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* * * First Change * * * *
[bookmark: _Toc67960704][bookmark: _Toc67961067][bookmark: _Toc70415520]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[bookmark: _Hlk528361980][2]	3GPP TS 22.104: "Service requirements for cyber-physical control applications in vertical domains".
[3]	3GPP TS 23.379: "Functional architecture and information flows to support Mission Critical Push To Talk (MCPTT); Stage 2".
[4]	3GPP TS 23.280: "Common functional architecture to support mission critical services; Stage 2".
[5]	3GPP TS 23.281: "Functional architecture and information flows to support Mission Critical Video (MCVideo); Stage 2".
[6]	3GPP TS 23.282: "Functional architecture and information flows to support Mission Critical Data (MCData); Stage 2".
[7]	3GPP TS 23.286: "Application layer support for V2X services; Functional architecture and information flows".
[8]	3GPP TS 23.222: "Functional architecture and information flows to support Common API Framework for 3GPP Northbound APIs; Stage 2".
[9]	3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".
[10]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[11]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[12]	3GPP TS 23.303: "Proximity-based services (ProSe); Stage 2".
[13]	3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".
[14]	3GPP TS 23.002: "Network Architecture".
[15]	3GPP TS 23.228: "IP Multimedia Subsystem (IMS); Stage 2".
[16]	3GPP TS 23.468: "Group Communication System Enablers for LTE (GCSE_LTE); Stage 2".
[17]	3GPP TS 23.246: "Multimedia Broadcast/Multicast Service (MBMS); Architecture and functional description".
[18]	3GPP TS 23.203: "Policy and charging control architecture".
[19]	3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System; Stage 2".
[20]	3GPP TS 26.348: "Northbound Application Programming Interface (API) for Multimedia Broadcast/Multicast Service (MBMS) at the xMB reference point".
[21]	3GPP TS 29.214: "Policy and charging control over Rx reference point".
[22]	3GPP TS 29.468: "Group Communication System Enablers for LTE (GCSE_LTE); MB2 Reference Point; Stage 3".
[23]	3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2".
[24]	IETF RFC 6733 (October 2012): "Diameter Base Protocol".
[25]	ETSI TS 102 894-2 (V1.2.1): "Intelligent Transport Systems (ITS); Users and applications requirements; Part 2: Applications and facilities layer common data dictionaryMultimedia Broadcast/Multicast Service (MBMS); Protocols and codecs".
[26]	ETSI TS 102 965 (V1.4.1): "Intelligent Transport Systems (ITS); Application Object Identifier (ITS-AID); Registration".
[27]	ISO TS 17419: "Intelligent Transport Systems - Cooperative systems - Classification and management of ITS applications in a global context".
[28]	3GPP TS 26.346: "Multimedia Broadcast/Multicast Service (MBMS); Protocols and codecs".
[29]	3GPP TS 33.434: "Service Enabler Architecture Layer (SEAL); Security aspects for Verticals".
[30]	3GPP TS 29.549: "Service Enabler Architecture Layer for Verticals (SEAL); Application Programming Interface (API) specification; Stage3".
[31]	3GPP TS 23.285: "Architecture enhancements for V2X services".
[IEEE8021QCC]	IEEE Std 802.1Qcc-2018: "Standard for Local and metropolitan area networks - Bridges and Bridged Networks - Amendment: Stream Reservation Protocol (SRP) Enhancements and Performance Improvements".
[IEEE8021CB]	IEEE Std 802.1CB-2017: "Frame Replication and Elimination for Reliability".
[IEEE8021Q]	IEEE 802.1Q-2018: "IEEE Standard for Local and Metropolitan Area Networks—Bridges and Bridged Networks".


