UE power saving work item. The latter criterion is not clear, e.g. whether it is the Rel-17 low mobility criterion which is being introduced in RedCap WI or whether it is referred to the additional relaxation conditions which are agreed in RAN4 as part of Rel-17 UE power saving WI. Nevertheless, given that RAN4 has already spent significant time on discussing and agreeing on the low mobility criterion our view is that the low mobility criterion can be defined by RAN4 and RAN2 can be informed to work on the signaling support. 
· Proposal #10: The low mobility criterion for Rel-17 relaxed RLM/BFD operation is defined by RAN4.

Good serving cell quality criteria for RLM and BFD
Following agreement was reached at last meeting [1]:
	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. 



The serving cell quality threshold used for allowing the relaxed RLM/BFD can be expressed as function of RLM OOS threshold or BFD threshold because the estimated SINR is subject to UE implementations. By using an offset with respect existing RLM/BFD threshold, the same good serving cell criterion can be used for all UEs regardless of implementations. For example, the UE is allowed to relax when the network has determined the UE to be in low mobility conditions and when estimated radio link quality is above Qout + X (dB) and Qout,LR + Y (dB) for RLM and BFD respectively. Values of X and Y can be further discussed and agreed in RAN4. Our view is that these offsets are predefined in the specification and it simplifies the work both in RAN2 and RAN4, however the values might be different for RLM and BFD since they are triggered at different stages. In existing performance requirements, it is designed Qout is triggered at -10 dB and BFD at -7 dB, a reasonable value for X and Y can be X=15 dB and Y=12 dB respectively, considering the difference between Qout and Qin around 10dB and additional margin. 
Therefore we make following proposals:
· Proposal #11: Offsets X and Y used in good serving cell quality for RLM and BFD are predefined.

· Proposal #12: Offsets X and Y used in good serving cell quality for RLM and BFD are different.

· Proposal #13: The good serving cell quality for RLM is based on Qx = Qout, where X = 15 dB. 

· Proposal #14: The good serving cell quality for BFD is based on radio link quality > Qout_LR + Y (dB), Y = 12 dB.


Additional exiting relaxation criteria
RAN4 has previously discussed and agreed on numerous exiting criteria for relaxed RLM. See the following agreement from 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).



Additional agreement was reached 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’



Following additional criteria are being discussed for exiting the relaxed RLM [1]:
	Proposals
· 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. 




In general, our view is that the previous agreements are sufficient to ensure that UE operates relaxed RLM only when the UE is operating in good serving cell conditions. Thus we support option 1. Our view is that option 3 is already part of the good serving cell quality where an offset is applied with respect to the current RLM thresholds. We don’t see any need to further optimize the exiting criteria. 
· Proposal 15: No additional exiting criteria are needed, previous agreements from 98-e-bis and 99-e-bis are sufficient.

During Relaxation mode
It is observed that for certain configurations of reference signal periodicity and short DRX cycle length, the upper bound derived from (Ceil([Y] x P x N) x Max(TDRX, TRLM-RS/BFD-RS))) becomes smaller than the lower bound which is 200 ms. One specific configuration that results in upper bound lower than 200 ms comprises CSI-RS periodicity of 5 ms and short DRX cycle length of 5 ms, which was pointed by certain companies at last meeting. Therefore our view is that the scaling factor needs to be applied also for the lower bound in the formula for relaxed evaluation period.
· Proposal #16: Relaxation factor is applied to the whole TEvaluate including the lower bound. 

Regarding the relaxation factor discussions, we support following that depends on the max (TDRX and TSSB) as follows:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms

The motivation is that when TSSB is greater than 80 ms (e.g. 160 ms), the UE may not wake up in between two SSB occasions even if DRX cycle length is shorter than 160 ms. Since RAN4 has already agreed that the relaxed requirements apply only for DRX cycle length ≤ 80 ms, scaling factor is set to 1 when 80 ms < MAX(TDRX,TSSB) ≤ 160 ms. For other cases (i.e. when DRX ≤ 80ms), the current requirements can be relaxed by a factor of 4. 

Given the differences in measurement assumptions between FR1 and FR2, it is reasonable to assume different scaling factors for FR1 and FR2. For example, in the legacy requirements the beam seeping factor N is only applied to SSB based procedures in FR2 (N=8) while no sweeping is assumed in FR1 (N=1). Following a similar approach our view is that relaxation factor in general can be slightly lower for FR2 compared to FR1. In addition, it was observed in earlier discussions that SSB based measurements are more subjective to bias than CSI-RS based measurement in FR2. Therefore we support following proposal from the discussions at last meeting:

· Proposal #17: Relaxation factors are different for FR2, and those are smaller than FR1.
· Proposal #18: Relaxation factors can be different for SSB based and CSI-RS based relaxation in FR2. 

