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1 Introduction

In the previous RAN2 meeting, the following agreements on time synchronization enhancement are achieved,
Agreements

1: RAN2 should consider the following three scenarios, with a focus on Scenario 2 and 3:

•
Scenario 1: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the CN. The 5GS introduced error is caused by the relative time-stamping inaccuracy at the NW-TT and the DS-TTs.

•
Scenario 2: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE. The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs.

•
Scenario 3: In the smart grid use case, where the TSC devices behind a target UE are synchronized to the 5G GM TD. The 5GS introduced error is caused by the synchronization of the 5G clock to the DS-TT. 
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RAN2 should evaluate the synchronicity budget by dividing the 5GS E2E path into three parts: Network, Device, and Uu interface. Where the Uu interface is understood as the maximum 5GS time synchronization error between the UE and the gNB-DU (i.e. DU-CU interface error is not included)
3 RAN2 assumes the two Uu interfaces in Scenario 2 have the same time synchronization error budget.

4 The Uu interface budget for Scenario 1, 2 and 3 are respectively calculated as following:

•
Scenario 1: Uu budget = 900ns – Device – Network scenario1

•
Scenario 2: Uu budget = (900ns – 2xDevice – 2xNetwork scenario2)/2 (assumption is based on GPTP)
•
Scenario 3: Uu budget = 1000ns – Device – Networkscenario3 (baseline assumption that this is based on GNSS)

5  The Device part time synchronization accuracy budget is assumed to be in the range ±50 to ±100ns, this applies to all three scenarios

6  The error caused by the limited granularity of referenceTimeInfo-r16 IE (±5ns) is to be included in the network part budget, and RAN1 should be informed not to include this error in Uu interface.

7  The Network part time synchronization accuracy budget for Scenario 1, 2, and 3 are assumed to be the following:

•
Scenario 1: ±120 to ±200ns (NetworkScenario1) (assuming 3-5 hops worst case scenario
•
Scenario 2: ±240 to ±400ns (2xNetworkScenario2) (assuming 6-10hops worst case scenario)
•
Scenario 3: ±100ns (NetworkScenario3)

8
Based on Proposal 4, 5, 6 and 7, the per Uu interface time synchronization accuracy for Scenario 1, 2 and 3 are as following:

•
Scenario 1: ±595ns to ±725ns

•
Scenario 2: ±145ns to ±275ns

•
Scenario 3: ±795ns to ±845ns
9
LS to RAN1 providing the scenarios and values.  Indicate to RAN1 that they should aim to meet the most stringest requirements, but a number within the range is also acceptable
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It is up to RAN1 to decide which PDC options should be supported for Scenario 1, 2 and 3 in Release-17.   

Assumptions:

-
There is no UE clock drift issue to be addressed

-
The source and target gNB are tightly synchronized to the same master clock within the budget and there is no need to optimize anything for HO.  
Agreements

-
gPTP message interruption during mobility is not considered in the Rel-17 IIoT WI (i.e. no further specification impact are considered)
-
RAN2 to confirm which PDC option to choose is up-to RAN1 to decide

As agreed, it is up to RAN1 to decide the selection on PDC options. Per the latest RAN1 progress, the related discussion is still on-going. Thus, we will focus on RAN2 independent issue in this contribution.

2 Discussion

2.1 UE-side PDC or NW-side 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.
Conclusion:

· Leave it to RAN2 to decide whether to support UE based compensation and/or gNB based compensation for any propagation delay compensation method RAN1 may adopt for Rel-17, if applicable.

