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1	Introduction
The revised Rel-17 NR IIoT / URLLC work item description in RP-210854 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]



This paper will discuss the remaining RAN2 aspects related to propagation delay compensation (which are agnostic to a specific PD estimation method).
2	Propagation delay compensation signalling framework
It has been discussed whether the UE and/or the gNB should be standardized to conduct propagation delay compensation (PDC) in Release-17. It is our view, that UE-based propagation delay compensation should be the primary solution for the following reasons:
· Works with SIB9. The propagation delay between a gNB and a UE is UE-specific, and UE-side PDC will therefore allow the gNB to use SIB9 for delivery of referenceTimeInfo. 
· Low specification impact. From RAN2 point of view, supporting UE-based PDC would only require an activation/deactivation signal to the UE.

The alternative to UE-based PDC is network-based propagation delay pre-compensation. This has the benefit of allowing the gNB to utilize a PD estimate it might have by implementation i.e. through timing advance , and does not require any action for the UE (and can even work with legacy devices in principle). As mentioned above, the drawbacks is a) that NW-based PDC does not work with broadcast SIB9 as the DL PD can be assumed to be UE-specific and b) the significant RAN3 impact, as indicated by RAN3 in the LS [R3-211136]. With these in mind, and the short timeline that remains with Release-17, the way forward in RAN2 on who does PDC should be to only support UE-based propagation delay.  
Observation 1: The remaining timeline in Release-17 WI justifies down scoping of options in PDC enhancements. Between network and UE-side PDC, UE-side PDC is the obvious choice as it works with SIB9 and has low specification impact overall.
Proposal 1: UE-side propagation delay compensation is supported in Release-17.
Proposal 2: Specification of network-side propagation delay pre-compensation is not pursued in Release-17. 
When the UE is chosen to conduct PDC, it is critical that it has an up-to-date PD estimate. To keep it simple, RAN2 may assume that the gNB is responsible of ensuring that the UE has an up-to-date PD estimate. How the UE is signalled with a PD estimate will to some extend depend on the choice of PD method from RAN1. For example if TA is chosen as a PD estimation method, the UE already has an absolute TA value it may use, whereas if Rx-Tx based PD estimation method is chosen, the gNB needs to signal the UE with an Rx-Tx measurement to enable the UE to calculate the RTT and then the DL PD estimation. 
Proposal 3: RAN2 may assume that the PD estimation method would allow the gNB to ensure that the UE has an up-to-date PD estimate for compensation (no additional RAN2 impact is expected).
It is crucial to ensure that propagation delay will not be (over) compensated by both the network and the UE. Hence, it is needed to consider the signalling framework that allows gNB and UE to achieve a common understanding about which node should carry out PDC. The email discussion [7] visits several options on indications to instruct the UE whether PDC should be conducted. The following options were identified in  the email discussion [7]:
	· 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 become aware or determine if PDC should be undertaken (based on explicit indication from the gNB or triggered by a specified 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 that the gNB is able to configure UEs individually and as PD is UE specific, and not expected to change frequently, such indication is preferred. The benefits of a broadcasted PDC trigger would need to be further study if it should be considered.
We may group Option 1 to 3 as all rely on a binary indication (enable or disable) of UE-based PDC and then Option 4 where the network configures the UE with a PD threshold, and leave the evaluation of whether the current PD estimation is above or below this PD threshold. A binary indication would be the simplest option to standardize and to handle by the UE. The threshold-based mechanism is more beneficial when the network would have to frequently change indication to the UE, but this is not expected to be needed despite some accuracy benefits of timely disabling PDC when the UE is sufficiently close to the gNB. 
With a simple binary indication for UE-side PDC, the UE will not expect the gNB to have done any pre-compensation when it is configured to do PDC. However, when the UE is not configured for PDC, the UE is not expected to do PDC and it can be left for gNB implementation whether or not it has conducted pre-compensation.
Proposal 4: The gNB enables/disables UE-side PDC via a unicasted explicit binary indication.

UE assistance information can aid the gNB configuring and maintaining propagation delay compensation and the time synchronization service. One UE assistance feature which could be considered is where the UE is able to request a PD estimation update (i.e. Option 5 from above). If such feature is to be supported, it is needed to assume that the internal oscillator of the UE is sufficiently stable, such that the UE can detect a change in the DL frame timing at the UE, which could happen 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. Another feature is the UE assisting the gNB with information to determine the needed periodicity of referenceTimeInfo delivery. Similar arguments apply as for the UE initiated PDC, that the UE need to have some accurate understanding of its internal oscillator (at least on a statistical level).  Such feature would however be simple to standardize as it can be an extension to the UEAssistanceInfo where the UE may already request to receive referenceTimeInfo.
Generally the benefits of this feature should be further studied before we introduce it to the specification and given the remaining timeline in Release-17 we propose to not further pursue UE assistance information of propagation delay compensation in Release-17, but await Release-18. 
Proposal 5: RAN2 does not further consider UE assistance information for propagation delay compensation in Release-17.
4	Conclusion
In this paper, we have discussed several aspects about signalling to support propagation delay compensation for time-synchronization support. The discussion leads to the following proposals:
Proposal 1: UE-side propagation delay compensation is supported in Release-17.
Proposal 2: Specification of network-side propagation delay pre-compensation is not pursued in Release-17. 
Proposal 3: RAN2 may assume that the PD estimation method would allow the gNB to ensure that the UE has an up-to-date PD estimate for compensation (no additional RAN2 impact is expected).
Proposal 4: The gNB enables/disables UE-side PDC via a unicasted explicit binary indication.

Proposal 5: RAN2 does not further consider UE assistance information for propagation delay compensation in Release-17.







