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Abstract: This discussion paper provides background information on CR 0097 TS 22.104 on smaller 5GS time sync budget (contained in S1‑232014). 
1. Introduction
The current required 5GS time sync budget of 900 ns leaves only a very small number for further TSN devices outside the 5G system within the overall time sync budget of 1 µs in integrated TSN-5G networks. Two (mobile) manufacturing robots, both connected to the 5G network with a wireless 5G link (two wireless links on the path of the time synchronization messages), require up to 16+4 TSN hops external to the 5G system, resulting in a smaller 5G time sync budget of approx. 700 ns. 
2. Background Information
In integrated TSN-5G networks, the 5G system is part of a larger industrial TSN network, also containing network parts outside of the 5G system (non-3GPP, usually IEEE 802.1-based). As illustrated in Figure 1, the overall time sync budget is limited to 1 µs. The time sync budget necessary for the 5G system determines how many further TSN devices are possible within the overall time sync budget of 1 µs in the non-3GPP parts of an integrated TSN-5G-network.
[image: ]
[bookmark: _Ref85709507]Figure 1: Integrated TSN-5G networks

Use Case: Two mobile manufacturing robots – wireless connection to 5G network (both robots)
Figure 2 shows a working clock domain with two mobile manufacturing robots. Both manufacturing robots have a wireless connection to the 5G network and contain a 5G UE.
The working clock domain has a synchronization accuracy of ±1 µs between any sync device and the sync master. The sync master (M) of the working clock domain is located at one of the manufacturing robots (robot on the right-hand side in Figure 2). 
There are two wireless links on the path of the synchronization messages. 
[image: ]
[bookmark: _Ref85544109]Figure 2: Mobile manufacturing robots – both with wireless link

Manufacturing robots similar to the ones depicted in Figure 2 usually consist of 
· a UE from which a communication connection is available to the 5G network 
· a controller (C)
· sensors (S) and actuators (A) as many as necessary for the mechanical control and operation
· a wired communication network for connecting the 5G device/UE (UE), wired switches (Sw), controller (C), sensors (S), and actuators (A) inside the manufacturing robot.
Sensors and actuators are located, for instance, at each joint of the robot arm. They are connected to the controller in a wired line topology in order to have just a single communication wire going through the robot arm. The line topology can be up to 16 hops or even more. Wired connectivity is preferred due to its higher reliability for controlling the manufacturing robot.
IEEE/IEC 60802 requires the following maximum constant time errors from TSN capable devices:
· ± 10 ns for each PTP link
· ± 5 ns for each PTP instance
· ± 10 ns transfer time at sync device / sync master respectively.
Note: In order to keep the following calculation simple, dynamic time errors are considered to compensate to 0 ns. In practical networks, however, dynamic time errors can be compensated only partially and there might be further sources of time errors.
Figure 3 shows the TSN hops in the non-3GPP part for the above use case. A reasonable set of varied industrial use cases can be already covered by 8 hops at the left robot, 16 hops will cover most use cases. 2-4 hops between UE and sync master (M) at the right robot will provide the necessary flexibility.
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[bookmark: _Ref85550441]Figure 3: Number of hops for use case

Table 1 gives the resulting approximate time synchronization budgets for the 5G system for the use case of two mobile manufacturing robots, that are both connected to the 5G network by a wireless link (see Figure 2).
[bookmark: _Ref85549220]Table 1: Approximate time sync contribution of 5G wireless link (two mobile robots, both with wireless link to 5G network)
	non-3GPP
time sync budget
(left robot)
	non-3GPP
time sync budget
(right robot)
	non-3GPP time sync budget
	5G system
time sync budget

	8 hops  130 ns
	2-4 hops  40-70 ns
	170-200 ns
	830-800 ns

	16 hops  250 ns
	2-4 hops  40-70 ns
	290-320 ns
	710-680 ns



The use case of two mobile manufacturing robots would have similar requirements on the 5GS time synchronization budget when using direct device communication.
2. Reason for Change
The current required 5GS time sync budget of 900 ns leaves only a very small number of further TSN devices outside the 5G system within the overall time sync budget of 1 µs. A smaller 5G time sync budget would allow the integration of the 5GS into larger non-3GPP (IEEE-based) TSN networks and more flexibility in the network design.
3. Conclusions
3GPP Rel-19 should aim for a stable time synchronization accuracy of the 5G system of 700 ns with two (2) wireless links on the path of the time synchronization messages.
4. Proposal
It is proposed to agree the corresponding changes to 3GPP TS 22.104 Rel-19 that are contained in CR 0097 in S1-232014.
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