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1 Introduction

In RAN3 NR Adhoc meeting, RAN3 decided to specify a new container which includes Radio Network Layer user plane information elements over NG-U and Xn. This contribution proposes PDU Session User Plane protocol, which is used to convey the information related to QoS flows of a PDU session for each transferred user data packet.
2 Discussion 
According to the QoS framework in TS 23.501 [1], the information related to the QoS flow shall be included to be sent over the NG-U (N3) interface. The NG-U interface shall convey the QoS Flow Indicator (QFI) and the Reflective QoS Indicator (RQI).
In Section 5.7.1.1 QoS Flow,

“The QFI is carried in an encapsulation header on N3 (and N9) i.e. without any changes to the e2e packet header.”
In Section 5.7.1.6 DL traffic
“-
UPF transmits the PDUs of the PDU session in a single tunnel between 5GC and (R)AN, the UPF includes the QFI in the encapsulation header. In addition, UPF may include an indication for reflective QoS activation in the encapsulation header.”
In Section 5.7.2.1 5QI
“NOTE:
On N3, each PDU (i.e. in the tunnel used for the PDU session) is associated with one 5QI via the QFI carried in the encapsulation header.”
For Xn handover, RAN3 agreed to use per PDU session tunneling for “fresh data” from NG-U. For per-PDU session tunneling , QFI shall be included in the GTP-U extension header. If RQI is received from the UPF, it should be included the GTP-U extension header and sent to the target NG-RAN node from the source NG-RAN node.  So the frame format is the same as the frame format for data transfer over NG interface

Proposal 1: The NG-U and the Xn-U protocol is used to convey QFI and RQI for each transferred user data packet.

Regarding the length of QFI, RAN2 agreed on 6 or 7 bits for QFI in SDAP header as follows [2]: 
RAN2 Agreements in RAN2 #99
1.   RAN2 aims at designing a 1 byte SDAP header.  Whether the QFI is 6 bit or 7 bits is FFS.
2.   If configured, SDAP header size for a DRB is static (assuming 1 byte header).  The QFI will always be present. 
3.   No SN will be introduced in SDAP
RAN2 Agreements in RAN2 #100
1.   SDAP header remains fixed to 8 bits.   The details are FFS.
And SA2 suggests at least 7-bit QFI in the LS to RAN2 [3]:
Size of the QFI field: SA2 has no strong preference regarding the exact size of the QFI field at the AS. However, SA2 would like to note that for non-GBR QoS flows, the 5QI value can be used as QFI of the QoS flow in case standardized or pre-configured 5QIs are used, as specified in TS 23.501. Currently, the standardized 5QI ranges from 1 to 79 in TS 23.501, hence suggesting at least a 7-bit QFI will be needed. 

During the RAN2#NR1801 meeting it was decided to introduce two separate bits for reflective AS and NAS operation, which in turn resulted in having only 6 bits allocated for the QoS flow identifier.

Agreements

=>
Support independent AS and NAS reflective QoS.  

=>
From RAN2 perspective supporting up to 64 reflective flows per PDU session per UE is sufficient at the same time, so 6 bits QFI in SDAP.    

=>
Ask SA2/CT1 if they expect to use more than 64 reflective flows per PDU session per UE at a time.  Indicate RAN2 agreement and strong need to have 6bits SDAP.   Questions will be included in SA2 LS from main session.  


FFS if final QFI in CT1/SA2 is larger than 6 bits, a mechanism to remap NAS QFI to AS QFI may be needed

So 1 bit NAS RQI and 6 bits QFI are expected to be used to carry RQI and QFI. 
Proposal 2: 1 bit NAS RQI and 6 bits QFI in the extension header can convey RQI and QFI. It could be updated based on final RAN2 and SA2 agreement.
Based on QoS framework in TS 23.501 [1], the 5GC determines whether to use reflective QoS for a specific QoS flow. If the reflective QoS is configured to be used for a specific QoS flow, UPF always includes Reflective QoS Indicator (RQI) for the QoS flow in the encapsulation header, but if not configured, UPF doesn’t include RQI in the encapsulation header.

