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1   Introduction
In SA2, the NG-U protocol model assumes that each user PDU is encapsulated in a tunnel packet with an outer transport layer header and an encapsulation header, as shown in the following figure:
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In general, the encapsulation header includes information that cannot be inferred from the transport layer headers. NG-U  marking for QoS may be carried in encapsulation header without any changes to the user PDU header. Packet filters are not used for binding of user PDU flows onto radio bearers in RAN.

In TR 38.801 the following agreements on the NG-U interface have been made
NG User Plane

The NG user plane (NG-U) interface is defined between the gNB/eLTE eNB and the UPGW. The NG-U interface provides non guaranteed delivery of user plane PDUs between the gNB/eLTE eNB and the UPGW.

The NG-U interface shall at least support per PDU Session tunneling.

NOTE 1: Support of other type tunneling e.g. per node tunneling is FFS.

This document attempts to expand upon these agreements possible, as well as capture the agreements made in SA2 in the TR.  
2   Features Supported by Candidate NG-U Protocols
In this section we provide a list of features that are supported by at least one of the current contending protocols for the NG-U.  . These features are an extended version of those proposed in [1].  For clarity these features are summarized in Table 1.
Table 1 Features Supported by Candidate NG-U Protocols
	Feature
	Purpose
	Example fields to support

	Multiplexing Control Plane and User Plane traffic
	Different types of messages can be differentiated over NG-U. 
	Message type, TCP/UDP Port number

	Length
	If the underlying TNL does not provide a length functionality then the NG-U must provide it.  
	Length

	Dynamic UE protocol
	Indicate what protocol the User PDU is on a per PDU basis
	Ethertype, IP "Next Protocol"

	Multiplexing traffic to different UEs
	Ability to distinguish between sessions associated with different UEs.  
	TEID, TCP/UDP Port number

	In order delivery over NG-U
	Ability to distinguish PDU order over the NG-U interface
	Sequence number

	Error detection
	Ability to detect hardware or transmission bit errors.
	Checksum



	QoS transport marking
	The TNL is able to provide priority based QoS when possible.
	DSCP in outer IP 

	Session QoS marking
	Dynamic indication of user PDU QoS treatment requirements.  
	 DSCP in inner IP

	Multiplexing  session traffic to the same UE
	Ability to distinguish between sessions associated with the same UE.  
	TEID, TCP/UDP Port number

	In-band control plane messaging
	Allow control plane signals such as echo, echo request and End marker to be carried in-band with user data
	Message type

	Encapsulate standard and non-standard Protocols
	Support traffic which belongs to an protocol unknown to the intermediary devices.  
	Transport of non-IP MTC traffic


3   Required Features for NG-U on DL
In this section we examine which of the considered features are needed for the NG-U interface. We provide our position on the different features in Table 2.
Table 2 Required Features NG-U

	Feature
	Discussion
	Required

	Multiplexing Control and Data
	Control plane traffic is carried on an interface (NG-C) that is distinct from the user plane traffic (NG-U).
	No

	Length
	The TNL layer 2 provides a length field. 
	No

	Dynamic UE protocol
	The RAN does not need to know the user PDU protocol.
	No

	Multiplexing traffic to different UEs
	This may be required to determine the appropriate DRB
	Yes, for per-node tunnelling;
No, for per-session tunnelling

	In order delivery over NG-U
	Re-ordering of received PDUs is not required over S1-U and should not be required over NG-U .
	No

	Error detection
	The likelihood of undetected errors at or below the TNL is very small, the benefits of early detection are minimal over UP. 
	No

	QoS transport marking
	The TNL is not expected to read the NG-U header thus this must be a TNL parameter
	No

	Session QoS marking
	Currently mandated by SA2
	Yes

	Multiplexing session traffic to the same UE
	This may be required to determine the appropriate DRB
	FFS

	In-band control plane messaging
	Continuity checks (e.g. echo) can be provided by other layers
	No

	Encapsulate standard and non-standard Protocols
	Non-IP traffic is expected to include application traffic using proprietary protocols
	Yes

