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1	Introduction
The possibility of the CN providing the NG-RAN with a time synchronization error budget parameter has been identified in an incoming LS from SA2 (see [1]). The parameter is intended to indicate the per Uu interface error budget allowed when sending 5G reference time information from the NG-RAN to a UE and adjusting it to take into account downlink propagation delay (PD). The parameter value is expected to take into account whether or not there are two Uu interfaces in the 5GS ingress to egress path over which any given TSN Grandmaster clock is delivered. 
Note that for the Rel-17 URLLC/IIoT WI, RAN2 is directed to investigate possible enhancements in the following area: 
· Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
The following time synchronization error budget target for a single Uu interface was agreed at TSG-RAN WG2 #112-e.
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns


The decision on which propagation delay compensation (PDC) method(s) are required to satisfy these budget values is up to RAN1, and RAN1 should aim to meet the most stringent requirement.
Whether including this per Uu interface error budget parameter (e.g. as an optional TSCAI parameter) is of benefit to a NG-RAN within the Rel-17 timeframe is further discussed below. 
[bookmark: _Ref178064866]2	Discussion
The time sync error budget applicable to a single Uu interface is the maximum uncertainty allowed when establishing time alignment between gNB antenna and UE antenna, which includes (a) sending 5G reference time from gNB to a UE and (b) adjusting it to reflect the downlink PD.
· The two Uu interface scenario is addressed by Figure 1 below where the per Uu time sync error budget = .5 * [Total Allowed 5GS ingress to egress uncertainty – (value of component 4 in Figure 1 below) – (2*value of component 3 in Figure 1 below)].
· A CN providing a gNB with a target error budget value for a single Uu interface means CN is first able to attribute a value for the network part (e.g. one instance of component 4 in Figure 1 below) and device part (e.g. two instances of component 3 in Figure 1 below).
· The ability of a gNB to realize a given target error budget depends on characteristics of timing reference signals used, RF channel characteristics and synchronization method used (e.g. RTT-based versus TA-based). 
· For the Smart Grid use case a single Uu interface will always apply. For the control-to-control case where the most demanding 5GS synchronization case is considered (i.e. 900ns between 5GS ingress and egress), RAN1 agrees that some enhancements to perform (b) (i.e., adjusting the 5G reference time to reflect the downlink PD) with sufficient accuracy will be needed for the two Uu interface scenario, but has not concluded on whether a TA-based method or RTT-based method is needed.
[image: ]
[bookmark: _Ref23430276]Figure 1 - TSN GM clock delivery through 5GS – ingress at UE1 and egress at UE2
Regardless of what RAN1 eventually decides regarding PD compensation methods, the question of whether a gNB actually needs the CN to send a per Uu interface error budget parameter within the scope of Rel-17 can be examined:
· For Rel-17, deployments of TSN GM clocks within the context of TSN - 5GS interworking are expected to be limited in scope (e.g. a single TSN GM clock having a fixed location).
· When anticipating a limited scope of Rel-17 deployments (i.e., dedicated network deployments for one specific use case, such as smart grid and factory automation), a network implementation can be expected to 
· be aware of the TSN GM clock error budget applicable between the 5GS ingress and 5G egress
· determine whether one or two Uu interfaces are applicable when relaying the TSN GM clock from the 5GS ingress to egress.
· be aware of the network topology in delivering 5G system clock to UPF and gNBs
· A network implementation can subsequently derive the time synchronization error budget available for the Uu interface.
· For example, when a network implementation determines the most demanding 5GS ingress to 5G egress TSN GM clock error budget applies (i.e. 900ns) and that two Uu interfaces are included within the 5GS ingress to egress path, it can select the method for providing a UE with 5G reference time information that introduces the least amount of time sync error (i.e. a method that introduces an error in the range ±145ns to ±275ns per the table above).
Observation 1: 	When anticipating a limited scope of Rel-17 deployments, a gNB implementation can be expected to determine whether one or two Uu interfaces are applicable when relaying the TSN GM clock from the 5GS ingress to egress.
Observation 2: 	When anticipating a limited scope of Rel-17 deployments, a gNB implementation can be expected to be aware of the TSN GM clock error budget applicable between the 5GS ingress and 5G egress.
Proposal 1:	For Rel-17 deployments, the Uu interface budget for time synchronization can be derived by network implementation and thus it is not beneficial to receive it from the core network.
3. Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we discussed the potential need for a gNB to receive new TSCAI information from the CN in order to identify the per Uu interface time sync error budget to be realized when a UE is provided with 5G reference time information. The following observations and proposals are made: 
Observation 1: 	When anticipating a limited scope of Rel-17 deployments, a gNB implementation can be expected to determine whether one or two Uu interfaces are applicable when relaying the TSN GM clock from the 5GS ingress to egress.
Observation 2: 	When anticipating a limited scope of Rel-17 deployments, a gNB implementation can be expected to be aware of the TSN GM clock error budget applicable between the 5GS ingress and 5G egress.
Proposal 1:	For Rel-17 deployments, the Uu interface budget for time synchronization can be derived by network implementation and thus it is not beneficial to receive it from the core network.
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