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1. Introduction

In 2019 Oct. CT1#120 meeting, CT1 approved CR C1-196138 for the following change:
The above change restricts that only one DS-TT can receive gPTP messages from a PDU session for gPTP messages delivery.
This discussion paper attempts to justify that it is a valid case that more than one DS-TTs (logical/physical instances) can share a single PDU session for gPTP messages delivery per UE and UPF pair and hence what propsoed by CR C1-196138 is not a correct way forward and finally to propose a way forward.
Note that the "PDU session for gPTP messages delivery" is a different concept from the "PDU session for TSC data delivery" in this paper.

2. Discussion

2.1 TSC archticutre
· Current discussions and descriptions in SA2 is on the basis of regarding DS-TT as a functionality, see the following statement in Clause 4.4.8.2 of TS 23.501.

"5GS TSN translator functionality consists of Device-side TSN translator (DS-TT) and Network-side TSN translator (NW-TT)."
· Depend on different application requirements, there can be more than one DS-TTs (logical/physical instances) deployed for a single UE and UPF pair. For example, in order to isolate a set of TSN end-stations from other TSN end-stations for security or management purpose, two DS-TTs (logical/physical instances) can be deployed on a UE. The following statement in subclause 5.27.1 of TS 23.501 also demonstrates that SA2 does not exclude the possibility of more than one DS-TTs (logical/physical instances) for a pair of UE and UPF. 
"UE, gNB, UPF, NW-TT and DS- TTs are synchronized with the 5G GM (i.e. the 5G internal system clock) which shall serve to keep these network elements synchronized."
· Furthermore according to the following statement in subclause 5.28.3.1 of TS 23.501, for each DS-TT, there can be more than one Ethernet ports.
"A subset of bridge management information, referred to as port management information, is related to Ethernet ports located in DS-TT or NW-TT."
Based on above three bullets, we can have a deployment example as shown in Figure 1.
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Figure 1: Deployment example for TSC
2.2 PDU session for TSC data delivery
According to the proposal (i.e., There is only one PDU Session per DS-TT port for a given UPF) of CR S2-1910761 agreed in SA2#135 meeting, there will be three PDU sessions associated with port1, port2 and port 3 respectively in the deployment example as shown in Figure 2.
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Figure 2: Three PDU sessions for TSC data delivery in deployment example

2.3 PDU session for gPTP messages delivery
According to the following statement of subclause 5.27.1.2.2 of TS 23.501 implied, for a UE and UPF pair, all of DS-TTs (logical/physical instances) will share a single PDU session for gPTP messages delivery to transmit gPTP messages as shown in Figure 3. Note that in some cases, there may be no specific PDU session for gPTP messages delivery, but using one of PDU sessions for TSC data delivery to transmit gPTP messages. This is allowed as per current stage 2.
"Only one PDU session per UE per UPF is used for sending gPTP messages regardless of how many external TSN working domains have their clock information delivered through a given UPF serving that UE."
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Figure 3: Only one PDU session for gPTP messages delivery in deployment example

2.4 Consequence of restriction on single DS-TT per UE and UPF pair for gPTP messages delivery
· According to the following statements in IEEE 802.1AS-2011 and TS 23.501, gPTP messages should be forwarded to all of the attached time-aware systems by 5GS virtual TSN Bridge. 

