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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 #86 RP-193233 related to propagation delay enhancement in Rel 17 [1]

Following a discussion in RAN2 112e [2], 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. 

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 stringent 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.   
2 Propagation Delay Measurement and Compensation

2.1 Propagation Delay Measurement and Compensation

Following the agreements in RAN2 112e meeting, the following was agreed to regarding PDC:

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
10 It is up to RAN1 to decide which PDC options should be supported for Scenario 1, 2 and 3 in Release-17.   
There are ongoing discussions on the possible options for Propagation Delay Measurement and Compensation. RAN1 is currently studying the following options [3]:

There have been similar efforts in RAN2 to state different options as follows [4]:
	The follows are the main approaches need to be re-evaluated and down-selected in R17:

-
Option 1a: Leave this up to UE implementation and do not specify any enhancements.

-
Option 1b: Leave this up to UE implementation but specify finer granularity of TA command to assist the UE calculation.

-
Option 2a: Specify in the specifications propagation delay compensation based on TA command (no TA granularity enhancements).

-
Option 2b: Specify in the specifications propagation delay compensation based on TA command and enhance TA granularity.

-
Option 3: Perform pre-compensation on the network side (up to network implementation) and add the indication in the network to UE signalling that the time information was pre-compensated.

- Option 4: reuse some aspects of the positioning framework timing difference measurements for propagation delay compensation


Although the RAN2 agreement has stated that PDC will be left to RAN1, it is expected that RAN2 will still have to provide the signaling details to support PDC. Thus, it is still useful for RAN2 to discuss some of the PDC aspects from a signaling standpoint.
Observation 1: RAN2 to provide the signaling needed for PDC once RAN1 agrees on PDC details.

2.2 TA-based Propagation Delay Compensation

A candidate method for propagation delay compensation is the Timing Advance (TA) command applied to compensate for propagation time delay in the uplink and align the UE and gNB frames. However, there is inherent inaccuracy in the TA method caused by:

· The Granularity of the TA command. This is equal to [image: image1.wmf]m
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. For SCS of 30khz, this is equal to 260.4ns. Option 1a suggests reducing this error by increasing the granularity of TA command.
· Error or offset caused by the implementation details of TA at the gNB. Since the implementation of TA is not specified, but rather left to the gNB, the gNB might adopt a specific implementation that does not attempt to perfectly align the received UL and the transmitted DL. For example, gNB might attempt to achieve a different arrival time of the uplink waveform at the frame boundary (in particular on FDD where there is no strong technical reason to align DL and UL perfectly).
· The requirement of Timing Advance UE implementation is coarser than the accuracy required by TSN synchronization. There is no guarantee that the UE implementation would have the needed resolution to maintain the required accuracy. Option 1b suggests mitigating this error by updating RAN4 requirements on TA adjustment error and Te.
Due to the many sources of inaccuracy, it is clear that legacy Rel 16 TA is not accurate enough for Rel 17 use cases specially Scenario 2. 

Observation 2: Legacy Rel-16 Timing Advance procedure is not suitable for propagation delay compensation due to insufficient granularity and other inaccuracies which may be induced by the gNB and UE implementations.

Based on this, if TA was to be used for PDC, TA must increase granularity (option 1a) and/or decrease UE implementation error (option 1b) to satisfy the constraint. Noting that the gNB implementational error is still not handled and may cause the total error to still violate the constraint after the required modifications are implemented. Furthermore, applying option 1a and option 1b would have the following significant effects:
1. Option 1a with increased granularity would require the gNB to support legacy TA and TA with increased granularity simultaneously, tying the TA to the UE capability which is a big change to the legacy stable TA system. Furthermore, a gNB would need to support UEs with legacy TA granularity and UEs with enhanced TA granularity simultaneously, which is an unnecessary new burden for the gNB requiring the maintenance of separate TA implementations. 
2. Option 1b would require significant RAN1, RAN2 and RAN4 efforts to redesign the TA procedure to satisfy the required synchronization accuracy.

3. Time-tracking is complex and implementation-specific, often affected by some other performance considerations such as Cyclic-Prefix alignment and minimizing emissions. Thus, attempting to increase synchronization accuracy by tweaking time tracking would require balancing those other considerations which will complicate the process, if not make it infeasible.

4. 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.

We conclude that implementing these options would introduce large changes to the legacy TA which is a stable system not designed for the PDC purpose. Even if a TA based PDC is adopted, this should be kept separate from the legacy TA procedure. If the legacy procedure is impacted, this will require new IOT.
Observation 3: Any changes to the legacy TA procedure will unnecessarily require new testing of this procedure for the UE and gNB.

Proposal 1: RAN2 should not introduce a PDC solution which changes the legacy TA procedure used for timing alignment of uplink.
3 Activating/Deactivating UE Side PDC

The following proposals have been presented following the post RAN2 111e email discussion [5]

There are two use cases where it is beneficial for the Network to activate/deactivate UE-based compensation:

1. For a small cell where UE-gNB distance is guaranteed not to exceed a small threshold (that does not violate the synchronization accuracy constraint), the network may choose to switch off compensation in order not to introduce new overhead and possibly increase the synchronization error. 

