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Introduction
In RAN2#109bis-e meeting, following were agreed regarding reference time provisioning:

Agreements:
1. The request of the reference time information is sent via the UEAssistanceInformation message.
2. The UE indication of the delivery periodicity of the reference time is not supported in this release.
…

In running CR R2-2002703 for TS 38.331, the procedure text for request of reference time is:
	1>	if configured with referenceTimeInterestReporting to provide interest in reference time information:
2>	if the UE did not transmit a UEAssistanceInformation message with referenceTimeInfoInterest since it was configured to provide interest in reference time information; or
2>	if the UE’s interest in reference time information changed from the last time UE initiated transmission of the UEAssistanceInformation message including referenceTimeInfoInterest:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide an indication of interest in reference time information;
IIoT Editor’s note: It is FFS the need for a prohibit timer T346. FFS whether the UE is allowed to send the same interest message.



In this contribution, we discuss the open issues of UE request of reference time provisioning. 
Discussion
In RAN2 email discussion [Post109bis-e][027][IIOT] RRC CRs, several companies proposed to consider UE clock drift and to further discuss whether changes to the procedure text is needed. One related comment is that UE can always calculate the reference timing based on DL timing information after receiving the reference time from gNB once. 
Before discussing the UE behaviour, it is helpful to first investigate network behaviour. In NG-RAN, both gNB and UE are synchronized to 5G GM, with UE synchronized to gNB via air interface. TS 38.331 specified that “if the referenceTimeInfo field is received in DLInformationTransfer message, the time field indicates the time at the ending boundary of the system frame indicated by referenceSFN”. Given that “the indicated time is referenced at the network, i.e., without compensating for RF propagation delay”, the question is whether the time provided by gNB can be always computed/predicted if UE has received referenceTimeInfo from gNB once. As shown in Figure 1 below, suppose in the first time gNB provides time1 corresponding to referenceSFN1. Later on, gNB provides time2 corresponding to referenceSFN2. The question is whether SFN clock is synchronized to the 5G GM, i.e. time2 - time1 = (referenceSFN2 - referenceSFN1) * 10 ms. If this is always the case, there is no need for UE to send the request for reference time again since it can always compute time2. gNB can have clock drift and will be synchronized to 5G GM periodically to calibrate its clock. Confirmation from gNB vendors is needed on whether gNB clock drift can affect the reference time provisioning in air interface.

[bookmark: Fig_Time]Figure 1: Reference time provisioning at gNB side
[bookmark: Proposal_gNB]Proposal 1: RAN2 to discuss whether gNB implementation always provide reference time in a predictable way, i.e. time2 - time1 = (referenceSFN2 - referenceSFN1) * 10 ms, with the pairs (time1, referenceSFN1), (time2, referenceSFN2) corresponding to two reference time provisioning instances.
If Proposal 1 can be confirmed, then UE request procedure as in TS 38.331 running CR R2-2002703 is fine. Otherwise, we need to discuss how to handle the UE request when UE’s interest has not changed. There can be several options to handle this:
· Option 1: assuming that there is no change in current CR, following can be assumed for the current procedure text: 
· gNB may estimate how frequently it needs to send the time information to UE, and sends time information to UE periodically.  
· UE cannot send UEAssistanceInformation with referenceTimeInfoInterest set to true again, after sending UEAssistanceInformation with referenceTimeInfoInterest set to true. 
· After sending UEAssistanceInformation with referenceTimeInfoInterest set to true, UE may toggle referenceTimeInfoInterest to false, and then toggle referenceTimeInfoInterest to true again to request gNB to send the time information again. 
· Option 2: gNB only sends time information to UE upon receiving UEAssistanceInformation with referenceTimeInfoInterest set to true. UE is allowed to send UEAssistanceInformation again (with referenceTimeInfoInterest set to true) after previously sending UEAssistanceInformation with referenceTimeInfoInterest also set to true. This is different from normal UE assistance framework, and modification to current CR is needed. In addition, to give network flexibility to control the UE’s request, it would be desirable to introduce a T346 prohibit timer. Similar to IE releasePreferenceProhibitTimer-r16 which has value range {s0, s0dot5, s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s20, s30, infinity, spare1}, where the value infinity can be introduced so network can limit the UE to only send the request once. The values of the prohibit timer can refer to the scheduling periodicity of SIB9, as in {rf8, rf16, rf32, rf64, rf128, rf256, rf512} for IE si-Periodicity.
· Option 3: If UE indicates the delivery periodicity of reference time to gNB as part of UEAssistanceInformation, network could use this information to know with which frequency the UE would need getting the time reference information again. However, this was proposed previously but was not accepted, and the following was agreed in RAN2#109bis-e meeting: “The UE indication of the delivery periodicity of the reference time is not supported in this release”.
In Option 1, it is not desirable that UE artificially toggles referenceTimeInfoInterest as there is additional signaling overhead due to sending two RRC messages to request time. In addition, gNB has no control of how frequently UE transmits the requests. If a prohibit timer were also defined (which was left FFS from previous meeting), UE’s action would be limited and would need to be planned in advance on when to set referenceTimeInfoInterest to false foreseeing that after the time of the prohibit timer, the UE would need to set it back to true again. Another issue of Option 1 is that gNB needs to keep track of when UE sends request, which adds gNB complexity. Considering above drawbacks of Option 1, it is proposed to adopt Option 2 if there is no guarantee that reference time is provided in a predictable way by gNB implementation. Note that if network sets the prohibit timer to infinity, gNB implementation could behave as explained in option 1.
[bookmark: Proposal_Request]Proposal 2: If there is no guarantee that reference time is provided in a predictable way by gNB implementation as explained in Proposal 1, to agree that UE is allowed to send the same value of referenceTimeInfoInterest consecutively, and that a new prohibit timer T346g is introduced, with the value range { rf8, rf16, rf32, rf64, rf128, rf256, rf512, infinity }.
Conclusion
In this contribution, we discuss the open issues of UE request of reference time provisioning, and propose the following:
Proposal 1: RAN2 to discuss whether gNB implementation always provide reference time in a predictable way, i.e. time2 - time1 = (referenceSFN2 - referenceSFN1) * 10 ms, with the pairs (time1, referenceSFN1), (time2, referenceSFN2) corresponding to two reference time provisioning instances.
Proposal 2: If there is no guarantee that reference time is provided in a predictable way by gNB implementation as explained in Proposal 1, to agree that UE is allowed to send the same value of referenceTimeInfoInterest consecutively, and that a new prohibit timer T346g is introduced, with the value range { rf8, rf16, rf32, rf64, rf128, rf256, rf512, infinity }.
A TP to TS 38.331 based on running CR R2-2002703 is provided in Annex.