* * * Next Change * * * *
[bookmark: _Toc67960706][bookmark: _Toc67961086]3.1	Definitions
For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
VAL user: An authorized user, who can use a VAL UE to participate in one or more VAL services.
VAL user ID: A generic name for the user ID of a VAL user within a specific VAL service.
VAL UE: A UE that can be used to participate in one or more VAL services. 
VAL client: An entity that provides the client side functionalities corresponding to the vertical applications.
SEAL client: An entity that provides the client side functionalities corresponding to the specific SEAL service.
VAL service: A generic name for any service offered by the VAL service provider to their VAL users.
SEAL service: A generic name for a common service (e.g. group management, configuration management, location management) that can be utilized by multiple vertical applications.
SEAL provider: Provider of SEAL service(s).
VAL server: A generic name for the server application function of a specific VAL service.
SEAL server: An entity that provides the server side functionalities corresponding to the specific SEAL service.
VAL system: The collection of applications, services, and enabling capabilities required to support a VAL service.
Primary VAL system: VAL system where the VAL user profiles of a VAL user are defined.
Partner VAL system: A VAL system that has a business relationship with the primary VAL system such that service can be offered to primary VAL system users.
VAL group: A defined set of VAL UEs or VAL users configured for specific purpose in a VAL service.
NOTE:	The set could be of either VAL UEs or VAL users depending on the specific VAL service.
VAL group home system: The VAL system where the VAL group is defined.
VAL group member: A VAL service user, whose VAL user ID is listed in a particular VAL group.
Vertical: See vertical domain.
Vertical application: An application catering to a specific vertical.
For the purposes of the present document, the following terms and definitions given in 3GPP TS 22.104 [2] apply:
Vertical domain

VAL Stream: A TSC stream identified by a VAL stream ID.

* * * Next Change * * * *
[bookmark: _Toc67960707]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
5GS	5G System
5GVN	5G Virtual Network
CAPIF	Common API Framework for northbound APIs
CNC	Centralized Network Configuration
CRUDN	Create, Retrieve, Update, Delete and Notify
EPC	Evolved Packet Core
NEF	Network Exposure Function
NR	New Radio
PCC	Policy and Charging Control
SCEF	Service Capability Exposure Function
SEAL	Service Enabler Architecture Layer for Verticals
VAL	Vertical Application Layer
TSC	Time Sensitive Communication	
TSN	Time Sensitive Networking


* * * Next Change * * * *

14.2.2	On-network functional model description
14.2.2.1	Generic on-network functional model for network resource management
Figure 14.2.2-1 illustrates the generic on-network functional model for network resource management.


Figure 14.2.2-1: On-network functional model for network resource management
The network resource management client communicates with the network resource management server over the NRM-UU reference point. The network resource management client provides the support for network resource management functions to the VAL client(s) over NRM‑C reference point. The VAL server(s) communicate with the network resource management server over the NRM-S reference point.
The network resource management server communicates with the BM-SC via MB2-C and xMB-C reference points to obtain and control the multicast resources from the underlying 3GPP network system. The network resource management server communicates with the PCRF via Rx reference point and/or communicates with PCF via N5 reference point to control the unicast resources from the underlying 3GPP network system.
14.2.2.2	On-network functional model for network resource management for TSN
The architecture for integration of the 5G with TSN is depicted in Figure 14.2.2.2-1. The SEAL Network Resource Management (NRM) server acts as a TSN AF. Upon request from a VAL server acting as a TSN CNC via the NRM-S reference point it configures the TSN flows in the 5GS. In this case the NRM-S supports the IEEE 802.1Qcc management protocol. As a TSN AF the SEAL NRM server interacts with the 5GS PCF over the N5 reference point to configure the 5G QoS and TSCAI parameters in the 5GS.



Figure 14.2.2.2-1: On-network functional model for network resource management for TSN

14.2.2.3	On-network functional model for network resource management for 5G-native TSC
The architecture for the 5G-native TSC is depicted in Figure 7.22.2-2. The SEAL NRM server acts as an AF (referred to as TSC AF) towards the 5G Core Network and performs coordination of QoS flows to fulfill the end-to-end QoS requirements for the UEs involved in the TSC communication. 
Upon request from a VAL server via the NRM-S reference point it configures the TSC end-to-end QoS flows in the 5GS. In line with other SEAL service enablers the SEAL NRM server provides a RESTful interface on the NRM-S reference point. As a TSC AF the SEAL NRM server interacts with the 5GS PCF over the N5 reference point to configure the 5G QoS and TSCAI parameters in the 5GS. UE-TSC corresponds to UE-DS-TT in the TSN integration case, which also means that UE-TSC residence time is the same as UE-DS-TT residence time that is used for the end-to-end latency calculation.
NOTE: The NRM server uses procedures of the N5 reference point specified in Rel-16. 



