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Abstract of the contribution: This contribution updates procedures to support Key issue #3B: Exposure of time synchronization.
Discussion
The solution #18, Supporting BMCA by processing Announce message, is proposed for key issue #1 and #3B. 
Key Issue #3B, Exposure of Time Synchronization, 5GS aims to support exposure for Time Synchronization service offered by 5GS:
A)	Exposure of the 5GS capability to activate Time Synchronization from the AF for a TSN Domain GM or 5G GM (i.e. for VIAPA applications).
i.	Ability for network to expose the support for synchronization and the supported time synchronization method (i.e. method 1, 2, 3 or 4 as above) from NEF towards AF.
ii.	Ability for AF to request activation/deactivation of Time Synchronization service targeting a UE or a group of UEs and indicate the clock domain (i.e. IEEE TSN Domain GM or 5G GM) and clock accuracy (with an accuracy of e.g. 1 microsecond).
iii.	Ability to support the time synchronization service for IP and Ethernet types of PDU Sessions.
To select the grandmaster clock, IEEE 802.1AS clause 10.3.1.1 introduces two methods for setting the grandmaster PTP Instance and time-synchronization spanning tree for a gPTP domain as follows:
a) The BMCA is used to determine the Grandmaster PTP Instance for a gPTP domain and construct the time-synchronization spanning tree with that Grandmaster PTP Instance as the root. In this case, the network is configured automatically, i.e., the PTP Port states are set, using the results of the BMCA.
b) The PTP Port states are configured to force a desired Grandmaster PTP Instance and to construct a desired time-synchronization spanning tree with the Grandmaster PTP Instance as the root.
According to Key issue #3B, the 5GS supports time synchronization methods for 5G GM as well as TSN GM. If the 5G GM is used as the grandmaster clock, the BMCA is not necessary to determine the grandmaster PTP instance. Therefore, the method b) without the BMCA can be used to configure port states in DS-TT and NW-TT for the 5G GM. Then, the 5GS transmits Announce message to neighbor TSN nodes to construct the time-synchronization spanning tree for a (g)PTP domain.

Proposal
[bookmark: _Toc50536625][bookmark: _Toc50575378]**************************************** START of CHANGE **********************************************
6.18	Solution 18: Supporting BMCA by processing Announce message 
[bookmark: _Toc50536626][bookmark: _Toc50575379]6.18.1	Introduction
This solution is for key issue #1: Uplink Time Synchronization and #3B: Exposure of Time Synchronization.
This solution is an option of method 1 of clause 6.1.3.3.
The objective of this solution is to enable BMCA for selecting and managing Grand Master Clock via 5G TSN bridge. The TSN supporting feature defined during rel-16, it only describes on how to process (g)PTP messages in the aspect of residence time and RateRatio. It enables to deliver the time sync frame, but it is hard to say working as a member of TSN domain because 5GS is not supporting announce messages which is essential to maintain TSN topology and master-slave hierarchy. This solution contains the method to process Announce messages for enabling BMCA and Grand Master Clock management such as building Master-Slave hierarchy among TSN nodes and their ports.
According to IEEE 802.1AS, it is required to support BMCA for exchanging master clock information to maintain best grand master clock for a specific TSN domain. The clock information exchange is done by means of Announce message which containing the system identity of system and root clock for the given TSN entity. The announce message contains the information of current grandmaster which the TSN device currently referring such as grand master priority, stepsRemoved, and etc. If a bridges and end-stations received an Announce message from the neighbour link, it confirms the liveness of neighbourhood, and compares the best grand master clock. By exchanging the announce messages, the TSN entities can determines the current grand master for a specific gPTP domain and shares the sense of time by referring the same grand master, and it also needed to build the spanning tree where the gPTP messages propagate over the TSN.
The fundamental mechanism is to configure DS-TT/NW-TT for processing and transmitting Announce messages correctly by TSN AF. To realize this solution, it is needed that 1) DS-TT/NW-TT needed to receiving/sending Announce message with neighbour TSN nodes, 2) PMIC/BMIC needed to extended to contain Port Announce information, and 3) TSN AF needed to be extended to processing BMCA and configure DS-TT/NT-TT to enable the processing of Announce messages.
[bookmark: _Toc31096549][bookmark: _Toc50536627][bookmark: _Toc50575380]6.18.2	Functional Description
An TSN AF process Announce messages instead of DS-TT/NW-TT, and configure DS-TT/NW-TT for how to processing Announce message. When TSN AF detecting the changes on the Grand Master Clock, it need to inform DS-TT/NW-TT for triggering the transmit of Announce messages to neighbour TSN nodes. To support Exposure of Time Synchronization, either TSN AF or NEF can configure DT-TT/NW-TT port roles for processing Announce message based on the method 1 of the clause 6.1.3.3.
-	DS-TT and NW-TT has a capability to receiving and transmitting Announce messages.
-	DS-TT and NW-TT could be configured to processing Announce messages. For example, when a Port of DS-TT or NW-TT receiving Announce message, they need to report the received Port Announce Information to TSN AF using PDU session or N4 session modification procedure with PMIC.
-	TSN AF need to maintain the Master-Slave hierarchy per TSN domain based on received Port Announce Information from DS-TT/NW-TT ports, and deliver the Announce messages for each port to neighbourhoods. The Announce message will be delivered to NW-TT/DS-TT using PMIC according to TS 23.501 [2] TSN related procedure.
-	To reduce the signalling of Announce messages from all TSN ports of NW-TT or DS-TT, a signalling optimization mechanism could be applied. For example, only reports Port Announce Information to TSN AF when detecting new Grand Master Clock or Announce message timeout. NW-TT/DS-TT need to maintain System Identity and Grand Master Identity information locally per port.
[bookmark: _Toc31096557][bookmark: _Toc50536628][bookmark: _Toc50575381]6.18.3	Procedures
The procedure to enable BMCA using (g)PTP Announce message support by 5G TSN bridge is depicted in the figure 6.18.3-1.


