
3GPP TSG-RAN WG2 Meeting #118-e                                                                           R2-2204974
[bookmark: _GoBack]Online, 9th May – 20th May, 2022
		
Source:	CATT 
[bookmark: Title]Title:	UE assistance information for RLM/BFD relaxation
[bookmark: Source]Agenda Item:	6.9.3.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref83278801]Introduction
In RAN#95-e, the following WA for ePowSav was discussed in offline [95e-34-R17-PowerSaving-WA] ([1][2]):
	Working Agreement: 
UE can start/stop RLM/BFD relaxation by itself if it meets/fails the relaxation criteria.
The feature is configured by RRC dedicated signalling, this is the only enable disable function that is supported. 


It resulted in the following way-forward [1]:
· 1a: As in the current input CRs for TSG RAN 95-e, based on explicit configuration, the UE evaluates the conditions to be fulfilled in order to allow the UE to relax RLM and BFD measurements, respectively. When the UE is allowed according to current configured criteria, the UE may decide to relax RLM BFD measurements
· 1b: The RLM BFD measurements relaxed or non-relaxed status is indicated in RRC signaling to the gNB. RLM and BFD relaxation is indicated separately. 
· 2: If RLM and or BFD relaxation indication is configured, the indication from the UE to the network is signaled when the UE changes relaxation of RLM and or BFD measurements from relaxed to non-relaxed state or from non-relaxed to relaxed state, subject to a signaling limitation, such as prohibit timer. The case of RLM and or BDF relaxation being configured, while the corresponding indication is not configured shall be supported (details TBD for CR discussion).
· 3: For RLM BFD relaxation indication, the RRC UE Assistance Information Message is used, where indication for RLM relaxation and BFD relaxation are separate indications and covered by separate prohibit timers
Additional aspects:
· According to 1a, the WA can be considered agreed/confirmed
· The current contents of CRs doesn’t need to be modified. 
· According to 1b, 2, 3 new signalling is added
· The new signaling impacts 38.331 and 38.300.
· Moderator proposal on CRs: Attempt to converge at current TSG RAN, update current CRs with the new additions.
A final round occurred to agree the 38.331 CR modifications capturing above agreements 1b/2/3, which resulted in the agreed CR [3]. However, during the CR discussion, an issue was raised that remains unsolved, as captured in the final report [2]:
− Acknowledge the following Open Issue, expected to be addressed in RAN2 in Q2: How to / whether to limit or remove impact of prohibit timer w.r.t. consistency between UE relaxation state the corresponding knowledge at gNB.
This contribution aims at addressing this issue.
Discussion
In RAN2#116bis-e, RAN2 agreed to use UAI framework for UE reporting to network when it enters/exits RLM/BFD relaxation, which was confirmed in RAN#95-e and captured in [3]. As part of this framework, prohibit timers are used to prevent the UE from flooding the network with reports, and the condition for reporting is as follows (text taken here for RLM, but the same holds for BFD) [4]: 
	1>	if configured to provide the relaxation state of RLM measurements of a cell group:
2>	if the UE did not transmit a UEAssistanceInformation message with rlm-MeasRelaxationState since it was configured to provide the relaxation state of RLM measurements for the cell group; or
2>	if the relaxation state of RLM measurements for the cell group has changed since the last transmission of the UEAssistanceInformation message including rlm-MeasRelaxationState of the cell group and timer T346j associated with the cell group is not running:
3>	start timer T346j with the timer value set to the rlm-RelaxtionReportingProhibitTimer;
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide the relaxation state of RLM measurements of the cell group;


From the above text, it is clear that the UAI report is blocked by the prohibit timer (normal UAI behavior), so that a switch from relax to non-relax (and vice-versa) is only known by the network after that switch actually occurs. This results in a period of time during which UE and gNB have different knowledge on the actual relaxation state of the UE, as illustrated in Figure 1:


[bookmark: _Ref101360360]Figure 1: Current behaviour of UAI report for RLM/BFD relaxation
The main drawback of this behaviour is that gNB only has knowledge of the UE transition upon timer expiry and cannot know when this transition actually occurred. This prevents the network from correlating this transition with RLM/BFD measurement reports and/or other UE behaviours (e.g. RLF), thus limiting the benefit of the report in terms of comprehensive UE monitoring and/or for assisting in setting the relaxation threshold. Even worse, with the current method, multiple consecutive transitions (back-and-forth) are invisible to the network. 
During the brief offline discussion of the issue, different proposals were mentioned, including:
· Option 1: The UE is not allowed to relax while the prohibit timer is running
· Option 2: The prohibit timer shall not limit indicating when the change is non-relaxed to relaxed state, but only limit relaxed to non-relaxed state.
Considering the large durations the prohibit timer can take (hundreds of seconds), Option 1 can severely limit the power saving gains of RLM/BFD relaxation. Option 2 can be implemented by starting the prohibit timer only upon UE reporting it meets the relaxation criterion, and where the relaxation status report is not triggered while the timer is running. However, considering potential fast variations of the relaxation status (this is RRC_CONNECTED, and especially for BFD), the prohibit timer would only have a partial effect in limiting the number of reports.

