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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#101-e meeting. Although some issues were agreed, there are still some open issues. 
In this contribution, we provide our consideration of several remaining issues for UE power saving enhancement and give our proposals.
Discussion
In RAN4#101-e meeting and before, several aspects have been discussed. Some agreements have been reached, but there are still some open issues. We will discuss the remaining issues in these aspects:
Relaxation applicability
In way forward of RAN4#101-e meeting [1], it is listed as below:
	Issue 1-1-2: UE capability for low mobility criteria?
Proposals
· 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.


The UE capability here is not clear. In our view, a UE capability for support whole feature can be added. We can discuss UE capability after achieving consensus for other open issues.
Proposal 1: No need to introduce an UE capability on supporting low mobility criterion in Rel-17 power saving. UE capability for support whole feature can be added. UE capability can be discussed after achieving consensus for other open issues.

Before RAN4#101-e meeting, good serving cell quality criterion is agreed to be one of the criterion to do relaxation. But whether this criterion is mandatory to be configured or not, there is no consensus. In way forward of RAN4#101-e meeting [1], it is listed as below:
	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 (OPPO, [Nokia], ZTE, Ericsson, Nokia, Ericsson, Apple)
· 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. (CATT, MTK, Huawei, Intel, CMCC, Qualcomm, vivo, Xiaomi)



Firstly, we want to confirm the “mandatory to be configured”. In previous consensus, the relaxed RLM/BFD requirements are applied when UE is configured with both low mobility criterion and good serving cell quality criterion and both criteria are fulfilled. But NW has the control whether those criteria are configured or not. Similar to power saving in Rel-16, the criteria are optional. But if good serving cell quality criterion is not configured, which means UE is not allowed to do the RLM/BFD relaxation. 
Proposal 2: NW has the control whether the criteria are configured or not. If good serving cell quality criterion is not configured, which means UE is not allowed to do the 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



Firstly, we do not support good serving cell quality criterion is predefined. Therefore, the explicit indication for good serving cell quality criterion can be discussed later after consensus on good serving cell quality criteria. But for the low mobility criterion, the WF in last meeting is like:
	Issue 1-1-B: whether the low mobility criterion is mandatory to be configured, when network would like to enable RLM/BFD relaxation?
· 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. 



If low mobility criterion is not configured, an explicit indication can be used to indicate to UE by NW. 
Proposal 3: We don’t prefer to use an explicit indication for predefined good serving cell quality. If low mobility criterion is not configured, an explicit indication can be used to indicate to UE by NW.
	Issue 1-3: dedicated signaling to indicate the UE when it is allowed to relax the RLM/BFD measurements
Proposals
· 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



For the dedicated signalling to indicate the UE, the more details are required. As mentioned above, if low mobility criterion is not configured, an explicit indication can be used to enable RLM/BFD relaxation by NW to indicate UE fulfils low mobility criterion. If both two criteria are configured, and the dedicated signalling is also configured to UE, what are the priority and such behaviour for UE? One option is UE will evaluate the two criteria and ignore the dedicated signalling. 
Proposal 4: Allow explicit relaxation indication to the UE in dedicated cases. 

Low mobility criteria
RAN4 discussed for RS type for low mobility criteria for many times. At RAN4#101-e meeting, L3 RSRP measurement of serving cell based on SSB is agreed. But CSI-RS is still under discussed. They are shown in WF [1] as below:
	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


We support to use CSI-RS as RS as well. It is agreed to reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation in RAN4#100-e meeting. 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. SSB based L3 measurements and CSI-RS based L3 measurements are both supported. Therefore, we think RSRP for measuring SSB or CSI-RS are both feasible. For the UEs supports CSI-RS based L3 measurements, CSI-RS RSRP can also be used to achieve better performance. For those UEs which cannot support CSI-RS based L3 measurements, they can still use L3 RSPR based on SSB.
Proposal 5: L3 CSI-RS can be used for low mobility criteria evaluation for UEs supports CSI-RS based L3 measurements as well. SSB based or CSI-RS based RSRP measurement can be used for low mobility criteria.

At last meeting, some companies proposed to add additional low mobility criteria as below:
	Issue 2-1-4: Additional Low mobility criteria
· Proposals
· 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)


We understand the motivation to introduce the additional low mobility criteria to cover such cases which UE moves circularly with base station in high speed. In such cases, the RSRP changes not so much. But the relaxation can be entered for both low mobility and good serving cell quality criteria are met. In such case, the UE change to multiple beams frequently which caused beam failure frequently in beam level. It will exit relaxation mode immediately. Therefore, we prefer not to define any additional low mobility criteria.
Proposal 6: We prefer not to define any additional low mobility criteria.

	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. (Vivo, MTK, CMCC, Oppo)
· Option 2: on per-cell basis (CMCC)
· Option 3: leave for RAN2 to decide. 


