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1. Introduction
In RAN4#101bis-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 1-2-1&Issue 1-2-2: Enable the RLM/BFD relaxation feature
· RLM/BFD relaxation is enabled by explicit signaling.  
· FFS the applicability conditions that UE is allowed to apply relaxed requirement.
Based on the discussion so far, there several conditions that UE is allowed to apply relaxed requirement
1. Network configure RLM/BFD enable signaling
· Network configure the offset of good serving cell quality criterion, and the criterion is fulfilled by UE
· Network configure the low mobility state criterion, and the criterion is fulfilled by UE
2. Network configure RLM/BFD enable signaling
· Network doesn’t configure the offset of good serving cell quality criterion, and the criterion with predefined offset ([0]dB) is fulfilled by UE
· Network configure the low mobility state criterion, and the criterion is fulfilled by UE
3. Network configure RLM/BFD enable signaling
· Network configure the offset of good serving cell quality criterion, and the criterion is fulfilled by UE
4. Network configure RLM/BFD enable signaling
· Network doesn’t configure the offset of good serving cell quality criterion, and the criterion with predefined offset ([0]dB) is fulfilled by UE
In the third and the fourth conditions, the low mobility state should be determined by network. The network can configure the RLM/BFD enable signaling in case it determines the UE is in low mobility state. The determination method is up to network.
Proposal 1: The applicability conditions that UE is allowed to apply relaxed requirement are listed as below
1. Network configure RLM/BFD enable signaling
· Network configure the offset of good serving cell quality criterion, and the criterion is fulfilled by UE
· Network configure the low mobility state criterion, and the criterion is fulfilled by UE
2. Network configure RLM/BFD enable signaling
· Network doesn’t configure the offset of good serving cell quality criterion, and the criterion with predefined offset ([0]dB) is fulfilled by UE
· Network configure the low mobility state criterion, and the criterion is fulfilled by UE
3. Network configure RLM/BFD enable signaling
· Network configure the offset of good serving cell quality criterion, and the criterion is fulfilled by UE
4. Network configure RLM/BFD enable signaling
· Network doesn’t configure the offset of good serving cell quality criterion, and the criterion with predefined offset ([0]dB) is fulfilled by UE
Proposal 2: The network can configure the RLM/BFD enable signaling without low mobility state criterion in case it determines the UE is in low mobility state. The determination method is up to network.
2.2. Low mobility criteria
Issue 2-1: L3 CSI-RS to be used for Low mobility criteria
· Option 1: L3 CSI-RS can be used for low mobility criteria evaluation for Ues supports CSI-RS based L3 measurements as well. 
· Option 2: The existing agreement to use SSB based L3-RSRP measurement of the serving cell to evaluate the low mobility criterion is sufficient. 
We support Option 1 to include L3 CSI-RS as well. In current spec, network can configure CSI-RS for intra-frequency L3-RSRP measurement. In this case, it is better to reuse the CSI-RS measurement for low mobility criteria evaluation, which is more power saving. 
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 and/or CSI-RS will be used.
Proposal 3: L3 CSI-RS can be used for low mobility criteria evaluation for UEs supports CSI-RS based L3 measurements as well. 
Issue 2-2-1: the specific SSB to be measured for the per-UE low mobility criterion evaluation.
FFS
· Option 1a: The intra-frequency L3 RSRP measurement of serving cell based on SSB is derived as the intra-frequency SS-RSRP measured over single SSB, and shall fulfil the measurement requirement in TS 38.133 section 9.2.5.2 and the performance requirement in section 10.1. (Nokia)
· Option 1b: Network needs to configure the specific SSB to be measured for the per-UE low mobility criterion evaluation.
Option 1a is fine for us. However, for Option 1b, if intra-frequency L3 RSRP measurement is based on SSB, we don’t think the specific SSB need to be configured. UE can choose one serving cell SSB which is one of intra-frequency L3 RSRP measurement candidate RSs for low mobility criterion evaluation.
2.3. Good serving cell quality criteria
Issue 3-1: Good serving cell quality criteria for RLM/BFD
Agreement
· The good serving cell quality criteria for RLM/BFD is based on an offset X dB and Qx, while Qx is derived from PDCCH transmission parameters.
· Qx = Qin for RLM
· Qx = [Qin] for BFD
· Note: definition of Qin for BFD needs to be clarified
· The offset X can be configured from a set of 4 values
· Exact values are FFS
· One pre-defined value is used for evaluation if the offset is not configured
· Pre-defined value X = [0] dB
· Signalling details are up to RAN2
We think the clarification of Qin for BFD is needed. According to the spec, the threshold Qin is defined as the level at which the downlink radio link quality can be received with significantly higher reliability than at Qout and shall correspond to the in-sync block error rate (BLERin). The Qin used for BFD relaxation is the same SINR value used for RLM estimation.
Proposal 4: The Qin used for BFD relaxation is the same SINR value used for RLM estimation. 
Issue 3-4: Cell quality criteria configuration type
· Option 1: per-serving cell basis
· Option 2: per-UE basis
· Option 3: per-CG basis 
We slightly prefer Option 2. One offset will be configured to UE, and Qin of a serving cell plus the offset is the threshold for this serving cell. 
Option 1 is also fine for us with low priority. The pros of Option 1 are reducing signaling overhead. The cons of Option 1 are less flexibility, that same offset will be applied to all UEs in the serving cell. 
Proposal 5: We prefer per-UE basis cell quality criterion configuration.
