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Abstract of the contribution: This paper proposes an optimization for uplink time synchronization solution.
Discussion
In the current TS 23.501 specification, both 1-step and 2-step sync modes are supported. With 2-step SYNC applied at ingress, both SYNC and SYNC Follow_Up messages are sent over 5GS. E.g., if 1-step is applied at egress, then DS-TT needs to combine SYNC and SYNC Follow_Up as single 1-step SYNC message or in opposite case DS-TT needs to split received 1 step SYNC message as SYNC and SYNC Follow_Up. In total there are 4 possible combinations within SYNC modes applied at ingress and egress. Transmitting 2-step SYNC messages over Uu adds system load for TSC that may have substantial efficiency and QoS trade-off. When 2-step SYNC is applied at ingress, the 5G system would need to transmit 100% more gPTP (SYNC and SYNC Follow-Up) messages over the Uu. 

In case of downlink synchronization, the 2-step SYNC and SYNC Follow_Up are always combined at ingress (UPF/NW-TT) to 1-step SYNC message to improve system efficiency. As uplink synchronization is supported in Release-17, this proposal is applicable for the case where 5G ingress is the DS-TT.
Proposal

It is proposed to update the existing solution to key issue 1 bulletin 1 “Uplink Time Synchronization for TSN” to the TR 23.700 for FS_IIoT.
*** Start of changes ***
6.1
Solution #1: Uplink Time Synchronization for TSN

6.1.1
Introduction

The solution is proposed to solve Key Issue #1: the UL Time Synchronization. In this key issue, one or more TSN GM(s) are attached to the device side and are used to synchronize the TSN end stations behind the 5GS (i.e. NW-TTs) and behind the other UEs (i.e. DS-TTs). Based on clause 5.27.1 of TS 23.501 [2], the following principles are also applied to or UL TSN Time Synchronization:

-
5GS as a TSN bridge plays as a time-aware system.
-
Only TSN TTs at the edge of 5GS need to support the desired operations in the IEEE 802.1AS [6].

-
Two separate distribution time mechanisms are used for 5GS internal clock and TSN system clocks as defined in clause 5.27.1.2 of TS 23.501 [2].

-
All gPTP messages generated from TSN GM(s) are transmitted using the user-plane resources in 5GS.

Therefore, this solution proposes that similar operations defined for DL TSN Time Synchronization can be re-used for the UL TSN Time Synchronization i.e. for the TSN GM(s) attached to the device side.

Since UL TSN Time Synchronization will be distributed to the TSN end stations attached to 5GS (i.e. NW-TTs) and attached to the other UEs (i.e. DS-TTs), TSN GM(s) attached to the device will generate the UL gPTP messages and then DS-TT can perform exactly the same operations as NW-TT performs for the DL gPTP messages defined in clause 5.27.1.2.2 of TS 23.501 [2]. Then, the modified UL gPTP messages will be further forwarded via the user-plane established between the devices (i.e. UE) which has TSN GM(s) attach to and the target UPFs.

After the NW-TT receives the modified gPTP messages for the case where delivery to end stations behind the 5G system (NW-TT) is required, the NW-TT can perform exactly the same operations as DS-TT performs for the received DL gPTP messages defined in clause 5.27.1.2.2 of TS 23.501 [2]. Finally, NW-TT can forward to the UL gPTP messages to the TSN end stations.

The main difference between the UL and DL Time Synchronization is that the UL gPTP messages are also required by the TSN end stations behind the other UEs (i.e. DS-TTs). For delivery of gPTP messages to TSN end stations behind other UEs, the UPF will forward the UL gPTP messages transparently to other devices. The DS-TT in the other UE can perform exactly the same operations as defined in clause 5.27.1.2.2 of TS 23.501 [2]. Finally, DS-TT can forward to the gPTP messages to the TSN end stations.

The DS-TT combines possible two-step messages into single one-step message and forwards the gPTP message via user plane (i.e. using the PDU session applicable for sending gPTP messages). The combined gPTP messages are transmitted on a QoS Flow that complies with the residence time upper bound requirement specified in IEEE 802.1AS. Upon reception, the NW-TT or receiving DS-TT splits the gPTP message to Sync and Follow_up in case of two-step operation is configured towards downstream TSN node. 

6.1.2
Functional Description
Editor's note:
This clause further details the solution principles and any assumptions made.
Distributing the UL gPTP messages from TSN GM attached to the device to all TSN end stations behind the UPFs (NW-TTs) and behind the other UEs (DS-TTs) can be achieved by using the following steps (referred to Figure 6.1.2‑1)

-
DS-TT which is attached by one or more TSN GMs will perform exactly same operations for UL gPTP messages as NW-TT perform the operations for the DL gPTP messages as specified in clause 5.27.1.2.2 of TS 23.501 [2].

-
In case of synchronizing TSN end stations behind 5G System (NW-TT), NW-TT will perform exactly the same operations for UL gPTP messages as DS-TT perform the operations for the DL gPTP messages as specified in clause 5.27.1.2.2 of TS 23.501 [2]. After NW-TT on the UPF side receives the UL gPTP messages, the NW-TT will forward to the TSN end stations, with adding 5G residence time to the correction field and removing TSi timestamp from the suffix field.

-
In case of synchronizing TSN end stations behind other UE(s), the UPF will forward the received UL gPTP message transparently to the other UEs to distribute the gPTP messages further to the TSN end stations behind other UEs (other DS-TTs) by applying the same forwarding principles as described in clause 5.27.1 of TS 23.501 [2].
· The transmitting DS-TT combines possible two-step messages into a single one-step message and forwards the gPTP message via user plane (i.e. using the PDU session applicable for sending gPTP messages). Upon reception, the NW-TT or receiving DS-TT splits the gPTP message to Sync and Follow_up in case of two-step operation is configured towards downstream TSN node.
In case of synchronizing TSN end stations behind 5G System (NW-TT), all gPTP messages are transmitted using the user-plane resources in 5GS and follows the principle that one PDU session is established per DS-TT port for a UPF. To support the multiple TSN working domains attached to the device, the mechanism defined in clause 5.27.1.3 of TS 23.501 [2] can be re-used.

In case of synchronizing TSN end stations behind other UE(s), all gPTP messages are transmitted using the user-plane resources in 5GS and follow the principle that two PDU sessions are used.

To support the multiple TSN working domains attached to the device, the mechanism defined in clause 5.27.1.3 of TS 23.501 [2] can be re-used.
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Figure 6.1.2-1: The distribution of UL Time Synchronization Information

6.1.3
Procedures
Editor's note:
This clause describes procedures and information flows for the solution.

6.1.4
Impacts on existing entities and interfaces

Editor's note:
This clause lists impacts to existing entities and interfaces.

*** End of changes ***
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