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Abstract of the contribution: This contribution introduces a solution to Key Issue #3.2 Time synchronization aspect.
1. Background
As depicted in Figure 1 (the same as Figure 5.21-1 of TR 22.804), clock synchronization requires the estimation of aggregate delay. The aggregate delay has two kinds of elements: link delays and residence delays. Link delays include only the propagation delays, which are symmetric in terms of transmission directions and stable in time. However, residence delays include queuing delays and processing delays, which are asymmetric in terms of transmission directions and time-variant.
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Figure 1: IEEE 802.1AS clock synchronization (Figure 5.21-1 of TR 22.804)
As depicted in Figure 2, clock synchronization may not be precise, if the aggregate delay estimation is inaccurate. The delays that are asymmetric and time-variant may result in inaccurate aggregate delay estimations. 
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Figure 2. Clock synchronization in non-TSN-supporting network
As we see in Figure 3, a TSN-supporting bridge can enhance precision in clock synchronization, because it has residence time correction function. Each TSN-supporting bridge in a traffic path updates its residence delay values to the Correction fields of Ethernet frames that pass it, so that the remaining unknown values of aggregate delay have only the propagation delays. The Ethernet propagation delays are symmetric in terms of transmission directions and time-invariant.
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Figure 3. Clock synchronization in TSN-supporting network

2.
Problem
As depicted in Figure 4, 3GPP network has problems in supporting clock synchronization. No entity of 3GPP network provides the residence time correction function. In additions, air delays are asymmetric in terms of transmission directions and time-variant, because of scheduling and resource allocation features. 
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Figure 4: Problems of 3GPP Network in supporting time synchronization
3.
Proposal
In order to support clock synchronization, 3GPP network should provide residence time correction function. As Ethernet frames are not handled directly inside the 3GPP network, we can model the 3GPP network as a TSN bridge to support time synchronization, as depicted in Figure 5.

[image: image5.emf]3GPP NW

Master UE gNB UPF

TSN Bridge

Slave

Link1 Air BH Link2 Link3

Ethernet

SDAP

PDCP

MAC

RLC

PHY

Ethernet Ethernet Ethernet Ethernet Ethernet

SDAP

PDCP

MAC

RLC

PHY

GTP-U GTP-U

3GPP NW

Ethernet 

Ingress

Ethernet 

Egress

TSN Bridge

Ethernet 

Ingress

Ethernet 

Egress

Residence Time 

Correction

Residence Time 

Correction

Delay 

Measurement 

Request

Delay 

Measurement 

Response


Figure 5. 3GPP Network and TSN Bridge
The following change is proposed to be applied to TR 23.734.

* * * Start of Changes (all new text) * * * 

6.X
Solution #X: Time Synchronization Support of 3GPP Network
6.X.1
Description

The solution addresses key issue #3.2 Time synchronization aspect. The solution is based on the following principles:
-
3GPP network can be modelled as a TSN bridge to support time synchronization.
-
A TSN bridge has residence time correction function so that remaining unknown values of aggregate delay have only propagation delays, which are symmetric in terms of transmission directions and time-invariant. The residence time of a TSN bridge includes queuing delays and processing delays, which are asymmetric in terms of transmission directions and time-variant.
 -
3GPP network should also have residence time correction function, so that remaining unknown values of the aggregate delay have only propagation delays. The residence time of 3GPP network includes residence times at UE, gNB, and UPF, and air delays between UE and gNB.

It is FFS whether the backhaul delays between gNB and UPF can be assumed to be are symmetric in terms of transmission directions and time-invariant.

6.X.2
Procedures

Editor's note:
This clause describes services and related procedures for the solution.
6.X.3
Impacts on Existing Nodes and Functionality
Editor's note:
This clause captures impacts on existing 3GPP nodes and functional elements.

6.X.4
Solution Evaluation

Editor's note:
This clause provides an evaluation of this solution.
* * * End of Changes * * * 

3GPP

SA WG2 TD


_1595782726.vsd

_1595784042.vsd

_1595782718.vsd

_1595782502.vsd