Figure 14.2.2.3-1: On-network functional model for network resource management for 5G-native TSC

* * * Next Change * * * *
14.3.2.X	TSC stream discovery request
Table 14.3.2.X-1 describes the information flow TSC stream discovery request from the VAL server to the NRM server.
Table 14.3.2.X-1: TSC stream discovery request
	Information element
	Status
	Description

	Requester Identity 
	M
	The identity of the VAL server performing the request.

	Stream specification
	M
	Stream specification includes MAC addresses of the source and destination UE-TSC ports and VLAN ID as defined in IEEE 802.1CB [IEEE8021CB].



14.3.2.Y	TSC stream discovery response
Table 14.3.2.Y-1 describes the information flow TSC stream discovery response from the NRM server to the VAL server.
Table 14.3.2.Y-1: TSC stream discovery response
	Information element
	Status
	Description

	Result
	M
	Result includes success or failure of the TSC stream discovery with the underlying network.

	Stream specification
	M
	Stream specification includes MAC addresses of the source and destination UE-TSC ports and VLAN ID as defined in IEEE 802.1CB [IEEE8021CB].

	List of traffic specifications
	M
	The traffic classes supported by the UE-TSCs and available end-to-end latency values and Priority Code Point (PCP) values



14.3.2.Z	TSC stream creation request
Table 14.3.2.1-1 describes the information flow TSC stream creation request from the VAL server to the NRM server.
Table 14.3.2.X-1: TSC stream creation request
	Information element
	Status
	Description

	Requester Identity 
	M
	The identity of the VAL server performing the request.

	VAL Stream ID
	M
	VAL TSC Stream ID

	Stream specification
	M
	Stream specification includes MAC addresses of the source and destination UE-TSC ports and VLAN ID as defined in IEEE 802.1CB [IEEE8021CB].

	Traffic specification
	M
	It includes Priority Code Point (PCP), MaxFrameInterval, MaxFrameSize, MaxIntervalFrames, MaxLatency, etc., as described in IEEE 802.1Qcc [IEEE8021Qcc] in clause 46.2.



14.3.2.A	TSC stream creation response
Table 14.3.2.Y-1 describes the information flow TSC stream creation response from the NRM server to the VAL server.
Table 14.3.2.Y-1: TSC stream creation response
	Information element
	Status
	Description

	Result
	M
	Result includes success or failure of the TSC stream creation.

	VAL Stream ID
	M
	VAL TSC Stream ID



14.3.2.B	TSC stream deletion request
Table 14.3.2.1-1 describes the information flow TSC stream deletion request from the VAL server to the NRM server.
Table 14.3.2.X-1: TSC stream deletion request
	Information element
	Status
	Description

	Requester Identity 
	M
	The identity of the VAL server performing the request.

	VAL Stream ID
	M
	VAL TSC Stream ID



14.3.2.C	TSC stream deletion response
Table 14.3.2.2-1 describes the information flow TSC stream deletion response from the NRM server to the VAL server.
Table 14.3.2.2-1: TSC stream deletion response
	Information element
	Status
	Description

	Result
	M
	Result includes success or failure of the network TSC stream deletion. Even in case of failure, the stream is deemed unusable.

	VAL Stream ID
	M
	VAL TSC Stream ID



14.3.2.D	TSN bridge information report
The 5GS bridge management information is defined in TS 23.501 [10], clause 5.28.1 (5GS bridge management).
14.3.2.E	TSN bridge information confirmation
The 5GS bridge management information is defined in TS 23.501 [10], clause 5.28.1 (5GS bridge management).
14.3.2.F	TSN bridge configuration request
The configuration information of 5GS Bridge is defined in TS 23.501 [10], clause 5.28.2 (The configuration information of 5GS Bridge).
14.3.2.G	TSN bridge configuration response
The configuration information of 5GS Bridge is defined in TS 23.501 [10], clause 5.28.2 (The configuration information of 5GS Bridge).


* * * Next Change * * * *
[bookmark: _Toc67961145]14.4.1	General
Table 14.4.1-1 illustrates the SEAL APIs for configuration management.
Table 14.4.1-1: List of SEAL APIs for network resource management
	API Name
	API Operations
	Known Consumer(s)
	Communication Type

	SS_NetworkResourceAdaptation
	Reserve_Network_Resource
	VAL server
	Request /Response

	
	Request_Unicast_Resource
	VAL server
	Request /Response

	
	Update_Unicast_Resource
	VAL server
	Request /Response

	
	Request_Multicast_Resource
	VAL server
	Request /Response

	
	Notify_UP_Delivery_Mode
	VAL server
	Subscribe/Notify

	
	TSC_Stream_Discovery
	VAL server
	Request /Response

	
	TSC_Stream_Creation
	VAL server
	Request /Response

	
	TSC_Stream_Deletion
	VAL server
	Request /Response




* * * Next Change * * * *
14.3.X 5G-native TSC resource management procedures
[bookmark: _Toc67961100]14.3.X.1	General
The procedures related to the 5G-native TSC network resource management are described in the following subclauses.

