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[bookmark: _Toc27761403]----------------------------------------------------- Start of the 1st change --------------------------------------------------------------
[bookmark: _Toc27761251]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 22.104: "Service requirements for cyber-physical control applications in vertical domains".
[3]	"IEEE Standard for Local and Metropolitan Area Networks--Timing and Synchronization for Time-Sensitive Applications," IEEE Std 802.1AS-Rev/D8.0, pp. 1-466, January 2019.
[4]	IEC 61158: "Industrial communication networks – fieldbus specification".
[5]	IEC 61907: "Communication network dependability engineering".
[6]	3GPP TS 22.186: "Enhancement of 3GPP support for V2X scenarios". 
[7]	3GPP TS 22.261: "Service requirements for the 5G system".
[8]	3GPP TS 23.222: "Common API Framework for 3GPP Northbound APIs". 
[9]	IEEE 802.1Q-2018: "IEEE Standard for Local and Metropolitan Area Network--Bridges and Bridged Networks"
[10]	IEEE P802.1CS: "IEEE Draft Standard for Local and Metropolitan Area Networks -- Link-local Registration Protocol"
[11]	IEEE P802.1Qdd: "IEEE Draft Standard for Local and Metropolitan Area Networks -- Bridges and Bridged Networks -- Amendment: Resource Allocation Protocol (RAP)"
[12]	IEC/IEEE 60802: "Time-Sensitive Networking Profile for Industrial Automation", Joint Project of IEC SC65C/MT9 and IEEE 802 (https://1.ieee802.org/tsn/iec-ieee-60802/).
[13]	IEEE 802.3: "IEEE Standard for Ethernet" (http://www.ieee802.org/3/)"
[14]	VoidIEC/IEEE 60802, "Constraints about Sync", v1.0, 23 Aug, 2019, 60802-Steindl-ConstraintsAboutSync-0919-v10.pdf.
[15]		IEC/IEEE 61850-9-3: "Communication networks and systems for power utility automation – Part 9-3: Precision time protocol profile for power utility automation"
[x]	3GPP TS 23.501: “System architecture for the 5G System (5GS); Stage 2”

----------------------------------------------------- End of the 1st change --------------------------------------------------------------
[bookmark: _Toc27761405]5.20.1.1	Integration scenarios and clock synchronicity budget for the 5G system
Different scenarios and use cases for the integration of 5G networks with TSN networks are described in clause 5.2. Such integrated TSN networks contain a 5G network and one or more non-3GPP networks such as IEEE 802.1-based TSN networks. 
The requirements on the accuracy of the clock synchronization are with respect to synchronization domains (global time domain, working clock domain). In an integrated TSN network, the synchronization domain may cover both the 5G network and non-3GPP networks. 
If the 5G network is on the path of the sync messages in such an integrated TSN network, the available time synchronization budget for the 5G network is an important number. The two most important integration scenarios (see also Figure 5.20.1-1) for this use case of the time synchronization budget are
- clause 5.2.3.2 with one wireless link, see also Figure 5.2.3.2-1,
- clause 5.2.3.3 with two wireless links, see also Figure 5.2.3.3-1.
[image: ]5G sync budget

Figure 5.20.1.1-1: Important integration scenarios with 5G network on path of synchronization messages (cf. clause 5.2.3)
[bookmark: _Toc27761406]----------------------------------------------------- Start of the 2nd change --------------------------------------------------------------
5.20.1.2	Terminology
The term time synchronization or synchronicity budget of the 5G system corresponds to the maximum absolute relative time error of the 5G system. 
Relative time error TER(A,B) is the difference between the time of clock A (TA) and the time of clock B (TB), i.e., TER(A,B) = TA – TB. (IEC/IEEE 60802 [124])
Maximum absolute relative time error max|TER| is the maximum of the absolute value of the relative time error. (IEC/IEEE 60802 [124])
Constant time error cTE is the time error or relative time error that is constant in time (i.e., static). (IEC/IEEE 60802 [124])
Dynamic time error dTE is the zero-mean, random component of the time error. (IEC/IEEE 60802 [124])
[bookmark: _Toc27761407]5.20.1.3	Constraints on time synchronization in wired networks
Specific constraints on time synchronization in wired industrial networks have been identified in IEC/IEEE 60802 [14][12].
NOTE:	The IEC/IEEE 60802 profile document is a draft, which is subject to change. The latest draft at the time of writing is D1.1.
In time synchronization domains, the longest path between sync master and any sync device in the synchronization domain may be up to 64 hops. The required synchronization precision between the sync master and any sync device in the synchronization domain is ≤ 1 µs (maximum absolute relative time error max|TER| ≤ 1 µs (IEC/IEEE 60802 [14][12])) is between the sync master and any sync device in the synchronization domain.
Furthermore, constant time error and dynamic time error are distinguished in IEC/IEEE 60802 [14][12]. The limits of constant and dynamic time error are defined for each component of the path of the synchronization messages.
The time error limits are differently distributed in energy automation / smart grid. 
The network time inaccuracy is required to be better than ±1 μs after crossing approximately 15 transparent clocks (50 ns time error each) or 3 boundary clocks (250 ns time error each) (IEC 61850-9-3 [15]). If all smart grid devices are directly connected to the 5G network, the corresponding time error budget for the 5G system is ≤ 750 ns. However, the 5G network may be integrated with non-3GPP time synchonized networks also in energy automation. This decreases the available time error budget for the 5G system. 
