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1. Discussion
This solution addresses Key Issue #2 in the DetNet study. The Key Issue describes the following. 
A DetNet controller may provide DetNet configuration as defined in ietf-detnet YANG module to the 5GS acting as a DetNet node. This key issue will study how to map the DetNet configuration.
The DetNet controller communicates with the 5G system through TSCTSF. DetNet Flow-Related Parameters may be provided by the DetNet controller as defined in draft-ietf-detnet-yang [5]. The TSCTSF should map the parameters provided by the DetNet controller into 5G QoS parameters or other parameters e.g. TSCAI to configure 5GS flows for the DetNet traffic.
This KI will address:
-	Which parameters provided by the DetNet controller should be mapped into which 5G parameters.
-	How the 5GS finds the PDU Sessions corresponding to the given DetNet configuration.
-	What mechanisms are used in 5GS to configure the system according to the configuration provided by the DetNet controller.
The solution should clarify whether the NEF could be deployed between the TSCTSF and the DetNet controller.
We provide the solution below in line with the existing DetNet IETF YANG model, and also provide an approach to tailor the solution for the 5GS. 


2. Proposal
We propose to add the following new solution to 23.700-46. 
***** START NEW SOLUTION ******
[bookmark: _Toc4423966][bookmark: _Toc96953226][bookmark: _Toc96953299][bookmark: _Toc97294701]6.X	Solution #<X> for Key Issue #2: Mapping from DetNet YANG model to 3GPP configuration
[bookmark: _Toc16839383][bookmark: _Toc22192652][bookmark: _Toc23402390][bookmark: _Toc23402420][bookmark: _Toc96953227][bookmark: _Toc96953300][bookmark: _Toc97294702]6.X.1	Introduction
The assumed architecture is shown in the figure below. On the device side, we typically have an end host as a DetNet system that makes use of the DetNet functionality. Note that the end host does not have to be DetNet aware. 


