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This document proposes a solution for Key Issue #5 based on the introduction of a CUC in 5GC that acts as a YANG/RESTCONF client as defined in IEEE 802.1Qdj [X] and implements the UNI interface towards the CNC in Transport Network.
Discussion

Key Issue #5 describes the following targets:
For this Key Issue the following areas should be studied:

a)
The architecture enhancement to support the interworking between 5GS and TSN networks deployed in the transport network.

b)
What information are needed and how to collect these information from 5GS (e.g. NG-RAN, 5GC NF), so that the 5GS can interact with TSN network. Also, determine which 5GS entity is responsible to provide it to the TSN network deployed in the transport network.

NOTE:
In the context of interworking with a TSN-based transport network, 5GS is assumed to take the role of the CUC towards the CNC of the TSN transport network. It is assumed to rely on on-going work in IEEE for the interaction between CUC and CNC (P802.1Qdj), i.e. no new interface to the CNC will be specified as part of this work.

This document proposes a solution for Key Issue #5 based on the introduction of a CUC in 5GC that acts as a YANG/RESTCONF client as defined in IEEE 802.1Qdj [X] and implements the UNI interface towards the CNC in Transport Network. The CUC is collocated with SMF. CUC provides traffic requirements and characteristics as received from the SMF to the CNC in TN on QoS Flow basis. CNC in TN configures the underlay network in the TN for the required traffic characteristics of the QoS Flow.
Proposal

Add the following text to TR 23.700-25.
*** BEGIN CHANGES ***
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6.0
Mapping of Solutions to Key Issues
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*** NEXT CHANGE (all text is new) ***
6.X
Solution #X: 5GC acting as a CUC for CNC in TN
6.X.1
Introduction

This solution enables the 5GC to act as a TSN CUC (Centralized User Configuration) to control the TSN features in the Transport Network (TN).

This solution makes the following assumptions:

-
The underlay transport network for N3 and N9 tunnels support TSN features and deploys a CNC. 

-
5GC acts as a YANG/RESTCONF client as defined in IEEE 802.1Qdj [X] and implements the UNI interface towards the CNC in Transport Network.

-
The solution can be used with both Ethernet and IP type PDU Sessions.

-
The solution can be used when 5GS is integrated with external IEEE TSN networks as specified in TS 23.501 [2]. In this case the CNC in external TSN network controls the 5GS as an IEEE 802.1Q bridge via TSN AF.
-
The solution can be used when integration with external IEEE TSN networks does not apply as specified in TS 23.501 [2]. In this case the AF uses the 3GPP QoS-service to indicate the QoS requirements and traffic characteristics to the TSCTSF.
-
A dynamic value for the CN PDB of a Delay-critical GBR 5QI is determined by the SMF as described in clause 5.3.7.4 in TS 23.501 [2].
6.X.2
Functional Description

The solution is based on the architecture in Figure 6.x.2-1:
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Figure 6.X.2-1: Architecture to support the control of TSN features in TN
- 
The solution supports deployments with and without external TSN network: 
a)
When integration with IEEE TSN applies: CNC in external TSN network provides bridge configuration to the TSN AF. TSN AF uses the PSFP (IEEE 802.1Qci) information as provided by the CNC to derive the TSC Assistance Container (TSCAC). TSCAC is provided to the SMF (via PCF), and SMF determines the TSC Assistance Information (TSCAI) as specified in TS 23.501 [2].
b)
When integration with IEEE TSN does not apply: The AF provides a Ntsctsf_QoSandTSCAssistance service request to the TSCTSF (directly or via NEF). The request contains the flow description and may contain one or more of the Requested 5GS delay, Burst Size, Burst Arrival Time, Periodicity, and Time Domain as specified in clause 4.15.6.6 in TS 23.502 [3]. TSCTSF determines the TSCAC and provides it to the SMF (via PCF), and SMF determines the TSCAI. DS-TT and NW-TT are optional as in Release 17.
-
Transport Network deploys a CNC that can be controlled by a CUC residing in the 5GC via the procedures specified in IEEE 802.1Qjd [X]. The SMF interacts with the CUC by implementation specific means (out of scope of 3GPP). Once the SMF has established a QoS Flow between UPF and NG-RAN, the SMF determines the traffic requirements for the QoS Flow in the transport network and communicates them via the CUC to the CNC in TN.

-
The CUC acts as a YANG/RESTCONF client as defined in IEEE 802.1Qdj [X] and implements the UNI interface towards the CNC in Transport Network. The CUC provides the information as received from the SMF to the CNC in TN.

-
CNC in TN configures the underlay network in the TN for the required traffic characteristics of the QoS Flow.

6.X.3
Procedures
The figure 6.x.3-1 describes the overall procedure how QoS Flows are established with the solution.
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Figure 6.X.3-1: Overview of the QoS Flow establishment
1. 
PCF receives the Policy Authorization service request from the AF/NEF/TSCTSF. The PCF composes the PCC Rules as specified in Release 17. PCF includes the TSCAC in the request when it invokes the SMF.
2.
SMF receives the PCC Rules from the PCF. The SMF binds the PCC rule to a QoS Flow. 
3.
SMF indicates N4 rules for a QoS Flow to the UPF. The UPF assigns the CN tunnel endpoint address. The SMF determines a dynamic value for the CN PDB, based on the UPF and NG-RAN of the PDU Session.