And SMF provides Reflective QoS Attribute (RQA) for a specific QoS flow to NG-RAN when the reflective QoS is applied for the QoS flow. So if RQA is not configured for a QoS flow, NG-RAN doesn’t need to interpret RQI field sent with the data packet for the QoS flow.
In section 5.7.5.3 Reflective QoS Control,

“The RQA (Reflective QoS Attribute) within a QoS flow's QoS profile provided by the SMF to the NG-RAN on N2 reference point indicates that some (not necessarily all) traffic carried on this QoS flow is subject to Reflective QoS.”
[…]

“When the 5GC determines to use reflective QoS for a specific SDF, the SMF shall include an indication to use reflective QoS that Reflective QoS is to be applied for this SDF in the corresponding SDF information provided to the UPF via N4 interface.”
Proposal 3: RQI field is included only in downlink direction from UPF to NG-RAN, but not in uplink direction from NG-RAN to UPF. 

Proposal 4: If RQA is not configured for a specific QoS flow, NG-RAN ignores RQI field sent with the user data packet for the QoS flow.
3 Conclusions
In this contribution, we propose PDU Session User Plane protocol with the following:
Proposal 1: The NG-U and the Xn-U protocol is used to convey QFI and RQI for each transferred user data packet.

Proposal 2: 1 bit NAS RQI and 6 bits QFI in the extension header can convey RQI and QFI. It could be updated based on final RAN2 and SA2 agreement.

Proposal 3: RQI field is included only in downlink direction from UPF to NG-RAN, but not in uplink direction from NG-RAN to UPF. 

Proposal 4: If RQA is not configured for a specific QoS flow, NG-RAN ignores RQI field sent with the user data packet for the QoS flow.
The corresponding TP for new PDU Session User Plane protocol specification is attached. 
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Scope
The present document specifies the PDU Session User Plane protocol functions. PDU Session User Plane protocol functions may reside in nodes terminating either the NG or the Xn interface.
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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

NG-U: as defined in TS 38.300 [2].
Xn-U: as defined in TS 38.300 [2].

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
5GS
5G System 
QFI
QoS Flow Identifier
RQA
Reflective QoS Attribute

RQI
Reflective QoS Indication

UP
User Plane

UPF
User Plane Function
4
General

4.1
General aspects
The PDU Session User Plane (UP) layer is located in the User Plane of the Radio Network Layer over either the NG-U or the Xn-U interface.
The PDU Session UP protocol is used to convey the information related to QoS flow of a PDU Session for each transferred user data packet.

Each PDU Session UP protocol instance is associated to one PDU Session only.

In this version of the present document, the PDU Session UP is conveyed by GTP-U protocol means, more specifically, by means of the “GTP-U Container” GTP-U Extension Header as defined in TS 29.281 [4].
5

PDU Session User Plane protocol

5.1
General

The PDU Session UP protocol layer uses services of the transport network layer in order to send its packets over the NG-U or the Xn-U interface.
5.2
PDU Session User Plane protocol layer services

The following functions are provided by the PDU Session UP protocol:

-
Provision of QoS Flow Identifier (QFI) for user data associated to a PDU session;

-
Provision of Reflective QoS Indicator (RQI) for a specific QoS flow, which is transferred with user data associated to a PDU session.

5.3
Services expected from the Transport Network Layer

The PDU Session UP protocol layer expects the following services from the Transport Network Layer:

-
Transfer of user data packet.
5.4
Elementary procedures

5.4.1
Transfer of User Data Transfer
5.4.1.1
Successful operation

The purpose of  User Data Transfer procedure is to provide QoS Flow Identifier (QFI) per each user data packet. When reflective QoS for a specific QoS flow is used, the User Data Transfer procedure is also to provide Reflective QoS Indicator (RQI). If RQA is configured for the specific QoS flow, the receiving NG-RAN node shall take RQI into account.
An PDU Session User Plane instance making use of the User Data Transfer procedure is associated to a single PDU session only. The User Data Transfer procedure is invoked whenever user data for that particular PDU session needs to be sent across the NG-U or the Xn-U interface.
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Figure 5.4.1.1-1: Successful User Data Transfer
5.4.1.2
Unsuccessful operation

Void.
5.5
Elements for the PDU Session User Plane protocol

5.5.1
General

Editor’s note: The text highlighted below is FFS. 

