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Abstract: This contribution provides a use case for multiple working clock domains (multiple synchronization domains) at the very same gNB. The corresponding requirement is support of multiple (up to 256) independent synchronization domains. The proposed changes are for inclusion into TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains”
Discussion
This contribution provides a use case for multiple working clock domains at the very same gNB. A single gNB may be serving UEs of multiple, different, independent working clock domains. The gNB needs to be able to handle the synchronization messages and to associate them with the corresponding working clock domain. The different working clock domains need to be independent.
One of the synchronization domains is the global time domain and covers all UEs.

Furthermore, the same number of synchronization domains is required as in the corresponding TSN standard on time synchronization (IEEE 802.1AS).

The text changes are proposed to be included in TR 22.832 “Study on enhancements for cyber-physical control applications in vertical domains” (FS_eCAV).
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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

global time domain: synchronization domain using TAI (temps atomique international) or similar as timescale.
synchronisation domain: Set of devices those time is synchronized to the sync master of the synchronization domain and that use the same synchronization domain identifier. Other terms are time domain or clock domain.
working clock: a user-specific synchronization clock for a localized set of UEs collaborating on a specific task or work function. [a2] 
working clock domain: synchronization domain for a localized set of devices collaborating on a specific task or work function.
example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

TSN
Time-Sensitive Networking

<ACRONYM>
<Explanation>
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5.a
Multiple Working Clock Domains in gNB
5.a.1
Description

Time-sensitive networking (TSN) will be used in industrial automation (e.g. for control loops in industiral communication networks on the factory floor) and in energy automation (e.g. for communication networks in substations). 5G networks with TSN capabilities will be integrated in such kind of industrial communication networks.
Working clock domains are TSN synchronization domains with a common time synchronization. A working clock domain includes all the devices in a local area that need to cooperate in the physical world, e.g. robots, robot arms, AGVs, conveyor belts, machines, etc. Working clock domains are structured according to the production process. A working clock domain has an arbitrary time scale (starting at 0 and counting) and a precision of ±1 µs. For a description of working clock domains see [a2].
A gNB usually serves several UEs. A common deployment is a general 5G network infrastructure serving the factory floor without any mapping to the structure of the production processes (machine – cell – production line – factory). This leads to the situation that multiple working clock domains communicate through the same gNB (see Figure 5.a.1-1).
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Figure 5.a.1-1: Multiple working clock domains communicating through the same gNB
In the working clock domains A..E, there might be a non-3GPP TSN network behind a UE. The sync master of the working clock domain is inside the working clock domain and may be in the non-3GPP TSN network behind on of the corresponding UEs (see working clock domains A and D in Figure 5.a.1-1) or on one of the UEs (see working clock domains B and C in Figure 5.a.1-1).
5.a.2
Pre-conditions

The 5G network with TSN / time synchronisation support is set up in an area of the factory. Multiple working clock domains are configured and initialized. Each working clock domain contains at least one UE served by the same gNB. The working clock domains are independent from each other, especially with respect to time scale and precision of time synchronization. 
It can be assumed that network planning avoids spatial reuse of working clock domain identifiers at the same gNB.
5.a.3
Service Flows

TSN messages for time synchronization are sent within the working clock domains, including the path UE x1 – gNB 1 – UE x2 (with x being A,B,C, D, or E). gNB 1 needs to handle the TSN messages from different working clock domains (see Figure 5.a.3-1).
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Figure 5.a.3-1: Multiple working clock domains to be handled at gNB
5.a.4
Post-conditions

Each working clock domain is time synchronized independently from the other working clock domains with the required precision.
5.a.5
Existing features partly or fully covering the use case functionality

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. [a2]
The 5G system shall support a mechanism to synchronize the user-specific time clock of UEs with a working clock. [a2]
The 5G system shall support networks with up to 32 working clock domains. [a2]
The 5G system shall support at least 2 simultaneous working clock domains on a UE. [a2]
The working clock domains shall provide time synchronization with precision of ≤ 1 μs. [a2]
NOTE 1: The required precision of ≤ 1 μs is between the sync master and any device of the clock domain. 

NOTE 2: Different working clock domains are independent and can have different precision. 

5.a.6
Potential New Requirements needed to support the use case

[PR-5.a.6-001]
The 5G System shall be able to support up to the maximum number of working clock domains for UEs connected through a 5G network.

NOTE 1:
The maximum number of working clock domains is 32 in TS 22.104 [a2] v16.1.0.
The domain number (synchronization domain identifier) is defined with one octet (unsigned integer) in IEEE 802.1AS [a3]. This allows for 128 synchronization domains (1 global time domain and 127 working clock domains).
[PR-5.a.6-002]
The 5G System shall be able to support up to 128 synchronization domains (with different synchronization domain identifiers / domain numbers).
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