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1	Introduction
The Rel-17 “Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR” work item description includes enhancements for time synchronization as one of its main objectives [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 this paper, two items are under discussion:
-	use of CN time synchronization information to assist the gNB in making PDC decisions; and
-	impact of handover on time synchronization, and the information to be shared between source and target gNB to minimize the impact of handover on time synchronization.
2	Discussion
[bookmark: _Hlk527071819]2.1	CN assistance for time synchronization 
TS 22.104 [2] defines 1us or 900ns of clock synchronicity budget for the RAN scenarios under evaluation (i.e. smart grid and control-to-control). As part of time synchronization service configuration under discussion in SA2 for Release 17, the time synchronization accuracy requirement is being examined to determine its use within the 5GS. The time synchronization accuracy can impact, for example, the Reference Time Information (RTI) distribution configuration to the UE (e.g. SIB9/RRC signaling, periodicity) and the Propagation Delay Compensation (PDC) decision [3].
Observation 1: Fulfilling time synchronization accuracy requirement impacts 5G internal clock distribution processes (e.g. using SIB9/RRC signaling, periodicity).
Based on the scenarios and evaluations for synchronization error budget gathered by RAN2 in [4], the Uu interface time synchronization accuracy for Scenario 1, 2 and 3 are as follows:
-	Scenario 1: ±595ns to ±725ns
-	Scenario 2: ±145ns to ±275ns
-	Scenario 3: ±795ns to ±845ns
[image: ]
Figure 1 RAN scenarios under consideration for time synchronization
The considered scenarios may involve one (e.g. scenario 1 and 3) or two (e.g. scenario 2) Uu interface(s). However, the serving gNB(s) cannot determine which scenario applies. The gNB is responsible for providing 5G clock time information to the UE via SIB9 and/or RRC but it is unaware of the time synchronization network topology that may be configured on top of the 5G clock synchronization process. Without the knowledge of the scenario, the Uu interface synchronicity budget per UE cannot be derived to assist time information distribution configuration or time synchronization enhancements such as PDC decision. 
Observation 2: gNB cannot derive Uu synchronicity budget per UE without CN assistance.
However, when time synchronization service is configured, the CN can determine the time synchronization accuracy requirement per UE (more details regarding the options described in S2-2102358 [3]) and provide this information to the gNB. Therefore, the CN assistance enables the gNB to be agnostic to the time synchronization distribution topology (e.g. if the time synchronization distribution is UE-UE or UE-DN) but facilitates the time synchronization configuration for Uu interfaces. 
Proposal 1:	CN provides Uu synchronicity budget to the gNB to assist RTI distribution configuration (e.g. SIB9/RRC signaling, periodicity) and/or PDC decisions.
The Uu interface part of the synchronicity budget is understood as the maximum 5GS time synchronization error between the UE and the gNB-DU. The Uu synchronicity budget applies to the 5G internal clock synchronization process. Therefore, it is a UE level parameter, not a PDU Session level parameter. That is, there is only one 5G clock synchronization process even if multiple vertical clock processes are supported within the DS-TT via multiple PDU Sessions.  
For Release 17 time synchronization service configuration, the start of the requirement of absolute time synchronization at the UE may be triggered because of TSN traffic start or AF request for time synchronization service. If TSCAI is configured for the user plane traffic, the gNB will configure RTI for the UE. However, the AF may request time synchronization service with the 5G clock as time source via SIB9/RRC signaling without user plane traffic (i.e. no need for TSCAI). In this case, the CN does not have a way to enforce the dissemination of RTI towards a particular UE at the gNB. The provision of Uu synchronization budget can be used as an indication of the need for RTI for the UE. As discussed in S2-2102358 [3], if the AF provides the time synchronization accuracy, the CN can derive the Uu synchronicity budget from that value. Otherwise, the CN can consider 5GS implementation constraints.
Proposal 2: 	Uu synchronicity budget provided by the CN is a UE-level parameter.
When the CN provides the Uu synchronicity budget to the gNB, the absolute value may be provided following the values to cover potential scenarios considered in RAN2: 10ns resolution up to 500ns, 50/100ns resolution up to 1us, 0.5us resolution up to 10us, and a last value for >10us.
2.2	Mobility 
It has been shown (e.g. in [5]) that even with the worst HO interruption time of 88ms, the corresponding time synchronization accuracy loss is 44ns which is well below the agreed UE budget between 55-100ns. This is mainly due to the holdover capability of a UE whose local clock accuracy is typically 0.3 to 0.8 ppm per second. However, after the UE establishes the connection to the target gNB, the target gNB need to provide the timing information with the precision required by the UE. In this section, it is discussed how the target gNB obtains the UE’s time synchronization requirements.
Firstly the source gNB shall be aware that the UE desires/should be serviced with a time synchronization service. The source gNB can be made aware by a UE request in UEAssistanceInformation IE in RRC as introduced in Rel-16 or it can be informed by the CN (as discussed in the previous subsection). In both cases, the need for synchronization service should be stored as a part of the UE context.
During the HO procedure, the UE information is transferred from the source gNB to the target gNB in the HO request. R3-210784 [6] and R3-210873 [7] discussed the benefits for the target gNB to know that a UE is using the reference time information (RTI) in the source gNB as early as possible during NG and Xn handover. To determine the configuration of RTI at the target gNB, the following parameters can be considered:
-	Uu synchronicity budget: As discussed in the previous subsection, this parameter could be provided by the CN (e.g. AMF) or the source gNB and should be part of the UE context information stored at the gNB. This budget will influence RTI configuration (e.g. periodicity required). Due to the synchronization topology may be different at the source gNB compared to the target gNB (e.g. where the gNB GM is placed in the network could impact the network part of the E2E accuracy budget), in some cases the Uu budget may need to be updated at the CN before being provided to the target gNB.
-	Source gNB budget: The source gNB provides to the target gNB the last estimated accuracy of the provided timing information at the UE (e.g. based on worst case assumption or RAN1 models). This parameter can be used at the target gNB to determine the accuracy budget headroom.
Other parameters that may influence the RTI configuration at the target gNB can be considered. The proposal of R3-210874 [8] included the periodicity and uncertainty of the RTI at the source gNB to be forwarded to the target gNB. However, the target gNB needs to reconfigure RTI after the UE connects to it, so the previous configuration at the source gNB may not be of use. The Uu synchronicity budget and the last estimation of the UE’s time information accuracy can provide the target gNB knowledge about the current UE’s synchronization accuracy when it is being handed over to better determine when RTI is needed for the next time information update and the need for PDC (see Figure 2).



[bookmark: _Ref71200497]Figure 2 Inter-gNB handover procedure considering time synchronization information exchange

Proposal 3:   During handover, the source gNB informs the target gNB about the Uu synchronicity budget and the source gNB budget.
3	Conclusions
The following is proposed:
Proposal 1:	CN provides Uu synchronicity budget to the gNB to assist RTI distribution configuration (e.g. SIB9/RRC signaling, periodicity) and/or PDC decisions.
Proposal 2: 	Uu synchronicity budget provided by the CN is a UE-level parameter.
Proposal 3:   During handover, the source gNB informs the target gNB about the Uu synchronicity budget and the source gNB budget.
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