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1   Introduction
NG1 interface was agreed to be used between NR gNB /evolved eNB and NG-Core. This paper provides the design of NG1protocol stacks over NG1 interface.
2   Discussion
2.1   NG1 Control Plane

The NG1 Control Plane interface (NG1-C) is defined between the NR gNB /evolved eNB and NG-Core entity. The NG1-C interface should include application layer protocol and transport network layer protocol. Regarding transport layer protocol, there were several protocol options for S1-CP transport layer during the standardization of E-UTRAN, such as TCP, UDP and SCTP. Before that, RAN3 had studied the 3 transport protocols for Iub signalling bearers of UTRAN, see e.g. [1]. It is concluded that SCTP is a better alternative in term of reliability, performance and other aspects, which are list below. 
· Reliability
· UDP is a transport layer protocol that provides unreliable transport due to its connectionless state. Comparably, TCP and SCTP are both connection-oriented transport protocols. TCP provides octet-level reliable transport, while SCTP can provide message-level reliable transport, which is more suitable for transmitting signalling messages. 
· Availability 
· Only SCTP is multi-homing, which is one SCTP endpoint can support multiple IP addresses, by which a greater survivability is provided in case of network failures.

· Performance 
· TCP and SCTP can maintain congestion control over the entire connection, while UDP cannot. Furthermore, SCTP features multi-streaming, which enable map signalling bearers onto different streams. On the contrary, regarding TCP, multiple transactions can be multiplexed in one TCP connection, and the packet loss of one transaction can interfere with others within the same connection.
· Etc.
Based on the discussion above, when considering NG1-C, SCTP on top of IP can be used as showed in Figure 1. That is, the transport IP layer is used to deliver the signalling PDUs as a point-to-point transmission, while the SCTP layer provides the guaranteed delivery of application layer messages.

[image: image1.emf] 

SCTP  

IP  

Data link layer  

NG 1 - AP  

Physical   layer  


Figure 1: NG1 Interface Control Plane

Proposal 1: The transport network layer of NG1-C is based on SCTP on top of IP.

2.2   NG1 User Plane

NG1-U is used to transmit user data between the NR gNB /evolved eNB and NG-Core entity. There were 3 categories of S1/X2 UP tunnelling protocols raised during the standardization of E-UTRAN, i.e. 3GPP tunnelling protocol, 3GPP frame protocol with UDP/IP tunnelling, and also IETF tunnelling protocol, e.g. Generic Routing Encapsulation(GRE). They were evaluated in term of transport overhead and the impact of head compression, and the results showed that there were not big performance differences among them [2]. However, 3GPP frame protocol and GRE both need enhancement or 3GPP specific modification to identify EPS bearers and satisfy the requirements of S1-UP functions. Therefore, GTP-U was selected as S1/X2-UP tunnel protocol.
However, when studying NG1-UP transport protocol, the requirements for NR/NG Core functions need to be considered. For example, NG1-U needs to satisfy the following requirements:
· Transport different types of PDUs, e.g. IPv4, IPv6, Ethernet and “non-IP” PDUs

· Support data transmission when network slicing is introduced

· Support new NR/NG Core QoS model

· Minimise the overheads when considering tunnelling or routing without tunnels
· Etc. 

Currently, several key issues are under discussion in SA2 without clear conclusion, including support of network slicing, QoS framework, mobility management framework, session management, and etc. In [3], 4 UP protocol models are under discussion. 

Per QoS class tunnel protocol
There is one tunnel per QoS class and PDU Session between a pair of NFs, e.g. between a RAN node and a UP function in the CN or between two UP functions in the CN, and each QoS class can have separate outer IP headers and separate encapsulation headers. 
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Figure 2: Per QoS class tunnel protocol[3]
Per PDU session tunnel protocol 
There is one tunnel per PDU Session between a pair of NFs. All QoS classes of a session share the same outer IP header. But the encapsulation header may carry QoS markings.
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Figure 3: Per PDU session tunnel protocol[3]
Per Node-level tunnel
There is a common tunnel for all traffic between a pair of NFs. There’s no identification of the PDU Session within the outer IP header or the encapsulation header. Instead, the endpoint needs to identify the session using the information in UP PDU, e.g. UE IP address in case of IP packets, which requires that the UE IP addresses are unique. 
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Figure 4: One tunnel per destination[3]
SDN-based approach
There is no outer IP header or encapsulation header between a pair of NFs. SDN-like technology is used to control the UP forwarding path. The routers and/or switches on the path are configured with forwarding/routing rules which are based on the UE IP address in case of IP packets.
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Figure 5:
No tunnel[3]
Therefore, RAN3 needs to wait for progress of SA2, and it makes sense to have further discussion on which protocol is used for NG1-U transport layer.

Proposal 2: Whether NG1-U is GTP based or not should be FFS.
3   Conclusion
Proposal 1: RAN3 should study if NG1-C should be SCTP based.
Proposal 2: Whether NG1-U is GTP based or not should be FFS.
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Annex:

Text Proposal

We propose to add the following text to Section 6.3.1 in TR 38.801 V0.2.0.

----------------------------------------------  Start of text proposal -----------------------------------------------------------------------

6.3.1.x1 NG1 Control Plane
The NG1 control plane interface (NG1-C) is defined between the NR gNB/evolved eNB and NG-Core entity. The control plane protocol stack of the NG1 interface is shown on Figure 6.3.1.x-1. The transport network layer is built on IP transport. For the reliable transport of signalling messages, SCTP is added on top of IP. The application layer signalling protocol is referred to as NG1-AP (NG1 Application Protocol).
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Figure 6.3.1.x1-1: NG1 Interface Control Plane

The SCTP layer provides the guaranteed delivery of application layer messages.

In the transport IP layer point-to-point transmission is used to deliver the signalling PDUs.

6.3.1.x2 NG1 User plane

The NG1 user plane interface (NG1-U) is defined between the NR gNB/evolved eNB and NG-Core entity. The NG1-U interface provides non guaranteed delivery of user plane PDUs between the NR gNB/evolved eNB and NG-Core entity.
 Regarding the user plane protocol stack on the NG1 interface, whether NG1-U is GTP based or not should be FFS. 

---------------------------------------------- End of text proposal -----------------------------------------------------------------------
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