[bookmark: _GoBack]3GPP TSG-RAN2 #113e	R2-2101862
Electronic meeting, January 25 – February 5, 2021

[bookmark: Source]Agenda item:		8.5.2 (NR_IIOT_URLLC_enh-Core)
Source:	LG Electronics Inc.
Title: 	Discussion on enhancements for support of time synchronization
[bookmark: DocumentFor]Document for:	Discussion and Decision
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]
…



In RAN2-112-e meeting, the synchronicity budget reflecting uplink time synchronization is evaluated and it is agreed that the results are sharing with RAN1 via LS for Uu interface time synchronization accuracy. It is also agreed that it is up to RAN1 to decide which PDC options should be supported. This document mainly discusses issues of time synchronization during mobility.

2.	Discussion
In RAN2-112-e meeting, it is agreed that it is up to RAN1 to decide which PDC options should be supported. We can discuss more issues after the PDC option is determined by RAN1.
2.1.1. Propagation delay compensation (PDC)
A UE obtains time synchronization using the reference time information and propagation delay (PD) 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.
PD compensation will be designed to satisfy the time synchronization accuracy requirement even in large area. It can be used generally. It is not necessary to consider manual settings or addition signaling for whether to turn PD compensation on or not.
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. 
We think that time synchronization may be critical to applications using TSN. It can be considered that UE is allowed to send PD update request to NW to assist NW in sending PD information on time and to make PDC operation more concrete.
Proposal 1. UE can request PD information for propagation delay compensation (PDC).

2.1.2. Mobility and propagation delay compensation
Timing information for 5G internal system clock is contained in ReferenceTimeInfo IE [2]. Reference time information which is signaled to UE indicates the time at the system frame boundary and generated at the network. A UE can be kept synchronized with 5G GM by tracking system boundary after receiving the reference time information and compensating propagation delay (PD).
We assume that gNBs involved in TSN are not synchronized with each other in terms of system frame number (SFN) and timing of system frame boundary. Therefore, the timing information and PD information obtained in source cell do not guarantee time synchronization at target cell in a mobility situation. In the target cell, UE needs the reference time information indicating the time at the system frame boundary of the target cell and the PD information from the target cell to the UE.
Observation 1. When different gNBs involved in TSN have different system frame number (SFN) and different timing of system frame boundary, the gNBs generate different values for ReferenceTimeInfo IE.
Since ReferenceTimeInfo IE is received via SIB9 or the dedicated RRC message, UE does not have the reference time information until receiving RefereceTimeInfo IE via SIB9 or the dedicated RRC message at the target cell after obtaining downlink synchronization to the target cell. To resolve this issue, it can be considered that the source gNB sends the reference time information of the target cell before handover. For example, the information can be included in the HO command.
Proposal 2. The source gNB can sends the reference time information of the target cell to the UE before handover.
However, the UE may not be accurately synchronized with 5G GM in the target cell with the reference time information only until the PD information is obtained. It can be considered that the reference time information of the target cell is applied when the PD information of the target cell is available. Before that point in time, UE keeps timing used in the source cell for time synchronization.  
Proposal 3. The reference time information of the target cell is not applied until the PD information of the target cell is available after handover.
If a legacy TA can be used for propagation delay compensation (PDC), the PD information is available when RAR is received. In RAN2-112-e meeting, it is agreed that it is up to RAN1 to decide which PDC options should be supported. We can examine further when the PD information becomes available in the target cell after the PDC option is determined by RAN1.

3.	Conclusion
In this contribution, we have discussed support of time synchronization and issues of time synchronization during mobility.
Proposal 1. UE can request PD information for propagation delay compensation (PDC).
Observation 1. When different gNBs involved in TSN have different system frame number (SFN) and different timing of system frame boundary, the gNBs generate different values for ReferenceTimeInfo IE.
Proposal 2. The source gNB can sends the reference time information of the target cell to the UE before handover.
Proposal 3. The reference time information of the target cell is not applied until the PD information of the target cell is available after handover.
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