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

Solution #11 provides 3 options for 5G system to address time synchronization aspects as described in TR 23.734 section 6.11.1 [1]. 
Option 1: Transport of 802.1AS messages over the 5G system to convey timing to the UE. In this option, the 5G system appears as an 802.1AS compliant entity that allows northbound and southbound nodes to use 802.1AS standardized signalling to exchange time information.

Observation 1 The option 1 is only described briefly. Without enough details it is difficult to evaluate its feasibility compare to other solution options.
Proposal 1: to provide a reference solution for Option 1, which shows how 5G system can transparently convey the TSN timing to the UE.
Clarification of Option 1: 
Figure 1 shows an example of how 5G system can transparently convey the TSN timing to the UE. There are two time domains in the figure, the 5G time domain (black clocks) and TSN time domain (green clocks).  The 5G system is modelled as one transparent clock. 
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Figure 1. TSN clock synchronization conveyed by 5G system in a transparent clock mode (TC: transparent clock,  BC: boundary clock, SOOC: Slave Only Ordinary Clock,  PTP: precision Time Protocol)
The 5G system has its own clock reference, e.g. 5G Grand Master (GM), serving for the radio related functions. gNBs are synchronized with 5G GM. 5G clock can be made available for UEs with signalling of time information related to absolute timing of radio frames.  The transport network function (TP) of UPF can be synchronized with 5G clock through underlayer transport network between gNB and UPF using PTP. The transport network function (TP) of the UPF performs time stamping using 5G clock when PTP flow enter the TP. 
The TSN bridge and end stations are belonging to the same TSN working time domain.  The bridge and end station on the right side of 5G system are synchronized with TSN GM.  In order to transfer the TSN timing from the bridge to the End station on the left side of 5G system, the 5G system in the example is modelled as a transparent clock as defined in [IEEE 1588]. The bridge port connected to the UPF is acting as master, the End station act as Slave Only Ordinary Clock (SOOC) connected to the UE. he UPF will timestamp the incoming PTP messages from TSN bridge and relay the stamped time together with TSN timing information to the UE as part of data transmission.  When the timing information arrives at the UE, the UE adjusts the “correctionField” carried in the TSN “follow_up” (or “sync”) message based on the difference between time stamp of the UPF (TP) and the 5G internal system clock value at the UE (taken when the sync message is sent to the connected End Station). 

It should be noted that IEEE802.1AS does not describe the use of PTP clocks compliant with the operation of an IEEE1588 transparent clocks. In fact, in gPTP there are only two types of time-aware systems: time-aware end stations and time-aware relays, while IEEE 1588 has ordinary clocks, boundary clocks, end-to-end transparent clocks, and P2P transparent clocks. A time-aware end station corresponds to an IEEE 1588 ordinary clock, and a time-aware relay is a type of IEEE 1588 boundary clock.
There can be other ways to implement transparent sync channel, for instance, by equalizing the delays in both directions of the 5G system (e.g. uplink and downlink). In practice in this case the 5G system emulates the behavior of a (direct) PTP link. 
Option 1-b: integration with soluton#8
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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.
Proposal

It is proposed to.
* * * * Start of Change * * * *
6.11
Solution #11 

6.11.1
Description

Option 1: Transport of 802.1AS messages over the 5G system to convey timing to the UE. In this option, the 5G system appears as an 802.1AS compliant entity that allows northbound and southbound nodes to use 802.1AS standardized signalling to exchange time information.

Figure x shows an example of how 5G system can transparently convey the TSN timing to the UE. There are two time domains in the figure, the 5G time domain (black clocks) and TSN time domain (green clocks).  The 5G system is modelled as one transparent clock. 
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Figure x. TSN clock synchronization conveyed by 5G system in a transparent clock mode
The 5G system has its own clock reference, e.g. 5G Grand Master (GM), serving for the radio related functions. gNBs are synchronized with 5G GM. 5G clock can be made available for UEs with signalling of time information related to absolute timing of radio frames.  The transport network function (TP) of UPF can be synchronized with 5G clock through underlayer transport network between gNB and UPF using PTP. The transport network function (TP) of the UPF performs time stamping using 5G clock when PTP flow enter the TP. 
The TSN bridge and end stations are belonging to the same TSN working time domain.  The bridge and end station on the right side of 5G system are synchronized with TSN GM.  In order to transfer the TSN timing from the bridge to the End station on the left side of 5G system, the 5G system in the example is modelled as a transparent clock as defined in [IEEE 1588]. The bridge port connected to the UPF is acting as master, the End station act as Slave Only Ordinary Clock (SOOC) connected to the UE. he UPF will timestamp the incoming PTP messages from TSN bridge and relay the stamped time together with TSN timing information to the UE as part of data transmission.  When the timing information at the UE, the UE adjusts the TSN “follow_up” message with the difference between time stamp of the UPF (TP) and the UE at arrival of the TSN clocks. 

It should be noted that IEEE802.1AS does not describe the use of PTP clocks compliant with the operation of an IEEE1588 transparent clocks. In fact, in gPTP there are only two types of time-aware systems: time-aware end stations and time-aware relays, while IEEE 1588 has ordinary clocks, boundary clocks, end-to-end transparent clocks, and P2P transparent clocks. A time-aware end station corresponds to an IEEE 1588 ordinary clock, and a time-aware relay is a type of IEEE 1588 boundary clock.

There can be another way to implement transparent sync channel, for instance, by equalizing the delays in both directions of the 5G system (e.g. uplink and downlink). In practice the 5G system emulates the behavior of a (direct) PTP link.
Option 1-b: integration with soluton#8
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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.
* * * * End of Changes * * * *
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