In our understanding, the low mobility status for a UE is a common state. There is no need to estimate all carriers for a single UE. If different configurations of different cells are different, there might be different decision for multiple cells although the UE is in the same speed status. It introduces redundant measurement for the same purpose for UE complexity. Therefore, we support option 1. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 7: For low mobility criterion, NW configuration is on per-UE basis. And only measurements in PCell and PSCell are needed. 
RAN4 has been discussed the low mobility criteria for many meetings and has some achievements. We prefer to continue the discussion and define the criteria in RAN4. 
Proposal 8: We prefer to continue the discussion and define the low mobility criteria in RAN4. 
Good serving cell quality criteria
At RAN4#101-e meeting, it is agreed the good serving cell quality criteria for RLM is based on an offset X dB and Qx. The options for thresholds are not decided. Two options are listed in WF [1] as below:
	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. 



The relaxation is allowed in such cases with the channel condition is good enough. But what is the definition of “good enough”? Option 1 and option 2 can be the same if X is larger than the difference. For the threshold Qout, it is defined as the level at which the downlink radio link cannot be reliably received anymore and shall correspond to out-of-sync block error rate. If X is very small and close to Qout, which means the channel is not so good. In such case, it shouldn’t be suitable to be relaxed. If X is larger value for option 1, it can be the same as option 2. If look into the link level results for hypothetical PDCCH in the past, it is observed the SNR gap between in-sync and out-of-sync is between 3dB in AWGN and >5dB in other channel conditions. The X can be configured by NW for different cases. Therefore, we support to use Qx = Qin or Qx = Qout. X dB should be larger than 3dB at least. 
Proposal 9: For RLM, the X can be configured by NW for different cases. Option 2 and option 1 with large offset are both acceptable. For offset of Qout, X should be larger than 3dB at least.

	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.   



In Chapter 6 in 38.213, the UE does corresponding L1-RSRP measurements and compares to the threshold of Qin_LR. Follow the definition in RAN1, UE uses to assess the radio link quality is compared to the threshold Qout_LR. Option 1 is reasonable. 
Proposal 10: The good serving cell quality criteria for BFD is radio link quality >  Qout_LR + Y (dB).

	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. 


The RS source can be different. The SINR range for RLM and BFD can also be different. 
Proposal 11: The offset values for deriving the threshold used for good serving cell quality criterion can be different for RLM relaxation and BFD relaxation.
Exiting Relaxation criteria
Before RAN4#101-e meeting, the exiting relaxation criteria has been discussed a lot and the basic rules have been agreed. 
	Issue 4-1: Exiting relaxation criteria
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. 



We think option 1 and option 3 are the same. If Qout is used, it is supported in previous agreements. The option 2 is our proposal before. The intention to add a guard offset compared to entering threshold to avoid UE changes between normal mode and relaxed mode frequently. But considering how to decide entering threshold may be diversity in multiple conditions. We also fine to use the same threshold as entering threshold to make the mechanism simple. 
Proposal 12: We prefer option 2. But considering the complicated entering threshold, Option 1 is also fine for us. 
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. (CATT, Xiaomi, Ericsson, MTK, vivo)
· Option 2: the lower bound of relaxed evaluation period is NOT relaxed. (CMCC, Nokia, Qaulcomm, Apple, Oppo)


Let’s discuss the issue in two cases. 
Case 1: no DRX.
For SSB, the lower bound is effective when TSSB = 5ms or 10ms. 
For CSI-RS, the lower bound is effective when TCSI-RS ≤10ms for RLM and 5ms for BFD.
Case 2 : short DRX.
For SSB, the lower bound is effective when TSSB = 5ms or 10ms and DRX≤10ms.
For CSI-RS, the lower bound is effective when TCSI-RS  and DRX is shorter than 6ms for RLM and useless for BFD.
For those cases, when UE is allowed to do the relaxation, the relaxed period will be longer than current lower bound. If the lower bound is not relaxed, those cases cannot achieve such K times power saving gain. Therefore, we support to relax the lower bound of relaxed evaluation period as well. 
Proposal 13: The lower bound of relaxed evaluation period should be relaxed as well. 
	Issue 5-2: relaxation factors
Agreement
· The maximum allowed relaxation factor should be less than 8
· The relaxation factor for FR1: 
· TRS is the periodicity of SSB for the case of SSB based, and the periodicity of CSI-RS for the case of CSI-RS based.
· [bookmark: _Hlk87456476]K0, FR1 =1 for 80 ms < MAX(TDRX, TRS) ≤ 160 ms. 
· K1, FR1=[2, 3 or 4] for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1=[2, 3, or 4] for MAX(TDRX, TRS) ≤ 40 ms
· FFS select between [2,3,4]
· Option 1: based on N310/T310 and DRx, 
· e.g., RLM relaxation
· MAX(TDRX, TRS)  <= 40ms
	N310\T310
	<=320ms
	320~1280ms
	>=1280ms

	<8
	2
	3
	4

	>=8
	3
	3
	4


· MAX(TDRX, TRS)  between 80ms and 40ms
	N310\T310
	<=320ms
	320~1280ms
	>=1280ms

