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1. Introduction

In the last RAN2 meeting, we have made the following agreements for enhancements for support of time synchronization [1]:
Agreements 

1. Both RTT-based PDC and legacy TA-based PDC are supported.

2. 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.  

3. A single pair of TRS/PRS and SRS is configured via RRC signaling for RTT-based PDC.

4. For RTT-based UE side PDC, gNB Rx-Tx time difference, e.g., gNBRx-Tx, shall be provided to UE via DLInformationTransfer signaling.

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

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

7. For RTT-based gNB side PDC, besides UE Rx-Tx time difference, no additional information needs to be reported to NW.

8. The signaling flow(s) of RTT-based PDC can be captured in stage-2 specification (taking the examples in [R2-2200991] or [R2-2201016] as baseline). The details can be further fine-tuned based on RAN2 agreements during stage-2 running CR review.

9. FFS an explicit indication to only activate UE side TA-based PDC is introduced in SIB or in unicast signalling and what is indicated

10. FFS For TA-based PDC, it’s no need to specify PD calculation related contents in RAN2.

11. Network configuration should guarantee that RTT-based PDC and TA-based PDC are not activated simultaneously for a UE.

12. RAN2 confirms to introduce separate R17 UE capabilities for RTT-based PDC and legacy TA-based PDC, as defined by RAN1 feature list.

13. RAN2 confirm the agreement in last meeting that reference time provided in dedicated signaling takes priority.  FFS UE behavior when it receives reference time info via dedicated signaling.  

14. RAN2 send a LS to RAN3 to inform the RAN2 progress about RTT-based PDC and TA-based PDC till the end of RAN2#116bis e-meeting.  Email discussion [508]

15. It’s no need to specify solution for the issue of mismatch between propagation delay value and reference time information.

Besides, two post email discussions are organized to resolve critical CP and UP critical open issues. In this contribution, we try to focus on issues not covered by the open issues email discussions.
2. Discussion
Currently, we have agreed that both RTT-based UE side PDC and RTT-based gNB side PDC are supported. And both TA-based UE side PDC and TA-based gNB side PDC are supported. We try to summarize the differences between these four different PDC solutions.

Table 1. Differences between different PDC solutions

	
	TA-based PDC
	RTT-based PDC

	UE-side
	RTT based measurement is NOT configured.

Explicit RRC signalling to enable UE-side PDC.
	RTT based measurement is configured. 
UE will perform RTT measurement according to the following agreement:
5.
No need to introduce additional activation for RTT measurement in UE side.

UE measurement report is not configured.
gNB indicates the gNB Rx-Tx time difference to the UE via DLInformationTransfer, and the UE can calculate the PD value.
The UE can perform PDC when receiving referenceTimeInfo. FFS to activate RTT-based UE side PDC implicitly via provision of gNB Rx-Tx time difference or explicitly via RRC signalling.

	gNB pre-compensation
	RTT based measurement is NOT configured.

Explicit RRC signalling to disable UE-side PDC.
	RTT based measurement is configured. 

UE measurement report is configured.
UE will perform RTT measurement according to the following agreement:

5.
No need to introduce additional activation for RTT measurement in UE side.

UE measurement report is configured. FFS event triggered report or explicit request by gNB shall be adopted.


Based on above table, we can find that for UE-side RTT based PDC, the UE can perform PDC operation when receiving referenceTimeInfo, if a valid PD value has already been obtained. A valid PD value can be calculated by the UE when the gNB has already indicated a gNB Rx-Tx time difference to the UE, and the UE has measured the corresponding UE Rx-Tx time difference. 
However, for a scenario where the UE receives referenceTimeInfo without available valid PD value, e.g. the gNB has not indicated gNB Rx-Tx time difference to the UE yet, the UE behaviour is not clear. We think the following options can be considered:

Option 1: The UE apply the reference time, without propagation delay compensation.
Option 2: The UE apply the reference time and perform PDC with TA/2, i.e. fall back to legacy TA based PDC. Option 3: The UE does not apply the reference time.
Option 4: Up to UE implementation.

For Option 1, significant sync error may be incurred, especially when the UE locates far away from the gNB. For Option 4, the UE behaviour is not predictable, and there may be intolerable sync error too. Option 2 is not preferred either, since the network tries to use RTT-based PDC, instead of TA-based PDC according to the configuration. Thus, we suggest that the UE will not apply the reference time in such case.
Proposal 1: For UE-side RTT based PDC, when the UE receives referenceTimeInfo without Rx-Tx time difference from gNB, the UE does not apply the reference time.
3. Conclusion

In this contribution, we have made some more analysis for accurate time synchronization, and made the following proposal:
Proposal 1: For UE-side RTT based PDC, when the UE receives referenceTimeInfo without a valid PD value, the UE does not apply the reference time.
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