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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document specifies the Service Data Adaptation Protocol (SDAP) for a UE with connection to the 5G-CN.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 38.300: "NG Radio Access Network; Overall description".
[3]
3GPP TS 38.331: "NR Radio Resource Control (RRC); Protocol Specification".
[4]
3GPP TS 23.501: "System Architecture for the 5G System".
3
Definitions, symbols 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].

Reflective QoS flow to DRB mapping: a QoS flow to DRB mapping scheme where a UE monitors the QoS flow to DRB mapping relationship in the DL, and applies it to in the UL.
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].
DL
DownLink
DRB
Data Radio Bearer
PDCP
Packet Data Convergence Protocol
PDU
Protocol Data Unit

QFI
QoS Flow ID

RRC
Radio Resource Control

SAP
Service Access Point 

SDAP
Service Data Adaptation Protocol

SDU
Service Data Unit

UE
User Equipment

UL
UpLink
4
General
4.1
Introduction
The objective is to describe the SDAP architecture and the SDAP entity from a functional point of view. The specified functionality only applies to UE with connection to the 5G-CN.
4.2
SDAP architecture
4.2.1
SDAP structure
Figure 4.2.1-1 illustrates one possible structure for the SDAP sublayer; it should not restrict implementation. The figure is based on the radio interface protocol architecture defined in 3GPP TS 38.300 [2].
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Figure 4.2.1-1: SDAP sublayer, structure view
The SDAP sublayer is configured by RRC [3]. The SDAP sublayer maps QoS flows to DRBs. One or more QoS flows may be mapped onto one DRB. One QoS flow is mapped onto only one DRB at a time in the UL.
4.2.2
SDAP entities
The SDAP entities are located in the SDAP sublayer. Several SDAP entities may be defined for a UE. There is an SDAP entity configured per cell group for each individual PDU session. 
Editor’s Note: RAN2 should confirm if an SDAP entity on the network side has a corresponding peer entity on the UE side.

An SDAP entity receives/delivers SDAP SDUs from/to upper layers and sends/receives SDAP PDUs to/from its peer SDAP entity via lower layers. 
-
At the transmitting side, when an SDAP entity receives an SDAP SDU from upper layers, it constructs the corresponding SDAP PDU and delivers it to lower layers;
-
At the receiving side, when an SDAP entity receives an SDAP PDU from lower layers, it retrieves the corresponding SDAP SDU and delivers it to upper layers.
Figure 4.2.2-1 illustrates the functional view of the SDAP entity for the SDAP sublayer; it should not restrict implementation. The figure is based on the radio interface protocol architecture defined in 3GPP TS 38.300 [2]
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Figure 4.2.2-1: SDAP layer, functional view
Reflective QoS flow to DRB mapping is performed at UE, if it is configured.
4.3
Services

4.3.1
Services provided to upper layers
The SDAP sublayer provides its service to the user plane upper layers. The following services are provided by SDAP to upper layers:

-
transfer of user plane data.
4.3.2
Services expected from lower layers
An SDAP entity expects the following services from lower layers:
-
user plane data transfer service;
-
in-order delivery except when reordering functionality is disabled by RRC [3].
4.4
Functions
The SDAP sublayer supports the following functions:

-
transfer of user plane data;

-
mapping between a QoS flow and a DRB for both DL and UL;
-
marking QoS flow ID in both DL and UL packets;
-
reflective QoS flow to DRB mapping for the UL SDAP PDUs.
5
SDAP procedures

5.1
SDAP entity handling
5.1.1
SDAP entity establishment
When RRC [3] requests an SDAP entity establishment for a PDU session in a cell group, the UE shall:

-
establish an SDAP entity for the PDU session in the cell group;

-
associate the SDAP entity with a default DRB.
5.1.2
SDAP entity release
When RRC [3] requests an SDAP entity release for a PDU session in a cell group, the UE shall:

-
release the SDAP entity for the PDU session in the cell group.
5.2
SDAP data transfer procedures

5.2.1
UL data transfer procedures
At the reception of an SDAP SDU from upper layer for a QoS flow, the transmitting SDAP entity shall:
-
if there is no stored QoS flow to DRB mapping rule for the QoS flow as specified in the subclause 5.3:

-
map the SDAP SDU to the default DRB;
-
else:

