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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN4 #101-e meeting, the relaxation of RLM/BFD was discussed and a WF [1] was approved. In this contribution, we share our view on the relaxation of RLM/BFD measurements following the agreed WF.
2 Discussion
	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)



Support option 2. We still think that good serving cell quality criteria should be configured by NW. For option 1, it seems that UE can measure the good cell quality and decide whether to satisfy the condition by itself. 
Proposal 1: The criterion is mandatory to be configured to enable RLM/BFD relaxation.
Low motility 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



Since some companies mentioned that CSI-RS intra-frequency measurement is an optional feature, it’s possible that UE who does not support the CSI-RS intra-freq. measurement. We are fine to not to consider L3 CSI-RS for low mobility criteria.
Proposal 2: Don’t consider L3 CSI-RS for low mobility criteria.
	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 support option 3. Since UE will enter relaxation mode only if UE satisfy both low mobility and good serving cell quality criteria. For beam quality related metric, it can be measured with good serving cell quality threshold. For low mobility criteria, it can only measure the L3 measurement result to make sure that UE is in low speed case. Therefore, we don’t see the need to consider beam related metric in low mobility criteria.
Proposal 3: Don’t define any additional low mobility criteria.
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. 
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.   




For issue 3-2-1, Option 1 and option 2 are identical to some extent. Issue 3-2-2 will discuss the good serving cell quality criteria for BFD. If the same criteria metric is used for both RLM and BFD, it’s better to define the criteria based on Qout and Qout_LR which are all based on SINR. Therefore, it’s better to consider issue 3-2-1 and 3-2-1 together. In order to use a simpler unified criteria structure, we prefer option 1 which is based on Qout and Qout_LR respectively.
Proposal 4: In order to use a simpler unified criteria structure for both RLM and BFD, good serving cell quality criteria are based on Qout and Qout_LR.

	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. 
Issue 3-3-2: if offset is predefined for RLM, the offset value X 
Proposals
· Option 1: Where X depends on max(TDRX, TSSB).
· X = X1 when max(TDRX, TSSB) < 40 ms
· X = X2 when max(TDRX, TSSB) ≥ 40 ms.
· X1 and X2 are predefined and decided based on summary of simulation results that was conducted earlier in WI..
· X is smaller in FR2 compared to FR1.
· Option 1a: X = 0.  Threshold is same as existing Qin.
· Option 2: a unified offset value for RLM.
Issue 3-3-3: if offset is predefined for BFD, the offset value Y
Proposals
· Option 1: Where Y depends on max(TDRX, TSSB) and 
· Y = Y1 when max(TDRX, TSSB) < 40 ms
· Y = Y2 when max(TDRX, TSSB) ≥ 40 ms.
· Y1 and Y2 are predefined and decided based on summary of simulation results that was conducted earlier in WI.
· Y is smaller in FR2 compared to FR1.
· Option 1a: Y = 0. Threshold is same as existing Qin_LR
· Option 2: a unified offset value for BFD.
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.



For issue 3-3-2, we prefer option2. It’s better to use a unified offset value for RLM for simplicity. 
For issue 3-3-1, we slightly prefer option 2 since the BLER to SINR mapping is up to UE implementation and NW may not be aware about the exact value. In RLM test case, Qout and Qin is designed by simulation and defined as -10dB and -1.8dB. From our potin of view, it’s reasonable that the entering threshold is higher than Qin. A margin can be used to be added to the Qout to make sure that channel is higher than Qin in most cases. Therefore, the margin X will be at least larger than 8.2dB. From our previous simulation, it shows that with 10 samples as evaluation time, the maximum SINR delta is smaller than 1.3dB for 95% cases. The SINR delta be added to the SINR threshold to make sure that in most cases, the SNR is still above the threshold. Therefore, we propose X=10 dB based on Qout.
For issue 3-3-3 and 3-3-4, we prefer the same offset are used for BFD and RLM. Since Qout and Qout_LR are different, with the same offset. The threshold for RLM and BFD are different.
Proposal 5: For RLM and BFD, using a unified predetermined offset value of 10dB based on Qout and Qout_LR.
	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)
 



No matter whether UE is in relaxation mode or normal mode, when the measured SINR becomes worse than Qout, UE can send out OOS. We are fine with option 1.

Proposal 6: UE indicates OOS when the measured SINR becomes worse than Qout during the relaxed mode.
3 Conclusion
In this contribution, we provide our views regarding to UE power saving for RLM/BFD: 
Proposal 1: The criterion is mandatory to be configured to enable RLM/BFD relaxation.
Proposal 2: Don’t consider L3 CSI-RS for low mobility criteria.
Proposal 3: Don’t define any additional low mobility criteria.
Proposal 4: In order to use a simpler unified criteria structure for both RLM and BFD, good serving cell quality criteria are based on Qout and Qout_LR.
Proposal 5: For RLM and BFD, using a unified predetermined offset value of 10dB based on Qout and Qout_LR.
Proposal 6: UE indicates OOS when the measured SINR becomes worse than Qout during the relaxed mode.
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