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Abstract of the contribution: This contribution addresses KI#3.2 TSN time synchronization aspects. 
Discussion

Support for multiple time domains.

An industrial automation network generally consists of two or more time domains [1]. Therefore, the integration of 5G in industrial automation requires that the 5G system shall be able to support different time domains for synchronization. SA1 group currently is working on the corresponding requirements as inputs to the TS 22.104 [2]. 
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Figure 1.  Universal time domain and working clock domains [1].

Figure 1 shows an example of 3 time domains in an industrial automation network. The first time domain is “universal time domain” which is used to align operations and events chronologically in the factory. There are also two working clock domains that consists of one or a set of machine(s). Different working clock domains may have different timescales and synchronisation accuracy.

Due to the mobility, different working clock domains may interact with each other. Paper [1] introduces two way of interactions as figure 2 is shown. 

· Merge: The Working Clock domains merge into one. 


· Separate: The members of the different Working Clock domains interact while keeping their own separate time synchronizations.
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Figure 2: working clock domain interactions [1]
TR 23.734 [3] Solution #11 provides 3 options for 5G system to address time synchronization aspects, as described in section 6.11.1 [1]. However none of them are addressing the synchronization aspects for merging different time domains.
Observation 1 An industrial automation network may consist of two or more time domains, there is a need for solution that can merge different time domains 
Observation 2 Various clock sync options should exist to meet the requirements from different industrial use-cases. 
Proposal 1: Option X2 provides support for merging multiple time domains into one. 

Option X2. Multiple time domains merged into one domain using 5G clock  
In this option a single clock domain is sufficient and a suitable one could be provided by the 5G system itself (in fact, it normally has to operate synchronous with an internationally recognized standard such as GPS).

In the example shown in figure 3, the UE only receives 5G timing inform through gNB, and acts as master clock to the TSN end stations. The TSN bridges and End stations at the right side of the figure also receives timing information from the 5G GM via UPF and under layer transport network. Therefore, all connected domains are locked to the 5GS clock (same universal time; all working clock domains synchronous to the universal time)

In this case each interface of the 5G system is seen by the connected TSN networks and by the End stations, as separate GMs, each of them operating in independent gPTP domains, but providing the same time to all the connected networks. For example, the 5G clock at the transport function (TP) of the UPF is acting as TSN GM and provides GM reference to the TSN work domain 1 and 2 on the right side of the figure.  The 5G clock at UEs acts as TSN GM for the End stations that belonging to TSN domain 1 and 2 respectively.  
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Figure 3. different time domains are merged into one time domain
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Figure 4. An implementation option of figure 3 using blackbox model mentioned in Solution#8
An alternative option can be an implementation with 5G blackbox model as described by Solution#8. In such an implementation, the entire 5G system can be kept untouched, therefore there will have minimal impact on the 5G system nodes.  The translator/adaptor function located at the edge of 5G system, can take care all 802.1AS related functions.  For example, the (g)PTP support, time stamping, can be all implemented in the translator.  The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity.
* * * * Start of Change * * * *
6.11
Solution #11 

6.11.x
Description

Option X2. Multiple time domains merged into one domain using 5G clock  

In this option a single clock domain is sufficient and a suitable one could be provided by the 5G system itself (in fact, it normally has to operate synchronous with an internationally recognized standard such as GPS).

In the example shown in figure x, the UE only receives 5G timing information through gNB, and acts as master clock to the TSN end stations. The TSN bridges and End stations at the right side of the figure also receives timing information from the 5G GM via UPF and underlying PTP compatible transport network. Therefore, all connected domains are locked to the 5GS clock (same universal time; all working clock domains synchronous to the universal time)

In this case each interface of the 5G system is seen by the connected TSN networks and by the End stations, as separate GMs, each of them operating in independent gPTP domains, but providing the same time to all the connected networks. For example, the 5G clock at the transport function (TP) of the UPF is acting as TSN GM and provides GM reference to the TSN work domain 1 and 2 on the right side of the figure.  The 5G clock at UEs acts as TSN GM for the End stations that belonging to TSN domain 1 and 2 respectively. 
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Figure x. different time domains are merged into one time domain 
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Figure y. An implementation option of figure 3 using blackbox model mentioned in Solution#8
An alternative option as shown in figure y can be an implementation with 5G blackbox model as described by Solution#8. In such an implementation, the entire 5G system can be kept untouched, therefore there will have minimal impact on the 5G system nodes.  The translator/adaptor function located at the edge of 5G system, can take care all 802.1AS related functions.  For example, the (g)PTP support, time stamping, can be all implemented in the translator.  
The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity.
* * * * End of Changes * * * *
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