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Abstract: This contribution highlights issues with the current specification of requirements in TS 22.104 related to clock synchronicity.
Discussion

Clock synchronicity is an important KPI for synchronization performance. TS 22.104 [1] section 3.1 defines the clock synchronicity as:
 
[bookmark: _Hlk22048035]“the maximum allowed time offset within a synchronisation domain between the master clock and any individual UE clock.”. 

However, TS 22.104 [1]  section 5.6.1 states: 

“The working clock domains shall provide time synchronization with precision of ≤ 1 µs.
NOTE 4: The required precision of ≤ 1 µs is between the sync master and any device of the clock domain.”

“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.)”

Observation 1: Different terms are used in the definition of synchronicity and the requirements on synchronization precision.  TS 22.104 section 3.1 only defines the synchronicity between a master clock and any UE clock while section 5.6.1 states “any device” and mentions an undefined “sync device” so it is ambiguous where the end to end (E2E) requirement is defined. 

Observation 2:  “The required precision of ≤ 1 µs is between the sync master and any device of the clock domain”  can be interpreted as an End-to-End requirement between an GM and a end-station.

Observation 3:  Current TS 22.104 requirement of synchronization precision contains components that are outside 3GPP scope, e.g. TSN GM, TSN end stations, bridges.  The requirement can be seen as background information about end-to-end synchronization precision used in verticals, but it doesn’t provide the synchronization precision requirement for the 5G system.


Multiple 3GPP subgroups have started to investigate technical solutions on how to fulfil the clock synchronicity requirement for the 5G system, for example: TR 38.825, R1-1910552. However, without knowing the fraction of the E2E synchronicity budget specifically allocated to the 5G system, any technical proposals may be inadequate with risk of E2E time-synchronization requirements not being met. Without a clear requirement, it is not possible to have a testing procedure to verify if 5G system can fulfil the requirement. 

Figure 1 shows an example of the provision of industrial clock synchronization services through the 5G system.  According to System Architecture for the 5G system, TS 23.501, the 5G System is integrated with the external network as a TSN bridge. A GM clock is located at 5G network side (or NW-TT, network side TSN translator). The “end station B” is synchronized with the GM clock.  The End-to-End synchronicity requirement refers to the maximum allowed time offset between the Grand Master clock and the clock used in an industrial sync device (end-station B). The 5G system only contributes to a fraction of the End-to-End synchronicity.  


Figure 1: Synchronicity between a Grand master and a sync device, Grand Master at 5G network side (NW-TT, network TSN translator), sync devices at UE side (DS-TT, device side TSN translator)


Observation 4:  The 5G system only contributes to a fraction of the End-to-End synchronicity requirement. 

Observation 5:  There are other non-3GPP network nodes that have impact on the End-to-End synchronicity budget.  Only 5G system’s contribution to the E2E synchronicity is within the 3GPP scope, therefore a clearly defined synchronicity budget requirement for the 5G system is needed.


Within the Rel-17 scope, SA2 has initiated a study on how the 5G system can support time synchronization with TSN GM on the device side. It can be further divided into two categories as illustrated in figure 2 and figure 3. Figure 2 shows a use case where a GM clock is located on the UE side (or DS-TT side), while a sync device “end station B” is located on the network side (NW-TT side).  Figure 3 shows a use case of UE to UE synchronization. A GM clock is behind one UE (DS-TT), while the sync devices are behind other UEs. Those sync devices are synchronized with the GM via the 5G system.  



Figure 2: Synchronicity between a sync master and a sync device, Grand Master on the UE (DS-TT) side, sync devices on the network (NW-TT) side.



Figure 3: Synchronicity between a sync master and a sync device, Grand Master on the UE (DS-TT) side, sync devices on another UEs (DS-TTs) side

In TS 22.104 Table 5.6.2-1, the synchronicity requirements for different scenario are specified. E.g. < 1 µs synchronicity for the motion control. 

This leads to different 5G system performance requirements for different deployment scenarios. For example, the 5G system deployment in Figure 3 includes one additional air interface path and is more challenging than the 5G system deployments in figure 1 and figure 2 in terms of synchronization service performance, since the same synchronicity requirement must be fulfilled in all scenarios. 

Observation 6:  In Rel-17, the 5G system has to handle more stringent synchronicity requirements than in Rel-16, therefore it is even more important to have a clear synchronicity budget requirement for the 5G system. 



Figure 4: Definition of synchronicity budget requirement for the 5G system. 

In order to define the synchronicity budget requirement for the 5G system, synchronicity definitions should be specified for ingress of 5G system and egress of 5G system respectively. 


Proposal 1: The synchronicity at the 5G system ingress is the maximum allowed time offset within a synchronisation domain between the master clock and the ingress of the 5G system.

Proposal 2: The synchronicity at the 5G system egress is the maximum allowed time offset within a synchronisation domain between the master clock and the egress of the 5G system.

Proposal 3: The synchronicity budget requirement for the 5G system is the delta between the synchronicity at the 5G system egress and ingress.

Proposal 4: Definition of clock synchronicity: The maximum allowed time offset within a synchronisation domain between the master clock and any time-aware device.
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