Figure 6.x.x-1 DetNet logical reference architecture distribution in 5GC

The main principles of the solution are as follows.
· In the DetNet YANG model [5], the forwarding sub-layer configuration and the traffic profile are for the mapping.
· The forwarding sub-layer configuration identifies the flow and the incoming, outgoing interfaces. Based on this information, the PDU Session and the flow direction (uplink, downlink or whether it is UE to UE) can be determined. 
· The DetNet traffic requirements in the traffic profile include the max-latency, min-bandwidth and the max-loss, which can be converted to the 3GPP delay, GFBR and PER requirements. 
· The YANG model as currently defined in IETF only includes the end to end traffic requirements. There are two options: the TSCTSF may either derive the per 5GS requirements from the end to end requirements, or the DetNet YANG model is extended for the 5GS to include also the requirements specific to the 5GS. 
· The DetNet traffic specification is used to determine the periodicity and the bandwidth requirement of the flow. 
[bookmark: _Toc16839384][bookmark: _Toc22192653]
[bookmark: _Toc23402391][bookmark: _Toc23402421][bookmark: _Toc96953228][bookmark: _Toc96953301][bookmark: _Toc97294703]6.X.2	Functional Description
[bookmark: _Hlk101515989][bookmark: _Hlk101516011]Parameters to consider from the DetNet controller
The YANG model in draft-ietf-detnet-yang [5] describes the parameters that are used by the DetNet nodes to set up the configuration for DetNet. As the 5GS realizes the forwarding sub-layer, it is the forwarding sub-layer configuration that needs to be considered in the YANG model. In addition, the YANG configuration can provide the Traffic Profile that includes the traffic requirements and the traffic specification that could be used by the 5GS system. 
The DetNet YANG model contains the following parameters in the traffic requirements which can be mapped to 3GPP parameters. 
· Max-latency, which relates to the required delay in the 5GS. 
· Min-bandwidth, which relates to the guaranteed bitrate that is needed for the flow (GFBR).
· Max-loss, which relates to the PER that is being proposed to be added as a new parameter in the release 18 in the 5TRS_URLLC study that can be provided to the 5GS.
The DetNet YANG model also contains other parameters which do not easily map to 3GPP parameters: max-latency-variation, max-consecutive-loss-tolerance, max-misordering. There is no straightforward 3GPP mapping for these parameters as their definition differs from the current 3GPP parameters. Hence it is proposed not to standardize any mapping for these parameters in the current release.
The traffic specification includes the following parameters that can be mapped.
· Interval: this corresponds to the periodicity in the 3GPP system
· max-pkts-per-interval, max-payload-size: can be used to determine the maximum burst size; together with the interval parameter, the required bandwidth can be calculated, which corresponds to the MFBR. 
The traffic specification can also contain min-pkts-per-interval, min-payload-size, which do not map to any 3GPP parameters hence these are not proposed to be supported in the standardized mapping. 
The TSCTSF can use the Interval to generate the periodicity value in the TSCAI. 
Regarding the traffic requirements, it must be noted that the current DetNet YANG model includes only the end to end traffic requirements (e.g., in terms of maximal latency), and not the per node requirements that need to be realized by a given node. Even though it is the per node requirements that matter for the configuration of a given node, that information is currently not included in the IETF model as of today. 
Based on the current IETF YANG model as currently defined, two main options can be used by the 5GS acting as a DetNet node. 
· The TSCTSF derives the per node traffic requirements from the end to end traffic requirements using a pre-configured mapping in the TSCTSF, based on the knowledge of the given deployment. E.g., take a given fraction of the end to end requirements and/or subtract a constant that corresponds to the rest of the network. 
· Extend the IETF YANG model with additional parameters that apply to the 5GS system on a per node basis. The YANG modelling language allows for extensibility. That can be achieved by a 3GPP defined YANG model that imports the IETF defined DetNet YANG model and adds the needed per node parameters. In that way, the model used by 5GS remains compatible with IETF DetNet, but allows for the DetNet controller to provide the traffic requirements on a per node basis when the DetNet controller is prepared for this and when it is aware that the DetNet node is a 5GS. (That knowledge can be available based on the exposure solution in Key Issue #1.) 
Identification of the PDU Sessions
The TSCTSF receives the DetNet YANG forwarding configuration, which refers to the incoming and outgoing interfaces. These are based on the interface identification that is provided in the reporting from the 5GS to the DetNet controller as part of Key Issue #1 solution. The interface is identified by its name, which is derived from the if-Index, which in turn is based on the port number that is set by the UPF. The TSCTSF stores the mapping between the port number (if-Index and the corresponding interface name) and the PDU Session, hence the PDU Session can be identified. The incoming and outgoing interfaces also identify whether the flow is uplink or downlink, hence flow direction is known, and also whether it is a UE to UE flow. 
The TSCTSF may also perform a verification whether the 3GPP system routes the given flow as defined in the DetNet forwarding sub-layer. Note that it is out of scope of the current study to update the 3GPP system’s routing based on the DetNet configuration, but it can be possible to verify in the TSCTSF whether the incoming and outgoing interfaces in the DetNet configuration correspond to a valid routing in the 3GPP system. As an example, the TSCTSF may verify whether the destination IP address in a downlink flow towards a given interface corresponding to a PDU Session is the same IP address that is assigned for the same PDU Session. As another example, the TSCTSF may be configured with the knowledge whether or not UE to UE routing is enabled or not. The TSCTSF may also verify other parameters of the configuration,and reject a request if the configuration is outside of the supported range, based on TSCTSF configuration. As a result of this optional verification, the TSCTSF may decide to accept or reject a given DetNet configuration. 
In the case of a UE to UE flow, if the system allows for such traffic, the TSCTSF generates separate requests towards the PCF for the uplink and the downlink legs of the flow. 
3GPP configuration for DetNet
The PCF receives the relevant DetNet parameters from the TSCTSF as well as the identification of the flow as determined by the DetNet configuration, which is mapped to the flow description that is sent to the PCF. The stage 3 definition of the flow description is extended according to the needs of DetNet, also including the DSCP value and optionally IPv6 flow label and IPsec SPI. The PCF determines the 3GPP parameters based on the DetNet parameters. The PCF may also consider the DSCP value in the flow description. The PCF may establish new QoS flows or modify existing QoS flows as needed. 
Other considerations
The solution does not require an NEF between the DetNet controller and the TSCTSF, since the DetNet controller is assumed to be trusted by the operator and can influence the QoS of the traffic flows. A NEF anyway cannot intercept the messages carried over Netconf or Restconf, which may be encrypted using TLS. 
[bookmark: _Toc23402392][bookmark: _Toc23402422][bookmark: _Toc96953229][bookmark: _Toc96953302][bookmark: _Toc97294704]6.X.3	Procedures
The figure illustrates the procedure for the mapping of the DetNet configuration.




