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1 Introduction
In the last RAN2 #112e meeting, agreements regarding TSN timing synchronization have been made, as shown as follows:
1: RAN2 should consider the following three scenarios, with a focus on Scenario 2 and 3:

•
Scenario 1: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the CN. The 5GS introduced error is caused by the relative time-stamping inaccuracy at the NW-TT and the DS-TTs.
•
Scenario 2: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE. The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs.

•
Scenario 3: In the smart grid use case, where the TSC devices behind a target UE are synchronized to the 5G GM TD. The 5GS introduced error is caused by the synchronization of the 5G clock to the DS-TT. 

2
RAN2 should evaluate the synchronicity budget by dividing the 5GS E2E path into three parts: Network, Device, and Uu interface. Where the Uu interface is understood as the maximum 5GS time synchronization error between the UE and the gNB-DU (i.e. DU-CU interface error is not included)
3 RAN2 assumes the two Uu interfaces in Scenario 2 have the same time synchronization error budget.

4 The Uu interface budget for Scenario 1, 2 and 3 are respectively calculated as following:

•
Scenario 1: Uu budget = 900ns – Device – Network scenario1

•
Scenario 2: Uu budget = (900ns – 2xDevice – 2xNetwork scenario2)/2 (assumption is based on GPTP)
•
Scenario 3: Uu budget = 1000ns – Device – Networkscenario3 (baseline assumption that this is based on GNSS)

5  The Device part time synchronization accuracy budget is assumed to be in the range ±50 to ±100ns, this applies to all three scenarios

6  The error caused by the limited granularity of referenceTimeInfo-r16 IE (±5ns) is to be included in the network part budget, and RAN1 should be informed not to include this error in Uu interface.

7  The Network part time synchronization accuracy budget for Scenario 1, 2, and 3 are assumed to be the following:

•
Scenario 1: ±120 to ±200ns (NetworkScenario1) (assuming 3-5 hops worst case scenario
•
Scenario 2: ±240 to ±400ns (2xNetworkScenario2) (assuming 6-10hops worst case scenario)
•
Scenario 3: ±100ns (NetworkScenario3)

8
Based on Proposal 4, 5, 6 and 7, the per Uu interface time synchronization accuracy for Scenario 1, 2 and 3 are as following:

•
Scenario 1: ±595ns to ±725ns

•
Scenario 2: ±145ns to ±275ns

•
Scenario 3: ±795ns to ±845ns
9
LS to RAN1 providing the scenarios and values.  Indicate to RAN1 that they should aim to meet the most stringest requirements, but a number within the range is also acceptable.
 10
It is up to RAN1 to decide which PDC options should be supported for Scenario 1, 2 and 3 in Release-17.   

Obviously, RAN1 should make decision on which PDC options should be supported for Scenario 1, 2 and 3 on the basis of the per Uu interface time synchronization accuracy requirements analysed and indicated by RAN2. So, in this meeting, regarding the further analysis of any possible impacts of PDC on RAN2 specification, we can do noting but to wait for RAN1’s decision. On the other hand, the TSN timing synchronization potential issue during handover was not address in this WI.  In this contribution, we would like to discuss the issue and present our view on it.
2 Discussion
2.1 Asynchronization between UE and UPF during handover
During handover or prior to performing handover, UE clock might drift to a certain level that the synchronization accuracy between UE and UPF does not meet the requirements. Suppose during handover or just after handover, a gPTP message is required to be transmitted between TSN network and TSN end (connected to GM for scenario 1 as mentioned in the agreement #1 in the RAN2 #112e meeting), UE and UPF needs to do timestamping work on the gPTP message. In such case, the gPTP message receiver will not be synchronized to the transmitter with acceptable accuracy since correction field in the gPTP message is no longer accurate due to the asynchronization between UE and UPF. To establish the synchronization between UE and UPF, UE needs to firstly synchronize to the target gNB.
2.2 Analysis of the time needed for establishing synchronization between UE and target gNB
In legacy handover procedure, UE is aware of neither the gNB clock information nor the SFN information. Regarding the gNB clock information, since it is carried in the SIB9, and the scheduling period of SIB9 is up to network implementation, the UE might need to wait longer time for obtaining such information, either from reading SIB information or taking advantage of the referenceTimeInfoRequired IE in the UEAssistantInformation message. Note that the gNB clock information ‘referenceTimeInfo’ consists of a clock time information and the corresponding SFN, UE needs to know the current SFN information of the target cell to synchronize to the target gNB clock time.  Note that SFN information consists of 10 bits, among which, 6 most significant bits are carried in the MIB while the 4 LSBs are carried in the PBCH. Since the MIB repetition period is 20 ms, in the worst case, UE needs to wait at most 20 ms to get the SFN information. 
Observation 1： UE might need to wait up to 20ms to get the current SFN information for downlink frame boundary synchronization.
Observation 2: scheduling period of the SIB9 including the referenceTimeInfo information is up to network implementation. UE might need to wait long time before getting such information.
2.3 The solution of enabling prompt timing synchronization between UE and UPF
To let the UE get the referenceTimeInfo IE ASAP, it should be considered to transmit the referenceTimeInfo IE towards the UE in the handover command. For the target gNB, upon reception of the handover request msg from the source gNB, target gNB could identify if the allowed PDU session list contains a dedicated one for gPTP message transmission. Once identified, the target gNB could transmit its referenceTimeInfo-r16 IE towards the source gNB in the handover request ACK message. Finally, the target gNB could forward such information to the UE via air interface.

