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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #98e meeting [1], the agreed work plan for #99 meeting are also listed as follows:
	· 3GPP RAN4 #99e meeting (May, 2021, Work phase)
· Discuss and specify, if agreed:
· Relaxation method and the corresponding criteria and scenarios for RLM/BFD



In this paper, we will first discuss the relaxation scenarios. After we clarify how many scenarios should be considered in Rel-17 RLM/BFD measurement relaxation, we then compare different options of serving cell quality and UE mobility criteria. We also provide our view on relaxation scheme. According to the agreed work plan, in RAN4 #100-e meeting, an LS should be sent to trigger the corresponding RAN2 discussion. So we provide one draft LS version in the appendix for companies to check.
2	RLM/BFD measurement relaxation scenario 
In last meeting, it was agreed that whether relaxed RLM/BFD requirements can be applied depends on both the serving cell quality and UE mobility state. 
	Issue 2-3-1: Criteria of RLM/BFD relaxation – General
whether relaxed RLM/BFD requirements can be applied depends on both the serving cell quality and UE mobility state
· FFS the precise and robust metric for serving cell quality and UE mobility state



Below we list 3 possible scenarios that might be configured by Network:
1. Network configures only serving cell quality criterion
· UE can enter power saving mode when
a. serving cell quality criterion is fulfilled
2. Network configure only low mobility criterion
· UE can enter power saving mode when
a. low mobility criterion is fulfilled
3. Network configure both serving cell quality criterion and low mobility criteria criterion
· UE can enter power saving mode when
a. only serving cell quality criterion is fulfilled
b. only low mobility criterion is fulfilled
c. both serving cell quality criterion and low mobility criterion are fulfilled

Before RAN4 determines the corresponding criteria for serving cell quality and UE mobility, some clarifications are needed. Companies should clarify first for scenario 3, whether UE is still allowed to enter the power saving mode when only 1 criterion is fulfilled, or UE is only allowed to enter the power saving mode when both 2 criteria are fulfilled, i.e., scenario 3c. If only scenario 3c is allowed, we then identify one issue for option B2 in Issue 2-3-5. As shown in Figure 1, when only 3c is applicable, then no matter how good the serving cell’s quality is, UE might still not be allowed to perform the RLM/BFD measurement relaxation because Network does not indicate low mobility to UE (e.g., following Option B2 of issue 2-3-5 in [2]). Considering that simulation results provided in Rel-16 have already shown that low mobility criterion can’t accurately reflect the UE speed, we suggest that scenario 3a and 3b should also be agreed (e.g., UE can enter the power saving mode when either one of the 2 criteria is fulfilled). 
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[bookmark: _Ref71555744]Figure 1: UE is only allowed to enter the power saving mode 
when both 2 criteria are configured and fulfilled

[bookmark: _Ref71577416][bookmark: _Ref71558341]Proposal 1: RAN4 to confirm that RLM/BFD measurement relaxation is allowed for following 3 scenarios 
1.  Network configures only serving cell quality criterion
· UE can enter power saving mode when
a. serving cell quality criterion is fulfilled
2. Network configure only low mobility criterion
· UE can enter power saving mode when
a. low mobility criterion is fulfilled
3. Network configure both serving cell quality criterion and low mobility criteria criterion
· UE can enter power saving mode when
a. only serving cell quality criterion is fulfilled
b. only low mobility criterion is fulfilled
c. both serving cell quality criterion and low mobility criterion are fulfilled

3	RLM/BFD measurement relaxation criteria 
In last meeting, options of serving cell quality criteria and low mobility criteria are also discussed: 
	