1. The DetNet controller provides YANG configuration to the TSCTSF. The TSCTSF uses the identity of the incoming and outgoing interfaces to determine the affected PDU Session and whether the flow is uplink or downlink. (For this, the information collected in the solution to Key Issue #1 is used.) The TSCTSF also determines if the flow is UE to UE in which case two PDU Sessions will be affected and can also verify whether the specified routing is applicable. The TSCTSF maps the configuration as described above and calculates the delay and PER requirements and the TSC Assistance Container. 
2. The TSCTSF provides the mapped parameters and the flow description to the PCF. 
3. The PCF determines, based on the parameters received from the TSCTSF, whether the existing QoS flows need to be modified or a new QoS flow needs to be created. Additionally, the TSC Assistance Container is provided to the SMF. 
4. The PCF responds to the TSCTSF, which includes information about the success of the configuration. 
5. The TSCTSF provides a response to the CPF regarding the result of the configuration setup. Optionally, it can be possible to provide 3GPP specific status codes to provide additional information if the requested configuration could not be set up. 

[bookmark: _Toc23402393][bookmark: _Toc23402423][bookmark: _Toc96953230][bookmark: _Toc96953303][bookmark: _Toc97294705]6.X.4	Impacts on existing entities and interfaces
TSCTSF: Mapping of DetNet parameters and providing information to the DetNet controller whether the configuration is applicable. 
PCF: Stage 3 definition of flow description parameter is extended. 


***** END NEW SOLUTION ******

Appendix
The following is an exemplary realization of an extended DetNet YANG model that adds parameters for 5GS node delay and loss requirements. This is provided merely for information purposes as an example, the actual model can be defined during stage 3 work. 
<CODE BEGINS> file "3GPP-detnet@2022-05-01.yang"
module 3GPP-detnet {
 yang-version 1.1;
 namespace "urn:3GPP:params:xml:ns:yang:3GPP-detnet";
 prefix 3GPP-dnet;

 
 import ietf-detnet {
   prefix dnet;
   reference
	 "draft-ietf-detnet-yang-16";
 }

 organization
   "3GPP SA2";

 contact   
	"Editor:   György Miklós
			   <mailto:gyorgy.miklos@ericsson.com>";
	
 description
   "This YANG module extends the ietf-detnet YANG modul
    with additional parameters that can be used for interworking
	with 3GPP 5G system. ";

 revision 2022-05-01 {
   description
	 "Initial revision";
   reference
	 "3GPP TR 23.700-46";
 }
 
 container 5GS-node-requirements {
	description
		 "This defines requirements that the 5GS needs to satisfy.";
	   reference
		 "3GPP TS 23.501";
	leaf forwarding-sub-layer {		
         type dnet:forwarding-sub-layer-ref;					
         description
           "Reference to the forwarding sub-layer that 
		   the requirement applies to.";
    }
	leaf 5GS-node-max-latency {
	 type uint32;
	 units "nanoseconds";
	 description
	   "This is the maximum latency from 5GS node ingress to
		5GS node egress(es) for a single packet of the DetNet flow.
		MaxLatency is specified as an integer number of
		nanoseconds. Any value above the MAX 4,294,967,295
		is displayed as MAX";
	 reference
	   "3GPP TS 23.501";
	}           
   leaf 5GS-node-max-loss {
	 type uint32;
	 description
	   "This defines the maximum Packet Loss Ratio (PLR)
		parameter for the DetNet service between the 5GS node ingress and
		5GS node egress(es).";
	 reference
	   "3GPP TS 23.501";
	}
 }
}
<CODE ENDS>
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