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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]

The following was agreed to in RAN 113e [2]

Assumptions:

-
There is no UE clock drift issue to be addressed

-
The source and target gNB are tightly synchronized to the same master clock within the budget and there is no need to optimize anything for HO.  
Agreements

-
gPTP message interruption during mobility is not considered in the Rel-17 IIoT WI (i.e. no further specification impact are considered)
-
RAN2 to confirm which PDC option to choose is up-to RAN1 to decide
Following a discussion in RAN2 112e [3], the following points were agreed to:

Agreements

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. 
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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)
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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 stringent requirements, but a number within the range is also acceptable
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It is up to RAN1 to decide which PDC options should be supported for Scenario 1, 2 and 3 in Release-17.   

Following this, an email discussion is taking place to discuss the remaining issues in RAN2[4]. With the exact details of PDC to be supported still being discussed in RAN1, we present our inputs on some of the outstanding issues regarding the signalling to support PDC.
2 Network Side Pre-compensation
Recall that in Rel-16, PDC was left to UE implementation via TA. Alternatively, it has been proposed that RTT based compensation can also be introduced for the high accuracy PDC case [5]. One option that was proposed by some companies is Network side pre-compensation: which means that the network can modify the time reference signal to account for PD. RAN3 has requested RAN1 and RAN2 to inform RAN3 if a decision is reached to support gNB-based PDC [6] and RAN1 has decided “Leave it to RAN2 to decide whether to support UE based compensation and/or gNB based compensation for any propagation delay compensation method RAN1 may adopt for Rel-17, if applicable.”[5].
Observation 1: It is up to RAN2 to decide whether Network pre-compensation is supported. 

2.1 Network Side Pre-compensation for TA PDC

For the TA method, pre-compensation is not technically feasible. Recall that the UL-DL offset seen by the gNB is PD after UE applies a TA offset that is not tracked by the gNB (gNB only knows the current relative offset, not the absolute offset applied by the UE). Furthermore, gNB sends unacknowledged TA commands, so tracking the cumulative TA is not feasible. Thus, to make pre-compensation work, this information must be made available to gNB likely via new signalling or frequent RACH triggering. At this point the process becomes complex for the overall task, thus this option is not preferred.  

Also, changes to the legacy TA procedures are not preferred:

· The TA procedure is a fundamental procedure for the operation of the air interface, and this procedure has been stable since Rel-15. Modifying the TA feature in Rel-17 will cause unnecessary repeats of the basic test case development and interoperability for this feature.

· Significant RAN2 and RAN3 efforts to standardize the new feature on top of TA. We do not think that the marginal benefits in accuracy (if any) are worth the effort to develop the needed signalling.

Observation 2: Pre-compensation with TA is currently not technically feasible. 

Proposal 1: Network Pre-compensation is not supported with TA PDC.

2.2 Network Side Pre-compensation for RTT PDC

The RTT method relies on unicast signalling exchange between the UE and gNB [7] whereby:

· Unicast signals are exchanged between UL and DL.

· UE measures Rx-Tx time difference.

· gNB measures Rx-Tx time difference.

The measurements are transferred to the PDC performing node to apply the compensation. Clearly, RTT would be more adaptable to network pre-compensation if needed, however, to keep consistent with the general PDC framework and more importantly to account for the possibility of timing reference broadcast, RTT-method should primarily compensate at the UE, however, if a case can be made for network side pre-compensation, then RTT can support this too.
Proposal 2: UE-side RTT based propagation delay compensation is supported (unless otherwise indicated by RAN1). RAN2 to discuss whether Network-side RTT-based pre-compensation is additionally supported.
3 Activating/Deactivating UE Side PDC

The network may need to disable UE-side PDC due to:
· network pre-compensation being performed (if agreed to). 

· The cell is small and PDC can introduce a larger error.
· UE is close, use case does not require tight synchronization, etc. 

· gNB applies a static PDC value to unbias the error, and that will be sufficient for the use case.
In those cases, it is beneficial for the UE to get an explicit indication that UE side PDC is needed/not needed. Observation 3: UE-side PDC may not be needed in some scenarios.

Proposal 3: RAN2 to introduce RRC signaling to enable and disable UE-side PDC:
· If UE-side PDC is enabled, UE performs PDC according to the method(s) determined by RAN1.

· If UE-side PDC is disabled, UE does not modify timing reference signal to account for propagation delay. 
However, this signaling can be combined with the signaling specifying and/or supporting the PDC to be performed by the UE in Rel 17 enhanced PDC, so it may be beneficial to wait for RAN1 to specify the Rel 17 PDC method(s) to discuss the needed signaling. 

Proposal 4: RAN2 to further discuss the needed signaling for PDC after RAN1 determines the Rel 17 PDC method(s). 
4 Handovers
In RAN2 113e email discussion [8], there were some proposals that should simplify the work (if any) that RAN2 needs to support mobility and handovers:

Thus, there may be some utility of transferring UE’s need for reference timing between gNBs during handovers e.g., in the UEAssistanceInformation, however, this does not have RAN 2 spec impact, so we propose to formalize that.

Proposal 5: RAN2 to confirm that there is no spec impact in RAN2 for supporting transferring UE synchronization information between gNBs during handovers. 

5 Conclusion
Observation 1: It is up to RAN2 to decide whether Network pre-compensation is supported. 

Observation 2: Pre-compensation with TA is currently not technically feasible. 

Proposal 1: Network Pre-compensation is not supported with TA PDC.

Proposal 2: UE-side RTT based propagation delay compensation is supported (unless otherwise indicated by RAN1). RAN2 to discuss whether Network-side RTT-based pre-compensation is additionally supported.
Observation 3: UE-side PDC may not be needed in some scenarios.
Proposal 3: RAN2 to introduce RRC signaling to enable and disable UE-side PDC:

Proposal 4: RAN2 to further discuss the needed signaling for PDC after RAN1 determines the Rel 17 PDC method(s). 
Proposal 5: RAN2 to confirm that there is no spec impact in RAN2 for supporting transferring UE synchronization information between gNBs during handovers. 
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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]








Proposal: RAN2 to discuss if it is beneficial to transfer to the target gNB from the source gNB that the UE needs reference time delivery.


Proposal: RAN2 to confirm that there is no RAN2 spec impacts to support the transfer of UE’s need for reference time between gNBs.