14.3.X.2	TSC stream discovery procedure
Pre-conditions: 
1.	UE-TSCs are assigned to a VLAN and each UE has an established Ethernet PDU session.
2.	The TSC-AF has populated the NRM server management information base (defined in IEEE 802.1Qcc [IEEE8021QCC] with the 5G bridge management and port management information. The latter is related to the Ethernet ports located in the UE-TSCs including bridge delay per UE-TSC Ethernet port pair per traffic class.
3.	NRM server acting as TSC AF has calculated the bridge delay for each port pair, i.e. composed of (ingress UE-TSC Ethernet port, egress UE-TSC Ethernet port) including the UE-DS-TT residence time, PDB and propagation delay for both UL from sender UE and DL to receiver UE. 


Figure 14.3.X.2-1: TSC stream discovery procedure
1.	The NRM server receives a request from a VAL server on NRM-S reference point to discover the connectivity and available QoS characteristics between UE-TSCs identified by the stream specification. 
2.	The NRM server validates the connectivity between the UE-TSCs connected in the same VLAN based on the stored managed objects info base, identifies the traffic classes supported by the UE-TSCs and calculates the end-to-end latency (including the residence time of the UE-DS-TTs, PDBs, and propagation delay).
3.	NRM server responds to the VAL server with the stream specification and a list of traffic specifications with the available end-to-end latency and the traffic classes supported by the UE-TSCs.
[bookmark: _Toc70415515]14.3.X.3	TSC stream creation procedure
This procedure allows the VAL server to create a TSC stream.
Pre-conditions:
1.	Each UE has an established Ethernet PDU session for its UE-TSC port MAC address.
2.	Connectivity between the UE-TSCs has been validated by the TSC stream discovery procedure.
3.	NRM server maintains mapping from the traffic class to TSC QoS.


Figure 14.3.X.3-1: TSC stream creation procedure
1. NRM server receives a TSC stream creation request from a VAL server to create a TSC stream identified by a VAL Stream ID, between UE-TSC ports in the stream specification and for the traffic class in the traffic specification. 
NOTE: It is left for stage 3 to decide whether to combine the QoS monitoring subscription request with the TSC stream creation request.
2.	NRM server calculates the schedule for the VAL Stream ID. It provides per-stream filtering and policing parameters according to IEEE 802.1Q [IEEE8021Q] used to derive the TSC QoS information and related flow information. NRM server also provides the forwarding rule according to IEEE 802.1Q [IEEE8021Q] used to identify the UE-TSC MAC address of the corresponding PDU session. Based on the 5GS bridge delay information it determines the TSC QoS information and TSC Assistance information for the stream.
3.	NRM server triggers via N5 the AF request procedure as shown in 3GPP TS 23.502 [11] annex F.2 for the TSC stream for both UL QoS flow (sender UE to UPF/bridge) and DL QoS flow (UPF/bridge to receiver UE). The AF request includes the UE-TSC port MAC address, TSC QoS information, TSC Assistance Information, flow bit rate, priority, Service Data Flow Filter containing flow description including Ethernet Packet Filters. The QoS flow will be assigned for the PDU session for the source MAC address for the UL direction and for the PDU session for the destination MAC address for the DL direction. The configuration sent over N5 also includes the gate control list (including AdminControlList, AdminBaseTime, AdminCycleTime and Tick Granularity) for the traffic specification. The gate control parameters are for the hold and forward buffering by the UE-TSC for the respective TSC flow. This information is delivered to the UE-TSC by the 5GS.
4.	NRM server sends TSC stream creation response to the VAL server with the result of TSC stream creation for the VAL Stream ID.
[bookmark: _Toc70415518]14.3.X.4	TSC stream deletion procedure
This procedure allows the VAL server to delete a TSC stream.
Pre-conditions:
1.	The TSC stream is configured in the 5GS and the UE-TSCs.


