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1 Introduction 
In this contribution, we discuss propagation delay compensation for TSN reference timing delivery.
Following is the WID from the TSN meeting #88e RP-201310 related to propagation delay enhancement in Rel 17 [1]

Following a discussion in RAN2 116 bise [2] (based on the email discussion on [3]), the following was agreed to

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.

And the following was left for further discussion:

Proposal 4.2: RAN2 discuss how to activate RTT-based UE side PDC, to activate implicitly via provision of gNB Rx-Tx time difference to UE or to activate via an explicit RRC signaling.

Proposal 5.1: For RTT-based gNB side PDC, RAN2 discuss how to trigger report of UE Rx-Tx time difference to the NW, e.g., explicit request in RRC signaling from gNB or event trigger.
2 gNB side PDC

During the last meeting, there was no convergence on whether gNB-side PDC should be supported, thus the agreement reflected that lack of consensus on that issue
1. 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.  

Since UE-based RTT PDC is agreed to in RAN2, it is unclear what additional benefits gNB-side PDC adds. In fact, gNB side PDC has a few complications and requires a lot of standardization work with additional RAN3 impacts.
Observation 1: gNB-side does not have higher accuracy than UE-side PDC.

This is true since the overall accuracy of the operation is determined by the accuracy of UE Rx-Tx time difference measurement which is not affected by the final node that performs PDC, in fact, there is a good chance that some additional quantization error would be added to gNB-side due to the granularity of the UE measurement report. 

Observation 2: gNB-side PDC still needs some standards discussion regarding the appropriate way to send the UE-measurement report carrying the UE Rx-Tx time difference measurement and how this measurement report is tiggered (Specified event triggered vs periodic vs UE implementation dependent). 
Finally, gNB side PDC can only work when the reference time in unicast to the UE, since the pre-compensation value is specific to the UE, thus it not as efficient as UE-side PDC. 
Observation 3: gNB-side PDC can only support unicast reference timing signalling which leads to significantly higher overhead and does not scale favourably with UEs. The overhead is further increased by the high accuracy requiring a large UE measurement report payload. 
Observation 4: gNB-side PDC requires a lot of RAN3 work to support pre-compensated signal delivery. 
Thus given those technical issues, and the time needed to resolve them, our view is that UE-side RTT-based PDC is sufficient to provide high accuracy PDC needed for Rel-17 use cases.
Proposal 1: gNB-side RTT PDC is not supported.
3 TA PDC Measurement
In the last meeting, it was agreed to support legacy TA-based PDC. Recall that in Rel-16 the PDC procedure was not standardized, but left for UE implementation to perform if needed based on cumulative TA. The legacy TA-based method has found not to be very accurate and thus can only be used to compensate for very large PD values, e.g., smart-grid outdoor scenarios. Thus, in our view, TA has limited use-cases based on its low accuracy.

Observation 5: Legacy-TA based PDC has low accuracy due to large TA granularity, among other error sources, thus it is expected to be used for limited very large PD use cases, e.g., outdoor smart grid.
Due to its limited use, we think that it can follow Rel-16 and be wholly left to UE implementation, including the activation and deactivation, but since RAN2 has earlier agreed on RRC signalling to activate/deactivate PDC in RAN2 116e [4]:

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


 We think that a dedicated unicast/broadcast RRC signal can be introduced by RAN2 to enable and disable UE-side TA-based PDC.

Observation 6: RAN2 has agreed that gNB can enable/disable UE-side PDC via unicast and broadcast RRC signaling.  
Proposal 2: RAN2 to specify the RRC signaling needed to enable/disable UE-side TA-based PDC.
During the last email discussion, some proposals argued for enabling activation/deactivation via SIB. In our view, this is not needed and would be problematic and wasteful to include in SIB. Following the earlier agreement regarding doing it via RRC signaling is sufficient.

Proposal 3: SIB is not used to activate or deactivate UE side PDC.

4 UE-side RTT-based PDC

The two remaining issues for RTT based UE-side PDC are the following:

1. Explicit vs Implicit activation of PDC at the UE

2. RRC configuration of the TRS/PRS-SRS pair.

For the first issue, there have been some arguments that explicit RRC agreement as per RAN2 earlier agreement is not necessary, since gNB would be sending gNB Rx-Tx measurements to the UE which can act as an implicit activation. However, we think that having explicit RRC signalling is the cleaner approach, since it separates the activation from configuration signalling, in contrast to implicit activation which mixes up functionality with negligible overhead savings. 

Proposal 4: UE-side RTT PDC is explicitly activated using new dedicated unicast RRC signalling. 

As for the second issue, RAN2 has already agreed:

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

It remains to finalize the stage 3 details of that agreement regarding the RRC signalling needed to configure this measurement, specially for PRS which is generally configured by the LMF over NAS, and thus, would need some work to allow for the gNB (serving cell) to configure the PRS at the UE for the UE to measure the Rx-Tx time difference. 
Proposal 5: RAN2 to finalize the stage 3 details of RRC signalling needed to configure a single pair of TRS/PRS and SRS needed for RTT-based PDC.
5 Conclusion
Observations and proposals summarized below.
Observation 1: gNB-side does not have higher accuracy than UE-side PDC.

Observation 2: gNB-side PDC still needs some standards discussion regarding the appropriate way to send the UE-measurement report carrying the UE Rx-Tx time difference measurement and how this measurement report is tiggered (Specified event triggered vs periodic vs UE implementation dependent). 

Observation 3: gNB-side PDC can only support unicast reference timing signalling which leads to significantly higher overhead and does not scale favourably with UEs. The overhead is further increased by the high accuracy requiring a large UE measurement report payload. 
Observation 4: gNB-side PDC requires a lot of RAN3 work to support pre-compensated signal delivery. 

Proposal 1: gNB-side RTT PDC is not supported.

Observation 5: Legacy-TA based PDC has low accuracy due to large TA granularity, among other error sources, thus it is expected to be used for limited very large PD use cases, e.g., outdoor smart grid.

Observation 6: RAN2 has agreed that gNB can enable/disable UE-side PDC via unicast and broadcast RRC signaling.  

Proposal 2: RAN2 to specify the RRC signaling needed to enable/disable UE-side TA-based PDC.
Proposal 3: SIB is not used to activate or deactivate UE side PDC.

Proposal 4: UE-side RTT PDC is explicitly activated using new dedicated unicast RRC signalling. 

Proposal 5: RAN2 to finalize the stage 3 details of RRC signalling needed to configure a single pair of TRS/PRS and SRS needed for RTT-based PDC.
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Enhancements for support of time synchronization:


RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]


Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]