Issue 2-3-2/2-3-3/2-3-4: Good serving cell quality criteria of RLM/BFD relaxation
· Good serving cell quality criteria of RLM/BFD relaxation is defined as the radio link quality is better than a threshold. 
· FFS radio link quality > Qout + X (dB) for RLM
· FFS radio link quality > Qout,LR + Y (dB) for BFD relaxation. 
· FFS how to derive the values of X, Y
· The radio link quality in good serving cell quality criteria for R17 RLM/BFD relaxation is based on SINR 
· FFS how to derive the corresponding SINR level of the threshold used in good serving cell quality criteria
· FFS which SINR is used
· Option 1: Reuse SINR for RLM/BFD evaluation
· FFS whether RSRP is also needed for BFD as additional condition
· FFS: The thresholds are configured or pre-defined.
· FFS: Different threshold configuration (i.e. different IEs in RRC signaling )for SSB based and CSI-RS based RLM/BFD is allowed

Issue 2-3-5: Low mobility criteria of RLM/BFD relaxation
· Low mobility criterion for identifying low mobility scenario under which the UE is allowed to apply the RLM/BM requirements is determined and configured to UE by the network, and it is up to the UE whether to apply relaxed RLM/BM requirements when configured. 
· Given the this feature is enabled by the network, the low mobility criterion is defined based on
· FFS until RAN4 #99e
· Option A: UE will need to verify whether the low mobility criterion is fulfilled based on the channel condition
· Option A1: RSRP variation (reuse R16 low mobility criterion and procedure)
· Option A2: SINR variation
· Option B: UE will not need to verify whether the low mobility criterion is fulfilled based on the channel condition
· Option B1: UE defines if the low mobility criterion is fulfilled (e.g. fixed UE) or not fulfilled (e.g. vehicular UE).
· Option B2: Network configures whether the low mobility criterion is fulfilled or not
· Option C: The low mobility criterion can be left for RAN2 to decide. Send LS to RAN2 to trigger RAN2 discussion.
· Option D: Other options on how often UE verifies the low mobility criterion is open for discussions at next meeting.
Issue 2-3-6: Exiting criteria of RLM relaxation
· Background:
· Following agreement was made at last meeting [R4-2103670]: 
· “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).”
Following additional options are listed below:
FFS which of the following options can be used as the exiting criteria of RLM relaxation
· Option 1: exit relaxation mode when any relaxation criterion is not met
· Option 1a: a hysteresis value (e.g. 3dB) could be used to avoid ping-ping effect.
· Relaxation exiting condition: Qualitymeasured + Hys < Thresh
· Option 2: exit relaxation mode when the radio link quality is worse than a certain SINR threshold Thexit, which is higher than Qout.
· Option 2a: set different radio link quality threshold for entering and exiting the relaxation
· Option 2b: either the averaged SINR based on reduced number of samples is below Thexit, or the one-shot SINR is below Qout. 
· Option 3: exit relaxation mode based on out-of-sync indication. 
· Option 3a: exit when N310 starts to count, i.e. 1 out-of-sync indication.
· Option 3b: exit when T310 is running witch is triggered by a new counter
· Option 3c: exit when certain number of out-of-indications 
· Option 3d: exit when certain consecutive out-of-sync indications
· Option 4: Additional time is allowed for UE to evaluate first OOS indication when UE is in power saving mode. UE is in normal mode after first OOS indication. The additional delay for RLF declaration is guaranteed to be within OOS evaluation time (TEvaluate_out_SSB) in normal mode. Relaxation factor and exit SINR threshold (for good cell quality condition) is up to UE implementation, but the “first OOS indication” requirement has to be satisfied.

Issue 2-3-7: Exiting criteria of BFD relaxation
FFS which of the following options can be used as the exiting criteria of BFD relaxation
· Option 1: exit relaxation mode when any relaxation criterion is not met 
· Option 1a: a hysteresis value (e.g. 3dB) could be used to avoid ping-ping effect.
· Relaxation exiting condition: Qualitymeasured + Hys < Thresh
· Option 2: exit relaxation mode when the radio link quality is worse than a certain threshold Thexit , which is higher than Qout_LR. 
· Option 2a: set different radio link quality threshold for entering and exiting the relaxation 
· Option 2b: either the averaged SINR based on reduced number of samples is below Thexit, or the one-shot SINR is below Qout_LR. 
· Option 3: exit relaxation mode based beam failure instance indication
· Option 3a: exit upon detecting the 1 beam failure instance indication. 
· Option 3b: exit after BFI_COUNTER add to the value of a new counter or a new parameter, the new counter or the new parameter is configured by network. 
· Other options are not precluded



