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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 NR Radio Link Control (RLC) protocol for the UE – NR radio interface.

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".
…

3
Definitions, symbols and abbreviations
For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].

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].
Data field element: An RLC SDU or an RLC SDU segment that is mapped to the Data field.
RLC SDU segment: A segment of an RLC SDU.
3.3
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].
AM
Acknowledged Mode

ARQ
Automatic Repeat request

gNB
NR Node B

NG-RAN
Radio Access Network connected to Next Generation core network
Editor’s note: Definitions of gNB and NG-RAN to be harmonized with TS 38.300
PDU
Protocol Data Unit

RLC
Radio Link Control

SAP
Service Access Point

SDU
Service Data Unit

SN
Sequence Number

TB
Transport Block

TM
Transparent Mode

UE
User Equipment

UM
Unacknowledged Mode
4
General
4.1
Introduction
The objective is to describe the RLC architecture and the RLC entities from a functional point of view.
4.2
RLC architecture
4.2.1
RLC entities
The description in this sub clause is a model and does not specify or restrict implementations.
RRC is generally in control of the RLC configuration.
Functions of the RLC sub layer are performed by RLC entities. For a RLC entity configured at the gNB, there is a peer RLC entity configured at the UE and vice versa.
Editor’s note: The terms SAP, upper layer, and lower layer need to be made consistent with stage-2 description (e.g., RLC channel and radio bearer). These corrections will be made once stage-2 changes are agreed.

An RLC entity receives/delivers RLC SDUs from/to upper layer and sends/receives RLC PDUs to/from its peer RLC entity via lower layers.
An RLC PDU can either be a RLC data PDU or a RLC control PDU. If an RLC entity receives RLC SDUs from upper layer, it receives them through a single SAP between RLC and upper layer, and after forming RLC data PDUs from the received RLC SDUs, the RLC entity delivers the RLC data PDUs to lower layer through a single logical channel. If an RLC entity receives RLC data PDUs from lower layer, it receives them through a single logical channel, and after forming RLC SDUs from the received RLC data PDUs, the RLC entity delivers the RLC SDUs to upper layer through a single SAP between RLC and upper layer. If an RLC entity delivers/receives RLC control PDUs to/from lower layer, it delivers/receives them through the same logical channel it delivers/receives the RLC data PDUs through.

An RLC entity can be configured to perform data transfer in one of the following three modes: Transparent Mode (TM), Unacknowledged Mode (UM) or Acknowledged Mode (AM). Consequently, an RLC entity is categorized as a TM RLC entity, an UM RLC entity or an AM RLC entity depending on the mode of data transfer that the RLC entity is configured to provide.
A TM RLC entity is configured either as a transmitting TM RLC entity or a receiving TM RLC entity. The transmitting TM RLC entity receives RLC SDUs from upper layer and sends RLC PDUs to its peer receiving TM RLC entity via lower layers. The receiving TM RLC entity delivers RLC SDUs to upper layer and receives RLC PDUs from its peer transmitting TM RLC entity via lower layers.

An UM RLC entity is configured either as a transmitting UM RLC entity or a receiving UM RLC entity. The transmitting UM RLC entity receives RLC SDUs from upper layer and sends RLC PDUs to its peer receiving UM RLC entity via lower layers. The receiving UM RLC entity delivers RLC SDUs to upper layer and receives RLC PDUs from its peer transmitting UM RLC entity via lower layers.