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 101bis-e meeting:
· Option 1: No additional criteria are needed, previous agreement from 98-e-bis and 99-e-bis are sufficient.  (QC, Ericsson, MTK, CATT)
· Option 2: set exit threshold as entering threshold with a hysteresis value. (CMCC, Intel, Huawei, Xiaomi,
· SINRexit = entering threshold – hysteresis of Z dB. 
· Option 3-1: set exit threshold as Qout for RLM and Qout_LR for BFD. (vivo, QC, Intel, MTK, Xiaomi, OPPO, Nokia)
· Option 3-2: set exit threshold as Qout for both RLM and BFD (Apple)
· Option 4: To introduce a counter of L1 indications that the link quality is better than or worse than the threshold. (Huawei)
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 should 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.
Proposal 6: Set exit threshold as entering threshold with a hysteresis value
· SINRexit = entering threshold – hysteresis of Z dB. 
2.5. During Relaxation mode
Issue 5-2-2: The relaxation factor for FR1: 
· Option 1: 
· K1, FR1 =4 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 =4 for MAX(TDRX, TRS) ≤ 40 ms
· Option 2 
· For FR1 RLM: (consider only DRx <= 80ms)
· K = 2 when DRX > 40ms *or* T310 <= 640ms; 
· K = 4 when DRX <= 40ms *and * T310>640ms, 
· For FR1 BFD: K = 2
We support Option 2. K=4 is too large from measurement performance perspective, since 1.5 relaxation factor is already considered for DRX condition. From the spirit of moving forward, we can compromise to:
· [bookmark: _Hlk95161888]K1, FR1 =2 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 =4 for MAX(TDRX, TRS) ≤ 40 ms
Proposal 7: The relaxation factor for FR1:
· K1, FR1 =2 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 =4 for MAX(TDRX, TRS) ≤ 40 ms
Issue 5-2-3: The relaxation factor for FR2 SSB
· Option 1: K1, FR2, SSB= 2 for MAX(TDRX, TSSB) ≤ 80 ms
· Option 2: 
· K=1.5 for 60 ms ≤ MAX(TDRX, TSSB) ≤ 80 ms.
· K=2 for MAX(TDRX, TSSB) ≤ 60 ms 
Similar comment as Issue 5-2-2, Option 2 is preferred by us considering of measurement performance. 
Proposal 8: The relaxation factor for FR2 SSB:
· [bookmark: _Hlk95162229]K=1.5 for 60 ms ≤ MAX(TDRX, TSSB) ≤ 80 ms.
· K=2 for MAX(TDRX, TSSB) ≤ 60 ms 
2.6. Other Aspects
Issue 6-1: Relaxation criteria for multiple RLM-RS/BFD-RS
Proposals
· Option 1: 
· For entering condition: the radio link quality of at least one RS resource is better than the entering threshold.
· For exit condition: the radio link quality for all the RS resources is worse than the exiting 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 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.
First of all, we update the Option 2 according to the agreement of good serving cell quality.
Option 2 (updated)
· 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 (Qin + X) for all RLM/BFD-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/BFD-RS resources. 
· The value of X2 is depended on the agreement of exit criteria
Option 2 means stricter criteria for enter and exit, it can avoid frequent revert behavior. Therefore, Option 2 is slightly preferred.
Proposal 9: 
· 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 (Qin + X) for all RLM/BFD-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/BFD-RS resources. 
· The value of X2 is depended on the agreement of exit criteria
3. Conclusion
In this contribution, we discuss the relaxation applicability and criteria for RLM and BFD relaxation. The proposals are:
Proposal 1: The applicability conditions that UE is allowed to apply relaxed requirement are listed as below
1. Network configure RLM/BFD enable signaling
· Network configure the offset of good serving cell quality criterion, and the criterion is fulfilled by UE
· Network configure the low mobility state criterion, and the criterion is fulfilled by UE
2. Network configure RLM/BFD enable signaling
· Network doesn’t configure the offset of good serving cell quality criterion, and the criterion with predefined offset ([0]dB) is fulfilled by UE
· Network configure the low mobility state criterion, and the criterion is fulfilled by UE
3. Network configure RLM/BFD enable signaling
· Network configure the offset of good serving cell quality criterion, and the criterion is fulfilled by UE
4. Network configure RLM/BFD enable signaling
· Network doesn’t configure the offset of good serving cell quality criterion, and the criterion with predefined offset ([0]dB) is fulfilled by UE
Proposal 2: The network can configure the RLM/BFD enable signaling without low mobility state criterion in case it determines the UE is in low mobility state. The determination method is up to network.
Proposal 3: L3 CSI-RS can be used for low mobility criteria evaluation for UEs supports CSI-RS based L3 measurements as well.
Proposal 4: The Qin used for BFD relaxation is the same SINR value used for RLM estimation.
Proposal 5: We prefer per-UE basis cell quality criterion configuration.
Proposal 6: Set exit threshold as entering threshold with a hysteresis value
· SINRexit = entering threshold – hysteresis of Z dB. 
Proposal 7: The relaxation factor for FR1:
· K1, FR1 =2 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 =4 for MAX(TDRX, TRS) ≤ 40 ms
Proposal 8: The relaxation factor for FR2 SSB:
· K=1.5 for 60 ms ≤ MAX(TDRX, TSSB) ≤ 80 ms.
· K=2 for MAX(TDRX, TSSB) ≤ 60 ms 
Proposal 9: 
· 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 (Qin + X) for all RLM/BFD-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/BFD-RS resources. 
· The value of X2 is depended on the agreement of exit criteria
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