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1 Introduction

To support more accurate time synchronization, the following is agreed on PDC,

1. RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  

2. The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.  

3. A new RRC parameter can be introduced to explicitly enable/disable UE-side PDC
4. Both RTT-based PDC and legacy TA-based PDC are supported.

5. Both RTT-based UE side PDC and RTT-based gNB side PDC are supported.  RRT-based gNB side PDC has to be a simple solution and converge by February meeting.  
6. For RTT-based UE side PDC, gNB Rx-Tx time difference, e.g., gNBRx-Tx, shall be provided to UE via DLInformationTransfer signaling.

7. No need to introduce additional activation for RTT measurement in UE side.

8. For RTT-based gNB side PDC, RRC measurement framework can be reused as baseline to provide UE Rx-Tx time difference report.

9. For RTT-based gNB side PDC, besides UE Rx-Tx time difference, no additional information needs to be reported to NW.
10. Network configuration should guarantee that RTT-based PDC and TA-based PDC are not activated simultaneously for a UE.
In this contribution, we focus on the remaining issues on the time synchronization enhancement.
2 Discussion

According to the current agreements, RTT-based PDC and TA-based PDC are not activated simultaneously for a UE, which is guaranteed by the network configuration but the details are FFS. Thus, one open issue is how to choose a PDC method.
One solution is to explicitly indicate the objective, i.e. the network explicitly indicates to use the TA-based PDC or the RTT-based PDC. But this solution has some implementation restrictions. For example, in the case that such indication is delivered via SIB, it implies that a cell can apply only one kind of PDC method. It restricts the UE flexibility and does not take the UE capabilities into account. Moreover, it does not suit the case where one gNB serves multiple TSN nodes of different time synchronization requirements. 

Considering RTT-based and TA-based PDC does not use together, we understand that the presence or absence of the RTT-related RS configuration can be used to choose the PDC method. If the gNB wants RTT-based PDC, it configures RTT-related parameters, i.e. TRS/PRS and SRS configurations. Accordingly, the UE applies RTT-based PDC once it receives that parameters. Otherwise, the network does not configure those parameters and the UE can consider TA-based PDC.
Proposal 1 In the case that the RS parameters that are needed by RTT-based PDC are configured, the UE can apply RTT-based PDC. Otherwise, the UE applies the legacy TA-based PDC.

Another open issue is when or how to enable UE-side PDC. If the RTT-based RS configuration can be used to choose the PDC method, a common RRC signalling is sufficient to enable/disable UE-side RTT-based or TA-based PDC. In detail, the UE performs Rel-17 UE-side PDC if it receives the enabling indication via RRC signaling. The UE does not perform Rel-17 UE-side PDC if it receives the disabling indication via RRC signaling. The UE may perform Rel-16 PDC if the enabling/disabling indication is absent. 
Proposal 2 A common enabling/disabling mechanism for RTT-based and TA-based PDC, i.e. a common RRC signalling to enable/disable UE-side PDC. 
Combined the above proposals, the PDC mechanism can work in the following way,
· If the UE receives UE-side PDC enabling indication, and

· If the RS parameters needed for RTT are configured, the UE performs UE-side RTT-based PDC.

· If the RS parameters needed for RTT are not configured, the UE performs UE-side TA-based PDC.

· If the UE receives UE-side PDC disabling indication, and
· If the RS parameters needed for RTT are configured, the UE reports UE RX-TX time difference, i.e. The gNB may perform RTT-based pre-compensation.

· If the RS parameters needed for RTT are not configured, the UE does nothing.  
· If the UE-side PDC enabling/disabling indication is absent,

· The UE may behave as in Rel-16.
Once the UE-side PDC is disabled, one follow-up question is whether gNB-side PDC is always performed. The RTI can be delivered via SIB9 or dedicated RRC. If the RTI is sent via DLInformationTransfer, we understand that this RTI may be pre-compensated based on the network strategy. However, if the RTI is sent via SIB9, the network pre-compensation should be prohibited to avoid the backward compatibility issue, otherwise, there will be over-compensation for the legacy UEs.
Proposal 3 In the case that referenceTimeInfo is sent via SIB9, the gNB pre-compensation should be prohibited to avoid backward compatibility issues.
It is agreed that the enabling/disabling indication can be delivered via unicast and broadcast RRC signalling. Also, referenceTimeInfo can be delivered via SIB9 and DLInformationTransfer. Typically, we can follow the rule that the broadcast indication applies to the broadcast time info, and the unicast indication applies to the unicast time info. In detail, a UE performs the UE-side PDC if it receives the RTI via SIB9 and the enabling indication via broadcast signalling. While another UE in the same cell does not perform the UE-side PDC if it receives the RTI via DLInformationTransfer and the disabling indication via unicast signalling. In reality, it is also possible that a UE receives the RTI via SIB9 and receives the enabling/disabling indications from broadcast and unicast RRC signalling. It happens if the network does not perform the pre-compensation but the network considers PDC needed for part of UEs. For this case, extending the unicast enabling/disabling indication to the broadcasted RTI is reasonable. 

Proposal 4 RAN2 confirms that the broadcast enabling/disabling indication applies to the broadcast reference time info, and the unicast enabling/disabling indication applies to the unicast and broadcast reference time info.
One follow-up question based on Proposal 4 is what is the UE behaviour if the unicast and broadcast enabling/disabling indications give the opposite values. For a specific UE, we understand that the network can enable UE-side PDC via unicast signalling at the same time it indicates the UE-side PDC disabling via the broadcast indication. If that is the case, this UE should follow the unicast indication and performs PDC.
Proposal 5 If the unicast enabling/disabling signaling applies to the broadcast reference time info and if the UE receives the enabling/disabling signaling via both unicast and broadcast RRC, the UE follows the unicast enabling/disabling signaling.

3 Conclusion

Based on the discussion above, we propose the following:

Proposal 1
In the case that the RS parameters that are needed by RTT-based PDC are configured, the UE can apply RTT-based PDC. Otherwise, the UE applies the legacy TA-based PDC.
Proposal 2
A common enabling/disabling mechanism for RTT-based and TA-based PDC, i.e. a common RRC signalling to enable/disable UE-side PDC.
Proposal 3
In the case that referenceTimeInfo is sent via SIB9, the gNB pre-compensation should be prohibited to avoid backward compatibility issues.
Proposal 4
RAN2 confirms that the broadcast enabling/disabling indication applies to the broadcast reference time info, and the unicast enabling/disabling indication applies to the unicast and broadcast reference time info.
Proposal 5
If the unicast enabling/disabling signaling applies to the broadcast reference time info and if the UE receives the enabling/disabling signaling via both unicast and broadcast RRC, the UE follows the unicast enabling/disabling signaling.
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