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1 Introduction
Time synchronization under Rel-17 is included in the WID objectives [1] as follows
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]

The topic of propagation delay compensation has been discussed in RAN1, RAN2 WGs. In this contribution we analyse the utility and specification impact for gNB based pre-compensation for RTT and TA based propagation delay compensation.
2 Discussion
[bookmark: Proposal_Pattern_Length]Current Status in RAN WGs
Propagation delay compensation has been discussed in RAN1 and RAN2 WGs. In RAN2 #112e, it was agreed to be left up to RAN1 to decide which propagation delay compensation options should be supported for Rel-17. In the discussion up to RAN1 #104bis-e meeting, both TA-based compensation and RTT-based propagation delay compensation are under consideration in RAN1. However, it has been left up to RAN2 to discuss and decide whether gNB based pre-compensation may be adopted for Rel-17, as shown in the RAN1 conclusion below [3]
· 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.

The topic of propagation delay compensation has also been discussed in RAN3, where RAN3 has identified that gNB based pre-compensation may have RAN3 specification impacts, however, the decision of whether or not to support gNB based pre-compensation has been left for RAN1/RAN2, as shown below [4]
RAN3 considers that gNB-based PDC may have RAN3 specification impacts. However, it is RAN3 understanding that support for gNB-based PDC is up to RAN1 and RAN2 decisions. Therefore, RAN3 will not further discuss gNB-based PDC unless support for the functionality is first confirmed by RAN1/RAN2.
gNB pre-compensation for TA-based (non-RTT) method 
Timing Advance (TA) value can be used to compensate for the timing misalignment between UL transmissions of different UEs due to their respective propagation delays which can vary based on their distances from the gNB. Timing advance updates are signalled by the gNB to the UE to adjust the uplink drift in frame timing relative to the downlink frame timing. In some cases, for example the control-to-control communication scenario with two Uu interfaces,  it is possible for the network to better estimate and pre-compensate for the propagation delay on a per-UE basis and use the UE-specific signalling to indicate and/or fine tune the indicated time reference. This is because the UE based compensation is dependent on the TA command granularity from the gNB while on the other hand, the gNB is aware of the TA information for all UEs and is therefore not impacted by the TA granularity. Network compensation can hence avoid error components in the propagation delay compensation arising due to TA estimation at the UE side and has potential especially if UE transmission timing requirements are tightened [9]. In Release 17, we therefore propose that the gNB have the flexibility to perform propagation delay compensation. Similar to Release 16, as in the case of UE compensation, the details of the propagation delay compensation method can be left to the gNB implementation. 
Observation 1: For gNB pre-compensation, TA granularity error component is omitted and has potential especially if UE transmission timing requirements are tightened.
Proposal 1: Propagation delay compensation can be performed at the network side by the gNB in addition to legacy operation i.e. at the UE side. 
The reference timing, however, becomes inaccurate if both the network and the UE apply the propagation delay compensation, or in other words double compensate. It is therefore imperative to introduce some measure to indicate to the UE when pre-compensation has been applied by the gNB to avoid double compensation of the propagation delay at both the UE and the network side. It was proposed in R2-2001047 [2] that an optional field delayCompensationAllowed may be introduced in the IE ReferenceTimeInfo but it was not agreed and was initially left FFS whether the network can indicate to the UE to not do delay compensation for unicast and broadcast scenarios. For broadcast scenario, different UEs may have different propagation delays, therefore gNB cannot perform precompensation in the broadcast signalling. Therefore for such cases individual UEs can perform the propagation delay compensation at the device end. For the unicast case, however, either the gNB or the UE may perform propagation delay compensation, in which case the network can provide RRC signalling for configuration to disable propagation delay compensation at the UE. 
[bookmark: pro7]Proposal 2:  Network indicates to the UE (e.g. via a unicast RRC signalling) when pre-compensation has been performed by the gNB.
RAN3 Impact

