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5.x
Time synchronisation budget for 5G system in integrated TSN networks
5.x.1
Description

5.x.1.1
Integration scenarios

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.x.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.
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Figure 5.x.1.1-1: Important integration scenarios with 5G network on path of synchronization messages (cf. clause 5.2.3)

5.x.1.2
Constraints on time synchronization

Specific constraints on time synchronization in industrial networks have been identified in [14].
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 is ≤ 1 µs (maximum absolute relative time error max|TER| ≤ 1 µs [14]).
Furthermore, constant time error and dynamic time error are distinguished in [14]. 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). 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. 
5.x.1.3
Determination of time synchronization budget for 5G system
5.x.1.3.1
Terminology

The term time synchronization budget of the 5G system corresponds to the maximum relative time error of the 5G system. 
Constant time error cTE is the time error or relative time error that is constant in time (i.e., static) [14].
Dynamic time error dTE is the zero-mean, random component of the time error [14].
5.x.1.3.2
5G system as single bridge

The 5G system appears conceptually as a single bridge to the non-3GPP parts of the integrated network [x2]. Based on this concept, the time synchronization budget for the 5GS system can be derived from the limits for the constant und relative time error of a single time synchronization device [14]:

Constant time error: ± 5 ns

Relative time error: ± 50 ns 
Resulting 5G system time synchronization budget (limits of 5GS time error): ± 55 ns

5.x.1.3.3
Relevant hops inside 5G system

Another simple method to determine a time synchronization budget for the 5G system is the proportion of the number of hops inside the 5G system, that are relevant for the path of the time synchronization messages (n5GS), to the maximun number of hops for the longest path in the synchronization domain (nSD). 
Resulting 5G system time synchronization budget (limits of 5GS time error):
± ((n5GS / nSD) x max|TER|) = ± ([n5GS] / 64 x 1 000 ns).
It is recommended to sum up the constant time error and the dynamic time error of the 5G system separately.
5.x.2
Pre-conditions

Integrated TSN network with 5G network on the path of the TSN sync messages, either with one wireless link or with two wireless links (see Figure 5.x.1.1-1).

5.x.3
Service Flows

Synchronization messages are exchanged between the sync master and the sync devices. The time synchronization mechanisms within the 5G network stay within the avialable time synchronization budgets assigned to the 5G system.

5.x.4
Post-conditions

The clock synchronization in the synchronization domain stays within the required precision of ≤ 1 µs.
5.x.5
Existing features partly or fully covering the use case functionality
Clock synchronization requirements on synchronization precision with respect to the synchronization domain in clause 5.6.1 of TS 22.104:

The 5G system shall support a mechanism to process and transmit IEEE1588v2 / Precision Time Protocol messages to support 3rd-party applications which use this protocol.

The 5G system shall support a mechanism to synchronise the user-specific time clock of UEs with a global clock.

The 5G system shall support a mechanism to synchronize the user-specific time clock of UEs with a working clock.

The 5G system shall support two types of synchronization clocks, the global time domain and the working clock domains.

The global time domain shall provide time synchronization with precision of ≤ 1 µs.

NOTE 1:
Some use cases require only a precision of ≤ 100 µs for the global time domain if a working clock domain with precision of ≤ 1 µs is available.

NOTE 2:
The required precision is between the sync master and any device of the global time domain.

The working clock domains shall provide time synchronization with precision of ≤ 1 µs. 

NOTE 3:
The required precision of ≤ 1 µs is between the sync master and any device of the clock domain.

NOTE 4:
Different working clock domains are independent and can have different precision.

The 5G system shall be able to support arbitrary placement of sync master functionality and sync device functionality in integrated 5G / non-3GPP TSN networks.

The 5G system shall be able to support clock synchronization through the 5G network if the sync master and the sync devices are served by different UEs. (Flow of clock synchronization messages is in either direction, UL and DL.)