For issue 2-3-5, our understanding is that in connected mode, UE always keeps monitoring its own speed through many different evaluation methods. As a UE vendor, we do have confidence that option B1 is applicable. However, considering that RAN4 still needs a clear low mobility definition for UE to test, so we can compromise to the majority view, i.e., option A2.  
[bookmark: _Ref71577417]Proposal 2: Whether the low mobility is fulfilled can be up to UE’s definition (B1) or determined by evaluating the SINR variation (A2)

As shown in issue 2-3-3/2-3-4, it was agreed in RAN4 that SINR will be adopted to determine the serving cell quality. The remaining issue for serving cell quality criterion is to decide the exiting criteria. In our understanding, as shown in Figure 2, there are 2 different cases. The first case is when any relaxation criterion is not met, and we think that UE should definitely exit the relaxation mode. In order to avoid the ping-pong effect, a hysteresis value (e.g. 3dB) could be used, i.e., 
1. UE enter power saving mode when SINR > SINRenter
2. UE exit power saving mode and back to normal measurement when SINR ≤ SINRexit, where SINRexit = SINRenter - 3dB

The second case is when SINR is further reduced and lower than Qout, UE should also exit relaxation mode and back to normal measurement. In addition, we think that in this case, UE should also immediately start the N310 counter to check whether N out-of-sync indications will be collected next
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Figure 2: exiting criteria for RLM measurement relaxation

Therefore, we suggest
[bookmark: _Ref71577419]Proposal 3: UE should back to normal RLM measurement when any relaxation criterion is not met or when SINR is lower than Qout. For the first case, a hysteresis value could be used to avoid the ping-pong effect, i.e., the SINRexit = SINRenter - 3dB. For the second case, in addition to back to normal measurement, UE should also start the N310 counter immediately
[bookmark: _Ref68084999]4	RLM/BFD measurement relaxation method 
We then discuss the relaxation scheme. In last meeting, 3 options are provided:
	Issue: Relaxation factors
FFS on following:
· Option 1: Evaluation period based on fixed sample number
· The relaxation factor is implicitly defined, similar to the beam sweeping factor implicitly defined in FR2 RRM measurement requirements.
· Option 2: Evaluation period scaling with the relaxation factor
· The relaxation factor is explicitly defined
· FFS whether Different relaxation factors between FR1 and FR2
· FFS whether Different relaxation factors for different SINR range
· FFS whether Different relaxation factors for SSB and CSI-RS
· FFS What UE speed is used as reference for derving the relaxation factor
· Option 3: Up to UE implementation as long as the additional delay for RLM/BFD declaration is within the (to be defined) relaxed requirement
· Other options are not precluded.



