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Abstract of the contribution: time synchronization is the precondition to enable the support of TSN. This pCR proposed a solution how to realize time synchronization.
1. Introduction
As described in SA1 TR 22.804, clause 5.3.4, Motion control – seamless integration with Industrial Ethernet, the pre-condition is:
Sensors, actuators and motion controller are switched on and some of them are connected using a 5G system and the others are connected using Industrial Ethernet. The interconnection between Industrial Ethernet and 5G is realised using gateway UEs connected to Ethernet switches or a device is connected directly to a PDN using an Ethernet adapter.

The end-to-end architecture for this use case is interpreted as below:
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Figure: Architecture for use case “Motion control”

It is also stated that in this use case:

The precise time synchronisation between multiple motions controllers connected to Industrial Ethernet and 5G may be realised using the Precise Time Protocol (IEEE 1588). This protocol enables the estimation of clock offsets between network end-points and in this case the motion controllers. The support of IEEE 1588 in a 5G system introduces the expedited processing and transmission of certain messages at any of the intermediate devices in the communication path. 

The objective is to achieve tine synchronization between the UE (e.g. actuator) connecting to NG-RAN and the PLC. As mentioned in the italic part, Precise Time Protocol (IEEE 1588) is expected to be used here.  

Typical time synchronization service flow specified in IEEE 1588, e.g. for an Industrial Ethernet is shown as follows:

[image: image2]
Figure 2: typical service flow of time synchronization defined in IEEE 1588

· t2-t1=offset+ms_delay……………………………formula (1)
· t4-t3=-offset+sm_delay……………………………formula(2)
· => Offset=(t2-t1-t4+t3-(ms_dalay-sm_delay))/2
· In case of industrial Ethernet，it is assumed ms_delay=sm_delay，so：Offset=(t2-t1-t4+t3)/2；
· tslave now = tslave previous + Offset
(Calculating the offset is the key.)
There is a strong assumption here that ms_delay and sm_delay are the same. This is true in the Industrial Ethernet in which devices are connected using wireline. However, this assumption does not apply to the scenario where the master node (PLC in figure 1) are connected to 5G system while the slave node (actuator in figure 1).  
2. Discussion
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Problem of re-using IEEE 1588 mechanism

Time synchronization between UE and PLC can be considered the synchronization between UE and (PSA) UPF, assuming PLC (master) and PSA UPF are synchronized already using 802.1AS mechanism, based on grandmaster T1.
However, we cannot simply synchronize the clock between UE and UPF using 802.1AS mechanism. This is because ms_dalay may not equal to sm_delay due to asymmetric UL and DL transmission time within 3GPP system, e.g. caused by packet scheduling, queuing, radio channel condition, etc.
Another issue is that even in the same transmission direction, different delay time may occur for each-time transmission.

Proposed solution
UE and UPF, both support PDU layer and transport layer in the user plane protocol stack. 
Transport layer time synchronization is assumed, based on a different grandmaster T2.

UE has established a PDU session to connect the TSN network.
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Figure 3: solution for UE and TSN time synchronization
Solution explanation:

In order to synchronize the time between UPF and UE, they mark time stamp at PDU layer and PDCP layer when exchanging TSN frame before TSN service starts.
T1, T2, T3, T4: PDU layer time stamp;
t1, t2, t3, t4: transport layer time stamp;
General IEEE 1588 mechanism applies to both PDCP and PDU layer:
· t2-t1=offset+ms_delay
· t4-t3=-offset+sm_delay
For PDCP layer:
· t2-t1=offset + ms_delay 
(1)                                    

· t4-t3=-offset + sm_delay
(2)

(1) - (2): ms_delay - sm_delay = t2-t1-t4+t3-2*offset, 
(3)
Herein, offset = 0 because UE, RAN and UPF are time synchronization at PDCP layer already, based on grandmaster T2, then:

ms_delay - sm_delay = t2-t1-t4+t3 
(4);

For PDU layer:
· T2-T1=OFFSET+ms_delay
(5)
· T4-T3=-OFFSET+sm_delay
(6)
(5) - (6): 2*OFFSET=T2-T1-T4+T3-(ms_delay-sm_delay)
(7)
In the end, OFFSET = (T2-T1-T4+T3-(t2-t1-t4+t3))/2.
As a summary, UE time = UE current time + OFFSET;
3. Proposal

 It proposes to add the following texts into TR 23.734.
***** BEGIN 1st CHANGE *****
6
Solutions
6.X
Solution #X: Time synchronization between UE and TSN 
The architecture of time synchronization is show as below:
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Figure 6.X-1: architecture of time synchronization

This solution is designed based on that 5GS acts as a TSN bridge.
Two pre-conditions are as follows:

1. It is assumed UPF is synchronized with TSN GM T1, using mechanism defined by IEEE 802.1AS.
2. It is also assumed UE, NG-RAN, UPF are synchronized with 3GPP GM T2.
In order that UE can be synchronized with TSN GM, when the UPF receives the gPTP message from TSN GM, it forwards the gPTP message to the UE using the PDU session user plane. 
When UPF sends gPTP packet, it marks time stamp at both PDU layer (T) and transport layer (t).
NOTE: the transport layer can be GTP layer between UPF and RAN, and PDCP layer between RAN and UE, which requires RAN mark the time stamp on PDCP layer using the same value of GTP layer time stamp received from UPF. 
Following figure illustrates how the interaction between UPF and UE is achieved.
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Figure 6.X-2: solution for UE and TSN time synchronization

In order to synchronize the time between UPF and UE, they mark time stamp at PDU layer and transport layer e.g. GTP/PDCP layer when exchanging gPTP packet before TSN service starts.
T1, T2, T3, T4: PDU layer time stamp;
t1, t2, t3, t4: transport layer time stamp;
General IEEE 1588 mechanism applies to both PDCP and PDU layer:

· t2-t1=offset+ms_delay
· t4-t3=-offset+sm_delay
It is highlighted that ms_dalay cannot be assumed equal to sm_delay due to asymmetric UL and DL transmission time within 3GPP system, e.g. caused by packet scheduling, queuing, radio channel condition, etc.
For PDCP layer:
· t2-t1=offset + ms_delay 
(1)                                    

· t4-t3=-offset + sm_delay
(2)

(1) - (2): ms_delay - sm_delay = t2-t1-t4+t3-2*offset, 
(3)
Herein, offset = 0 because UE, RAN and UPF are time synchronization, based on grandmaster T2, then:

ms_delay - sm_delay = t2-t1-t4+t3 
(4);

For PDU layer:

· T2-T1=OFFSET+ms_delay
(5)
· T4-T3=-OFFSET+sm_delay
(6)
(5) - (6): 2*OFFSET=T2-T1-T4+T3-(ms_delay-sm_delay)
(7)
In the end, OFFSET = (T2-T1-T4+T3-(t2-t1-t4+t3))/2.

As a summary, UE time = UE current time + OFFSET;
***** End of CHANGE *****
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