5.x.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.x.6-001] The time synchronization budget assigned to the 5G system in integrated 5G TSN networks for the global time domain shall be [± ([n5GS] / 64 x 1 000) ns].

 
[PR-5.x.6-002] The time synchronization budget assigned to the 5G system in integrated 5G TSN networks for a working clock domain shall be at least [± ([n5GS] / 64 x 1 000) ns].
NOTE 1:
The clock synchronization precision is ≤ 1 µs in the above potential new requirements (in both, global time domain and working clock domain).
NOTE 2:
n5GS is the number of hops on the path of the synchronization messages that are consumed by the 5G system.
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6.1
Industrial Ethernet integration

This clause contains merged and consolidated potential service requirements related to Industrial Ethernet integration, which includes time synchronization, different time domains, integration scenarios, and support for time-sensitive networking (TSN).

[MPR-22832-6.1-00a]
The 5G system shall be able to support four synchronization domains on a UE.

NOTE:
The four synchronization domains are used, for example, as two synchronization domains for global time and two working clock domains. One pair of global time and working clock is used as redundant synchronization domains for zero failover time.
[MPR-22832-6.1-00b]
The 5G system shall be able to support arbitrary placement of sync master functionality and sync device functionality in integrated 5G / non-3GPP TSN networks.

[MPR-22832-6.1-00c]
The 5G system shall be able to support clock synchronization through the 5G network if the sync master and the sync devices are served by different UEs. (Flow of clock synchronization messages is in either direction, UL and DL.)

[MPR-22832-6.1-00d]
The 5G System shall be able to support up to 128 synchronization domains (with different synchronization domain identifiers / domain numbers), including for UEs connected through the 5G network.
[MPR-22832-6-00e]
The 5G system shall provide a suitable means to support the management of the merging and separation of working clock domains, that is interoperable with the corresponding mechanisms of TSN and IEEE 802.1AS.

[MPR-22832-6.1-00f]
The 5G system shall support the fully distributed model for configuration of time-sensitive networking.

[MPR-22832-6.1-00g]
The 5G system shall support the fully distributed model for configuration of time-sensitive networking that is aligned with Multiple Stream Registration Protocol (MSRP, IEEE 802.1Q [9]), IEEE P802.1CS Link-local Registration Protocol (LRP) [10], and IEEE P802.1Qdd Resource Allocation Protocol (RAP) [11].
[MPR-22832-6.1-00h]
The 5G system shall support the user-network / network-network interface for the dynamic configuration of the fully distributed model for time-sensitive networking.

[MPR-22832-6.1-00i] The time synchronization budget assigned to the 5G system in integrated TSN networks for the global time domain shall be [± ([n5GS] / 64 x 1 000) ns].

[MPR-22832-6.1-00j] The time synchronization budget assigned to the 5G system in integrated TSN networks for a working clock domain shall be [± ([n5GS] / 64 x 1 000) ns].

NOTE 1:
The clock synchronization precision is ≤ 1 µs in the above potential new requirements (in both, global time domain and working clock domain).

NOTE 2:
n5GS is the number of hops on the path of the synchronization messages that are consumed by the 5G system.

Table 6.1-1: Relation between merged and new potential service requirements from use cases

	Merged Potential Service Requirement (clause 6)
	Based on New Potential Service Requirements (clause 5)
	Merged Potential Service Requirement (clause 6)
	Based on New Potential Service Requirements (clause 5)

	[MPR-22832-6.1-00a]
	[PR-5.2.6-001]
	[MPR-22832-6.1-00d]
	[PR-5.3.6-001]
[PR-5.3.6-002]

	[MPR-22832-6.1-00b]
	[PR-5.2.6-003]
	[MPR-22832-6.1-00e]
	[PR-5.4.6-001]
[PR-5.4.6-002]

	[MPR-22832-6.1-00c]
	[PR-5.2.6-002]
	[MPR-22832-6.1-00i]
[MPR-22832-6.1-00j]
	[PR-5.x.6-001]
[PR-5.x.6-002]
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