-
map the SDAP SDU to the DRB according to the stored QoS flow to DRB mapping rule;
-
if the DRB to which the SDAP SDU is mapped is configured by RRC [3] with the presence of SDAP header, 
-
construct the SDAP PDU as specified in the subclause 6.2.2.2;
-
else: 
-
construct the SDAP PDU as specified in the subclause 6.2.2.1; 
-
deliver the constructed SDAP PDU to the lower layers.
5.2.2
DL data transfer procedures

At the reception of an SDAP PDU from lower layers for a QoS flow, the receiving SDAP entity shall:
-
if the DRB from which this SDAP PDU is received is configured by RRC [3] with the presence of SDAP header:
-
perform reflective QoS flow to DRB mapping as specified in the subclause 5.3.2;
-
retrieves the SDAP SDU from the SDAP PDU as specified in the subclause 6.2.2.2;
-
else:
-
retrieve the SDAP SDU from the SDAP PDU as specified in the subclause 6.2.2.1;
-
deliver the retrieved SDAP SDU to the upper layer.
5.3
QoS flow to DRB mapping procedure

5.3.1
QoS flow to DRB mapping configuration
When RRC [3] configures an UL QoS flow to DRB mapping rule for an SDAP entity, the SDAP entity shall:

-
store the UL QoS flow to DRB mapping rule.

5.3.2
Reflective QoS flow to DRB mapping
When reflective QoS flow to DRB mapping is configured, for each received DL SDAP PDU of the QoS flow, the SDAP entity shall:
-
process the QFI field in the SDAP header and store the QoS flow to DRB mapping of the DL SDAP PDU as the QoS flow to DRB mapping rule for the UL.
6
Protocol data units, formats, and parameters

6.1
Protocol data units

6.1.1
Data PDU

The SDAP Data PDU is used to convey one or more of followings:
-
SDAP header;
-
user plane data.
Editor’s Note: other elements are FFS.

6.2
Formats
6.2.1
General

A SDAP PDU is a bit string that is byte aligned (i.e. multiple of 8 bits) in length. In the figures in subclause 6.2, bit strings are represented by tables in which the first and most significant bit is the left most bit of the first line of the table, the last and least significant bit is the rightmost bit of the last line of the table, and more generally the bit string is to be read from left to right and then in the reading order of the lines.

SDAP SDUs are bit strings that are byte aligned (i.e. multiple of 8 bits) in length. An SDAP SDU is included into a SDAP PDU from the first bit onward.

6.2.2
Data PDU
6.2.2.1
Data PDU without SDAP header

An SDAP PDU consists only of a data field and does not consist of any SDAP header, as described in Figure 6.2.2.1-1.
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Figure 6.2.2.1-1: SDAP Data PDU format without SDAP header
6.2.2.2
Data PDU with SDAP header
Figure 6.2.2.2 – 1 shows the format of SDAP Data PDU of DL with SDAP header being configured.
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Figure 6.2.2.2-1: DL SDAP Data PDU format with SDAP header
Editor’s Note: RAN2 aims at designing a 1 byte SDAP header.  Whether the QFI is 6 bit or 7 bits is FFS. Working assumption: One bit, RQI, to indicate update of mapping rule(s).
6.3
Parameters
6.3.1
General

If not otherwise mentioned in the definition of each field, then the bits in the parameters shall be interpreted as follows: the left most bit is the first and most significant bit and the right most bit is the last and least significant bit.

Unless otherwise mentioned, integers are encoded in standard binary encoding for unsigned integers. In all cases the bits appear ordered from MSB to LSB when read in the PDU.
6.3.2
Data

Length: Variable
This field includes the SDAP SDU.  

6.3.3
QFI

Length: 7 bits
The QFI field indicates the ID of the QoS flow [4] to which the SDAP SDU belongs.
Editor’s Note: Whether the QFI is 6 bit or 7 bits is FFS.
6.3.4
RQI

Length: 1 bit,
The RQI bit indicates whether NAS and/or AS mapping rules need to be updated.
Table 6.3.4 - 1: RQI field

	Bit
	Description

	0
	No action

	1
	To inform NAS; and to update AS mapping rule, if needed.


Editor’s Note: Working assumption: One bit, RQI, to indicate update of mapping rule(s). RQI definition and the associated UE behavior can be discussed further.
Annex A (informative; to be removed later): 
Agreements related to SDAP specification

Editor’s Note: This section collects the agreements that may have impact on SDAP specification. This section will be removed when the SDAP specification is officially released.