Basically, we agree that all options are applicable. Actually, UE behaviours in option 1 and option 2 are very similar. UE would skip 1 or 2 samples when perform the RLM/BFD measurement relaxation. However, some testing issues needs to be solved if option 1 is adopted. As we mentioned in the previous section, if same SINR threshold value is applied on both entering and exiting criterion, then UE would face a ping-pong issue. It might frequently switch back and forth between normal and relaxation measurement. So it is a practical way to set SINRexit = SINRenter - 3dB to avoid the ping-pong issue. However, if option 1 is applied and evaluation period is not extended in the power saving mode, then in a conservative way we might have to further extend the margin to 6dB (with sample number 5 compared with extending evaluation period by K=2) and 9dB (with sample number maybe 3 or 2 compared with extending evaluation period by K=4). Assuming that SINRenter is set as 0dB, when K=4, the corresponding SINRexit will be -9dB. That value is very close to the Qout value agreed in Rel-15. RAN4 has to restart the LLS evaluation and check the measurement accuracy. Generally, it will need 2 more meetings because RAN4 should first agree on the LLS simulation assumption and then compare the provided simulation results. RAN4 might not be able to complete all the work phase tasks in time. Besides, the maximum additional delay of RLF declaration is merely 200ms and 600ms for K=2 and K=4, respectively. The probability that RLF declaration will occur is also low. We do not see a serious system impact if option 2 is applied. Therefore, we support option 2, i.e., evaluation period scaling with the relaxation factor.
[bookmark: _Ref71577368]Observation 1: LLS simulation results are needed if evaluation period in RLM/BFD measurement relaxation is not extended
[bookmark: _Ref71577371]Observation 2: For method scaling the evaluation period by relaxation factor, the maximum additional delay of RLF declaration is merely 200ms or 600ms and the probability that RLF declaration occurs is very low. There seems to be no serious system impact 
[bookmark: _Ref71576820][bookmark: _Ref71577420]Proposal 4: RAN4 to specify the RLM/BFD relaxation requirement by scaling the evaluation period 

If Proposal 4 can be agreed, the next issue is how to address the extended evaluation period in the spec. 
	Issue 2-4-1: Relaxed evaluation period of RLM/BFD
Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on max(TDRX, TSSB). FFS the following options
· Option 1:The similar definition of RLM/BFD evaluation period in Rel-15 can be reused as Max(T, Ceil([Y] x P x N) x Max(TDRX,TSSB))
· Option 2: If power saving conditions are satisfied, allow TEvaluate_ps_out_SSB for the first OOS indication and the original TEvaluate_out_SSB doesn’t apply
[image: ]
· Option 3: modify the Rel-15 wording in the requirements as follows
· the new evaluation period TEvaluate_out_SSB-Relaxed is specified as K1* TEvaluate_out_SSB, where TEvaluate_out_SSB is as specified in clause 8.1.3.2 in TS 38.133 .
· the new indication period TIndication_interval-Relaxed is specified as K2* TIndication_interval where TIndication_interval is as specified in clause 8.1.6 in TS 38.133.
· FFS whether K1=K2
· Other options are not precluded.