2. If the network is configured to perform pre-compensation on behalf of UEs, then deactivating UE-side compensation is important to avoid double compensation

Observation 4: UE side PDC may not be needed in some scenarios.

Proposal 2: RAN2 to introduce RRC or MAC based signaling to enable and disable UE-side PDC if a UE-side PDC method is specified:
· 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. 
4 Mobility Issues
4.1 Handovers

We divide the mobility issues where synchronization inaccuracy may occur as follows:

Issue 1: Source and Target gNB may have different propagation time to the UE, the UE needs to rapidly acquire the correct propagation delay to perform PDC.

Issue 2: possibly large interruption time compared to clock refresh requirements.
Issue 3: Source and Target gNB may have large clock difference, either because they are synchronized to different 5G GM clock version or because of an inaccuracy arising from low quality backhaul, S-gNB and T-gNB connected to different UPFs, etc.

4.1.1 Issue 1: Time Synchronization disruption due to Change in Propagation Delay during HO

When a UE moves from source gNB to target gNB, it is expected that the propagation delay would abruptly change. The change can be large enough to temporarily violate the Uu synchronization accuracy requirement. It is expected that some loss of accuracy can occur. The exact solution to minimize the impact depends on the specific PDC technique determined by RAN1. None-the-less, it is beneficial for RAN2 to address this issue since it was specified in the WI description.

Observation 5: Change of Propagation delay during HO may cause large synchronization inaccuracy.

Proposal 3: RAN2 to discuss how to avoid synchronization inaccuracy due to change in propagation delay during handover.
4.1.2 Issue 2: Time Synchronization disruption due to HO interruption

Handovers introduce some service interruption due to path switch between source gNB and target gNB. An issue might arise if the clock interruption time is large enough such that the UE clock might fall out of synchronization. Some proposals [6] have stated that source gNB may indicate to target gNB that the UE requires swift reference time delivery, alternatively, this can be indicated in the UE assistance information or by allowing the UE to specifically request the clock. These types of optimizations are not within the scope of Rel-17 WI. As the WID objectives clearly capture, any enhancements for mobility issues should only be related to propagation delay.
Observation 6: Time synchronization disruption during HO is not within the scope of Rel-17 WI.

Proposal 4: RAN2 does not need to introduce new signalling to avoid clock drift during HO interruption.
4.1.3 Issue 3: Handover when Source and Target gNB clocks are not perfectly synchronized.

In RAN3 LS reply [7] to RAN2 to quantify the Network Error (including errors between gNB), some upper bounds were given for the network error under some assumptions on the quality of the backhaul, proximity of UPF, etc. However, left unhandled were the cases when two gNBs may have significant error due to using different UPFs, different 5G GM clocks or severe degradation due to low quality backhaul. In this case, a UE that is moving between source and target gNB needs to quickly refresh the clock to be synchronized to target-gNB. However, this specific case may be out of the WI scope for now, and thus RAN2 may postpone discussion on that until it is established that source and target gNB may not be assumed to have tightly synchronized clocks.
Proposal 5: RAN2 to assume that during handover, source and target gNB clocks are tightly synchronized unless otherwise specified. 
5 Conclusion

Observation 1: RAN2 to provide the signaling needed for PDC once RAN1 agrees on PDC details.

Observation 2: Legacy Rel-16 Timing Advance procedure is not suitable for propagation delay compensation due to insufficient granularity and other inaccuracies which may be induced by the gNB and UE implementations.

Observation 3: Any changes to the legacy TA procedure will unnecessarily require new testing of this procedure for the UE and gNB.

Proposal 1: RAN2 should not introduce a PDC solution which changes the legacy TA procedure used for timing alignment of uplink.

Observation 4: UE side PDC may not be needed in some scenarios.

Proposal 2: RAN2 to introduce RRC or MAC based signaling to enable and disable UE-side PDC if a UE-side PDC method is specified:

· 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. 
Observation 5: Change of Propagation delay during HO may cause large synchronization inaccuracy.

Proposal 3: RAN2 to discuss how to avoid synchronization inaccuracy due to change in propagation delay during handover.
Observation 6: Time synchronization disruption during HO is not within the scope of Rel-17 WI.

Proposal 4: RAN2 does not need to introduce new signalling to avoid clock drift during HO interruption.

Proposal 5: RAN2 to assume that during handover, source and target gNB clocks are tightly synchronized unless otherwise specified. 
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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]








Agreements:


The following options for propagation delay compensation are further studied in RAN1  


Option 1: TA-based propagation delay


Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).


Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)


Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected) 


Option 2: RTT based delay compensation: Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning).





Proposal 10: RAN2 shall introduce a new signal to activate/deactivate UE side propagation delay compensation, which can be used when e.g. pre-compensation is conducted by the network. 


Proposal 11: It is up to RAN1 to decide which PDC options should be supported for Scenario 1, 2 and 3 in Release-17.


Proposal 12: RAN2 should further study how to activate/deactivate UE side propagation delay compensation


FFS whether the signalling can be explicit or implicit


FFS whether both unicast and broadcast options should be supported


FFS whether a UE assisted propagation delay indication should be supported












