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Abstract: 
This pCR proposes further update on solution 19.
1. Discussion

Solution 19 is documented in the TR 23.734, which was agreed in the last SA2 meeting. This paper further provides the impacts and evaluations of the solution.
2. Proposal

It is proposed to add the following texts into TR 23.734.
* * * Start of changes * * * *
6.19
Solution #19: Time synchronization between UE and TSN

6.19.1
Functional Description
The architecture of time synchronization is shown as below:
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Figure 6.19.1-1: 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 to the downlink direction, it marks time stamps at both PDU layer (T) and layer (t).
For the UL transmission, UE sends the gPTP packet to the UPF, using the similar approach as DL packet handling.
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 6.19-2: 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 GTP/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 GTP/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.
6.19.2
Impacts on existing entities and interfaces
Impacts on UPF:

· UPF needs to mark two time stamps at two layers, one is PDU layer and the other is GTP layer.
Impacts on NG-RAN:

· NG-RAN moves the time stamp marked at GTP layer to the PDCP layer for the downlink direction and vice versa for the uplink packet.
Impacts on UE:
· UE needs to mark two time stamps at two layers, one is PDU layer and the other is GTP layer.

· UE needs to calculate the OFFSET of the TSN time based on the IEEE 802.1AS approach.
6.19.3
Evaluation
This solution requires less impact on NG-RAN on the air interface enhancement, comparing to other solutions addressing the same key issue.
* * * End of changes * * * *
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