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1	Introduction
The revised IIoT / URLLC work item description for Rel-17 in RP-201310 has enhancements for time synchronization as one of its main objectives:
	4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]



RAN2 has received an LS from RAN1 in R1-2007446 and RAN2 has conducted an email discussion on the topic to determine a Uu interface time synchronization accuracy budget. The summary of the email discussion can be found in [1] and the draft LS reply to RAN1 can be found in [2]. According to [1], it is clear RAN2 needs to further study mechanisms for UE-side propagation delay compensation activation/deactivation:

	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



[bookmark: _GoBack]Moreover, this is also questionable whether propagation delay compensation should be semi-statically or dynamically configured. This paper address the issues mentioned above.
2	Discussion
The email discussion visits several options on indications to instruct the UE whether PDC should be conducted. The intention is to provide assurance from gNB perspective that the PDC can be applied timely to fulfil the 5GS accuracy requirement, and that the propagation delay will not be (fully) compensated by both the network and the UE. We have identified the following options in the email discussion:
	· Option 1: The gNB indicates to the UE whether it has done pre-compensation ([2], [10])
· Option 2: The gNB enables/disables UE-side PDC via an indication in unicast-RRC signal ([3])
· Option 3: The gNB enables/disables UE-side PDC via an indication in SIB ([8])
· Option 4: The gNB configures the UE with a PD threshold. The UE conducts PD compensation when the PD estimation is above the PD threshold ([12])
· Option 5: The UE requests a PD estimation update ([16])
· Option 6: Others



Option 1 to 4 allow the UE to determine if PDC should be undertaken (based on explicit indication from the gNB, or triggered by certain event). When the UE is configured not to do PDC, most likely the gNB has decided that PDC does not improve the accuracy or the gNB has already carried out pre-compensation. The indications of Option 2 and 3 are basically the same, although they are carried by a unicast message, or as a broadcast message, respectively. The benefit of a unicast indication is quite clear, as the gNB is able to configure UEs individually, and the gNB does not have to trigger PDC for all UEs if only a subset of them require such action. The drawback, on the other hand, is the heavy signalling overhead (as compared to broadcast) especially if the gNB intends to notify many UEs at once.
Proposal 1: The network may indicate to the UE whether it should conduct propagation delay compensation. It may do so by means of a broadcasted or unicasted signal.
It has been seen already in Release-16 that propagation delay compensation only provides a time synchronization enhancement when the propagation delay is larger than a certain value. This value depends on the cell configuration and the propagation delay estimation technique. Consider a simple example where the cross-over propagation delay is determined to be to X ns. This means applying propagation delay compensation would be more beneficial if the propagation delay is above X ns. Conversely, if the propagation delay is smaller than X ns, the benefits of PDC is diminished. This cross-over point increases for the cases involving two Uu interfaces, and decreases with SCS due to the improved accuracy of the propagation delay estimation from the timing advance procedure. If the propagation delay between a UE and a gNB is less than X (e.g. larger propagation delays cannot be experienced in the cell deployment), conducting PDC is never needed, and the UE could be configured to disable PDC entirely in the first place. On the other hand, for a large cell where it is known that no UEs are sufficiently close to the gNB, all UEs can be configured to apply propagation delay compensation. For a scenario, e.g. the indoor factory, with tight synchronization accuracy requirements, it can be beneficial to enable/disable propagation delay in accordance to whether the UE crosses the cross-over point, which should be more efficient than an “always on” approach due to the adaptive nature.
In particular, for a very tight Uu interface time synchronization budget, it might be needed to turn propagation delay compensation on/off in a timely fashion when the UE reach the cross-over point. Here, an implicit indication, such as a PD threshold can be beneficial in terms of avoiding late compensation. With such a threshold-based approach, the gNB can configure the UE with a propagation delay value (or range) for the UE to determine if it should conduct PDC. For instance, when its current propagation delay value exceeds the configured threshold, the UE will conduct propagation delay compensation; otherwise, the UE does not trigger such behaviour. That is, PDC can be conditionally triggered at the UE.
Proposal 2: The network may provide the UE with a propagation delay threshold. The UE use this threshold to determine whether it should apply propagation delay compensation.
It has been discussed if the UE should be able to request a PD estimation update. If this is to be supported, it is essential to assume that the internal oscillator of the UE is sufficiently stable, such that it can detect a change in the DL frame timing, which it may assume is due to a change in the propagation delay. If the UE internal oscillator is not sufficiently accurate, it will not be able to distinguish whether the change in DL frame timing is due to the propagation delay or due to its oscillator is drifting. It is not unreasonable to assume that a UE will have a fairly stable oscillator, especially when we are mainly dealing with industrial devices. Assuming a decent UE oscillator clock, the UE may be able to detect a change on the DL frame timing and then indicate this to the gNB. The alternative to a UE indication, is that the gNB configures propagation delay estimation procedure with a periodicity that is sufficiently fast for a UE detect a change in PD. Keeping in mind that the budget can be very tight, a change larger than a few tens of ns might have to be detected.  
Proposal 3: The gNB may configure the UE to report changes in the DL frame timing.
Lastly, a UE may be aware of the expected clock drift rate, but not necessarily the instantaneous clock drift. The expected clock drift rate can help the network to decide the required periodicity of referenceTimeInfo-r16 (and the corresponding availability of DL reference signals). A UE signal of its desired reference can be a simple extension to UEAssistanceInformation, where the UE may already signal its preference in receiving referenceTimeInfo-r16.
Proposal 4: The UE may indicate the desired referenceTimeInfo-r16 periodicity in UEAssistanceInformation.

3	Conclusion
In this contribution, we presented our views on some of the open issues relating to activation/deactivation of UE-side propagation delay compensation.  Based on the discussion, we have the following proposals:
Proposal 1: The network may indicate to the UE whether it should conduct propagation delay compensation. It may do so by means of a broadcasted or unicasted signal.
Proposal 2: The network may provide the UE with a propagation delay threshold. The UE use this threshold to determine whether it should apply propagation delay compensation.
Proposal 3: The gNB may configure the UE to report changes in the DL frame timing.
Proposal 4: The UE may indicate the desired referenceTimeInfo-r16 periodicity in UEAssistanceInformation.
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