[bookmark: _Toc27761408]5.20.1.4	Determination of time synchronization budget for 5G system
In order to determine a useful and realizable time synchronization budget for the 5G system in integrated 5G / TSN networks, it is necessary to understand what fraction of the total end-to-end time synchronization precision the 5G system can take out (5G time synchronization budget) under reasonable deployment assumptions.
The scenarios illustrated in Figure 5.20.1.1-1 can be broken down into three main segments outside the 5G system.
Segment A: Sync master to 5G network ingress (network side)
The ingress of the 5G network for time synchronization messages is the NW-TT network function defined in TS 23.501 [x]. The NW-TT can be placed anywhere in the factory, including next to the sync master. If multiple sync masters are present in the factory (e.g. a global clock and one or more working clocks), then multiple NW-TT instances can be deployed in the factory and placed close to the relevant sync master.
Since time synchronization is an essential part of TSN, the 5G network can and should be deployed in such a way that the number of hops between the sync master and the NW-TT is minimized. It is therefore reasonable to assume that an upper hop limit will exist for practical deployments wherein there will be no more than two hops between a sync master in the non-3GPP TSN network and the nearest NW-TT instance.
Segment B: UE to sync device (UE side)
It is unlikely that a large network be connected behind a single UE. If multiple end devices are connected to a UE, they are likely to be in close proximity to the UE and connected through a single bridge so that very few hops would be needed. This could for instance be a mobile robot with a number of sensors and actuators, all connected to the UE.
It can therefore be assumed that there will be no more than two hops between the UE (DS-TT) and any end device connected to it.
Segment C: Sync master to UE (UE side)
When the sync master is on the UE side, the UE can be placed as close as necessary to the sync master. Potentially, the UE itself could be the location of the sync master. It is therefore reasonable to assume that there will be at most one hop between the local sync master and the UE.
Special case of the smart grid
In the smart grid application area, the use case with the most stringent requirement on time synchronization, namely 1 µs end-to-end, is that of ensuring synchronicity between phasor measurement units (PMUs), which are typically distributed over a large geographic area (see TR 22.804, clause 5.6.5). This is for instance important for fault localization in the electricity grid.
Today, PMUs are equipped with GNSS receivers to obtain the high-precision time reference necessary for the accurate timestamping of the measurements. However, the only requirement is that all PMUs shall be synchronized to a common time reference. With 5G, the UE can provide the time synchronization via the 5G system clock, which itself is typically derived from a GNSS.
Since precise time synchronization is an essential feature for PMUs, the UE ought to be connected directly to, or integrated into, the PMU. It can therefore be concluded that for the PMU synchronization use case, there does not need to be any hop outside the 5G system involved in the distribution of time synchronization. Hence, the clock synchronicity budget for the 5G system is <1 µs in this case.
NOTE:	Other smart grid use cases may also benefit from time synchronization through the 5G system, but those have more relaxed requirements than the PMU synchronization case (e.g. differential protection as described in TR 22.804 clause 5.6.6, which requires 10 µs time synchronization precision).
Resulting time synchronization budget for the 5G system
Summing up the different cases described above, it can reasonably be assumed that a properly engineered solution integrating a 5G system into a TSN network can and should be designed so that the sync messages exchanged between a sync master and any sync device cross at most four hops outside the 5G system (when the 5G system is in the path).
Assuming each of the four hops implements a G.8273.2 class C clock (i.e., with 10 ns constant time error accumulating linearly and +/- 5 ns dynamic time error accumulating as rms) and a total of six links contributing by 5 ns each, the resulting time error introduced by components outside the 5G system should be at most 80 ns. This translates into a time synchronization budget for the 5G system of ≤920 ns (1 µs – 80 ns). Allowing for some extra margin, a maximum time error of ≤900 ns constitutes a reasonable target for the time synchronization budget of the 5G system for industrial automation use cases
For smart grid use cases, the 5G system must support a time synchronization budget of <1 µs.
[bookmark: _Toc27761409]----------------------------------------------------- End of the 2nd change --------------------------------------------------------------
[bookmark: _Toc27761413]----------------------------------------------------- Start of the 3rd change --------------------------------------------------------------
5.20.6	Potential New Requirements needed to support the use case
5G service performance requirements on the clock synchronization budget assigned to the 5G system in integrated TSN networks (5G network and non-3GPP networks, e.g. IEEE 802.1-based TSN networks):
[PR-5.20.6-001] The time synchronization budget assigned to the 5G system in integrated 5G TSN networks for the global time domain shall be at most [x900 ns] for industrial automation use cases.
[PR-5.20.6-002] The time synchronization budget assigned to the 5G system in integrated 5G TSN networks for a working clock domain shall be at most [x900 ns] for industrial automation use cases.
NOTE:	The clock synchronization precision between the sync master and any sync device in the synchronization domain is in general ≤ 1 µs in the above potential new requirements (in both, global time domain and working clock domain).
[PR-5.20.6-003] The time synchronization budget assigned to the 5G system for smart grid use cases shall be better than 1 µs.
----------------------------------------------------- End of the 3rd change --------------------------------------------------------------
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