4.
The SMF provides the QoS profile for the QoS Flow to the NG-RAN. The SMF signals the dynamic value for the CN PDB for the QoS Flow to NG-RAN. NG-RAN assigns the AN tunnel endpoint address. 

SMF provides the TSCAI to the NG-RAN on QoS Flow basis. The TSCAI may contain Burst Arrival Time (BAT) at the UE egress for UL traffic, and BAT at the gNB ingress for DL traffic, as specified in Release 17.

Upon receiving the TSCAI for a QoS Flow from the SMF, if the TSCAI includes a BAT in UL direction, the RAN determines the corresponding BAT offset in UL direction at the gNB egress. The NG-RAN provides the value to the SMF in a response. 

BAT offset is relative to the BAT value in UL direction NG-RAN has received from the SMF in TSCAI. BAT offset can take positive or negative values.


If (g)PTP time synchronization is used and the TSCAC contains the Burst Arrival Time expressed in external GM time, the SMF adjusts the TSCAI to be expressed in 5GS time based on the clock drifting reports from the UPF as in Release 17. In this case the SMF may update the TSCAI of the QoS Flow to the NG-RAN.

5.
After the SMF has setup a QoS Flow between UPF and NG-RAN, the SMF deducts the received BAT offset from the current BAT in UL direction in the TSCAI for the given QoS Flow.


The SMF provides the corresponding flow identification (AN tunnel end point address/port and CN tunnel endpoint address/port) along with the traffic requirements and characteristic for the QoS Flow (BAT at RAN egress in UL direction, BAT at UPF egress in DL direction, Periodicity, maximum latency, maximum jitter, max number of frames per interval, maximum frame size, etc) to the CUC in 5GC. The CUC communicates the traffic requirements and characteristics to the CNC in the TN. The SMF sets the maximum latency to the value of the CN PDB.

In case of Xn based inter NG-RAN handover, the SMF receives a new AN tunnel endpoint address from the target NG-RAN (via AMF). The SMF determines a new dynamic value for the CN PDB, based on the UPF and Target NG-RAN of the PDU Session. The SMF updates the UPF with the new AN tunnel endpoint address, and the UPF may assign a new CN tunnel endpoint address, as specified in Release 17. The SMF updates the corresponding flow identification (new AN tunnel end point address/port and CN tunnel endpoint address/port) along with the updated maximum latency as mapped from the CN PDB to the CNC in the TN.


The Transport Network must be able to identify the data flows in the IP transport on QoS Flow basis, in order to treat the data flows according to the traffic requirements assigned for the QoS Flow. The TN can then use the provided traffic requirements and characteristic to ensure sufficient resources are reserved in the TN for the traffic and may use the information to select a path for the traffic that can guarantee the required maximum latency.     


Two options can be considered for identifying the traffic on QoS Flow basis in the TN:
a)
The SMF can instruct the UPF and NG-RAN to assign a separate CN tunnel end point address for each QFI of the N4 Session. This ensures the TN can distinguish the QoS Flows based on the AN and CN tunnel destination IP addresses. It is assumed that IPv6 is used in the CN tunnel addresses to provide sufficient number of addresses.
b) 
The interface between the CUC and CNC in the TN allows the SMF and CUC to indicate the TEID and QFI of the given QoS Flow to the CNC in the TN. TN can distinguish the QoS Flows based on the TEID and QFI as carried in the GTP-U.
6.X.4
Impacts on services, entities and interfaces
-
SMF:

-
Implements the CUC and procedures as described in IEEE 802.1Qdj [x]. 
-
Determines the traffic requirements for a QoS Flow and passes them to the CNC in Transport Network via the CUC. 

-
NG-RAN:
-
Determines a BAT offset in UL direction at the gNB egress, based on the BAT in UL direction the NG-RAN receives from the SMF in TSCAI. The NG-RAN provides the BAT offset value to the SMF in a response to the QoS Flow establishment or modification request. 
-
If Option a) is used to identify the flows in TN, assigns a separate AN tunnel end point address for each QFI of the PDU Session.
- 
UPF:
-
If Option a) is used to identify the flows in TN, assigns a separate CN tunnel end point address for each QFI of the N4 Session.
*** END OF CHANGES ***
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2.  SMF receives the PCC Rules from PCF. SMF binds the PCC rule to a QoS Flow.
3.  SMF indicates N4 rules for the QoS Flow to the UPF. UPF assings the CN tunnel endpoint address for the QoS Flow.
1.  PCF determines the PCC Rules based on the policy authorization service from AF/NEF/TSCTSF.
4.  SMF provides the QoS profile for the QoS Flow to NG-RAN. NG-RAN assings the AN tunnel endpoint address.
5.  SMF provides the traffic requirements for the QoS Flow to TN CNC via CUC