· Proposal #19: The scaling factor is agreed as follows for FR1:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms
· Proposal #20: The scaling factor is agreed as follows for FR2:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=1.5 for MAX(TDRX, TSSB) ≤ 60 ms for SSB based relaxation.
· K=2 for MAX(TDRX, TSSB) ≤ 80 ms for CSI-RS based relaxation.

OOS indication during relaxation mode
Different options are being discussed related to whether the UE shall send out-of-sync indications while operating in relaxed mode. Our view is that the legacy behavior shall apply, i.e. the UE shall continue to 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). This means the relaxation is introduced only in form of extended evaluation period while all other UE behaviors remain the same. Therefore we support option 1.
· Proposal #21: The legacy behavior for evaluating the serving cell quality and sending out-of-sync indication shall apply also during the relaxed mode. 

Relaxation criteria for multiple RLM-RS/BFD-RS
There is another related open issue as follows:
	Proposals
· Option 1: Entering power saving mode when at least one of the configured resources are better than the entering threshold. (Qualcomm, MTK, Xiaomi, Oppo)
· Option 2 (CMCC, Ericsson)
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. (vivo, MTK)
· Option 4: relaxation is based on per-RS basis (Nokia)




This issue is related to the good serving cell quality issue, i.e. it determines when the UE can enter the relaxed RLM/BFD operation. The concern we have with option 1 is that the conditions to enter the relaxed mode are quite relaxed and it may result in that UE mistakenly enters the relaxed mode. Our view, on the other hand, is that the entering conditions should be stricter than the exiting conditions to avoid that UE mistakenly enters the relaxation state and to not compromise on the performance. Therefore we support option 2. 
· Proposal #22: 
· 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 UE 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 can be same as those discussed for good serving cell quality.

3		Summary
In this contribution we have provided our initial view on relaxed radio link monitoring and beam management requirements. Based on the discussions, we have made following proposals:
· Proposal #1: UE capability from Rel-16 low mobility criterion is reused for low mobility criterion in Rel-17 UE power saving requirements.
· Proposal #2: Good serving cell quality criterion, which is used for determining whether to apply relaxed RLM/BFD, is not mandatory to be configured by the NW. 
· Proposal #3: Allow an explicit indication from NW to UE to relax the RLM/FD measurements irrespective of the relaxation criteria configuration. 

· Proposal #4: The benefit of having an explicit indication to indicate the good serving cell quality shall be evaluated needs more discussions.  
· Proposal #5: The existing agreement to use SSB based L3-RSRP measurement of the serving cell to evaluate the low mobility criterion is sufficient.
· Proposal #6: The RRM measurements used for evaluating the low mobility criterion shall fulfill the measurement accuracy requirements.
· Proposal #7: The UE shall not operate RLM/BFD in relaxed mode if any Rx beam changes have occurred during the last N evaluation period.  
· Proposal #8: Low mobility criterion is configured on per-UE basis for relaxed RLM/BFD.
· Proposal #9: Good serving cell quality criterion is configured on per-UE basis for relaxed RLM/BFD.
· Proposal #10: The low mobility criterion for Rel-17 relaxed RLM/BFD operation is defined by RAN4.
· Proposal #11: Offsets X and Y used in good serving cell quality for RLM and BFD are predefined.

· Proposal #12: Offsets X and Y used in good serving cell quality for RLM and BFD are different.

· Proposal #13: The good serving cell quality for RLM is based on Qx = Qout, where X = 15 dB. 

· Proposal #14: The good serving cell quality for BFD is based on radio link quality > Qout_LR + Y (dB), Y = 12 dB.
· Proposal #15: No additional exiting criteria are needed, previous agreements from 98-e-bis and 99-e-bis are sufficient.
· Proposal #16: Relaxation factor is applied to the whole TEvaluate including the lower bound. 

· Proposal #17: Relaxation factors are different for FR2 is smaller than FR1.
· Proposal #18: Relaxation factors can be different for SSB based and CSI-RS based relaxation in FR2. 

· Proposal #19: The scaling factor is agreed as follows for FR1:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=4 for MAX(TDRX, TSSB) ≤ 80 ms
· Proposal #20: The scaling factor is agreed as follows for FR2:
· K=1 for 80 ms < MAX(TDRX,TSSB) ≤ 160 ms 
· K=1.5 for MAX(TDRX, TSSB) ≤ 60 ms for SSB based relaxation.
· K=2 for MAX(TDRX, TSSB) ≤ 80 ms for CSI-RS based relaxation.
· Proposal #21: The legacy behavior for evaluating the serving cell quality and sending out-of-sync indication shall apply also during the relaxed mode.
· Proposal #22: 
· 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 UE 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 can be same as those discussed for good serving cell quality.
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