In the present document the structure of frames are specified by using figures similar to figure 5.5.1-1.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	Field 1
	Field 2
	1
	Octet 1

	Field 3
	Field 4
	2
	Octet 2

	Field 4 continue
	Spare
	
	Octet 3

	Field 6
	2
	Octet 4

Octet 5

	Field 6 continue
	Padding
	
	

	Spare extension
	0-m
	



Figure 5.5.1-1: Example frame format

Unless otherwise indicated, fields which consist of multiple bits within an octet have the most significant bit located at the higher bit position (indicated above frame in figure 5.5.1-1). In addition, if a field spans several octets, most significant bits are located in lower numbered octets (right of frame in figure 5.5.1-1).

On the NG or the Xn interface, the frame is transmitted starting from the lowest numbered octet. Within each octet, the bits are sent according decreasing bit position (bit position 7 first).

Spare bits should be set to "0" by the sender and should not be checked by the receiver.

The header part of the frame is always an integer number of octets. The payload part is octet aligned (by adding 'Padding' when needed).

The receiver should be able to remove an additional spare extension field that may be present at the end of a frame. 
See description of Spare extension field.

5.5.2
Frame format for the PDU Session User Plane protocol

5.5.2.1
USER DATA TRANSFER (PDU Type 0)

This frame format is defined to allow the NG-RAN node to receive the information related to QoS flows of a PDU Session. RQI field is included only in downlink direction. In uplink, Spare field is included instead of RQI field.
The following shows the respective USER DATA TRANSFER frame.
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	Spare
	1

	Spare
	RQI or spare
	QoS Flow Identifier (Format is FFS)
	1

	Spare extension
	0-m



Figure 5.5.2.1-1: USER DATA TRANSFER (PDU Type 0) Format

5.5.3
Coding of information elements in frames

5.5.3.1
PDU Type

Description: The PDU Type indicates the structure of the PDU Session UP frame. The field takes the value of the PDU Type it identifies; i.e. "0" for PDU Type 0. The PDU type is in bit 4 to bit 7 in the first octet of the frame.
Value range: {0=USER DATA, 1-15=reserved for future PDU type extensions}

Field length: 4 bits 

5.5.3.2
Spare

Description: The spare field is set to "0" by the sender and should not be interpreted by the receiver. This field is reserved for later versions.
Value range: (0–2n-1).

Field Length: n bits.

5.5.3.3
QoS Flow Identifier
Description: This parameter indicates the QoS Flow Identifier of the QoS flow to which the transferred packet belongs. 
Value range: {0..26-1}..
Field length: 6 bits.
Editor’s note: The value range and field length for QoS Flow Identifier is FFS.
5.5.3.4
Reflective QoS Indicator (RQI)
Description: This parameter indicates the reflective QoS activation of the QoS flow to which the transferred packet belongs. It is used only in the downlink direction. If RQA is not configured for a specific QoS flow, RQI sent with the QoS flow traffic is not interpreted by the receiving node.

Value range: {0=Reflective QoS not applied, 1= Reflective QoS applied}.

Field length: 1 bit.
5.5.3.8
Spare extension

Description: The spare extension field shall not be sent. The receiver should be capable of receiving a spare extension. The spare extension should not be interpreted by the receiver, since in later versions of the present document additional new fields might be added in place of the spare extension. The spare extension can be an integer number of octets carrying new fields or additional information; the maximum length of the spare extension field (m) depends on the PDU type.
Value range: 0–2m*8-1.

Field Length: 0–m octets. 

5.5.4
Timers

Not applicable.

5.6
Handling of unknown, unforeseen and erroneous protocol data

Void.
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