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[bookmark: _Ref503504522]Introduction
The WID [1] includes the following objectives related to time synchronization:
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 this contribution, we provide our views on the mobility aspects. 
Discussion
Background
DL time synchronization (Rel-16)
In Rel-16, SA2 only considered the case where TSN GM is attached to the NW (from [3]):


Figure 1 - 5G system as IEEE 802.1AS compliant time aware system

NW-TT is always the ingress TT (making ingress timestamping on DL gPTP messages, calculating rateRatio), and DS-TT always the egress TT (generating egress timestamping, using it as well as rateRatio to derive residence time included in the gPTP message forwarded further downstream). TSN timing direction is always “downlink”.
UL time synchronization (Rel-17)
From [2], “uplink time synchronization” refers to “support for Time Synchronization with TSN GM in the TSN network attached to the device”. The proposed solution is described in [2], section 6.1. It keeps the same framework, allowing DS-TT to perform the operations that were realized by NW-TT (and vice-versa), in addition to Rel-16 requirements, so that the “uplink” TSN timing direction is supported.
The only thing which is required from RAN perspective is 5GS time synchronization, i.e. the DS-TT should be provided with accurate 5G GM clock. This is already ensured by Rel-16 framework, and is independent from the TSN timing direction – 5GS timing direction will always be “downlink”. 
[bookmark: _Ref47617160][bookmark: _Ref47639565]Observation 1: Time synchronization requires 5GS reference timing provisioning at UE
The propagation delay compensation is required in some cases (large cell/ISD), depending on the scenario and required accuracy. We do not detail further the various propagation delay compensation solutions in this document.
[bookmark: _Ref54306284]Observation 2: 5GS reference timing might be corrected with propagation delay compensation
The 5G accurate time at UE is T = TNW – PD, where TNW  is the 5G time at NW (transmission point) and PD the propagation delay. Depending on the solution, TNW may be signalled and PD derived/signalled separately, or T = TNW – PD may be signalled directly (pre-compensation).
UE Clock drift
In earlier RAN2 discussions, the following was agreed:
 UE can calculate/predict the reference timing based on DL timing information after receiving the referenceTimeInfo from gNB once. (No spec impact)
Option A. Once UE send the interest request, UE rely on periodic gNB broadcast/unicast to refresh its reference time and should no longer resend the request to the network. (and nothing more)

