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Abstract of the contribution: This contribution proposes to merge of the Solutions 9 and 10. 

1
Discussion

Solutions 9 and 10 are similar and can be merged. In both the CUC is collocated with the SMF and provides the UNI interface with the TN-CNC. The solution 9 is updated to contain the option from Solution 10, where AN-TL and CN-TL are not required under certain conditions as clarified in the proposal. 

The proposal also resolves the ENs and adds more details in Solution 9. AN-TT and CN-TT are renamed as AN-TL and CN-TL (TL = TSN Talker/Listener), to better reflect the purpose of the function. 
2
Proposal

Add the following text to TR 23.700-25.
*** BEGIN CHANGES ***
6.9
Solution #9: Interworking with TSN network deployed in the transport network 
6.9.1 
Introduction
This solution enables enhancement to support TSN transport network (TN) for N3 tunnels.
NOTE: the same solution can be used also for N9 tunnels, if necessary.
This solution addresses the following areas:

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

b)
The information from 5GS to interact with TSN network.

This solution makes the following assumptions:

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

-
5GC implements the UNI as defined in IEEE P802.1Qdj [10] towards the CNC in Transport Network. The related parameters are defined in IEEE Std 802.1Qcc [6].
-
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].
-
NG-RAN may include AN-TL function and UPF may include CN-TL function, to support acting as a TSN Talker/Listener. SMF/CUC communicates with the AN-TL via Transparent Container that conveys the IEEE Std 802.1Qcc[6] data sets in N2 interface. SMF/CUC communicates with the CN-TL via Transparent Container that conveys the IEEE Std 802.1Qcc[6] data sets in N4 interface.
-
AN-TL and CN-TL enable the following functions:

a)
hold and buffer functionality in a case when the TSCAI contains a BAT in UL and/or DL direction. In this case the TimeAwareOffset is sent to the AN-TL and/or CN-TL in a Transparent Container, and the Talker in RAN/UPF must buffer the data burst until the time indicated in the TimeAwareOffset is reached.  
b)
for support of stream transformation, in this case the InterfaceConfiguration is sent in a Transparent Container to AN-TL and/or CN-TL, and the Talker in RAN/UPF must use the indicated MAC address, VLAN ID or IP-tuples for the data stream.
c)
for SMF/CUC to retrieve the InterfaceCapabilities and/or EndStationInterfaces from the AN-TL or CN-TL via Transparent Container. Otherwise this information must be preconfigured or determined by SMF/CUC.
6.9.2 Functional Description
5GC will act as CUC to interact with the TN CNC. RAN and UPF may act as Talker or Listener by implementing Access Network TSN Talker/Listener (AN-TL) and Core Network N3 interface TSN Talker/Listener (CN-TL) as network termination point for the N3 interface. AN-TL and CN-TL support the functionality of Talker and Listener (End Station).
The architecture is as Figure 1:
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Figure 6.9.2-1 
Architecture on interworking with TSN transport network

NOTE 1:
The TN CNC in transport network (TN) is independent from the CNC in the DN.
NOTE 2:
DS-TT and NW-TT are required when 5GS is integrated with external IEEE TSN networks.
It is proposed the SMF will act as the CUC or the CUC functionality is collocated with SMF. SMF/CUC provides merged stream requirements on QoS Flow basis (i.e. translated Talker group and Listener group information) as specified in clause 45.1.7 of IEEE P802.1Qdj [10] via the User/Network-Interface (UNI) to the TN CNC. TN CNC uses the merged stream requirements as input to select respective path(s) and calculate schedules in TN. Based on the results, the TN CNC provides merged end station communication-configuration back to the SMF/CUC. The SMF may further adjust the transmit time of the stream in UPF and RAN by including TimeAwareOffset in a Transparent Container in a QoS Flow modification request. 

When the SMF setups a new QoS Flow, the SMF signals the dynamic value for the CN PDB and TSCAI for the QoS Flow to NG-RAN on QoS Flow basis. Upon receiving the TSCAI for a QoS Flow from the SMF, if the TSCAI includes a BAT in UL direction, the RAN may determine a dynamic value of 5G-AN PDB in UL direction that is determined on QoS Flow basis. The NG-RAN provides the dynamic value of 5G-AN PDB to the SMF in a response to the QoS Flow request.



The details of providing End Station related information to generate the merged stream requirements for the QoS Flow by the SMF/CUC are as following:
For the Talker group:

-
Stream ID and Stream Rank can be generated by the SMF/CUC based on pre-configuration.

-
EndStationInterfaces and Interface Capabilities (optional) are either pre-configured in the SMF/CUC or the SMF/CUC can collect them during PDU Session Establishment from AN-TL and CN-TL via a Transparent Container. If the TL-functions are not supported, the SMF/CUC leaves the InterfaceCapabilities empty.
-
DataFrameSpecification (optional) is present if stream transformation is not performed in the End Station. The SMF/CUC populates the attribute with the N3 tunnel end point addresses/ports during the QoS Flow setup based on EndStationInterfaces received from the AN-TL/CN-TL function. 