	<8
	2
	2
	3

	>=8
	2
	3
	3


· BFD relaxation: when N310>=8, use K = 3, otherwise, K = 2
· Other options are not precluded.
· The relaxation factor for FR2 SSB:
· K0, FR2, SSB = 1 for [80] ms < MAX(TDRX, TSSB) ≤ 160 ms 
· K1, FR2, SSB= [1.5 or 2] for MAX(TDRX, TSSB) ≤ [80] ms for SSB based relaxation.
· The relaxation factor for FR2 CSI-RS:
· K0, FR2, CSI-RS =1 for 80 ms < MAX(TDRX, TCSI-RS) ≤ 160 ms 
· K1, FR2, CSI-RS = 2 for MAX(TDRX, TCSI-RS) ≤ 80 ms for CSI-RS based relaxation.



Consider the simulation results collected before, we prefer 2 and 4 in FR1. If K= 1.5, the samples is not integer for each beam sweep. We prefer just use 2 but not 1.5. 
Proposal 14: For FR1, the scaling factor can be 2 and 4 if max(TDRX, TRS) ≤80ms. For FR2, the scaling factor can be 2 if max(TDRX, TRS) ≤80ms.
	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. (CATT, CMCC, Ericsson, Apple)
· Option 2: Do not send OOS indication in relaxation mode. UE shall exit from the relaxed RLM/BFD measurements at the 1st Qout occurrence. (Qualcomm, Nokia, Huawei, Intel)
· Option 3: no need to further discuss (MTK, Xiaomi)
· Option 4: depends on other issue (vivo, OPPO)



From the wording of option 1 and option 2, when UE is inside the relaxed mode which means UE assess the radio link quality and compare with Qout, if it is worse than Qout, UE indicates OOS and exit relaxed mode at the moment.  If the exit threshold is higher than Qout, UE measured value is higher than Qout but smaller than exit threshold, UE could exit relaxed mode without send OOS indication back to normal measurement. 
Proposal 15: Same as in legacy RLM procedure, UE indicates OOS when the measured SINR becomes worse than Qout during the relaxed mode. 

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. (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)



The RLM and/or BFD are configured per BWP. In RAN1, 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. And RLM is only for SpCell. The same rules can be followed. Therefore, for RLM, the UE is allowed to be relaxed for PCell and PScell when the radio link quality is better than the threshold for all RLM-RS resource. UE shall exit the relaxed mode when the radio link quality is worse than the threshold for any RLM-RS resource. 
Proposal 16: For RLM, the UE is allowed to be relaxed for PCell and PScell when the radio link quality is better than the threshold for all RLM-RS resource. UE shall exit the relaxed mode when the radio link quality is worse than the threshold for any RLM-RS resource. 

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: No need to introduce an UE capability on supporting low mobility criterion in Rel-17 power saving. UE capability for support whole feature can be added. UE capability can be discussed after achieving consensus for other open issues.
Proposal 2: NW has the control whether the criteria are configured or not. If good serving cell quality criterion is not configured, which means UE is not allowed to do the RLM/BFD relaxation.
Proposal 3: We don’t prefer to use an explicit indication for predefined good serving cell quality. If low mobility criterion is not configured, an explicit indication can be used to indicate to UE by NW.
[bookmark: _GoBack]Proposal 4: Allow explicit relaxation indication to the UE in dedicated cases.
Proposal 5: L3 CSI-RS can be used for low mobility criteria evaluation for UEs supports CSI-RS based L3 measurements as well. SSB based or CSI-RS based RSRP measurement can be used for low mobility criteria.
Proposal 6: We prefer not to define any additional low mobility criteria.
Proposal 7: For low mobility criterion, NW configuration is on per-UE basis. And only measurements in PCell and PSCell are needed. 
Proposal 8: We prefer to continue the discussion and define the low mobility criteria in RAN4. 
Proposal 9: For RLM, the X can be configured by NW for different cases. Option 2 and option 1 with large offset are both acceptable. For offset of Qout, X should be larger than 3dB at least.
Proposal 10: The good serving cell quality criteria for BFD is radio link quality >  Qout_LR + Y (dB).
Proposal 11: The offset values for deriving the threshold used for good serving cell quality criterion can be different for RLM relaxation and BFD relaxation.
Proposal 12: We prefer option 2. But considering the complicated entering threshold, Option 1 is also fine for us.
Proposal 13: The lower bound of relaxed evaluation period should be relaxed as well.
Proposal 14: For FR1, the scaling factor can be 2 and 4 if max(TDRX, TRS) ≤80ms. For FR2, the scaling factor can be 2 if max(TDRX, TRS) ≤80ms.
Proposal 15: Same as in legacy RLM procedure, UE indicates OOS when the measured SINR becomes worse than Qout during the relaxed mode. 
Proposal 16: For RLM, the UE is allowed to be relaxed for PCell and PScell when the radio link quality is better than the threshold for all RLM-RS resource. UE shall exit the relaxed mode when the radio link quality is worse than the threshold for any RLM-RS resource.
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