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1 Introduction
In RAN2 #111-e meeting, the enhancements of time synchronization was discussed, and the remaining issues are as follows. 
	Propagation delay:
=>	Discuss by email the delay components and understand the requirements with each component and agree on what needs to be addressed

=>	Introduce propagation delay compensation for the improved synchronisation accuracy requirement in case of in UL Time Synchronization

[NR/URLLC][xxx] – Propagation delay for TSN (Nokia)
1st phase: Agree on baseline scenarios and then for each scenario the high-level breakdown on the delay components and agree on assumptions.  Identify the aspects that RAN1 should investigate
2nd phase: Identify the set of possible options to continue investigating and how they address each component 



The components of the 5GS end-to-end time synchronization budget and the time synchronization budget of the NW and Uu interface was discussed in this contribution. 
2 Discussion
2.1 Scenarios and E2E Synchronization Error Budget
As shown in Table 1, RAN1 has identified two representative use cases for accurate time synchronization for further study in Rel-17. For each of the two use cases, the assumption of the Uu interface has also reached a consensus [1]. Specifically, two Uu interfaces are assumed for the control-to-control use case and one Uu interface is assumed for the smart grid use case. Based on the above assumptions, there will be three scenarios, which can be summarized as follows.
Scenario 1: As illustrared in Figure 1 [2], for the control-to-control use case, the TSN GM is considered to be deployed behind the 5G CN, and the end-to-end synchronization error accounts for the difference between the NW-TT timestamping at the 5G GM and the DS-TT timestamping at the UE.

Table 1 - Two representative use cases for accurate time synchronization in Rel-17
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	1
	Up to 300 UEs
	≤900 ns          
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	2
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs





Figure 1. Illustration of the control-to-control use case with one interface (Scenario 1).
Scenario 2: For the control-to-control use case, the TSN GM is connected to a TSN end station behind the UE and the 5GS E2E budget accounts for the difference between the DS-TT timestamping at the source UE and the DS-TT timestamping at the target UE, which is shown in Figure 2.
  



Figure 2. Illustration of the control-to-control use case with two interfaces (Scenario 2 with two gNBs).


 
[bookmark: _Ref50643966]Figure 3. Illustration of the smart grid use case and a corresponding scenario (Scenario 3)
Scenario 3: For the smart grid use case, which is different from the above, the TSC GM is the 5G GM (or similar TD) and the 5G GM clock instance is provided by GNSS receiver, which is shown in Figure 3. Therefore, the difference between the 5G GM and the DS-TT is considered as the 5GS E2E accuracy budget.  
Based on the conlusions in offline Email discussions, the 5GS E2E synchronization budget can be briefly breakdown into three components, i.e. NW part, Uu interface part and device part. According to TR 38.825 [3], the synchronization budget from the finite granularity of referenceTimeInfo-r16 IE should also be considered. Considering that RAN1 has not considered it for the evaluation of the Uu interface budget, we perfer to add it (±5ns) into the network budget. 
Observation 1: The 5GS E2E synchronization budget can be briefly breakdown into three components, i.e. NW part, Uu interface part and device part.


[bookmark: _Ref50466339]Figure 4. Breakdown of the 5GS E2E path
Specifically, the error of the device part mainly depends on device implementation. Given that there is only one device involved in scenario 1 and scenario 3, the total device budget is considered to be ±50ns. As for scenario 2, considering that there are two devices involved in the E2E path, the device budget should be accounted twice, that is, ±100ns. 
Proposal 1: The error budget of the device part for scenario 1 and scenario 3 is ±50ns, and for scenario 2 is ±100ns. 
2.2 Error Budget for Network Part
[bookmark: _GoBack]The network part budget accounts for one-way synchronization budget between 5G GM (or NW-TT/UPF) and gNB. The specific network part budget needs to be analyzed for different scenarios. In R3-187252 [4], the maximum time error between the TSN GM clock and gNB is summarized as follows.
Table 2: Maximum absolute time error (TE) between TSN GM clock and gNB
	Synchronization source
	Synchronization accuracy

	Local on-site GNSS receiver (GPS is TSN GM clock) 
	|TE| = 100 ns absolute, 200ns relative between nodes.

	Local on-site TSN GM clock
	TE is negligible.

	Remote TSN GM clock entity using cascaded PTP capable transport network connections
	|TE| ~N*40ns, where N is number of PTP hops. 