Annex TP of Option 2 to TS 38.331
The TP is based on running CR R2-2002703.

[bookmark: _Toc20425723][bookmark: _Toc29321119][bookmark: _Toc36756714][bookmark: _Toc36836255][bookmark: _Toc36843232][bookmark: _Toc37067521]5.3.5.9	Other configuration
[Omitted]
1>	if the received otherConfig includes the referenceTimeInterestConfig:
2>	if referenceTimeInterestConfig is set to setup:
3>	consider itself to be configured to provide interest in reference time information in accordance with clause 5.7.4.2;
2>	else:
3>	consider itself not to be configured to provide interest in reference time information and stop timer T346g, if running.
[bookmark: _Toc20425724][bookmark: _Toc29321120]1>	if the received otherConfig includes the releasePreferenceConfig:
2>	if releasePreferenceConfig is set to setup:
3>	consider itself to be configured to provide assistance information to transition out of RRC_CONNECTED in accordance with 5.7.4;
2>	else:
3>	consider itself not to be configured to provide assistance information to transition out of RRC_CONNECTED and stop timer T346f, if running.

[Omitted]
NEXT CHANGE
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[bookmark: _Toc36756756][bookmark: _Toc36836297][bookmark: _Toc36843274][bookmark: _Toc37067563]5.3.13.2	Initiation
[Omitted]
1>	release releasePreferenceConfig from the UE Inactive AS context, if stored;
1> stop timer T346f, if running;
1>	release referenceTimeInterestConfig from the UE Inactive AS context, if stored;
1>	stop timer T346g, if running;
1>	apply the CCCH configuration as specified in 9.1.1.2;
1>	apply the timeAlignmentTimerCommon included in SIB1;
1>	start timer T319;
1>	set the variable pendingRNA-Update to false;
1>	initiate transmission of the RRCResumeRequest message or RRCResumeRequest1 in accordance with 5.3.13.3.
[bookmark: _Toc37067693][bookmark: _Toc36843404][bookmark: _Toc36836427][bookmark: _Toc36756886]NEXT CHANGE
2

5.7.4.2	Initiation
[Omitted]
1>	if configured with referenceTimeInterestReporting to provide interest in reference time information:
2>	if the UE did not transmit a UEAssistanceInformation message with referenceTimeInfoInterest since it was configured to provide interest in reference time information; or
2>	if the UE’s interest in reference time information changed from the last time UE initiated transmission of the UEAssistanceInformation message including referenceTimeInfoInterest and timer T346g is not running; or
2> if the UE is interested in reference time information and timer T346g is not running:
3>	start timer T346g with the timer value set to the referenceTimeInterestProhibitTimer;
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide an indication of interest in reference time information;
IIoT Editor’s note: It is FFS the need for a prohibit timer T346. FFS whether the UE is allowed to send the same interest message.
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–	OtherConfig
The IE OtherConfig contains configuration related to miscellaneous other configurations.
OtherConfig information element
[Omitted]