Figure 6.18.3-1. A procedure to support BMCA with (g)PTP Announce Message Processing
[bookmark: _Toc50536629][bookmark: _Toc50575382]	Step 1. A Time Aware End Stand behind DS-TT send (g)PTP Announce Message periodically or notify the change of previously notified information such as Grand Master or Port Role has changed. This step can be applicable to NW-TT ports when NW-TT received (g)PTP Announce Message from DN side Time aware node.
	Step 2. When the UE US-TT received (g)PTP Announce Message from the neighbour link, it reports the received Port Announce Information to SMF using PDU session modification procedure. If NW-TT case, UPF report the received Port Announce Information to SMF using N4 session modification. This step follows the PMIC delivery procedure defined in clause 5.28 of TS 23.501 [2].
Editor's note:	It is FFS how to reduce the number of signalling for reporting (g)PTP Announce messages such as optimization mechanism.
	Step 3. The SMF reports the received PMIC to TSN AF via PCF. This step follows the PMIC delivery procedure defined in clause 5.28 of TS 23.501 [2].
	Step 4. The TSN AF collects the PMICs from NW-TT and DS-TT ports, and select the role of each ports of 5G TSN bridge such as Master/Slave. The port role selection algorithm may be the same defined in the IEEE 802.1 AS [6]. In this step, TSN AF can maintain own System Identify to compare the Port Priority with the received port information from the previous step.
	TSN AF can configure and maintain the bridge system identity the port role(s), and the current selected Grand Master Clock Identity to each DS-TT/NW-TT per TSN domain.
	If TSN AF detect new Grand Master Clock or timeout of the Announce message from the existing nodes, TSN AF can calculate new role(s) of each ports. In this case, TSN AF need to notify the change to the neighbouring TSN nodes by transmitting Announce message. TSN AF generate the (g)PTP Announce message for each ports.
	Step 5. TSN AF deliver PMIC information for each NW-TT/DS-TT ports. The PMIC may contain port number, Port configuration information, and generated (g)PTP Announce message to transmit. Port configuration information may contain port role, system identity, and the current grand master clock identity.
	Step 6. SMF distribute PMIC received from PCF to each NW-TT or DS-TT according to the port number. For DS-TT, PDU session modification procedure can be used for delivering PMIC. For NW-TT port, N4 session modification procedure can be used.
	Step 7. Each port of DS-TT or NW-TT locally configure with port configuration information and transmit generated (g)PTP Announce message by TSN AF.
6.18.3.2	Impacts on Existing Nodes and Functionality
NW-TT/DS-TT:
-	Need to report Port Announce Information to TSN AF using PMIC.
TSN AF:
-	Need to maintain Master-Slave hierarchy based on Port Announce Information reported from NW-TT/DS-TT ports.
-	Need to process BMCA including Port Configuration and Role Selection.
-	Need to generate and deliver to NW-TT/DS-TT Port Announce Information to be transmitted to the neighbour TSN Nodes.
NEF:
-	Support Rel-16 PMIC signaling via PCF.

****************************************** End of CHANGE **********************************************
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