	Usable on Xn interface
	This discussion should be delayed until further requirements of Xn interface are known. 
	FFS


4   Comparison of Considered Protocols

So far three different protocols have been proposed as candidates for NG-U: GRE, GTP-U and PoE[2].  In Table 3 Comparison below we compare these three considered protocols over the features consider needed.  Note that in this table we consider the current protocols and not any extensions which may be applied in the future.
Table 3 Comparison of Considered Protocols
	Feature
	GTP-U
	GRE
	PoE

	Multiplexing traffic to different UEs
	Yes
	Yes
	Yes

	Session QoS marking
	No
	No
	Yes

	Multiplexing session traffic to the same UE
	No
	No
	Yes

	Encapsulate standard and non-standard Protocols
	Yes
	Yes

	Yes

	Usable on Xn interface
	Yes
	No
	Yes

	Reasonable Overhead
	20 Bytes
	4-16 Bytes
	4-X Bytes

	Extensible for Service Function Chains (SFC)
	No
	No
	Yes

	Usable with NAT
	No
	Yes
	Yes

	Usable with SDN
	Outer IP only
	Outer IP only
	Yes


There are several observations that can be drawn from this table.  The first is that there is no legacy protocol which provides all the required features.  Thus in all cases stage 3 work is required to update these designs. 
Observation: There is no legacy protocol which provides al the required features without modification.

5   Conclusions
Considering the above discussion we propose the following agreement.

The RAN supports the following functions when receiving a NG-U PDU:

· Multiplex the traffic of different PDU sessions over a single TNL interface

· Usage of outer TNL header (i.e. IP address) or inner PDU header is FFS

· Indicate the QoS requirements on a per PDU basis

· Transport of IP and non-IP PDUs over the TNL.

The RAN supports the following functions when sending a NG-U PDU:

· Generate an encapsulation header as specified by NG-C

· Transmit the encapsulated over the TNL as indicated by the NG-C

It is difficult to progress further than these above agreements without further progress on QoS in SA2, or Xn.  We therefore propose that we capture the different protocol designs and proceed with final selection during the work item phase.  

These conclusions can be captured in the TR.  Additional descriptive text is also provided for context.
6   Text Proposal

----------------------------------------------Start of Changes----------------------------------------------
6.3.2.7
NG User Plane
The NG user plane (NG-U) interface is defined between the gNB/eLTE eNB and the UPGW. The NG-U interface provides non guaranteed delivery of user plane PDUs between the gNB/eLTE eNB and the UPGW.

The NG-U interface shall at least support per PDU Session tunneling.

NOTE 1:
Support of other type tunneling e.g. per node tunneling is FFS

The RAN supports the following functions when receiving a NG-U PDU:

· Multiplex the traffic of different PDU sessions over a single TNL interface

· Usage of outer TNL header (i.e. IP address) or inner PDU header is FFS

· Indicate the QoS requirements on a per PDU basis

· Transport of IP and non-IP PDUs over the TNL.

The RAN supports the following functions when sending a NG-U PDU:

· Generate an encapsulation header as specified by NG-C signaling
· Transmit the encapsulated PDU over the TNL as indicated by the NG-C signaling
6.3.2.7.1 High Level NG-U Description
The NG-U consists to three components, the outer TNL, an encapsulation header and the user data.  
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Figure 6.6.2.7.1-1: High Level NG-U Description
On the UL the RAN node encapsulates the users PDU with an encapsulation header, and transmits this to the CN via the TNL. The parameters of the transport layer header and encapsulation header are configured via NG-C signalling, and depend upon the session that the user data belongs to. 
On the DL the RAN node extracts one or more identifiers from the NG-U encapsulation header.  These identifiers may represent fields such as QoS, Service, or device identifiers.  They are matched against fields supplied by control signalling over NG-C.  Successful matching results in the User data being transmitted along a particular radio bearer.  

The interpretation and format of the encapsulation header will be based upon a protocol described in Annex B. Final selection of protocol can be performed during the WI phase.  
----------------------------------------------End of Changes----------------------------------------------
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