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1 Introduction

To support more accurate time synchronization, RAN2 agrees to specify the PDC mechanism. Due to the selection of PDC options left to RAN1 and no consensus achieved till now, RAN2 needs to wait for further RAN1 progress. In the contribution, we only focus on the issues independent of the RAN1 impact.

2 Discussion

2.1 UE-side PDC or NW-side PDC
In the previous RAN2 meetings, it is discussed whether to use UE-side PDC or NW-side PDC for both TA-based and RTT-based solutions. The following is agreed in RAN2#115e, 
1. RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  

2. The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17

3. RAN2 shall wait for RAN1 to decide the measurement framework for RTT based PDC method and does not preclude UE-side PDC or gNB based pre-compensation at this point.  RAN2 is expecting guidance from RAN1 on what is needed.  

There is another PDC mechanism in RAN1’s consideration, i.e. implicit PDC[2].
Differently from TA-based PDC and RTT-based PDC that explicitly estimate the one-way propagation delay before compensating it, the implicit PDC targets to make the UE (for UE-side PDC) or gNB (for NW-side PDC) to identify the local clock time difference (clkdiff) between gNB and UE and therefore to derive the local clock of the peer station. The implicit-PDC mathematically requires at least one linear clock timing equation based on DL transmission Tx/Rx local clock timing along with two unknown variables of clkdiff and one-way propagation delay (PD), as well as at least one linear clock timing equation based on UL transmission Tx/Rx local clock timing along with the same two unknown variables of clkdiff and PD, where clkdiff can be derived based on these two linear equations without solving PD. Then the entity that eventually identifies the clkdiff from the two linear equations needs to know the local clock time-stamps for the transmission instances and reception instances associated with these two DL/UL transmissions, which motivates the ReferenceTimeInfo RRC IE to be carried in both the mentioned DL and UL transmissions. The implicit PDC is shown to have the smallest clock time synchronization error and can potentially meet the Uu-interface budget for the control-to-control scenario by relying on enhancements to RAN2 signaling instead of RAN4 UE hardware requirements. As said, implicit PDC can work with both UE-side PDC (UE to identify clkdiff) and NW-side PDC (gNB to identify clkdiff), depending on the signaling flow. However, given the ultimate goal is to make the local clock inside UE align to the clock time in the network (i.e., gNB), UE-side implicit PDC is always more signaling-efficient than NW-based implicit PDC.
According to the agreements achieved in RAN1#104bis, it depends on RAN2 to choose either UE-side PDC or NW-side PDC or both. It should also be RAN2 to decide between UE-side PDC and NW-side PDC for implicit PDC mechanism. 
Proposal 1 If implicit PDC solution is agreed in RAN1, RAN2 considers using UE-side PDC for implicit PDC solution.
2.2 Rel-17 PDC mechanism
The PDC mechanism is applied to implement accurate time synchronization among TSN nodes. It means that the PDC mechanism should be implemented when the UE is in RRC_CONNECTED mode and is going to transmit TSN packets. Such feature should be optional, i.e. only the UE that serves TSN services needs to support accurate time synchronization/PDC mechanism. Accordingly, it is necessary to introduce a new UE capability to support the accurate time synchronization or Rel-17 PDC mechanism.  
Proposal 2 Introduce a new UE capability on the support of accurate time synchronization or Rel-17 PDC mechanism.
Several time synchronization scenarios are involved in Rel-17, and different scenarios have different requirements of time synchronization accuracy on the Uu interface. For example, the Rel-17 PDC scheme is only needed for scenario 2, since scenario 2 has a more accurate time synchronization requirement than others. In addition, the Rel-17 PDC scheme is only triggered under certain conditions, e.g. the gNB-UE distance is so small that the error caused by the one-way delay is even smaller than the error caused by the PDC itself. Based on the above, it is agreed,

1. RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  

2. The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17

UE-side PDC applies when the UE receives the enabling indication. In addition to the enabling indication, the network needs to provide PD-related information to assist the UE in calculating the accurate compensation value. If it is a TA-based PDC solution, the gNB needs to send the enhanced TAC MAC CE with a finer TA value for propagation delay calculation. If it is the RTT-based PDC solution, the gNB needs to send the signaling of gNB Rx-Tx time difference for propagation delay calculation.
Proposal 3 In the case that UE-side PDC is applied for the TA-based PDC solution, the gNB needs to send the enhanced TAC MAC CE with a finer TA value to the UE.
Proposal 4 In the case that UE-side PDC is applied for the RTT-based PDC solution, the gNB needs to send the signaling of gNB Rx-Tx time difference to the UE.

3 Conclusion

Based on the discussion above, we propose the following:

Proposal 1
If implicit PDC solution is agreed in RAN1, RAN2 considers using UE-side PDC for implicit PDC solution.
Proposal 2
Introduce a new UE capability on the support of accurate time synchronization or Rel-17 PDC mechanism.
Proposal 3
In the case that UE-side PDC is applied for the TA-based PDC solution, the gNB needs to send the enhanced TAC MAC CE with a finer TA value to the UE.
Proposal 4
In the case that UE-side PDC is applied for the RTT-based PDC solution, the gNB needs to send the signaling of gNB Rx-Tx time difference to the UE.
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