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1 Introduction
The WID on Enhanced Industrial Internet of Things (eIIoT) communication [1] includes the following objective on the support of time synchronisation:
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]
Post111-e#924 [2] triggered discussions on the time budget available on the Uu interface to meet TSN requirements, as well as on potential solutions for propagation delay compensation (PDC) to limit the Uu interface error within the available time budget, which we take into account in this revision. This document contrasts the UE-based approach with the NW-based approach raised in this email discussion, and shows why NW-based PDC is the obvious choice. 
2 Discussion
The propagation delay of transmissions from different UEs in a cell can vary as a function of their respective distances from the gNB. OFDM-based 3GPP systems such as LTE and NR are sensitive to time misalignments between transmissions of different UEs due to propagation delays. To maintain orthogonality between different UEs, transmissions need to align within a cyclic prefix (CP) duration at the gNB. In order to do so, the UL transmission time of each UE is corrected by the gNB with the use of timing advance (TA) to compensate for the UE’s propagation delay. Drifts in the transmission time of a UE is continuously corrected by the gNB which issues a new TA command to advance or retard the UE’s transmission time relative to its current uplink transmission time.
Observation 1: The gNB continuously estimates each UE’s propagation delay in order to maintain UL synchronisation.
As the UE is not aware of the gNB’s location, any form of PDC done by the UE can either be derived from the TA information provided by the gNB, or from new RX-TX signalling methods introduced by RAN1. TA granularity at 15 kHz SCS is signalled in units of 16Ts (520.8ns), and scales with numerology as 16Ts / 2μ [3]. Therefore, UE-based propagation delay compensation can only be as accurate as the TA granularity, which is over 0.5us for 15 kHz SCS. 
From discussions in [2], the available error budget for the Uu interface is likely to range between 150ns and 800ns, requiring accuracy improvements to the UE-based mechanisms. Increasing the granularity of the TA will require significant RAN1 and RAN2 work, with changes to the RAR format as well as the Timing Advance MAC CE. Similarly new RX-TX signalling based methods would involve significant signalling re-design in RAN1.
Observation 2: The granularity of the time base used for Timing Advance can be over 0.5us, which implies that the time accuracy required for TSC cannot be achieved with UE-based PDC.
Observation 3: Improving the accuracy of UE-based PDC will require significant RAN1 and RAN2 changes.
The accuracy of UE-based PDC further reduces as time elapses between when the TA was estimated and the point in time at which it is used for PDC. To achieve the accuracy required by TSC, the UE will be required to request a fresh TA from the gNB for each estimation. Such a mechanism does not exist today and its introduction will lead to higher signalling loads for TSC. An equivalent mechanism is not required for the gNB-based mechanism as any uplink transmission from the UE can be used to accurately estimate/correct for propagation delay variations.
Observation 4: UE-based PDC will require the UE to trigger frequent unicast signalling with the gNB to prevent the TA from becoming stale.
The gNB is not constrained by the granularity of the TA and can determine a UE’s propagation delay with the accuracy it requires. Furthermore, positioning mechanisms exist in NR that exploit timing (DL-TDOA, UL-RTOA), direction (UL-AoA, DL-AoD) and signal strength information to accurately determine the position of the UE within a few meters. The combination of location information and TA calculation can be used by the gNB to determine and compensate for a UE’s propagation delay with better accuracy than which a UE-based mechanism could achieve.
Observation 5: The gNB is not constrained by the TA granularity and can additionally use location information to achieve better PDC accuracy that the UE.
An argument made against gNB-based PDC is that it increases the computational overhead in the gNB. On investigating this argument, it is clear that the gNB already performs propagation delay estimation for the maintenance of TA of each connected mode UE. The only additional computational overhead for gNB-based PDC is the addition of the propagation delay to the reference time. A simple addition operation cannot be expected to tax the resources of a gNB that is performing multiplexing of several UEs using OFDM.
Observation 6: The additional computational overhead in the gNB for PDC is negligible.
Another argument made against gNB-based PDC is that only unicast signalling of reference time is possible as the signalled reference time is UE-specific, and that the mechanism therefore precludes the use of broadcast signalling of reference time. However, UE-based PDC will require each UE to perform RACH and obtain unicast timing advance information from the network even when broadcast signalling of reference time is used. Given that additional unicast signalling is always required for UE-based PDC (even when reference time is broadcast by the network), there is little benefit in using broadcast signalling of reference time when PDC is needed.
Observation 7: When PDC is to be performed, unicast signalling is always necessary.
In essence, the two mechanisms for PDC can be simplified to:
a) UE-based: The gNB signals reference-time and propagation-delay separately to the UE and the UE adds the two
b) gNB-based: The gNB adds reference-time and propagation-delay and signals a single value to the UE
On comparing the two PDC mechanisms, it is clear that the accuracy of the gNB-based mechanism is significantly higher than the UE-based mechanism, and there are no significant barriers to the gNB-based mechanism. Therefore, we propose:
Proposal 1: Propagation delay compensation is performed by the gNB in Rel-17 IIoT. 
3 Conclusion
In this contribution we observe that:
Observation 1: The gNB continuously estimates each UE’s propagation delay in order to maintain UL synchronisation.
Observation 2: The granularity of the time base used for Timing Advance can be over 0.5us, which implies that the time accuracy required for TSC cannot be achieved with UE-based PDC.
Observation 3: Improving the accuracy of UE-based PDC will require significant RAN1 and RAN2 changes.
Observation 4: UE-based PDC will require the UE to trigger frequent unicast signalling with the gNB to prevent the TA from becoming stale.
Observation 5: The gNB is not constrained by the TA granularity and can additionally use location information to achieve better PDC accuracy that the UE.
Observation 6: The additional computational overhead in the gNB for PDC is negligible.
Observation 7: When PDC is to be performed, unicast signalling is always necessary.

Based on the observations above, we propose:
Proposal 1: Propagation delay compensation is performed by the gNB in Rel-17 IIoT. 
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