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1.	Introduction
This document is about support of time synchronization which is an objective of [1].
	…
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]
…



Previously, it was agreed that “in Rel-16, propagation delay compensation may be done by UE implementation” at RAN2#109e ([AT109e][032][IIOT]), and it was pointed out that synchronization inaccuracy is simply doubled when sync mater functionality is placed in a UE [2]. Time synchronization accuracy and budget for Rel-17 is evaluated [3] and the budget is being further discussed in a post email discussion ([Post111-e][924][R17 URLLC/IIoT] Propagation delay for TSN). The document mainly discusses propagation delay compensation for support of time synchronization.

2.	Discussion
The overall synchronization accuracy error is caused by three parts: Device, Uu interface (air interface accuracy) and network. Our evaluation is presented in [3]. Herein, Reference time information and propagation delay compensation for reducing synchronization error in Uu interface are discussed.

Reference Time Information
Timing information for 5G internal system clock is contained in ReferenceTimeInfo IE [4]. It has 10ns granularity. Reference time information which is signaled to UE indicates the time at the system frame boundary. The UE can be kept synchronized with 5GS GM by tracking system frame boundary after receiving the reference time information. However, there is inaccuracy by propagation delay (PD) because the reference time information is generated at the network. When PD information is required to be signaled to UE for PD compensation, it is better to be signaled as a separate information. For the first time synchronization, it is the best to signal the reference time and the PD value at the same time. Another PD compensations using the updated PD values may follows the first time synchronization because PD changes as UE moves. We think that time synchronization can be divided into 3 parts: obtaining reference time without PD compensation along with the reference SFN, tracking system frame boundary, and PD compensation.

Observation 1. Successive propagation delay compensation using updated PD values may be required for UE to be kept synchronized because PD changes as UE moves.
Observation 2. Time synchronization can be divided into 3 parts: obtaining reference time without PD compensation along with the reference SFN, tracking system frame boundary, and PD compensation.
Proposal 1. Reference time information without PD compensation is signaled to UE, and PD information is signaled to UE for PD compensation.

Propagation Delay Compensation (PDC)
It was agreed that “in Rel-16, propagation delay compensation may be done by UE implementation” at RAN2#109e ([AT109e][032][IIOT]). Half of TA can be considered as propagation delay (PD). Granularity of TA for 15 kHz SCS is 260ns and its contribution to Uu interface inaccuracy is 130ns (i.e. half of granularity). Considering the post email discussion ([Post111-e][924][R17 URLLC/IIoT] Propagation delay for TSN), particularly discussion on Scenario 2 (control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE), synchronization budget of Uu interface is expected to be around [145; 235]ns. With the legacy TA, the budget is not enough. TA granularity need to be enhanced. The required resolution (e.g. 4x higher resolution than TA) is much higher than that of legacy TA [3]. A new dedicated signaling with finer delay compensation granularity (e.g. a new MAC CE) can be considered.
PD estimation error seems to be around 100ns considering that UL timing estimation error at gNB is assumed around 100ns in some cases [5]. If PD signaling is enhanced to be with finer granularity, a mechanism for more accurate PD estimation can be considered. It is scope of RAN1. PD signaling with finer granularity increase accuracy of PDC for time synchronization along with accurate PD estimation.

Observation 3. The time synchronization error which can be caused by legacy TA granularity is too high to meet the Rel-17 requirement. The required resolution is 4x or more higher than that of legacy TA.
Proposal 2. A new MAC CE for finer delay compensation granularity is considered.

We think that PD compensation needs to be performed when PD changes more than a threshold (e.g. PD granularity) and it is expected that NW sends PD information to UE properly for PD compensation. The PD updates may be required frequently in a situation. For example, assuming that a UE moves at 108 km/h (30 m/s), the maximum propagation delay change during 1 second is about 100ns. If propagation delay has not been compensated, inaccuracy can be increased by 100ns per second. To assist NW in sending PD information on time and to make PDC operation more concrete, it can be considered that UE is allowed to send PD update request to NW. 

Proposal 3. UE can request PD information for propagation delay compensation (PDC).

3.	Conclusion
In this contribution, we have discussed propagation delay compensation for reducing synchronization error in Uu interface.
Observation 1. Successive propagation delay compensation using updated PD values may be required for UE to be kept synchronized because PD changes as UE moves.
Observation 2. Time synchronization can be divided into 3 parts: obtaining reference time without PD compensation along with the reference SFN, tracking system frame boundary, and PD compensation.
Observation 3. The time synchronization error which can be caused by legacy TA granularity is too high to meet the Rel-17 requirement. The required resolution is 4x or more higher than that of legacy TA.
Proposal 1. Reference time information without PD compensation is signaled to UE, and PD information is signaled to UE for PD compensation.
Proposal 2. A new MAC CE for finer delay compensation granularity is considered.
Proposal 3. UE can request PD information for propagation delay compensation (PDC).
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