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Abstract
This contribution is initial draft of the technical report on WLAN interworking to 3GPP 5G network. It describes the interworking reference model and interworking types supported by 3GPP 5G network and WLAN, and defines the necessary functionalities and specific procedures that enable WLAN access networks to interwork with 3GPP 5G network. This technical report on interworking between 3GPP 5G network and WLAN will provide a reference and guideline for stakeholders with interest in standardization and system development. 


















1. Definition, acronyms and abbreviations

1.1  Definitions

ANC 	Access network control function of WLAN access network, which refers to WLAN reference model

NWu   	Reference point between the UE and N3IWF for establishing secure tunnel(s) between the UE and N3IWF so that control-plane and user-plane exchanged between the UE and the 5G Core Network is transferred securely over untrusted non-3GPP access, which refers to 3GPP TS 23.502. This is in the domain of WLAN access network.
[bookmark: _GoBack]
STA             WLAN STA consists of TEC (terminal control) and TEI (terminal data path interface), which refers to WLAN reference model

N1	        Reference point between the UE and the AMF in 5G core network

N2                Reference point between the (R)AN and the AMF in 5G core network

N3                Reference point between the (R)AN and the UPF in 5G core network

N4                Reference point between the AMF and the UPF in 5G core network

N7                Reference point between the SMF and the PCF in 5G core network

N11              Reference point between the AMF and the SMF in 5G core network

N15              Reference point between the PCF and the AMF in the case of non-roaming scenario, PCF in the visited network and AMF in the case of roaming scenario.in 5G core network

Y1 	Reference point between STA and the untrusted non-3GPP access network (e.g. WLAN). This depends on the non-3GPP access technology. This is in the domain of WLAN access network.

Y2 	Reference point between the untrusted non-3GPP access network (e.g. WLAN) and the N3IWF for the transport of NWu traffic which refers 3GPP TS 23.502. This is in the domain of WLAN access network.

Y3 	Reference point between STA and untrusted non-3GPP access network (e.g. WLAN) for 5G network signalling which refers 3GPP TS 23.502. This is in the domain of WLAN access network.




1.2  Acronyms and abbreviations

ANC 	Access Network Control 

AMF 	Access and Mobility Management Function 

ATSSS         Access Traffic Steering Switching and Splitting

EDCA         	Enhanced Distributed Channel Access

GRE            	Generic Routing Encapsulation 

NAS            	Non Access Stratum

N3IWF        Non-3GPP Inter Working Function

PCF           	Policy Control Function

QoS             	Quality of Service

SMF            	Session Management Function

STA             	Station
 
TEC	Terminal Control 

TEI              Terminal Interface

UE 	        User Equipment

UPF 	        User Plane Function
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2. Introduction

This chapter introduces basic objectives and scope of the technical report on WLAN interworking to 3GPP 5G core network. WLAN interworking types may have tightly coupled or loosely coupled, and functional reference model to interwork with 3GPP 5G network are described in chapter 3. And the interworking function and specific procedures regarding registration and signalling of 5G core network are described in chapter 4. Through technical study, required functional entities and related message protocols in WLAN are defined and technical recommendations are commented in chapter 5. And finally conclusions are summarized in chapter 6. 

1.1  Objectives

This technical report on interworking between 3GPP 5G network and WLAN will provide a reference and guideline for stakeholders with interest in standardization and system development.

1.2  Scope 

This report covers an interworking reference model, necessary functionalities and specific procedures that allow WLAN access network to interwork with 3GPP 5G network. We consider two types of interworking reference model, which are tightly coupled and loosely coupled type. 

The interworking reference model consists of UE, 3GPP and WLAN access network, 3GPP 5G core network and sever. UE have functions of 3GPP access and WLAN station, which consists of TEC and TEI.
And WLAN access network may have ANC and WLAN access data path according to WLAN network reference model IEEE 802.ICF/D3.1

N1 signalling, NWu and Y2 interfaces are defined in 3GPP specification, but functionalities and procedures are not defined in WLAN entities to allow for interworking with 3GPP 5G network. This interfaces have to be implemented in STA and WLAN access network according to 3GPP specification. Also some management or modifications on TEC of STA and ANC of WLAN access network will be needed. MAC function or interface for 5G core network will be analysed for ATSSS and QoS management. 


[image: ]


Figure 1 Overview of WLAN interworking with 3GPP core network


3. WLAN interworking reference model

3.1 WLAN interworking types

The interworking reference model consists of UE, 3GPP and WLAN access network, 3GPP 5G core network and sever). At first, tightly coupled interworking model is shown as figure 2. It has combined functional entities in UE and access network at the same location, and only 3GPP core network is connected with the defined interfaces N1, NWu and Y2. Secondly, loosely coupled interworking model is shown as figure 3. It has separate functional entity in access network at the different location. 3GPP core network is connected to WLAN access network with the defined interfaces N1, NWu and Y2. 