Figure 14.3.X.4-1: TSC stream deletion procedure
1.	NRM server receives a request from VAL server to delete a TSC stream for with a VAL Stream ID.
2.	NRM server identifies the MAC addresses of the UE-TSCs involved in the stream based on the stored information for the VAL Stream ID. 
3.	NRM server triggers via N5 the AF session modification procedure defined in 3GPP TS 23.502 [11] clause 4.15.6.6 for MAC addresses referred to by the VAL Stream ID. NRM server uses the procedure to delete both UL QoS flow (sender UE to UPF/bridge) and DL QoS flows (UPF/bridge to receiver UE) from the PDU sessions of the UEs referred to by the VAL Stream ID.
4.	NRM server sends TSC stream deletion response to the VAL server with the result of TSC stream deletion for the VAL Stream ID.

* * * Next Change * * * *
14.3.Y TSN resource management procedures
14.3.Y.1	General
The procedures related to the TSN network resource management are described in the following subclauses.

14.3.Y.2	5GS TSN Bridge information reporting
Pre-conditions: 
1.	VAL server acts as TSN CNC.



Figure 14.3.Y.2-1: TSN Bridge information reporting procedure
1.	Acting as the TSN AF the NRM server collects 5GS TSN Bridge information by interaction with the 5GS via the N5 reference point, as described in in TS 23.502[11] Annex F.1. The NRM server stores the binding relationship between 5GS Bridge ID, MAC address of the DS-TT Ethernet port and also updates 5GS bridge delay as defined in clause 5.27.5 of TS 23.501 [10]. The NRM server retrieves txPropagationDelay and Traffic Class table from DS-TT and it also retrieves txPropagationDelay and Traffic Class table from NW-TT.
2.	The NRM server constructs the above received information as 5GS TSN Bridge information and sends them to the VAL server acting as CNC to register a new TSN Bridge or update an existing TSN Bridge.
3.	The VAL server stores the TSN Bridge information and returns a confirmation to the NRM server.

14.3.Y.3	5GS TSN Bridge configuration procedure
Pre-conditions:
1.	VAL server acts as TSN CNC and it has stored the 5GS TSN Bridge information received from the NRM server acting as TSN AF.
2.	The NRM server acting as TSN AF has stored the 5GS TSN Bridge information collected from the 5GS, as described in clause 14.3.Y.2.



Figure 14.3.Y.3-1: TSN Bridge configuration procedure
1.	The NRM server receives from the VAL server acting as CNC per-stream filtering, policing parameters and related flow information according to IEEE 802.1Q [34] and it uses them to derive TSN QoS information and related flow information. The TSN AF uses this information to identify the DS-TT MAC address of the corresponding PDU session.
2.	NRM server triggers via N5 the AF request procedure as described in 3GPP TS 23.502 [11] Annex F.2. The AF request includes the UE-DS-TT port MAC address, TSC QoS information, TSC Assistance Information, flow bit rate, priority, Service Data Flow Filter containing flow description including Ethernet Packet Filters. 
3.	NRM server sends a TSN Bridge configuration response.

* * * Next Change * * * *
[bookmark: _Toc67961151]14.4.2.X	TSC_Stream_Discovery
API operation name: TSC_Stream_Discovery
Description: Requesting to discover the connectivity and available QoS characteristics between UE-TSCs.
Known Consumers: VAL server.
Inputs: See subclause 14.3.2.X
Outputs: See subclause 14.3.2.Y
See subclause 14.3.X.2 for the details of usage of this API operation.

* * * Next Change * * * *
14.4.2.Y	TSC_Stream_Creation
API operation name: TSC_Stream_Creation
Description: Requesting the NRM to create a TSC stream.
Known Consumers: VAL server.
Inputs: See subclause 14.3.2.Z
Outputs: See subclause 14.3.2.A
See subclause 14.3.X.3 for the details of usage of this API operation.

* * * Next Change * * * *
14.4.2.Z	TSC_Stream_Deletion
API operation name: TSC_Stream_Deletion
Description: Requesting the NRM to delete the TSC stream.
Known Consumers: VAL server.
Inputs: See subclause 14.3.2.B
Outputs: See subclause 14.3.2.C
See subclause 14.3.X.4 for the details of usage of this API operation.

* * * End of Change * * * *
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