RAN2-95

Agreements

1
For DL for a non-GBR flow, the eNB sees an indication over NG-u and based on the indication the eNB maps the packet to a DRB of an appropriate QoS. RAN2 understanding of SA2 agreements is that eNB has a QoS profile associated with the indication.

FFS whether there is a requirement for every different QoS indication to be mapped to a different radio bearer.

2
Functionality is required to differentiate flows from different PDN-connections over the radio interface (e.g. by using separate DRBs or by an explicit indication in a header)

3
For DL, the eNB establishes DRBs for the UE taking the QoS profiles in to account.

FFS how the DRB is established in the first packet is an UL packet.

RAN2-95bis

Agreements

1:
RAN determines the mapping relationship between QoS flow (as determine by the UE in UL or marked by the CN in DL) and DRB for UL and DL. 
1a
RAN can map multiple QoS flows to a DRB.
2
Specification will not forbid a GBR flow and non-GBR flow to be mapped to the same DRB, but we will not introduce mechanisms to optimise this case.

3
Specification will not forbid more than one GBR flow to be mapped to the same DRB, but we will not introduce mechanisms to optimise this case.
FFS: Whether traffic from different PDU sessions can be mapped to one DRB or not.

Agreements

1
Default DRB is established by eNB at PDU session establishment (or an existing DRB may be used if mapping of more than one session to a DRB is allowed)

2. 
If the first packet of the flow is UL packet, if no mapping rule is configured in the UE, the packet is sent through default DRB to the network. 

FFS How and when the network can remap the flow to more appropriate DRB.

FFS the first packet is handled in the case that pre-authorised QoS is configured

FFS whether the pre-authorised QoS applies to RAN or only to the UE.

FFS whether there is a single level of mapping from UL TFT (5 tuple) to DRB, or whether there is a 2 level mapping from UL TFT to QoS flow and then from QoS flow to DRB.

RAN2#96:

Agreement

1:
Traffic from different PDU sessions are mapped to different DRBs
2:
In DL we have a 2-step mapping of IP flows, in which NAS is responsible for the IPflow->QOSflow mapping, and AS is responsible for the QOSflow->DRB mapping (confirmation of SA2 agreement status).

3:
In UL we have a 2-step mapping of IP flows, in which NAS is responsible for the IPflow->QOSflow mapping, and AS is responsible for the QOSflow->DRB mapping.

4
DL packets over Uu are marked in band with QOS-flow-id for the purposes of reflective QoS 

5
UL packets over Uu are marked in band with QOS-flow-id for the purposes of marking forwarded packets to the CN.
FFS for bullets 4 and 5 whether it can be semi-statically configured to not include the QOS flow ID in some cases.
FFS for bullets 4 and 5 whether it might be possible to use a shorter id over the radio compared to that received from the CN. This is a stage 3 issue. 

Agreements

1
For reflective QoS, the UE determines QoS Flow ID to DRB mapping in the uplink based on the downlink packets received within a DRB and applies those filters for mapping uplink Flows to DRBs.

2
The UE "continuously" monitors the QoS Flow ID in downlink PDCP packets and updates the reflective QoS Flow ID to DRB mapping in the uplink accordingly.
3
RRC can configure an uplink mapping 

FFS The precedence of the RRC configured mapping and reflective QoS (e.g. can reflective QoS update an RRC configured mapping)
Working assumption:


If an incoming UL packet does not match a QoS Flow ID to DRB mapping (neither a configured nor a determined via reflective QoS), the UE shall map that packet to the default DRB of the PDU session.
=>
FFS whether the QoS field is added by PDCP or a new protocol layer above PDCP.
RAN2 Ad-Hoc January 2017:

Agreements

1: A new user plane AS protocol layer (e.g. PDAP) above PDCP should be introduced to accommodate all the functions introduced in AS for the new QoS framework, including:

-
QOS flow->DRB routing; 

-
QoS-flow-id marking in DL packets;

-
QoS-flow-id marking in UL packets;

2
The new protocol layer is applicable for all cases connecting to the 5G-CN

3:
Single protocol entity is configured for each individual PDU session.