· Statement in Section 7.3.1 of IEEE 802.1AS-2011:
"Time synchronization in gPTP is done the same way (in the abstract) as is done in IEEE Std 1588-2008: a grandmaster sends information including the current synchronized time to all directly attached time-aware systems. Each of these time-aware systems must correct the received synchronized time by adding the propagation time needed for the information to transit the communication path from the grandmaster. If the time-aware system is a time-aware Bridge, then it must forward the corrected time information (including additional corrections for delays in the forwarding process) to all the other attached time-aware systems."
· Statement in Section 11.3.4 of IEEE 802.1AS-2011:
"The destination address of Sync, Follow_Up, Pdelay_Req, Pdelay_Resp, and Pdelay_Resp_Follow_Up messages shall be the reserved multicast address given in Table 11-1."
· Statement in Section 5.27.1.3 of TS 23.501:
 "The related Ethernet frames carry the gPTP multicast Ethernet destination MAC address and the gPTP message carries a specific PTP "domainNumber" that indicates the time domain they are referring to."
· Considering a typical scenario that all TSN end stations attached to a UE via multiple DS-TTs (logical/physical instances) belong to a single TSN working domain, then all DS-TTs (logical/physical instances) need to process the gPTP messages received by UE through that single "PDU session for gPTP messages delivery". Otherwise, for those TSN end stations which attached to the DS-TTs (logical/physical instances) that do not received the gPTP messages from the UE will lose their time synchronization with TSN GM as shown in Figure 4.
Problem 1: In case of multiple DS-TTs located in a UE, with the restriction on single DS-TT per UE and UPF pair for gPTP messages delivery proposed by CR C1-196138, TSN end stations which attached to the DS-TTs that do not receive gPTP messages from the UE will lose their time synchronization with TSN GM and then the time synchronization cannot be guaranteed for TSC.
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Figure 4: Lose time synchronization in deployment example
2.5 Wrong association between DS-TT and PDU session for gPTP messages delivery
For below text in sub 4.15.2.2 of TS 24.501, the yellow text does mean there is an association between per DS-TT and a PDU session for gPTP messages delivery.

"For TSN domain synchronization, the UE supports forwarding generalized precision time protocol (gPTP) messages. For all TSN working domains associated with a PDU session, a UE forwards gPTP messages received via the PDU session to the DS-TT(s) associated with the PDU session (see 3GPP TS 23.501 [8] and 3GPP TS 23.502 [9]). See 3GPP TS 24.535 [19A] for the details on gPTP messages within a 5GS."
However, when checking the referred stage 2 TS 23.501 and 23.502, there is no such stage 2 requirements. Actually based on below text in TS 23.501 subclause 5.28.1, there is an association between a DS-TT port and a PDU session for TSC data delivery. Note that the proposal (i.e., There is only one PDU Session per DS-TT port for a given UPF) of CR S2-1910761 agreed in SA2#135 meeting further makes this clearer.
"For each 5GS Bridge of a TSN network, the ports on NW-TT support the connectivity to the TSN network, the ports on DS-TT side are associated to the PDU Session providing connectivity to the TSN network."
"The TSN AF stores the binding relationship between a port on UE/DS-TT side, a port on UPF/NW-TT side, and a PDU Session during reporting of logical TSN bridge information."
Problem 2: There is a wrong association between DS-TT and PDU session for gPTP messages delivery indicated by the text in sub 4.15.2.2 of TS 24.501.
3. Proposals
In order to resolve above two problems, there are two options:
Option 1: Indicate that the UE forwards received gPTP messages to DS-TT ports rather than DS-TT(s) as port is the egress to the TSN end stations.

Option 2: Keep the UE forwards received gPTP messages to DS-TT(s), but remove the wrong association between DS-TT and PDU session for gPTP messages delivery.

Compared with Option 1, Option 2 is more aligned with the current statement given in stage 2 and also provided a consistent description with below text on 5GS synchronization in the same subclause 4.15.2.2 of TS 24.501:

"For 5GS synchronization, the lower layers provide the 5G internal system clock signalled via an NG-RAN (see 3GPP TS 38.331 [30]) and the UE forwards the 5G internal system clock to the DS-TT(s)."

Hence, Option 2 is preferred and captured in the CR C1-198235.
4.15.2.2	Time synchronization


If a 5GS functions as a TSN bridge, the 5GS is modelled as an IEEE 802.1AS [43A] compliant entity for the purpose of time synchronization. Two types of synchronization processes are supported by the 5GS: 5GS synchronization and TSN domain synchronization.


For 5GS synchronization, the lower layers provide the 5G internal system clock signalled via an NG-RAN (see 3GPP TS 38.331 [30]) and the UE forwards the 5G internal system clock to the DS-TT(s).


For TSN domain synchronization, the UE supports forwarding generalized precision time protocol (gPTP) messages. For all TSN working domains associated with a PDU session, a UE forwards gPTP messages received via the PDU session to the DS-TT associated with the PDU session (see 3GPP TS 23.501 [8] and 3GPP TS 23.502 [9]). See 3GPP TS 24.535 [19A] for the details on gPTP messages within a 5GS.