Therefore, if this issue is considered severe enough to be addressed, we believe a proper solution should be derived to provide full knowledge of the relaxation state toggles while limiting the reports and keeping the original power saving performance at the UE. For this, it is important to step back and review the initial motivations of introducing the UE reports [2]:
· Providing knowledge to gNB of the relaxation status over time. This was claimed helpful by network vendors and operators in support of the setting of the relaxation thresholds on a cell and UE basis.
· Allowing disabling the reporting when no longer needed, e.g. a mature phase where the network is fully confident about the relaxation criteria that it is configuring and no longer needs to monitor the UE behaviour.
We also believe the UE reports are expected to be configured in early deployment phase, as some “SON” procedure. Considering this, it is our understanding that their use would be limited so that some reporting overhead can be afforded. Therefore, we think the UE reports should be comprehensive to bring maximum information to the network, while still keeping reports limited by the prohibit timer and full relaxation performance at the UE. To achieve this, we propose that UE collects and stores all relaxation transitions along with the time at which they occur (timestamp) while the prohibit timer is running and then reports the whole list upon timer expiry.



Figure 2: Comprehensive reports of RLM/BFD relaxation states

Proposal: UE collects and stores all relaxation transitions along with the time at which they occur while the prohibit timer is running and then reports the whole list upon timer expiry.

We suggest below a possible implementation of the above report, considering that only the relax state of the first transition is needed since after that, it toggles for each time instance:

UEAssistanceInformation-v1700-IEs ::= SEQUENCE {
    ul-GapFR2-Preference-r17              UL-GapFR2-Preference-r17              OPTIONAL,
    musim-Assistance-r17                  MUSIM-Assistance-r17                  OPTIONAL,
    overheatingAssistance-r17             OverheatingAssistance-r17             OPTIONAL,
    maxBW-PreferenceFR2-2-r17             MaxBW-PreferenceFR2-2-r17             OPTIONAL,
    maxMIMO-LayerPreferenceFR2-2-r17      MaxMIMO-LayerPreferenceFR2-2-r17      OPTIONAL,
    minSchedulingOffsetPreferenceExt-r17  MinSchedulingOffsetPreferenceExt-r17  OPTIONAL,
    rlm-MeasRelaxationStateReport-r17     BOOLEANRLM-MeasRelaxationStateReport-r17                               OPTIONAL,
    bfd-MeasRelaxationStateReport-r17     BIT STRING (SIZE (32))SEQUENCE (SIZE (1.. maxNrofServingCells)) OF BFD-MeasRelaxationStateReport-r17                OPTIONAL,
    nonSDT-DataIndication-r17             SEQUENCE {
        resumeCause-r17                       ResumeCause                       OPTIONAL
    }                                                                           OPTIONAL,
    scg-DeactivationPreference            ENUMERATED { scgDeactivationPreferred, noPreference }    OPTIONAL,
    uplinkData-r17                        ENUMERATED { true }                   OPTIONAL,
    rrm-MeasRelaxationFulfilment-r17      BOOLEAN                               OPTIONAL,
    nonCriticalExtension                  SEQUENCE {}                           OPTIONAL
}
 
RLM-MeasRelaxationStateReport-r17 ::=                  SEQUENCE {
    relaxationState-r17             BOOLEAN,
    switchingTimes-r17              SEQUENCE (SIZE (1.. maxReportedRLM-MeasRelaxationSwitches-r17)) OF ReferenceTime-r16,
    ...
}
 
BFD-MeasRelaxationStateReport-r17 ::=                  SEQUENCE {
    cellID-r17                      ServCellIndex,
    relaxationState-r17             BOOLEAN,
    switchingTimes-r17              SEQUENCE (SIZE (1.. maxReportedBFD-MeasRelaxationSwitches-r17)) OF ReferenceTime-r16,
    ...
}
 

[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we have the below proposal for addressing the issue raised during RAN plenary:
Proposal: UE collects and stores all RLM/BFD relaxation transitions along with the time at which they occur while the prohibit timer is running and then reports the whole list upon timer expiry.
Reference
[1] [bookmark: _Ref101347134][bookmark: _Ref95489866][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref90981365][bookmark: _Ref78556254]RP-220894 [95e-34-R17-PowerSaving-WA] – Report after two rounds, Moderator: RAN2 Chair (MediaTek), RAN#95-e
[2] [bookmark: _Ref101347135]RP-221003 [95e-34-PowerSaving-WA] - Version 0.0.5, Moderator: RAN2 Chair (MediaTek), RAN#95-e
[3] [bookmark: _Ref101356404][bookmark: _Ref101357309]RP-220961 38.331 CR 2924 r3 Introduction of ePowSav in TS 38.331, CATT, RAN#95-e
[4] [bookmark: _Ref101358054]TS38.331 v17.0.0 Radio Resource Control (RRC) protocol specification (Release 17), 3GPP


1
R2-220xxxx
oleObject1.bin
time


UE decides to relax


Relaxation criteria: met


UE stops relaxing


Relaxation criteria: not met


UAI report: relaxing


prohibit timer


UAI report: no relaxing


UE/gNB mismatch



image3.emf
time

UE stops relaxing

Relaxation 

criteria: not met

prohibit timer

UAI report UAI report

UE decides to relax

Relaxation 

criteria: met

t1 t2

UE stops relaxing

Relaxation 

criteria: not met

t3

Report:

t1: no-relax

t2: relax

t3: no-relax

Report:

...

...

...


oleObject2.bin
Just select and type text. Use control handle to adjust line spacing.


time


t2


UE stops relaxing


UE stops relaxing


Relaxation criteria: not met


prohibit timer


UAI report


UAI report


UE decides to relax


Relaxation criteria: met


t1


Relaxation criteria: not met


t3



image2.emf
time

UE decides to relax

Relaxation 

criteria: met

UE stops relaxing

Relaxation 

criteria: not met

prohibit timer

UAI report: no relaxing UAI report: relaxing

UE/gNB mismatch


