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1 Introduction

RAN3#92 meeting agreed to use NG1 between NR and NextGen Core. The NG1 interface shall support control plane and user plane separation. The CP is NG1-C and UP is NG1-U. This contribution discussed NG1-U protocol design.

2 Discussion
NG1-U shall fulfil the functions i.e. traffic buffer/routing function for IP and non-IP session, traffic control/ classification based on Qos and mobility support. GTP-U is used over S1-U in LTE. The following drawbacks were observed for existing GTP-U tunnel usage in LTE: 
1) A lot of signaling on establish, maintain, delete tunnel
2) The node needs to store the states of many tunnels.
3) The overhead of IP packets caused by tunnel
4) Access dependency between 3GPP and Non-3GPP 

Therefore, SA2 is discussing the opportunities that may lead to removal/simplification/reduction of use of tunnels. SA2 discussed the UP protocol models by considering whether there is tunnel, level of tunneling and SDN based approach. The following four UP protocol models were captured in SA2 TR23.799 [1]. 

· Per QoS class tunnel protocol 

In this option 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. This option is similar to how it works for EPC where each QoS class (bearer) can have separate outer IP headers and separate encapsulation (GTP-U) headers. 

· Per PDU session tunnel protocol  

In this option there is one tunnel per PDU Session between a pair of NFs e.g. between a RAN node and a UP function in the CN and between two UP functions in the CN. All QoS classes of a session share the same outer IP header, but the encapsulation header may carry QoS markings. 
· Per Node-level tunnel

In this option there is a common tunnel for all traffic between each pair of NFs e.g. between a RAN node and a UP function in the CN or between two UP functions in the CN. 

A scenario where this solution may apply is when “a fixed wireless terminal” connects to the network, e.g., a IoT UE, or a CPE UE providing fixed-network comparable bandwidth as the access service for the “last one mile”.   Such fixed wireless terminals need almost no movement or may also not be allowed (e.g., per-subscription) to move.
· UP protocol model – SDN-Based Approach 
In this option there is no outer IP header or encapsulation header between each pair of NFs e.g. between a RAN node and a UP function in the CN or between two UP functions in the CN. Instead it is assumes that routers and/or switches on the path between the endpoints (e.g. RAN and CN UP function) are configured with forwarding/routing rules that ensures that the packet is carried to the correct destination. SDN-like technology is used to control the UP forwarding path.
The first three options are based on tunnel concept. For SDN approach, a few concerns were raised e.g. scalability, IP space overlapping, whether non-IP data can be supported. If tunnel protocol is used on top of SDN based routing, then SDN don’t needs to manage so many routes in backhaul. Non IP data can also be supported. Therefore, it is assumed that even in an SDN approach there may be some tunnelling protocol to be used.
Observation 1: Tunnel Protocol is beneficial over NG1-U.
The following aspects need to be considered in order to analyse different alternatives:
· Mobility support

· NG1 signalling efficiency

· PDU type support
Table 1: Overview of NG1-U protocol models
	
	Mobility support
	NG1 signalling efficiency
	PDU type support

	Per QoS class tunnel protocol
	Support
Common signalling including tunnelling info per QoS class 
	Maximum (Among the four solutions) signaling on establish, maintain, delete tunnel;
Store states of more tunnels information.
	Different PDU types (IP, Ethernet, non-IP) supported.

	Per PDU session tunnel protocol
	Support

Common signaling for all QoS classes in mobility
	Less signalling and state management compared with per Qos class 
	Different PDU types (IP, Ethernet, non-IP) supported.

	Per Node-level tunnel
	The typical scenario is fixed wireless terminal. How to support mobility between gNBs is not clear.
	Don’t need UE specific signalling to setup/maintain/delete tunnel.
	It is not clear if Ethernet and non-IP PDU types can be supported and how the PDU Session can be identified in that case.

	SDN-Based Approach
	Need to update the intermediate switches/routers at UE mobility.
	Signalling between SDN controllers (maybe in 5G CN CP function) and the routers/switches to configure/update the forwarding table of the switches in the path between gNB and the 5G UP-Function. 
	It is not clear if Ethernet and non-IP PDU types can be supported and how the PDU Session can be identified in that case


Per PDU session tunnel protocol solution can support mobility, different PDU type and needs less signaling compare with per Qos class tunnel solution. 

Observation 2: Per PDU session tunnel protocol over NG1-U is needed to support mobility and different PDU type.
With the above considerations, the protocol stack for NG1-U is shown in Figure 1 below. This can be a starting point for further discussions.
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Figure 1: NG1-U protocol structure
3 Conclusion

This contribution gave the initial consideration on the NG1-U aspects. Based on the discussion, it is proposed to capture the TP below into the TR as a starting point.
6.3.1.x NG1-U apects
The protocol stack for NG1-U is shown in Figure 6.3.1.X-1. 
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Figure 6.3.1.x-1: NG1-U protocol structure

Note: The tunnel protocol is FFS.
On the level of tunnel granularity, the tunnel could be per Qos class and PDU session, per PDU session or per gNB as descript in TR23.799[6].
The following aspects need to be considered in order to analyse different alternatives:

· Mobility support

· NG1 signalling efficiency

· PDU type support

Table 6.3.1.x-1: Overview of NG1-U protocol models

	
	Mobility support
	NG1 signalling efficiency
	PDU type support

	Per QoS class tunnel protocol
	Support

Common signalling including tunnelling info per QoS class 
	Maximum (Among the four solutions) signaling on establish, maintain, delete tunnel;

Store states of more tunnels information.
	Different PDU types (IP, Ethernet, non-IP) supported.

	Per PDU session tunnel protocol
	Support

Common signaling for all QoS classes in mobility
	Less signalling and state management compared with per Qos class 
	Different PDU types (IP, Ethernet, non-IP) supported

	Per Node-level tunnel
	The typical scenario is fixed wireless terminal. How to support mobility between gNBs is not clear.
	Don’t need UE specific signalling to setup/maintain/delete tunnel.
	It is not clear if Ethernet and non-IP PDU types can be supported and how the PDU Session can be identified in that case

	SDN-Based Approach
	Need to update the intermediate switches/routers at UE mobility.
	Signalling between SDN controllers (maybe in 5G CN CP function) and the routers/switches to configure/update the forwarding table of the switches in the path between gNB and the 5G UP-Function. 
	It is not clear if Ethernet and non-IP PDU types can be supported and how the PDU Session can be identified in that case


Per PDU session tunnel protocol solution can support mobility, different PDU type and needs less signaling compare with per Qos class tunnel solution. 
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