If the AN-TL/CN-TL has not provided the EndStationInterfaces to the SMF/CUC, or if the TL-functions are not supported, 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 N3 tunnel destination IP addresses. For example IPv6 can be used in the N3 tunnel end point addresses to provide sufficient address space.

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. For example, the CUC indicates a Stream Filter including the source/destination IP addresses/ports and QFI and/or TEID, and merged stream requirements that are associated with this Stream Filter. TN can distinguish the QoS Flows based on the TEID and QFI as carried in the GTP-U. This option impacts the IEEE P802.1Qdj [X].
NOTE 3: Option b) will be abandoned if it is not supported by IEEE P802.1Qdj.

-
In TrafficSpecification elements, there are several parameters related to the TSC traffic within 5GS

-
MaxFrameSize, SMF/CUC could generate it from the Burst Size of the TSC traffic. PCF needs to transfer the Burst Size to the SMF. SMF also needs to consider the framing bits which is not used for transferring in 5GS, e.g. CRC.
-
MaxFramesPerInterval, SMF could set it as 1.

-
Interval, SMF could generate it from the Periodicity of the traffic as indicated in the TSCAI.
-
TSpecTimeAware group (optional, present only if the traffic is time-synchronized)
-
EarliestTransmitOffset, the earliest offset within the Interval. 

For uplink, EarliestTransmitOffset should be set based on the BAT in UL in TSCAI, 5G-AN PDB, and Interval using the following formula:  

UL BAT + 5G-AN PDB – M x Interval, where M is the largest integer for which the relation: 

UL BAT + 5G-AN PDB > M x Interval duration 

would be true.

For downlink, EarliestTransmitOffset should be set based on the BAT in DL in TSCAC, UPF Residence Time and Interval using the following formula: 


· 
DL BAT + UPF Residence Time – M x Interval, where M is the largest integer for which the relation: 

DL BAT + UPF Residence Time > M x Interval duration 

would be true.


-
LatestTransmitOffset, the last chance within an interval should leave enough time to transfer a packet with MaxFrameSize. Thus, the SMF could generate it from the EarliestTransmitOffset plus the interval subtracting the sum of jitter and the time to transfer a packet with MaxFrameSize.

-
Jitter, SMF could generate it based on local configuration.
· UserToNetworkRequirements.MaxLatency
· NumSeamlessTrees, SMF/CUC could set it as 0 if no redundancy is needed, otherwise it could use other values.

· MaxLatency, SMF/CUC could generate it based on CN PDB and UPF Residence Time, i.e. it should be CN PDB minus UPF Residence Time.
Editor's Note: It is FFS if the UPF residence time needs to be considered.

The Listener group contains Stream ID, EndStationInterfaces, UserToNetworkRequirements, and Interface Capabilities. The SMF could generate the corresponding information in the same way as defined for the Talker group.

NOTE 4:
It is assumed that the merged stream requirements will contain at least the same information as defined for the User/network configuration information (i.e. Talker group and Listener group).

The merged end station communication-configuration provided by TN CNC to the SMF/CUC includes:

· Stream ID

· StatusInfo

· AccumulatedLatency

· InterfaceConfiguration (optional)
· MAC Address (optional, present only if stream transformation is performed)
· VLAN Tag (optional, present only if stream transformation is performed)
· IPv4/IPv6 Tuples (optional, present only if stream transformation is performed)
· TimeAwareOffset (optional, present only if the traffic is time-synchronized)
· FailedInterfaces

The details of the above information are described in IEEE Std 802.1Qcc [6]. 
When the SMF/CUC receives the merged end station communication-configuration from TN CNC, the configuration may include InterfaceConfiguration, optionally with TimeAwareOffset element.

If the InterfaceConfiguration is included from CNC to SMF/CUC, and if the NG-RAN and UPF include the AN-TL/CN-TL and support the Stream Transformation as described in IEEE 8021.Qdj [x], the Talker in AN-TL/CN-TL shall use the indicated InterfaceConfiguration, e.g. Multicast destination MAC address as assigned by the TN CNC. In this case the TN can identify the streams based on the Stream Transformation that is applied in the Talker in the AN-TL/CN-TL.
If the TimeAwareOffset is included from CNC to SMF/CUC, the SMF/CUC should configure the AN-TL and CN-TL based on the TimeAwareOffset. The SMF/CUC adjusts the TimeAwareOffset to be relative from the start of the BAT before sending it to the AN-TL or CN-TL. The AN-TL and CN-TL should set the sending time of the traffic (e.g. AdminBaseTime and OperBaseTime in 802.1Qbv data sets) in the transport layer accordingly.

NOTE 5:
It is assumed that the merged end station communication-configuration will contain at least the same information as defined for the status.
6.9.3 
Procedures

Figure 6.9.3-1 shows the procedure for this solution:
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Figure 6.9.3-1: Procedure for interworking with TSN transport network

1. UE triggers the PDU Session Establishment procedure as described in clause 4.3.2 in TS 23.502 [3]. If the RAN/UPF support the TL-function, the RAN and UPF report InterfaceCapabilities to the SMF/CUC via a Transparent Container.