For Scenario 1, it is assumed that the 5G GM clock source comes from the TSN GM clock. The delivery of the 5G reference time from the 5G GM to one gNB needs to span N g(PTP) capable hops. According to R3-187252, the maximum inaccuracy is the |TE| ~N*40ns, where N=4. Therefore, the maximum time synchronization error budget is ±160ns. In addition, if we also consider the CU-DU architecture, the inaccuracy of reference time delivery between CU and DU should not be ignored, and the error between the CU and DU is similar to one (g)PTP hop. Therefore, the total synchronization error budget of the NW is the |TE| ~N*40ns, where N=5 (4+1), which means that the maximum time synchronization error budget is ±200ns [5].
Proposal 2: For scenario 1, if the maximum (g)PTP capable hops between 5G GM and gNB is 4, the network part budget is ±160ns, if CU-DU architecture is considered, the network part budget will be ±200ns.
For Scenario 2, the specific NW budget needs to be further discussed for different deployment cases. 
· If the source UE and the target UE are connected to two different gNBs, and each gNB is synchronized to the 5G GM through N=4 (g)PTP capable hops, the total synchronization error budget of the NW will be doubled, which is ±320ns.
· If the two UEs are connected to two different DUs, and DUs are connected to the same CU. The total synchronization error budget of each NW part will be |TE| ~N*40ns, where N=5. Therefore, the total budget of the two NW part will be ±400ns.
· If there is only one gNB, the network budget may be 0ns. For instance, if the synchronization error from the gNB to UPF is +160ns, then the synchronization error from the UPF to gNB timing case will be -160ns, so the total synchronization error is 0ns. 
Proposal 2: For scenario 2, the network budget should be doubled that used for scenario 1, but the case involving only one gNB may need further discussion. 
For Scenario 3, the TSC GM is the 5G GM (or similar TD) and the 5G GM clock instance is provided by the GNSS receiver. Therefore, the maximum time error between the gNB and the GNSS is “|TE| = 100 ns absolute, 200ns relative between nodes”, which means that the time synchronization error budget is ±100ns. 
Proposal 3: For scenario 2, the time synchronization error budget of the network part is ±100ns. 
2.3 Error Budget for Uu interface Part
RAN1 has sent an LS for RAN2 to request the analysis of the time synchronization budget over Uu interface. The Uu interface synchronization budget accounts for the time synchronization error between the UE and the gNB. Actually, the actual synchronization error for Uu interface is not only affected by the propagation delay, which is mainly determined by the cell size, but also by many other factors, e.g. SCS and corresponding UE detection inaccuracy, the gNB architecture splits (e.g. use of gNB-CU and gNB-DU), the propagation delay compensation and TA adjustment error, etc. 
Compared with the Uu interface budget, it is much easier to determine the error budget for network part as well as for device part. Therefore, we think error budget of Uu interface can be determined as the result of the 5GS E2E synchronicity budget minus the error budget of the network part and device part. 
Proposal 4: The error budget of Uu interface can be determined as the result of the 5GS E2E synchronicity budget minus the error budget of the network part and device part. 
Based on the above consideration, for Scenario 1, the error budget for Uu interface can be ±(900ns - 160ns- 50ns)= ±690ns, where 900ns indicates the 5GS E2E synchronization budget, 160ns means the network part error budget and 50ns indicates the error budget of the device part.  As for CU-DU architecture, the sync error budget for each Uu interface will be ±(900ns - 200ns -50ns)= ±650ns.
For Scenario 2, the total error budget for two Uu interfaces can be ±(900ns - 320ns -100ns)= ±480ns, assuming that maximum 4 gPTP capable hops are used between gNB and 5GM. The sync error budget for each Uu interface is±240ns. As for CU-DU architecture, the sync error budget for each Uu interface will be ±(900ns - 400ns -100ns)/2= ±200ns. Considering that the synchronization accuracy requirements of the Uu interface is too high, it may be possible to reduce the NW part budget (PTP hops) by appropriate deployment, which requires further study. 
For Scenario 3, the error budget for Uu interface can be ±(1000ns - 100ns – 50ns)= ±850ns, where 1000ns indicates the 5GS E2E synchronization budget, 100ns means the error budget between the gNB and the GNSS, and 50ns illustrates the error introduced by device part.
Proposal 5: For Scenario 1, the error budget of Uu interface is ±690ns or ±650ns, for Scenario 2, the sync error budget for each Uu interface will be ±240ns or ±200ns, which details need further study, as for Scenario 3, the error budget for Uu interface can be ±850ns. 
3 	Conclusions
The paper discussions the components of the 5GS end-to-end time synchronization budget, and the observation and proposals are given as below.
Observation 1: The 5GS E2E synchronization budget can be briefly breakdown into three components, i.e. NW part, Uu interface part and device part.
Proposal 1: The error budget of device part for scenario 1 and scenario 3 is ±50ns, and for scenario 2 is ±100ns. 
Proposal 2: For scenario 2, the network budget should be doubled that used for scenario 1, but the case with only one gNB involves may need further discussion.
Proposal 3: For scenario 2, the time synchronization error budget of the network part is ±100ns.  
Proposal 4: The error budget of Uu interface can be determined as the result of the 5GS E2E synchronicity budget minus the error budget of the network part and device part.  
Proposal 5: For Scenario 1, the error budget of Uu interface is ±690ns or ±650ns, for Scenario 2, the sync error budget for each Uu interface will be ±240ns or ±200ns, which details need further study, as for Scenario 3, the error budget for Uu interface can be ±850ns. 
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