In Release 16, reference time information is delivered to the UE by referenceTimeInfoPreference in the UEAssistanceInformation, or through system information, which is encoded by the gNB-CU, however the actual PD estimation and reference time information generation is done by the gNB-DU. In Rel-16, RAN3 has defined a Reference Time Information Reporting Control procedure in TS 38.473 clause 8.12 with the purpose of commanding the gNB-DU to send the requested accurate reference time information to the gNB-CU which uses non-UE associated signalling. However, for network based precompensation, the gNB may have to add UE-specific propagation delay to the time field in the ReferenceTimeInfo IE before sending it to the UE. This implies that the gNB shall maintain a PD estimate for each UE that requires pre-compensation. If the gNB-DU maintains such PD estimates, it may provide them along with the reference time information to the gNB-CU which shall require enhancements to the existing F1AP. Therefore, a propagation delay compensation information reporting mechanism may need to be introduced by RAN3 with the purpose of the reporting the PD estimates in addition to the reference time information from the gNB-DU to the gNB-CU using F1AP [7][8] or the gNB-DU may modify the time according to the PD estimates and report the modified ReferenceTimeInfo to the gNB-CU. For the case of CU-DU split architecture, this may lead to additional network interface latency.
Proposal 3: RAN2 requests RAN3 to investigate F1AP impacts for the case of gNB pre-compensation using TA-based propagation delay compensation.
gNB pre-compensation for RTT-based method 
The RTT based compensation method is based on the existing positioning framework [3] which makes use of the propagation delay measurements to determine the distance between the UE and the gNB. Compared to the TA based compensation, a main difference is absence of UE uplink transmission error (Te) if the Rx-Tx measurement is delivered from the gNB to the UE,  and a different signaling granularity for Rx-Tx time difference. The RTT-based compensation for IIoT setting may require the use of the UE Rx-Tx time difference measured by the UE and the measured gNB Rx-Tx time difference measurements. These measurements can be exchanged between the UE and the gNB through unicast signalling similar to the case of network pre-compensation where the signaling requirement will be based on the reporting method chosen. 

For the case of network pre-compensation, the UE may report the UE Rx-Tx measurement to the gNB. The gNB receives the UE Rx-Tx time difference, measures the gNB Rx-Tx time difference, and calculates the propagation delay as (UE Rx-Tx + gNB Rx-Tx). The gNB can pre-compensate the reference timing information before sharing it with the UE. From perspective of the overall signaling exchange, this alternative may be relatively easier to implement if the UE Rx-Tx time difference measurement is defined as just another regular measurement as part of MeasurementReport [5]. Similar to the case of network pre-compensation for TA-based method, RRC signaling or indication is required for configuration to disable the propagation delay compensation at the UE to avoid double compensation.
RAN3 Impact
In the multi-RTT positioning method, upon which the RTT based propagation delay compensation method is based, the UE measures the UE Rx-Tx time difference measurements (and optionally DL-PRS-RSRP of the received signals) using assistance data received from the positioning server, and the TRPs measure the gNB Rx-Tx time difference measurements (and optionally UL-SRS-RSRP of the received signals) using assistance data received from the positioning server. These measurements are used to determine the RTT at the positioning server [6]. It is under discussion in RAN1 whether the whole positioning architecture needs to be reused, including LMF, positioning server, PRS etc, which may be unnecessarily complex for the purpose of propagation delay compensation. However, it is still worth noting that the TRPs which measure the gNB Rx-Tx time difference are hosted at the gNB-DU and it is the gNB-CU which exchanges the necessary measurements with the LMF in the 5GC. Therefore, similar to the TA-based pre-compensation case, F1AP impacts of gNB pre-compensation can be expected in RAN3.
Proposal 4: For the case of gNB pre-compensation using RTT-based propagation delay compensation, RAN2 requests RAN3 to introduce F1AP signalling to report gNB Rx-Tx time differencefrom the gNB-DU to the gNB-CU.

3 Conclusions
In this contribution we discuss the issue of gNB based precompensation in Rel 17 IIoT and make the following proposals and observations.
Observation 1: For gNB pre-compensation, TA granularity error component is omitted and has potential especially if UE transmission timing requirements are tightened.
Proposal 1: Propagation delay compensation can be performed at the network side by the gNB in addition to legacy operation i.e. at the UE side. 
Proposal 2:  Network indicates to the UE (e.g. via a unicast RRC signalling) when pre-compensation has been performed by the gNB.
Proposal 3: RAN2 requests RAN3 to investigate F1AP impacts for the case of gNB pre-compensation using TA-based propagation delay compensation.

Proposal 4: For the case of gNB pre-compensation using RTT-based propagation delay compensation, RAN2 requests RAN3 to introduce F1AP signalling to report gNB Rx-Tx time differencefrom the gNB-DU to the gNB-CU.
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