2. During QoS Flow setup, the SMF received PCC rules with TSC Assistance Container from the PCF. The PCF needs to send Burst Size of the TSC traffic as described in clause 6.9.2. 
2a.
SMF setups the QoS Flow with UPF and NG-RAN.
3. The SMF/CUC generates merged stream requirements as described in clause 6.9.2.

4. The SMF/CUC sends the merged stream requirements to the TN CNC.

5. The TN CNC returns the merged end station communication-configuration to the SMF/CUC.

6. The SMF/CUC configures the Talker and Listener based on the merged end station communication-configuration returned by the TN CNC. The SMF/CUC could send the TimeAwareOffset to the CN-TL and AN-TL in a Transparent Container. The CN-TL and AN-TL should adjust the sending time of the traffic (e.g. AdminBaseTime and OperBaseTime) accordingly.

6.9.4

Impacts on services, entities and interfaces
- 
SMF: support the collocation with CUC, i.e. 

-
Provide input related to the Talker/Listener Group based on the above description. Passes the merged stream requirements to the TN CNC. Receives the merged end station communication-configuration from the TN CNC.
-
Optionally transfer received merged end station communication-configuration from the TN CNC to the Talker/Listener in AN-TL and CN-TL accordingly 

-
PCF: 
-
sends the TSCAC including Burst Size of the TSC traffic to the SMF.

-
RAN: 
optionally support the functionality of Listener/Talker as described above.
-
UPF: 
optionally support the functionality of Talker/Listener as described above.

*** NEXT CHANGE ***
6.10
Solution #10: 5GC acting as a CUC for CNC in TN
6.10.1
Introduction

This solution is merged into Solution #9.
This solution enables the 5GC to act as a TSN CUC (Centralized User Configuration).

This solution makes the following assumptions:

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

-
5GC implements the UNI as defined in IEEE P802.1Qdj [10] 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 of TS 23.501 [2].

6.10.2
Functional Description

The solution is based on the architecture in Figure 6.10.2-1:
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Figure 6.10.2-1: 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.

-
TSN Transport Network (TN) deploys a CNC that communicates with a CUC residing in the 5GC. The SMF is collocated with the CUC and information is exchanged between SMF and 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/CUC determines the merged stream requirements for the QoS Flow in the transport network and communicates them to the CNC in TN.

-
The CUC implements the UNI as defined in IEEE P802.1Qdj [X] towards the CNC in Transport Network.

-
CNC in TN configures the TN according to the merged stream requirements reflecting the required traffic characteristics of the QoS Flow.

Editor's note:
Stream Aggregation is FFS.

6.10.3
Procedures

The figure 6.10.3-1 describes the overall procedure how QoS Flows are established with the solution.
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Figure 6.10.3-1: 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. The NG-RAN estimates the value of BAT offset at the time of QoS Flow establishment or modification. If necessary, the NG-RAN can update the BAT offset to the SMF e.g. if certain threshold is exceeded.


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) While the collocated CUC translates this information to merged stream requirements. The CUC communicates the merged stream requirements to the CNC in the TN. The SMF sets the maximum latency to the value of the CN PDB.

Editor's note:
It is FFS if also the UPF residence time needs to be considered when calculating the maximum latency that is indicated in the stream requirements.


The CUC and CNC in TN may use the data frame specification for IP to identify at UNI the TN stream on QoS Flow basis, in order to treat the data flow according to the traffic requirements assigned for the QoS Flow. The CNC in TN can then use the provided merged stream requirements to ensure that sufficient resources are reserved in the TN for the TN stream e.g. to select the path(s) and calculate schedules for the traffic that can guarantee the required maximum latency.


NG-RAN and UPF may support the Stream Transformation as described in IEEE 8021.Qdj [x], e.g. Talker uses the Multicast MAC address as assigned by the TN-CNC and indicated to the NG-RAN and UPF from the SMF/CUC. Alternatively, if the NG-RAN and UPF do not support Stream Transformation, 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. For example, the CUC indicates a Stream Filter including the source/destination IP addresses/ports and QFI and/or TEID, and merged stream requirements that are associated with this Stream Filter. TN can distinguish the QoS Flows based on the TEID and QFI as carried in the GTP-U. This option impacts the IEEE P802.1Qdj [X].

6.10.4
Impacts on services, entities and interfaces

SMF:

-
Allows information access with the collocated CUC to support UNI as described in IEEE P802.1Qdj [10].

-
Determines the traffic requirements for a QoS Flow and initiates that CUC translates them to merged stream requirements which are then passed to the CNC in Transport Network.

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 ***
�Figure is updated to reflect the proposed changes on AN-TL and CN-TL


�The SMF know the PDB and CN-PDB, so it already know the AN-PDB


�No, it is different value
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