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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"

----------------------------------------------------- End of the 1st change --------------------------------------------------------------
[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: _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].
[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].
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).
----------------------------------------------------- End of the 3rd change --------------------------------------------------------------
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