In our understanding, first agreement means that the gNB SFN timing is synchronized with the 5G CM clock (and the UE can just rely on DL timing information such as SFN timing to keep reference timing synchronization). The second agreement allows UE to refresh its reference time if needed, however according to the first agreement this should not be required in a scenario where UE stays in CONNECTED in a given cell (as SFN timing tracking would be enough).
We also note that RRC specification indicates that the IE “ReferenceTimeInfo” provides the “5G internal system clock” – i.e. not an arbitrary clock so could drift with respect to the SFN timing.
[bookmark: _Ref54306285]Observation 3: Upon receiving once 5GS referenceTimeInfo for a given SFN boundary, UE can maintain accurate 5GS timing by monitoring SFN timing within a cell (i.e. no specific UE clock drift vs 5G clock)
The UE can then maintain 5G accurate time given an initial indication of reference timing at SFNref :
T (SFNref+n) = TNW,SFNref  – PD + n*10ms. 
Mobility (UE movement)
In case UE is moving, propagation delay compensation might be updated. This should be part of the solution for propagation delay compensation. Given limited speed of IIoT scenarios, it is not expected to be an issue. The maximum speed of 75km/h translates to around 70ns/s, the corresponding refresh rate seems acceptable.
Mobility (Handover)
5G GM clock
In our understanding of SA2 framework, all gNBs involved needs to be synchronized to the (same) 5G GM clock. 
[bookmark: _Ref54306289]Proposal 1: Confirm that all gNBs involved for mobility are synchronized to the same 5G GM clock
Handover – not considering PD
Generally, moving from a source cell A to a target cell B, the UE can derive TcellA (SFNref,cellB) where SFNref,cellB is e.g. the first SFN boundary of cell B following handover, and TcellA(SFNref,cellB)  is the time maintained from cell A at the SFNref,cellB. 
Then, the UE can maintain 5G accurate time in cell B as T (SFNref,cellB + n) = T cellA (SFNref,cellB) + n*10ms. 
This can be done without signaling of accurate reference timing for cell B – just using the time maintained from cell A.
Handover – considering PD
In the pre-compensation solution, the target cell B needs to signal a TNW,SFNref  – PD for cell B shortly after handover, i.e. there is always the need to signal reference timing for cell B as they come together.
In other solutions, TNW,SFNref  and PD can be considered separately. 
As an example, the UE may be provided with only PDB at cell B after handover, for instance based on TA in cell B. It can then derive the time reference T (SFNref,cellB) = TNWcellA(SFNref,cellB) – PDB, where TNWcellA(SFNref,cellB)  is the NW time maintained from cell A at the SFNref,cellB (TNWcellA = TcellA + PDA ).
In usual cases, it is expected that at handover time, PDA ~ PDB. In that case T (SFNref,cellB) ~ T cellA (SFNref,cellB), as expected. But it can be seen that different PD in source and target cell can be handled as well, as long as they are known at the time of HO.
Timing error at handover
The error coming from using the 5G clock derived from source cell A as a reference for target cell B is limited. We assume UE clock is locked to DL with at least +/- 0.1ppm precision, as it is already required by 38.101. This translates into +/- 1ns timing drift over 10ms. This means the actual timing drift during one handover could be neglected.
[bookmark: _Ref54306291]Observation 4:  The “UE timing drift” during one handover interruption can be neglected
[bookmark: _Ref54306293]Observation 5:  It is possible to maintain accurate 5G timing in target cell from reference in source cell (with limited error)
However, SFN boundary timing synchronization errors would add up at each handover. Hence, it is expected that the UE would refresh its reference time after HO. We expect the NW to keep track of the UE interest for reference timing and accordingly provide the referenceTimeInfo information.
[bookmark: _Ref47617175]Proposal 2: It should be possible for the UE to refresh its reference time after handover 
Handling of slightly different 5GS timing in source/target
The source and target cells might have slightly different 5GS timing, e.g. in case they are associated to different DUs, or even different gNBs. E.g., given allowed network synchronization budget, source cell could have an error of e.g. -100ns while target cell has an error of +100s, compared to 5G CM.
However, this does not directly impact the maintenance of the accurate 5G reference timing, as the DL timing information in the target cell (SFN timing) is synced with the 5G CM.
Impact on gPTP signaling
The gPTP signaling is used to provide the TSN timing (to and/or from DS-TT). Those messages can be quite frequent. The default sync message periodicity from 802.1AS is 125ms. However, we don’t see particular impact of HO. Even if a gPTP timing sync message is slightly delayed by HO, this does not impact the TSN GM delivery as the corresponding delay is internal to the 5GS (and will be taken into account in the residence time).
Conclusion 
In this contribution, we make the following observations and proposals:
Observation 1: Time synchronization requires 5GS reference timing provisioning at UE
Observation 2: 5GS reference timing might be corrected with propagation delay compensation
Observation 3: Upon receiving once 5GS referenceTimeInfo for a given SFN boundary, UE can maintain accurate 5GS timing by monitoring SFN timing within a cell (i.e. no specific UE clock drift vs 5G clock)
Proposal 1: Confirm that all gNBs involved for mobility are  synchronized to the same 5G GM clock
Observation 4:  The “UE timing drift” during one handover interruption can be neglected
Observation 5:  It is possible to maintain accurate 5G timing in target cell from reference in source cell (with limited error)
Proposal 2: It should be possible for the UE to refresh its reference time after handover
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