RAN2-97:

	1
RAN2 to confirm that the timing of non-default DRB establishment (RAN to UE) for QoS Flow configured during PDU Session Establishment could be done NOT at the same time as PDU Session Establishment. (up to eNB implementation)

2
Working assumption from RAN2#96 is confirmed. i.e. First UL packet that doesn't have a mapping to a DRB, is mapped to a default DRB.


	1  “Lossless HO”, that is,  lossless, in sequence without duplication to upper layers, should be supported in specification for intra-NR. 

FFS whether we support QoS flow remapping at handover and, if supported, whether the handover is lossless for this case.


RAN2-97bis:
	Agreements

1
NR/NR DC should support that different QoS flows of the same PDU session can be mapped to MgNB and SgNB. 

2
In the case of NR/NR DC where different QoS flows of the same PDU session are mapped to MgNB and SgNB then there is one SDAP entity in the MgNB and one in SgNB for that PDU session.

RAN2 understand that support of this behaviour is still under discussion on SA2


	Agreements:

-
New AS layer PDU is PDCP SDU

-
AS layer header is byte-aligned

-
DL packets over Uu are not marked with “Flow ID” at least for cases where UL AS reflective mapping and NAS reflective QoS is not configured for DRB.   

-
AS layer header include the UL “Flow ID” depending on network configuration


RAN2-98:
Agreements

1: 
From RAN2 perspective the existing QoS parameters, and in particular the concept of QCI/5QI to abstract QoS requirements between CN and RAN should be maintained in NR/NGC.

2
RAN2 sees a benefit in providing a “averaging window” as new QoS parameter via N2. The RAN may use in this parameter in its scheduling decision e.g. to enforce MBR and GRB.

3: 
No additional parameters are recommendation to SA2.

4
RAN2 to ask SA2 to clarify the use and corresponding actions from CN related to the notification control to CN, if the QoS targets cannot be fulfilled in RAN

Agreements of SDAP headers

1.
The QoS flow ID is presence once the AS reflective QoS is active.  FFS whether it is always present.

2.
gNB should be informed when NAS layer reflective QoS is activated (e.g. can be used).  It is FFS how we handle NAS reflective QoS and dependent on how/when it will be provided.

3.
RAN2 will support a mode in which SDAP header is not present and is configured per DRB.  If configured, FFS how the different fields are handled.
RAN2-Adhoc, June 2017
Agreements

1
At SN addition and at new PDU session establishment then MN makes the decision which QoS flows are moved SN
FFS Whether the SN can reject the movement of a QoS flow.

2
Irrespective of which node makes the decision of where a QoS flow is mapped (to MN or SN) then RAN2 will aim that the RRC signalling is the same.

Agreements

1:
The MN makes the decision to move ongoing/existing QoS flows to the SN (this agreement does not imply whether the QoS flow is moved by moving a single flow or by moving a whole bearer).
FFS Whether MN or SN takes the decision for flows being moved from SN to MN.
2:
The SN can reject the addition of a QoS flow, and inform the MN.

3:
The DRB level offloading (i.e. offloading all QoS flows of a DRB) is supported between the MN and SN.
FFS: The QoS flow level offloading between the MN and SN, and if supported then whether lossless handover can be supported.

4:
The lossless handover user plane procedure could be reused for DRB level offloading, if mapping is maintained in the target node.

FFS: If the case where mapping is not maintained can support lossless handover

5:
The SN is responsible for the DRB management  (e.g., setup, modify, release) of SCG/SCG-split bearers, and the QoS flow -> DRB mapping at the SN

Agreements:
1.
There is a need to tell the UE that it has to update the mapping rule.  For the AS reflective QoS it is up to the RAN to decide when to update the mapping rules.  FFS on the details of the header format.

2.
It is up to the RAN to decide when and which mechanism, explicit RRC re-configuration and/or AS reflective QoS, should be used to provide mapping information to the UE.

3.
A UE follows the latest QoS flow to DRB mapping information regardless of the fact whether it was explicit RRC or AS reflective QoS.

4.
Whether a SDAP header is present or not is configured by RRC per DRB

5.
The gNB indicates to UE using RRC signaling the default DRB for a PDU session.

6.
RAN decides and configures the default DRB for a PDU session.

RAN2#99, August, 2017
Agreements

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

Agreements:

1.
Working assumption: One bit, RQI, to indicate update of mapping rule(s)

2.
RAN should be able to move/remap a QoS flow from one DRB to another DRB
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