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	Reason for change:
	1. Reference [34]	 IEEE Std 1588-2019: "IEEE Standard for a Precision Clock Synchronization Protocol for Networked Measurement and Control" 
was not correctly implemented in TS 22.104 after being agreed in SA#93e.

Such reference was originally introduced as [28] by CR0084 as part of SP-211039 package agreed at SA#93e.
However, other CRs were also agreed at SA#93e as part of SP-211070 package, including CR0080 (introducing other references [28] and [29]) and CR0087 (introducing other references [28] to [31]).

Order of implementation in TS22.104:
· CR0080 (SP-211070)  refs [28] and [29] (originally [28] and [29])
· CR0087 (SP-211070)  refs [30] to [33] (originally [28] to [31])
· CR0084 (SP-211039)  ref [34] (originally [28])

As such, original reference [28] from CR0084 was implemented as [34] in TS22.104 section 2 (References), but the pointers in the text from CR0084 were not updated, thus resulting these pointers to refer to an incorrect reference.

Note that some pointers to reference [28] in TS22.104 because correctly implemented (CR0080).
---

2. In addition, CR0080 (SP-211070) last sentence of A.4.4.4 was “cut” by the editor from (agreed text):
Use case #6: High-speed current differential protection with a sampling rate of 600 Hz under voltage condition 2 (see  IEC 61850-90-1[28] for more details).
to (TR text):
Use case #6: High-speed current differential protection with a sampling rat
This contribution also fixes this issue.
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FIRST CHANGE
[bookmark: _Toc146301534][bookmark: _Toc91260295]7.2.3.2	Clock synchronization requirements
The 5G system shall be able to support clock synchronization (working clock domain) between the UEs within the group of UEs using direct device connection ProSe communication.
The 5G system shall be able to support Precision Time Protocol-based (IEEE 802.1AS [22] or another applicable IEEE Std 1588 [2834] profile) or 5G sync domain-based clock synchronization among the group of UEs using direct device connection.
The 5G system shall be able to support the sync master of the working clock domain being connected to one of the UEs or being hosted at one of the UEs in the group of UEs using direct device connection. 
The 5G system shall be able to support up to four simultaneous synchronization domains on a UE using direct device connection. 
The 5G system using direct device connection shall support one or multiple time domains (IEEE 802.1AS [22] or another applicable IEEE Std 1588 [2834] profile or 5G sync domain configuration). 
The 5G system shall provide a suitable means to support the merging and separation of working clock domains at the UEs within the group of UEs connected by direct device connection, that is interoperable with the corresponding mechanisms of IEEE 802.1AS [22], IEEE Std 1588 [2834], or 5G sync domain.
For direct device connection, the 5G system shall be able to support a 5GS synchronicity budget for clock synchronization according to Table 7.2.3.2-1. In this case, the sync master and sync device are located at or connected to two UEs which are connected via direct device connection.
Table 7.2.3.2-1: Direct device connection clock synchronization service performance requirements for 5G System 
	Number of devices in one communication group for clock synchronization
	5GS synchronicity budget requirement 
(note 1)

	Service area 
(note 2)
	Scenario


	2 to 16
	≤ 700 ns
	10 m x 10 m x 5 m;
50 m x 5 m x 5 m
	Cooperative carrying – fragile work pieces; (A.2.2.5)

	2 to 16
	≤ 700 ns
	10 m x 10 m x 5 m;
50 m x 5 m x 5 m
	Cooperative carrying – elastic work pieces; (A.2.2.5)

	NOTE 1:	5G synchronicity budget is the time error between ingress and egress of the 5G system on the path of clock synchronization messages (as described in Clause 5.6.0). For direct device connection, the ingress is one UE and the egress the other directly connected UE.  
NOTE 2:	Service Area for direct device connections between UEs (length x width x height). The group of UEs with direct device connections might move throughout the whole factory site (up to several km²).



NEXT CHANGE
[bookmark: _Toc146301544][bookmark: _Toc91260305]8.2.3.2	Clock synchronization requirements
The 5G system shall be able to support clock synchronization (working clock domain) for UEs using indirect network connection.
The 5G system shall be able to support Precision Time Protocol-based (IEEE 802.1AS [22] or another applicable IEEE Std 1588 [2834] profile) or 5G sync domain-based clock synchronization for UEs using indirect network connection.
The 5G system shall be able to support the sync master of the working clock domain being connected to one of the UEs or being hosted at one of the UEs using indirect network connection. 
The 5G system shall be able to support up to four simultaneous synchronization domains on a UE using indirect network connection. 
The 5G system shall provide a suitable means to support the merging and separation of working clock domains at the UEs connected by indirect network connection, that is interoperable with the corresponding mechanisms of IEEE 802.1AS [22] or another applicable IEEE Std 1588 [2834] profile or 5G sync domain.
For indirect network connection between UEs using one UE-to-network relay, the 5G system shall be able to support a 5GS synchronicity budget for clock synchronization according to Table 8.2.3.2-1.
Table 8.2.3.2-1: Indirect network connection clock synchronization service performance requirements for 5G System 
	Number of devices in one communication group for clock synchronization
	UE density [UE / m²]
	5GS synchronicity budget requirement 
(note 1)
	Service area 
(note 2)
	Scenario