OtherConfig-v16xy ::=                   SEQUENCE {
    drx-PreferenceConfig-r16                SetupRelease {DRX-PreferenceConfig-r16}                       OPTIONAL, -- Need M
    maxBW-PreferenceConfig-r16              SetupRelease {MaxBW-PreferenceConfig-r16}                     OPTIONAL, -- Need M
    maxCC-PreferenceConfig-r16              SetupRelease {MaxCC-PreferenceConfig-r16}                     OPTIONAL, -- Need M
    maxMIMO-LayerPreferenceConfig-r16       SetupRelease {MaxMIMO-LayerPreferenceConfig-r16}              OPTIONAL, -- Need M
    minSchedulingOffsetPreferenceConfig-r16 SetupRelease {MinSchedulingOffsetPreferenceConfig-r16}        OPTIONAL, -- Need M
    releasePreferenceConfig-r16             SetupRelease {ReleasePreferenceConfig-r16}                    OPTIONAL, -- Need M
    referenceTimeInterestReportingreferenceTimeInterestConfig-r16      SetupRelease {ReferenceTimeInterestConfig-r16} ENUMERATED {true}                                             OPTIONAL  -- Need RM
}

MinSchedulingOffsetPreferenceConfig-r16 ::=   SEQUENCE {
    minSchedulingOffsetPreferenceProhibitTimer-r16 ENUMERATED {
                                                       s0, s0dot5, s1, s2, s3, s4, s5, s6, s7,
                                                       s8, s9, s10, s20, s30, spare2, spare1}
}
ReferenceTimeInterestConfig-r16 ::=       SEQUENCE {
    referenceTimeInterestProhibitTimer-r16    ENUMERATED {
                                              rf8, rf16, rf32, rf64, rf128, rf256, rf512, infinity }
}

ReleasePreferenceConfig-r16 ::=       SEQUENCE {
    releasePreferenceProhibitTimer-r16    ENUMERATED {
                                              s0, s0dot5, s1, s2, s3, s4, s5, s6, s7,
                                              s8, s9, s10, s20, s30, infinity, spare1}
}

[Omitted]

	OtherConfig field descriptions

	[Omitted]

	referenceTimeInterestConfig
Configuration for the UE to report assistance information to inform the gNB about the UE's interest in reference time information.

	referenceTimeInterestProhibitTimer
Prohibit timer for reference time interest assistance information reporting. Value in radio frames. Value rf8 corresponds to 8 radio frames, value rf16 corresponds to 16 radio frames, and so on. Value infinity means that once a UE has reported interest in reference time information, the UE cannot report the interest in reference time information again during the RRC connection.

	releasePreferenceConfig
Configuration for the UE to report assistance information to inform the gNB about the UE's preference to leave RRC_CONNECTED state.

	releasePreferenceProhibitTimer
Prohibit timer for release preference assistance information reporting. Value in seconds. Value s0 means prohibit timer is set to 0 seconds, value s0dot5 means prohibit timer is set to 0.5 seconds, value s1 means prohibit timer is set to 1 second and so on. Value infinity means that once a UE has reported a release preference, the UE cannot report a release preference again during the RRC connection.

	[Omitted]



[bookmark: _GoBack]NEXT CHANGE
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[bookmark: _Toc37068274][bookmark: _Toc36843985][bookmark: _Toc36837008][bookmark: _Toc36757467][bookmark: _Toc29321612][bookmark: _Toc20426215]7.1.1	Timers (Informative)
	Timer
	Start
	Stop
	At expiry

	[Omitted]
	
	
	

	T346a
	Upon transmitting UEAssistanceInformation message with drx-Preference.
	Upon initiating the connection re-establishment/resume procedures, and upon receiving drx-PreferenceConfig set to release.
	No action.

	T346b
	Upon transmitting UEAssistanceInformation message with maxBW-Preference.
	Upon initiating the connection re-establishment/resume procedures, and upon receiving maxBW-PreferenceConfig set to release.
	No action.

	T346c
	Upon transmitting UEAssistanceInformation message with maxCC-Preference.
	Upon initiating the connection re-establishment/resume procedures, and upon receiving maxCC-PreferenceConfig set to release.
	No action.

	T346d
	Upon transmitting UEAssistanceInformation message with maxMIMO-LayerPreference.
	Upon initiating the connection re-establishment/resume procedures, and upon receiving maxMIMO-LayerPreferenceConfig set to release.
	No action.

	T346e
	Upon transmitting UEAssistanceInformation message with minSchedulingOffsetPreference.
	Upon initiating the connection re-establishment/resume procedures, and upon receiving minSchedulingOffsetPreferenceConfig set to release.
	No action.

	T346f
	Upon transmitting UEAssistanceInformation message with releasePreference.
	Upon initiating the connection re-establishment/resume procedures, and upon receiving releasePreferenceConfig set to release.
	No action.

	T346g
	Upon transmitting UEAssistanceInformation message with referenceTimeInfoInterest.
	Upon initiating the connection re-establishment/resume procedures, and upon receiving referenceTimeInterestConfig set to release.
	No action.

	[Omitted]
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