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1 Introduction

At the SA2#128bis meeting [1], SA2 sent an LS S2-189051 [2], requesting assistance to assess the appropriate level of adaptation or integration between the 5G system and factory hosted TSN network. RAN2 has decided to devote some time at the R2#103bis meeting to respond to this LS to avoid causing delays to the work of the other WGs.

This discussion document is intended to clarify the options of available for the interworking between TSN and 3GPP 5G system.
2 Time Sensitive Network (TSN) Interworking
TSN is a set of standards (802.1Q [3]) developed by IEEE to define a mechanism for the time-sensitive transmission of data and accurate time reference over a wired Ethernet network (IEEE 802.3 [4]). The accurate reference time emanates from a central clock source known as Grand Master, and its distribution through a series of hops between nodes is based on the Precision Time Protocol (PTP, IEEE 1588 [5]).
In this paper we describe two deployment approaches to achieve interworking between the TSN and 3GPP 5G systems, namely:
1. Transparent interworking, similar to 23.734 section 6.11.1 option 1 [6]
2. Black Box interworking, similar to 23.734 section 6.11.1 option 2 [6]
2.1 Transparent Interworking

In this approach the PTP packets containing the accurate reference time are received over-the-air by the UE and forwarded to all the devices connected to its Ethernet port. As shown in Figure 1, several master ports (marked with “M”) of the clock source need to be mapped to the slave port (marked with “S”) on the devices.

The 3GPP system acts as what is known in IEEE circles as a “transparent switch” and is responsible for updating the “correctionTime” (CT) header field of the PTP packet that it forwards in each direction (master to slave & slave to master). The UE and the gNB needs to update the CT to include the time the PTP packet was held-up within the UE/gNB (referred to as “residency time”). To meet the accuracy requirements of 1us [7, Section 8.1.6.2], residency time update in the PTP packet needs to be done at the time of transmission. 

Observation 1: With the Transparent approach, deep packet inspection is required to update the “correctionTime” field just before the PTP packet is forwarded for both uplink and downlink traffic. 

To have an accurate CT update, PTP packets need to be prioritized such that they are transmitted with a known delay. Furthermore, over-the-air delivery delays as well as delays due to HARQ retransmissions need to be accounted for in the CT update, leading to uncertainties in the estimated CT.

Observation 2: Time accuracy of <1us [7] may not be achievable with the Transparent approach because of the uncertainty of the “residency time”.

Observation 3: With the Transparent approach, the UE may be required to prioritize PTP packets to accurately estimate the “residency time”.
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If data is encrypted [7, Section 8.2.5.4], a CT update in the PTP packet at the time of transmission may be difficult to achieve. This would be especially relevant in case of a CU-DU split, where the data provided to the DU is encrypted, leading to further inaccuracies in the “correction time” estimation.
Observation 4: In case of the transparent approach, an update of the “residency time” at the time of transmission is not feasible if encrypted packets are provided to the DU in a split CU/DU deployment.

2.2 Black Box Interworking

In this approach TSN provides the accurate time reference to the 3GPP 5G system, as shown in Figure 2. The 3GPP 5G system acting as a “Black box” is able to distribute the TSN derived accurate time to all the UEs in the system. The 3GPP 5G system is essentially what IEEE refer to as a “Boundary Clock” (BC), acting as a master clock to all the attached nodes (denoted by dotted box). The 3GPP 5G system is capable of compensating for any time drifts resulting from delays in the air interface and is a topic that will be extensively discussed during the IIoT study. The 3GPP time maintained by the UE is distributed as PTP packets to all the devices connected to its Ethernet port. 
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Observation 5: With the Black Box approach, accurate time obtained from TSN can be independently distributed by 3GPP 5G system to all UEs installed.

Observation 6: With the Black Box approach, 3GPP Scheduling and prioritization mechanisms independent of the TSN interworking can be studied and accuracy improved by RAN2.

Comparing the Transparent and the Black Box approaches, the Black Box approach can meet the accuracy requirement of 1us. In addition, with the Black Box approach, accurate time can be maintained within the 3GPP system independent of IEEE mechanisms. As a result we propose:

Proposal 1: TSN time alignment and accuracy within RAN2 based on the Black Box approach should be prioritized in the study.
3 Conclusion
In this contribution we make the following observations:
Observation 1: With the Transparent approach, deep packet inspection is required to update the “correctionTime” field just before the PTP packet is forwarded for both uplink and downlink traffic. 

Observation 2: Time accuracy of <1us [7] may not be achievable with the Transparent approach because of the uncertainty of the “residency time”.

Observation 3: With the Transparent approach, the UE may be required to prioritize PTP packets to accurately estimate the “residency time”.

Observation 4: In case of the transparent approach, an update of the “residency time” at the time of transmission is not feasible if encrypted packets are provided to the DU in a split CU/DU deployment.

Observation 5: With the Black Box approach, accurate time obtained from TSN can be independently distributed by 3GPP 5G system to all UEs installed.

Observation 6: With the Black Box approach, 3GPP Scheduling and prioritization mechanisms independent of the TSN interworking can be studied and accuracy improved by RAN2.

Based on these observations, we propose:
Proposal 1: TSN time alignment and accuracy within RAN2 based on the Black Box approach should be prioritized in the study.
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