	10 to 20 UEs
	-
	< 1 ms
	≤ 100 m x 100 m x 50 m
	Process automation – closed loop control (A.2.3.1)

	≤ 10,000 to 100,000
	-
	≤ 1 ms
	≤ 10 km x 10 km x 50 m
	Process and asset monitoring (A.2.3.2)

	NOTE 1:	5G synchronicity budget is the time error between ingress and egress of the 5G system on the path of clock synchronization messages (as described in Clause 5.6.0). For indirect network connection, 3 cases are considered:
1) If the path of clock synchronization messages is between device and network side, ingress and egress of the 5G system are the remote UE and the corresponding UPF on the network side.
2) If ingress and egress of the 5G system are at the device side, the 5G synchronicity budget is the time error between the involved remote UE and the 5G sync master.
3) If the sync master is inside the 5G system, the 5G synchronicity budget ingress is the sync master in the 5G system and egress is the remote UE.
NOTE 2:	Service Area for indirect network connections between UEs (length x width x height). 



NEXT CHANGE
[bookmark: _Toc146301579][bookmark: _Hlk83140561][bookmark: _Toc91260339]A.4.4.4	High-speed current differential protection
High-speed current differential protection, which is required for sub-millisecond fault detection, is another typical use case of power distribution automation. The approach utilises differential current measurements to significantly reduce fault detection time. The protection relays exchange the current samples via the 5G system. Each relay then compares the sent and received samples to determine if a fault has occurred in a protected area. This is done in order to identify and isolate a fault in the grid. The sampling rate varies and is dependent on the algorithms designed by the manufacturers. A protection relay collects the current samples (with the typical message size of up to 245 bytes) at a frequency of 600 Hz, 1200 Hz, 1600 Hz, or 3000 Hz. The exchange of measurement samples is done in a strictly cyclic and deterministic manner. With the sampling rate of 600 Hz, the transfer interval is 1.7 ms and the required bandwidth 1.2 Mbit/s; for 1200 Hz, the transfer interval is 0.83 ms and the required bandwidth 2.4 Mbit/s. The maximum allowed end-to-end delay between two protection relays is between 5 ms and 10 ms, depending on the voltage (see  IEC 61850-90-1 for more details [28]). For some legacy systems, the latency usually is set to 15 ms. The associated KPIs are provided in Table A.4.4.4-1.
Table A.4.4.4-1: KPIs for high speed current differential protection
	Use case #
	Communication service availability
	End-to-end latency: maximum
(note)
	Service bitrate: user experienced data rate
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE speed
	UE density [#/km2)]
	Service area

	1
	> 99.999 %
	15 ms
	2.5 Mbit/s
	< 245
	≤ 1 ms
	 transfer interval (one frame loss)
	stationary
	≤ 100/km2
	several km2

	2
	> 99.999 %
	15 ms
	1.2 Mbit/s
	< 245
	≤ 2 ms
	 transfer interval (one frame loss)
	stationary
	≤ 100/km2
	several km2

	3
	> 99.999 %
	10 ms
	2.5 Mbit/s
	< 245
	≤ 1 ms
	 transfer interval (one frame loss)
	stationary
	≤ 100/km2
	several km2

	4
	> 99.999 %
	10 ms
	1.2 Mbit/s
	< 245
	≤ 2 ms
	 transfer interval (one frame loss)
	stationary
	≤ 100/km2
	several km2

	5
	> 99.999 %
	5 ms
	2.5 Mbit/s
	< 245
	≤ 1 ms
	 transfer interval (one frame loss)
	stationary
	≤ 100/km2
	several km2

	6
	> 99.999 %
	5 ms
	1.2 Mbit/s
	< 245
	≤ 2 ms
	 transfer interval (one frame loss)
	stationary
	≤ 100/km2
	several km2

	NOTE :	UE-to-UE communication.



Use case #1: High-speed current differential protection with a sampling rate of 1200 Hz for legacy systems.
Use case #2: High-speed current differential protection with a sampling rate of 600 Hz for legacy systems.
Use case #3: High-speed current differential protection with a sampling rate of 1200 Hz under voltage condition 1 (see  IEC 61850-90-1[28] for more details).
Use case #4: High-speed current differential protection with a sampling rate of 600 Hz under voltage condition 1 (see  IEC 61850-90-1[28] for more details).
Use case #5: High-speed current differential protection with a sampling rate of 1200 Hz under voltage condition 2 (see  IEC 61850-90-1[28] for more details).
Use case #6: High-speed current differential protection with a sampling rate of 600 Hz under voltage condition 2 (see  IEC 61850-90-1[28] for more details).
END OF CHANGES