There are several PDC options on the table,
· TA-based PDC
The gNB indicates the TA value with a finer granularity by e.g. the enhanced TAC MAC CE or new dedicated signaling. When the TA value is obtained, the UE can derive the PD from the indicated TA. TA-based PDC implicitly indicates that UE-side PDC shall be used. Otherwise, there is no need for the gNB to send the enhanced TA signaling. 
· RTT-based PDC

The RTT-based PDC is realized using the gNB Rx-Tx time difference and the UE Rx-Tx time difference. If it is UE-side PDC, the UE calculates and compensates the PD after it measures the UE Rx-Tx time difference and receives the gNB Rx-Tx time difference from the gNB. This introduces additional DL signaling for the gNB Rx-Tx time difference. If it is NW-side PDC, the gNB calculates and compensates the PD after it measures the gNB Rx-Tx time difference and receives the UE Rx-Tx time difference from the UE. This introduces additional UL signaling for the UE Rx-Tx time difference. To us, each solution has its own pros and cons. However, considering Timing Delta MAC CE is already introduced in IAB to indicate RX-TX time difference to the UE, UE-side PDC seems simple and can be preferred if the design philosophy of Timing Delta MAC CE can be reused without resulting in huge specification work. 
· 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 smallest clock time synchronization error and can potentially meet the Uu-interface budget for 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 to align to the clock time in network (i.e., gNB), UE-side implicit PDC is always more signaling-efficient than NW-based implicit PDC.
Considering the discussion on whether to choose UE-side PDC or NW-side PDC for TA-based solution and RTT-based solution is already covered in [Post114-e][512], the left issue here is how to support implicit PDC solution, i.e. using UE-side PDC or NW-side PDC. 
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 scheme enabling
In Rel-17, several time synchronization scenarios are introduced. Different scenarios have different requirements on Uu interface time synchronization accuracy. Even if it is the Rel-17 UE that can support Rel-17 PDC scheme, the UE will not always be required to enable Rel-17 PDC scheme. In our understanding, Rel-16 PDC scheme is sufficient for both scenario1 and scenario3, and Rel-17 PDC scheme is needed for scenario2. Assuming multiple Rel-17 UEs deploy in the different scenarios, e.g. some UEs serve scenario1 and others serve scenario 2, only the UE serving scenario2 needs to enable Rel-17 PDC scheme. In addition, Rel-17 PDC scheme is only triggered under certain condition, 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 two reasons above, there should be an indication of whether the UE is enabled to perform UE-side PDC. 
To perform UE-side PDC, PD compensation-related information should be indicated from the gNB via the extended signalling, otherwise, the UE cannot obtain/calculate the compensation value. For example, the gNB needs to send the enhanced TAC MAC CE with a finer TA value when TA-based solution is selected. Or, the gNB needs to send the signaling of gNB Rx-Tx time difference when RTT-based solution is selected. Considering the reception of such extended signalling is the precondition to UE-side PDC, RAN2 is suggested to use such extended signalling to enable/disable UE-side PDC. As an example, if the enhanced TAC MAC CE is received, the UE-side TA-based solution is enabled.
In addition, the UE-side enabling/disabling relies on the gNB decision. Considering the scenario-related information is currently transparent to the gNB, such assistant information should be known at the gNB side, which can be provided from the UE or the core network. For example, the core network explicitly indicates whether it is the control-to-control scenario, or, implicitly indicates the sync requirement at AS layer is high or low.

Proposal 2 A new UE capability on the support of Rel-17 PDC scheme is introduced.

Proposal 3 The gNB indicates whether the UE is enabled to perform UE-side PDC. As an example, the extended signalling carrying a finer TA value or the gNB Rx-Tx time difference can be used to enable UE-side PDC.

Proposal 4 When enabling/disabling Rel-17 PDC scheme for a specific UE, the gNB can take the scenario-related assistant information from the core network or the UE into account.

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
A new UE capability on the support of Rel-17 PDC scheme is introduced.
Proposal 3
The gNB indicates whether the UE is enabled to perform UE-side PDC. As an example, the extended signalling carrying a finer TA value or the gNB Rx-Tx time difference can be used to enable UE-side PDC.
Proposal 4
When enabling/disabling Rel-17 PDC scheme for a specific UE, the gNB can take the scenario-related assistant information from the core network or the UE into account.
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