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[bookmark: _Ref165266342]Introduction
[bookmark: OLE_LINK1]In RAN2#111e meeting, RAN2 has discussed the time sync maintenance during mobility. But no agreement has been achieved. In this contribution, we will give our view on this topic.
Discussion
In R16, 3GPP introduces a mechanism to measure the delay experienced by gPTP message in the whole 5GS. The residence time of gPTP message in 5GS is based on the timestamping (which is marked by 5G clock) performed at the 5GS ingress and 5GS egress points. Thus, gNB and UE have to perform 5G time synchronization periodically by reference time provisioning to guarantee that the time synchronization error is below1us.
In R17 IIOT, the strict requirement of time synchronization accuracy is 900ns. At the same time, considering the duration of handover may be hundreds of milliseconds, the 5G time maintained by the UE might lose its accuracy if no 5G reference time is received during such a long period.
Typically, user traffic transfer does not occur for a UE between T1 and T3 as shown in the Fig.1. In order to measure the residence time of gPTP message sending via target gNB correctly, it is reasonable that UE should be able to obtain the reference time of target cell before receiving UL/DL scheduling of target gNB (e.g. scheduling user plane data carrying gPTP message).


Figure1.
In legacy handover, UE is not required to read the SIB (e.g SIB9) of target cell. In order to obtain the reference time of target cell, the target gNB should firstly be informed that the concerned UE needs reference time. Thus, the first issue is that how does the target gNB know that the UE needs reference time.
According to TS 38.331, the source gNB will transfer the UEAssistanceInformation (if any) via HandoverPreparationInformation-IEs to target gNB. 
HandoverPreparationInformation-IEs ::=  SEQUENCE {
    ue-CapabilityRAT-List                   UE-CapabilityRAT-ContainerList,
    sourceConfig                            AS-Config                                       OPTIONAL, -- Cond HO
    rrm-Config                              RRM-Config                                      OPTIONAL,
    as-Context                              AS-Context                                      OPTIONAL,
    nonCriticalExtension                    SEQUENCE {}                                     OPTIONAL
}
AS-Context ::=                          SEQUENCE {
    reestablishmentInfo                     ReestablishmentInfo                                 OPTIONAL,
    configRestrictInfo                      ConfigRestrictInfoSCG                               OPTIONAL,
    ...,
    [[  ran-NotificationAreaInfo            RAN-NotificationAreaInfo                            OPTIONAL
    ]],
    [[  ueAssistanceInformation             OCTET STRING (CONTAINING UEAssistanceInformation)   OPTIONAL   -- Cond HO2
    ]],
    [[
    selectedBandCombinationSN               BandCombinationInfoSN                               OPTIONAL
    ]],
    [[
    configRestrictInfoDAPS-r16              ConfigRestrictInfoDAPS-r16                          OPTIONAL,
    sidelinkUEInformationNR-r16             OCTET STRING                                        OPTIONAL,
    sidelinkUEInformationEUTRA-r16          OCTET STRING                                        OPTIONAL,
    ueAssistanceInformationEUTRA-r16        OCTET STRING                                        OPTIONAL,
    ueAssistanceInformationSCG-r16          OCTET STRING (CONTAINING UEAssistanceInformation)   OPTIONAL,   -- Cond HO2
    needForGapsInfoNR-r16                   NeedForGapsInfoNR-r16                               OPTIONAL
    ]]
}
Observation 1：The current specification has supported that source gNB indicates target gNB that the UE needs reference time.
The next issue is that when does the target gNB provide the reference time of target cell to UE. Two solutions have been proposed in the last meetings:
Solution 1: Target gNB provides the reference time of target cell to UE upon the reception of RRCReconfigurationComplete message.
As the target gNB knows that UE has interest in reference time in advance, target gNB can provides reference time to UE as soon as possible. This solution does not have any specification impact. 


Solution 2: The reference time of target cell is provided via handover command;
[bookmark: OLE_LINK2]In this solution, target gNB provides reference time of target cell via HO command. After UE received the HO command, UE can determine the reference time of target cell without PDC (propagation delay compensation). If TA based PDC method is adopted, UE can obtain reference time of target cell with PDC before sending RRCReconfigurationComplete message. Otherwise, UE may need to wait for obtaining reference time with PDC after sending RRCReconfigurationComplete message. Compared with Solution 1, whether Solution 2 has gain or not depends on the PDC method. Even though the TA based PDC method is finally adopted, the gain is relatively small. From our view, the main gain is that NW can schedule data transmission carrying gPTP message immediately after receiving RRCReconfigurationComplete message. Actually, there is no problem that NW delay data transmission of gPTP message. This is because the delaying of transmitting gPTP message does not affect time sync accuracy.


[bookmark: OLE_LINK3][bookmark: pro9]Proposal 1: It is up to gNB implementation to guarantee that UE obtains reference time with PDC of target cell in time.
Conclusions
Based on the analysis given above, we have the following observation and proposal:
[bookmark: _Toc502437832]Observation 1：The current specification has supported that source gNB indicates target gNB that the UE needs reference time.
[bookmark: _GoBack]Proposal 1: It is up to gNB implementation to guarantee that UE obtains reference time with PDC of target cell in time.
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