But still, as mentioned before, the UE needs to wait up to 20 ms to obtain the SFN information by capturing the MIB.  Note that the SFTD (system frame timing difference) measurement is introduced in R16, which aims to configure UE to measure the system frame timing difference between target gNB and source gNB. According to 38.331, the measurement results are indicated as follows:
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The IE MeasResultCellListSFTD-NR consists of SFN and radio frame boundary difference between the PCell and an NR cell as specified in TS 38.215 [9] and TS 38.133 [14].<

. MeasResultCellListSFTD-NR information element<

T
SRESULTCELLLISTSFTD-NR-STARTC

MeasResultCellListSFID-NR :

SEQUENCE (SIZE (1..maxCellSFTD)) OF MeasResultCellSFTD-NR

MeasResultCellSFTD-NR ::= SEQUENCE {¢
physCellid PhysCellld, <
sfn-0ffsetResult INTEGER (0..1023),¢

frameBoundaryOffaetResult INTEGER (-30720..30719),¢
rsrp-Result RSRE-Range OPTIONAL

MeasResultCelISFTD-NR field descriptions-

= sfn-OffsetResult- @
Indicates the SFN difference between the PCell and the NR cell as an integer value according to TS 38.215 [9].<
= frameBoundaryOffsetResult-

Indicates the frame boundary difference between the PCell and the NR cell as an integer value according to TS 38.215 [9] <





According to TS38.215, the granularity of the frame boundary offset result is 32 ns, and therefore the maximum error is 16 ns, which is acceptable in terms of synchronization performance. 

Proposal 1: to enable prompt timing synchronization between UE and UPF, the ReferenceTimeInfo IE of the target gNB should be transmitted towards the source gNB in the handover Request Ack message, and further transmitted towards the UE in the handover command message. 

Proposal 2: to enable prompt timing synchronization between UE and UPF, source gNB should configure SFTD measurement for the target PCell towards the UE.

In our opinion, there are several options on the table for how to configure the SFTD measurement, as indicated as follows:

· Option 1: UE is configured to do the SFTD measurement for the target cell after reception of the handover command.
· Option 2: UE is configured to do the SFTD measurement autonomously for the candidate target cells after the reporting triggering condition of A3/A5 event for one or more candidate target cells are met.

· Option 3: UE is configured to do the SFTD measurement with the cell signal related measurement together in the measurement configuration.
Regarding Option 1, it could be found that although the number of SFTD measurement object is limited—only 1, the UE might not have enough time to finish the SFTD measurement, and as a result, the purpose of prompt timing synchronization between UE and target gNB will be failed. On the other hand, for Option 3, UE is required to do potentially overwhelming number of SFTD measurements, which is not aligned with the current R16 restriction: the maximum number of SFTD measurement objects are 3. Moreover, such implementation will enforce too much burden on UE, considering the number of the candidate cells could be large. Option 2 is preferred since the measurement objects for the SFTD measurement is restricted------only the ones with measurement reporting condition (A3/A5) is met. Such measurement objects number could be further restricted, if the capability of candidate target PCell of supporting the dedicated PDU session or R16 high-precision 5G clock time is taken into account. In addition, UE could have enough time to do the SFTD measurement, since at the time, the handover command is not yet received.  Note that such autonomous SFTD measurement could be differed from the conventional one, since the UE does not need to report the SFTD measurement towards the network.
Proposal 3: kindly propose RAN2 to study the best solution for configuring the SFTD measurement towards UE for prompt timing synchronization between UE and target gNB, and the UPF.
3 Conclusions

In this paper, the following observations and proposal are given:
Observation 1： UE might need to wait up to 20ms to get the current SFN information for downlink frame boundary synchronization.
Observation 2: scheduling period of the SIB9 including the referenceTimeInfo information is up to network implementation. UE might need to wait long time before getting such information.
Proposal 1: to enable prompt timing synchronization between UE and UPF, the ReferenceTimeInfo IE of the target gNB should be transmitted towards the source gNB in the handover Request Ack message, and further transmitted towards the UE in the handover command message. 

Proposal 2: to enable prompt timing synchronization between UE and UPF, source gNB should configure SFTD measurement for the target PCell towards the UE.

Proposal 3: kindly propose RAN2 to study the best solution for configuring the SFTD measurement towards UE for prompt timing synchronization between UE and target gNB, and the UPF.
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