N1 signalling and NWu interfaces are defined in 3GPP specification, but functionalities and procedures are not defined in WLAN entities to allow for interworking with 3GPP 5G network. N1 is signalling procedures between STA of UE and AMF of 3GPP core network to support Authentication and Mobility Function (AMF) for WLAN access network.  NWu is signalling procedures between STA of UE and UPF of 3GPP core network to support secured IP tunnelling for WLAN access network. Y2 interface is wireline communication protocol between WLAN access network and N3IWF of 3GPP core network for transport of traffic data and control data.  

This report will describe N1, NWu and Y2 interface and new functional entities, which are TEC in a station and ANC in WLAN access network. The communication and signalling procedures will be described for the functional entities of a station, WLAN access network, 3GPP 5G access network and 3GPP 5G core network. 
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Figure 2 Tightly coupled interworking reference model between 5G core network and WLAN
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Figure 3 Loosely coupled interworking reference model between 5G core network and WLAN


3.2  WLAN interworking functional model

WLAN interworking function model consists of UE, WLAN access network and 5G core network as shown in Figure 4. TEI of UE provides wireless data path between STA and WLAN access network by using Y1 interface. And TEC of UE provides wireless networking and signalling among STA, WLAN access network and 3GPP core network by using Y3 interface and N1 signalling. 

WLAN access data path of WLAN access network provides data exchange between between WLAN access network and 3GPP core network by using Y2 interface. And ANC of WLAN access network provides communication protocol between WLAN access network and 3GPP core network by using NWu interface.

These red coloured Y1, Y2, Y3 and NWu interfaces are in the domain of WLAN and may be provided in STA and WLAN access network.  The other reference interfaces are referred to 3GPP core network. 
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Figure 4 WLAN interworking reference model with 5G core network





4. Interworking function and procedures

The radio channel access and communication procedures have to be specified to provide WLAN interworking with 5G core network. Even though there are tightly coupled or loosely coupled interworking types, the common procedures can be applied for them. 
 
Radio channel sharing method is described in section 4.1. And initial registration and authentication procedures between STA of UE and AMF of 5G core network are described in section 4.2, IP secure transport and data exchange between STA of UE and UPF of 5G core network are described as an example in section 4.3. 

ATSSS function and QoS management on WLAN will be expected to have some interface or modification on MAC layer of STA and wireless access network. These functions will be described in section 4.4 and 4.5.


4.1 Radio channel sharing method

TEI of STA monitors the usage of WLAN access network if the radio channel is busy or idle. If the radio channel is idle, UE tries to send control or traffic data.

4.2 Registration and authentication and its message procedures 

STA shall initially support registration and authentication to be connected between UE and N3IWF. NWu for registration and authorization involves IP protocol, IKEv2 and EAP-5G protocol. And N1 signalling is needed to exchange NAS signal. 

4.2.1 Registration and authentication function 

TEC of UE and ANC of WLAN access network shall have specific functional requirements to interwork with 3GPP 5G core network 

· IP communication protocol
· IKEv2 authorization protocol
· EAP-5G protocol
· NAS signalling

[image: ]
Figure 5 Control Plane between UE and N3IWF (3GPP TS 23.501)


4.2.2 Message procedures

· Y2 interface 

Y2 interface is PHY/MAC communication protocol between ANC of WLAN access network and N3IWF of 3GPP 5G core network. Y2 follows IEEE 802.3 standard. Ethernet RJ45 connector and CSMA/CD protocol following IEEE 802.3 standard is commonly applied. 


[image: ]

Figure 6 Y2 interface

· NWu interface  

NWu interface is IP based communication protocol between SC of WLAN access network and N3IWF of 3GPP 5G core network to establish secured data channel.  IKEv2 authorization protocol and EAP-5G protocol is applied


[image: ]

Figure 7 NWu interface



· N1 interface  

N1 interface is secured IP communication protocol between UE of WLAN access network and AMF of 3GPP 5G core network to provide NAS signalling  



[image: ]

Figure 8 N1 interface


4.3  IP Tunnelling function and its message procedures

STA shall initially support secured IP transport between UE and UPF, and traffic data is exchanged over the established IP channel. 

4.3.1 IP Tunnelling Function

SC of UE and ANC of WLAN access network shall have specific functional requirements to interwork with 3GPP 5G core network. 

· IP communication protocol
· IPsec communication protocol
· GRE communication protocol


[image: ]

Figure 9 Data Plane between UE and N3IWF (3GPP TS 23.501)

4.3.2 Message procedures
 
(To be described)


4.4  ATSSS function and its message procedures

Traffic data shall be transmitted over WLAN access channel and/or 3GPP access channel by using ATSSS function. 

· 3GPP supports ATSSS between 3GPP and non-3GPP access networks
· ATSSS can enable traffic selection, switching and splitting between 5G and WLAN

[image: ]

Figure 10 ATSSS between UE and UPF (3GPP TS 23.501)

(To be described)


4.5  QoS function and its message procedures

WLAN has EDCA to assign QoS values in WLAN MAC layer and network slicing shall provide QoS management in 3GPP core network domain. To provide adaptive QoS management in terms of data rate, message latency. It shall provide QoS mapping between MAC layer and Network slicing in 5G core network. 

								
(To be described)


5. Gap analysis and Recommendations

(To be described)



6. Conclusions

(To be described)
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