As we known, if TIndication_interval is not extended, then UE might report the outdated value, due to the fact that samples collected in the buffer has not yet been completely updated. So we prefer option 3
[bookmark: _Ref71577421][bookmark: _Ref54208389]Proposal 5: RAN4 to confirm the new evaluation period TEvaluate_out_SSB-Relaxed is specified as K* TEvaluate_out_SSB and the new indication period TIndication_interval-Relaxed is specified as K* TIndication_interval
7	Summary
In this contribution, we have the following observations:
Observation 1: LLS simulation results are needed if evaluation period in RLM/BFD measurement relaxation is not extended
Observation 2: For method scaling the evaluation period by relaxation factor, the maximum additional delay of RLF declaration is merely 200ms or 600ms and the probability that RLF declaration occurs is very low. There seems to be no serious system impact
And we propose
Proposal 1: RAN4 to confirm that RLM/BFD measurement relaxation is allowed for following 3 scenarios 
1.  Network configures only serving cell quality criterion
· UE can enter power saving mode when
a. serving cell quality criterion is fulfilled
4. Network configure only low mobility criterion
· UE can enter power saving mode when
a. low mobility criterion is fulfilled
5. Network configure both serving cell quality criterion and low mobility criteria criterion
· UE can enter power saving mode when
a. only serving cell quality criterion is fulfilled
b. only low mobility criterion is fulfilled
c. both serving cell quality criterion and low mobility criterion are fulfilled
Proposal 2: Whether the low mobility is fulfilled can be up to UE’s definition (B1) or determined by evaluating the SINR variation
Proposal 3: UE should back to normal RLM measurement when any relaxation criterion is not met or when SINR is lower than Qout. For the first case, a hysteresis value could be used to avoid the ping-pong effect, i.e., the SINRexit = SINRenter - 3dB. For the second case, in addition to back to normal measurement, UE should also start the N310 counter immediately
Proposal 4: RAN4 to specify the RLM/BFD relaxation requirement by scaling the evaluation period 
Proposal 5: RAN4 to confirm the new evaluation period TEvaluate_out_SSB-Relaxed is specified as K* TEvaluate_out_SSB and the new indication period TIndication_interval-Relaxed is specified as K* TIndication_interval
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1. Overall Description:
RAN4 has reached consensus on the Rel-17 connected mode UE power saving discussion. The related conclusions are listed and informed to RAN2 in this LS. 
For UE who supports connected mode power saving, two separate criteria, i.e., serving cell quality criterion and low mobility criterion, can be configured by Network, and RLM/BFD measurement relaxation is allowed in the following scenarios: 
· Scenario 1: Network configures only serving cell quality criterion
· An SINR threshold SINRenter_relax will be configured and UE is allowed to enter power saving mode when serving cell quality criterion is fulfilled, i.e., the estimated SINR value is larger than that threshold.
· Values of SINRenter_relax are taken from the reported SS-SINR values specified in TS38.133 section 10.1.16.1 and can be configured separately for SSB-based RLM, CSI-RS based RLM, SSB-based BFD and CSI-RS based BFD.
· Scenario 2: Network configure only low mobility criterion
· UE is allowed to enter power saving mode when low mobility criterion is fulfilled. The detail metrics and thresholds are still under RAN4 discussion
· Scenario 3: Network configure both serving cell quality criterion and low mobility criteria criterion
· UE is allowed to enter power saving mode when
a. only serving cell quality criterion is fulfilled
b. only low mobility criterion is fulfilled
c. both serving cell quality criterion and low mobility criterion are fulfilled

Further updates will be sent to RAN2 once RAN4 reaches further conclusions.

2. Actions:
[bookmark: _GoBack]ACTION: RAN4 respectfully asks RAN2 to take above RAN4 conclusions into consideration in the future works.
3. Date of Next RAN4 Meetings: 
TSG-RAN4 Meeting #100-e		Online
TSG-RAN4 Meeting #100-bis-e		Online
image3.png
Option 2a

Option 2b

Configuration

Tevaluate_ps_out_ss8 (M)

no DRX

Max(200, Ceil(10 x P) x Tsss)

DRX cycles80ms

Max(200, Ceil(15  P)  Max(Tox, Tsso) # (K-1)  Max(Tone Tsse)) |

80ms<DRX cycles320ms Max(200, Ceil(15 x P) x Max(Toax, Tsss))

Configuration Tevaluate_ps_out_sss (Ms)

no DRX Max(200, Ceil(10 x P) x Tsss)

DRX cycle<80ms Max(200, Ceil(30 x P) x
Max(Torx, Tsse))

80ms<DRX Max(200, Ceil(20 x P) x

cycle<320ms Max(Torx, Tsse))

DRX cycle>320ms Ceil(10 x P) x Torx

NOTE: Tssa is the periodicity of the SSB configured

for RLM. Torx is the DRX cycle length.

DRX cycle>320ms

Ceil(10 x P) x Torx

NOTE:

Tsss is the periodicity of the SSB configured for RLM. Tonx is the DRX cycle length,





image1.png
determined and

If UE can only enter power saving mode when

both 2 criteria are fulfilled, and low mobility is

configured by Network, then there is no need
to introduce serving cell quality criterion




image2.png
SINR

>

Normal RLM measurement Relaxed RLM measurement Back to normal
RLM measurement

00ms

SINRenter
SINR

exit

Qoue

Case 1: SINR < SINR,,;; and UE back Case 2: SINR SINR £ Qg,;, UE back to normal RLM
to normal RLM measurement measurement and start the N310 counter




