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1 Time Sensitive Scheduling

1.1 Use-cases for timing delivery to gNB

Delivery of timing information to the gNB has been considered important by RAN2 (see Section 7 of TR 38.825). This involves the RAN having knowledge of the arrival pattern of TSN flows and using this information for more importantly admission control and scheduling.
With the solutions under option #28, the RAN is not involved in delivery of TSN time to the UE, and TSCAI delivery has to account for this.

We propose to address this problem by first considering different deployment scenarios. 

Single factory scenario: 5G is deployed in a single factory to enable Industry 4.0 functions, including TSN. The factory owner is expected to have relatively good control and tight integration with the 5G network as well as the TSN components.

Industrial park scenario: 5G is deployed across an industrial park, enabling Industry 4.0 functions, including TSN. The individual factory owners are not expected to have tight integration with the 5G network. 

Making RAN aware of the TSN time of each working clock may be difficult in the Industrial park scenario, but easier in the single factory scenario.
Proposal 1: The specification should enable an optional feature that allows the RAN to become aware of the timing patterns including offsets of TSN flows. The delivery of time information to the UE should work independent of whether this optional feature is deployed.
4.2 Solution for timing delivery to gNB

Timing delivery to gNB for scheduling and admission control requires the gNB to be aware of packet arrival times for specific traffic flows w.r.t a reference time. 

There are two options for the reference time that could be used by the gNB.
Option 1: Reference time is the same as 5G time used by the gNB for air interface operations.

Option 2: Reference time is the TSN time for the specific traffic flow.

Option 1 description

The following steps are involved in Option 1

1. The CNC informs the NW-TT about the gate schedule of TSN flows, including the time offset of the flows w.r.t. the TSN clock of the domain that the TSN flows belong to. 

2. NW- TT is aware of the TSN clock as well as the 5G clock. It uses this information to adjust the gate schedule received from the CNC to 5G reference time.
3. NW- TT and PCF communicate to determine the TSC AI (time sensitive communication assistance information).

4. gNB receives the TSCAI, and uses the TSCAI w.r.t. the 5G time

5. In case of drift between TSN time and 5G time, the NW- TT updates the TSC AI to PCF and triggers in turn a PDU session modification
Option 2 description

The following steps are involved in Option 2

1. The CNC informs the NW- TT about the gate schedule of TSN flows, including the time offset of the flows w.r.t. the TSN clock of the domain that the TSN flows belong to. 

2. NW-TT and PCF communicate to determine the TSC AI

3. gNB receives the TSC AI, and interprets the TSC AI as being w.r.t. the TSN clock corresponding to that flow

4. gNB also receives the TSN time information, e.g. via being a TSN client to the TSN domain of interest.
Advantages of Option 1: Under Option 2, the gNB has to be aware of the TSN time of each specific flow, while under Option 1 the gNB has to be aware of only the 5G time. Note that option 2 only needs to be aware of the 5G time if TSN network also uses 5G time (which may be a reasonable assumption for the single factory scenario).
Advantages of Option 2: Under Option 1, the gNB has to receive updates of the TSC AI to adjust for the clock drift between TSN time and 5G time. If this drift is significant, the updates have to be sent frequently, and there is also more inaccuracy of TSC AI. Under Option 2, the gNB can obtain precise TSN time and does not have to be updated via signalling for the time drift information.
The overall framework for time delivery to RAN is provided in the figure below, which uses the reference architecture of Figure 6.8-2 from TR 23.734, and new functions shown in coloured boxes.
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From a signalling perspective, it is possible to include both Option 1 and Option 2 in the specification, with the addition of a clock identifier field in the signalling of the TSCAI to the gNB.
Proposal 2: When the TSCAI is signalled to the gNB, it also includes a reference clock ID. This reference clock ID can be set to identify the 5G clock if the NW-TT is adjusting the TSCAI information to refer to the 5G clock, or could refer to a TSN clock ID with the base station deriving the TSN time information directly via implementation-dependent procedures.
2 Conclusion
Proposal 1: The specification should enable an optional feature that allows the RAN to become aware of the timing patterns and offsets of TSN flows. The delivery of time information to the UE should work independent of whether this optional feature is deployed.
Proposal 2: When the TSCAI is signalled to the gNB, it also includes a reference clock ID. This reference clock ID can be set to identify the 5G clock if the TT is adjusting the TSCAI information to refer to the 5G clock, or could refer to a TSN clock ID with the base station deriving the TSN time information directly via implementation-dependent procedures.
A framework for TSCAI delivery to RAN was provided, that keeps in mind network compelxity, and fits within the time-synchronizaton solution #28 family. A CR is also provided in S2-1905657.
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