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1	Introduction
In RAN2#109bis-e, UE request of reference time is agreed based on the discussion in R2-2004150 [1].
	· The request of the reference time information is sent via the UEAssistanceInformation message.
· The UE indication of the delivery periodicity of the reference time is not supported in this release.
· The text proposal given in Annex A is used as the baseline for the request of the reference time information.


The running RRC CR based on the agreed baseline is endorsed in R2-2002703 [2]. In this paper, we discuss the remaining FFS.
	· FFS the need for a prohibit timer T346. 
· FFS whether the UE is allowed to send the same interest message.



[bookmark: _Ref178064866]2	Discussion
In the time synchronization solution developed by SA2, only the UEs that will receive gPTP messages need to be synchronized to the 5G clock. gNB does not need to broadcast or unicast the timing information, if there is no UEs requiring such information. Generating accurate reference timing information with up to 25ns of accuracy and periodically delivering it to UEs that have no need of it (i.e. they don’t need it if they do not make use of TSN GM clocks) can be wasteful of UE processing power, battery and radio interface bandwidth. As such, it is beneficial for gNB to know whether a UE might need reference time information. 
RAN2 sent a LS R2-1914213 [3] to SA2 to ask for information on whether and how the need for reference time information can be determined. Due to the views that SA2 solutions or other implementation-based solutions might not always be feasible, RAN2 has agreed that 
· the CONNECTED UE can request the reference time information;
· the request of the reference time information is sent via the UEAssistanceInformation message. 
In the endorsed CR, see Annex 5, network configures referenceTimeInterestReporting to allow UE to send the indication. UE can indicate the interest of being provisioned with reference time, as in sub-clause 5.7.4.2, in the following two cases, 
1.	just after it has been configured to do so; 
2.	after configuration, if the interest has changed, i.e., from false to true or vice versa. 
Once gNB knows that a UE might need reference time information, gNB starts to deliver the time information to the UE. 

After UE receives the time information, it starts to estimate the 5G time using its internal clock. There is an un-avoidable difference between the gNB clock (used for the 5G time) and the UE clock. To compensate the accumulated “errors” of UE’s estimation of the 5G time, a refresh of the time information from the network is needed. The refresh is periodic, and the periodicity is determined based on the desired synchronization accuracy, the knowledge on the stratum-level UE’s clock, etc.  
[bookmark: _Toc40798495]After gNB knows that a UE has an interest in reference time information, gNB periodically transmits the time information to UE.

There are proposals that UE can indicate to the network in the UEAssistanceInformation that it needs a refresh, e.g., by sending the same interest message. The difference between UE’s internal tracking of the 5G time and the true 5G time is mostly due to the accuracy and the stability of oscillators. With the information on these oscillators, UE may at best estimate the periodicity of the refresh, but not the exact moment when it needs a refresh. Furthermore, the information on these oscillators can be known at the network, and it does not make any sense to send a periodic request if the network knows in advance the periodicity and the intention of the message. 
[bookmark: _Toc40798497]As in the endorsed CR, UE is not allowed to send the same interest message. 
The periodicity of the refresh not only is related with the quality of the oscillators, but also depends on the inaccuracy levels of the time information from the gNB. There is no point of sending the time information more frequently if there is anyway a large inaccuracy in the information. As the inaccuracy of the time information is controlled by the network (depending on the implementation, deployment etc.), UE indication of the delivery periodicity is not helpful either. This relevant issue was discussed and agreed that “The UE indication of the delivery periodicity of the reference time is not supported in this release “.

[bookmark: _GoBack]There are further comments that UE clock drift issue should be considered. But UE clock must be of high quality to fully utilize all these time sensitive operations enabled by time synchronization in TSN. Correspondingly, gNB can make a worst-case assumption and calculate the delivery periodicity. 
[bookmark: _Toc40798496]UE clock drift is not a concern for accurate reference time delivery.

Lastly, to avoid unnecessary message overhead in the uplink, typically a prohibit timer for UE assistant information is specified. From the endorsed CR, UE can send the assistant information when its interest is toggled, i.e., from true to false or from false to true. If the endorsed CR is confirmed and proposal 1 is agreed, then one may argue that this message overhead is limited, as a properly implemented UE may not toggle the field often or even if does toggle the field frequently, the network can choose to disable the reporting by releasing the configuration referenceTimeInterestReporting. 
Nevertheless, as there are still ongoing discussions on these detailed mechanisms (see Proposal 1 and observation 2), we believe RAN2 should specify a solution that can avoid unnecessary message overhead in the uplink and a prohibit timer T346 as in all other UE assistant information can be a good candidate. 
[bookmark: _Toc40798498]Introduce a prohibit timer T346 for indication of interest in being provisioned with accurate reference time.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	After gNB knows that a UE has an interest in reference time information, gNB periodically transmits the time information to UE.
Observation 2	UE clock drift is not a concern for accurate reference time delivery.
Based on the discussion in the previous sections we propose the following:
Proposal 1	As in the endorsed CR, UE is not allowed to send the same interest message.
Proposal 2	Introduce a prohibit timer T346 for indication of interest in being provisioned with accurate reference time.
[bookmark: _In-sequence_SDU_delivery]
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5	Annex – endorsed baseline 
[bookmark: _Toc20425856][bookmark: _Toc29321252][bookmark: _Toc36756884][bookmark: _Toc36836425][bookmark: _Toc36843402][bookmark: _Toc37067691]5.7.4	UE Assistance Information
[bookmark: _Toc36756886][bookmark: _Toc36836427][bookmark: _Toc36843404][bookmark: _Toc37067693]5.7.4.2	Initiation
A UE capable of providing an indication of its interest in reference time information may initiate the procedure upon being configured to provide an indication of its interest in reference time information, or if it was configured to provide this indication and upon change of its interest in reference time information.
Upon initiating the procedure, the UE shall:
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;
[bookmark: _Toc20425880][bookmark: _Toc29321276][bookmark: _Toc36756991][bookmark: _Toc36836532][bookmark: _Toc36843509][bookmark: _Toc37067798]6.2.2	Message definitions
[bookmark: _Toc20425912][bookmark: _Toc29321308][bookmark: _Toc36757030][bookmark: _Toc36836571][bookmark: _Toc36843548][bookmark: _Toc37067837]–	UEAssistanceInformation
UEAssistanceInformation-v16xy-IEs ::= SEQUENCE {
    idc-Assistance-r16                  IDC-Assistance-r16                  OPTIONAL,
    drx-Preference-r16                  DRX-Preference-r16                  OPTIONAL,
    maxBW-Preference-r16                MaxBW-Preference-r16                OPTIONAL,
    maxCC-Preference-r16                MaxCC-Preference-r16                OPTIONAL,
    maxMIMO-LayerPreference-r16         MaxMIMO-LayerPreference-r16         OPTIONAL,
    minSchedulingOffsetPreference-r16   MinSchedulingOffsetPreference-r16   OPTIONAL,
    releasePreference-r16               ReleasePreference-r16               OPTIONAL,
    sl-UE-AssistanceInformationNR-r16   SL-UE-AssistanceInformationNR-r16   OPTIONAL,
    referenceTimeInfoInterest-r16       BOOLEAN                             OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

referenceTimeInfoInterest
[bookmark: _Hlk39588467]Indicates whether the UE is interested in being provisioned with the timing information specified in the IE ReferenceTimeInfo.
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