An AM RLC entity consists of a transmitting side and a receiving side. The transmitting side of an AM RLC entity receives RLC SDUs from upper layer and sends RLC PDUs to its peer AM RLC entity via lower layers. The receiving side of an AM RLC entity delivers RLC SDUs to upper layer and receives RLC PDUs from its peer AM RLC entity via lower layers. 
Figure 4.2.1-1 illustrates the overview model of the RLC sub layer.
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Figure 4.2.1-1: Overview model of the RLC sub layer

RLC SDUs of variable sizes which are byte aligned (i.e. multiple of 8 bits) are supported for all RLC entity types (i.e. TM, UM and AM RLC entity).
Each RLC SDU is used to construct an RLC PDU without waiting for notification from the lower layer (i.e., by MAC) of a transmission opportunity. In the case of UM and AM RLC entities, an RLC SDU may be segmented and transported using two or more RLC PDUs based on the notification(s) from the lower layer.
Description of different RLC entity types are provided below.
4.2.1.1
TM RLC entity
4.2.1.1.1
General
A TM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels:

-
BCCH, DL/UL CCCH, and PCCH
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Figure 4.2.1.1.1-1: Model of two transparent mode peer entities
A TM RLC entity delivers/receives the following RLC data PDU:

-
TMD PDU.
4.2.1.1.2
Transmitting TM RLC entity
When a transmitting TM RLC entity forms TMD PDUs from RLC SDUs, it shall:

-
not segment the RLC SDUs;

-
not include any RLC headers in the TMD PDUs. 
4.2.1.1.3
Receiving TM RLC entity
When a receiving TM RLC entity receives TMD PDUs, it shall:

-
deliver the TMD PDUs (which are just RLC SDUs) to upper layer. 
4.2.1.2
UM RLC entity

4.2.1.2.1
General
An UM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels:
· DL/UL DTCH
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Figure 4.2.1.2.1-1: Model of two unacknowledged mode peer entities
Editor’s note: FFS if segmentation is disabled for some cases.
An UM RLC entity delivers/receives the following RLC data PDU:

-
UMD PDU.
Editor’s note: FFS if a different type of RLC data PDU is needed for transport of RLC SDU segments.
NOTE:
HARQ reordering is only applicable for UMD PDUs containing RLC SDU segments.
4.2.1.2.2
Transmitting UM RLC entity
The transmitting UM RLC entity generates an UMD PDU for each RLC SDU. It shall include relevant RLC headers in the UMD PDU. When notified of a transmission opportunity by the lower layer, the transmitting UM RLC entity shall segment the RLC SDUs, if needed, so that the corresponding UMD PDUs, with RLC headers updated as needed, fit within the total size of RLC PDU(s) indicated by lower layer. 
4.2.1.2.3
Receiving UM RLC entity
When a receiving UM RLC entity receives UMD PDUs, it shall:

-
detect whether or not the UMD PDUs have been received in duplication, and discard duplicated UMD PDUs;
Editor’s note: To be updated based on agreements on duplication detection (e.g., can be removed).
-
detect the loss of RLC SDU segments at lower layers;
-
reorder RLC SDU segments if they are received out of sequence;

-
reassemble RLC SDUs from the received UMD PDUs (not accounting for RLC PDUs for which losses have been detected) and deliver the RLC SDUs to upper layer as soon as they are available;
Editor’s note: FFS if reordering and reassembling operation can be merged.
-
discard received UMD PDUs that cannot be re-assembled into a RLC SDU due to loss at lower layers of an UMD PDU which belonged to the particular RLC SDU.

At the time of RLC re-establishment, the receiving UM RLC entity shall: 
-
discard any remaining RLC SDU segments.
-
initialize relevant state variables and stop relevant timers.
4.2.1.3
AM RLC entity
4.2.1.3.1
General
An AM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels:
· DL/UL DCCH or DL/UL DTCH.
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Figure 4.2.1.3.1-1: Model of an acknowledged mode entity
Editor’s note: FFS if segmentation is disabled for some cases.
An AM RLC entity delivers/receives the following RLC data PDUs:

· AMD PDU.
NOTE:
HARQ reordering is only applicable for AMD PDUs containing RLC SDU segments.
Editor’s note: FFS if another type of AM RLC data PDU needs to be defined for segmented case, For now, it is assumed here that the same PDU format can be used for both unsegmented and segmented AM RLC data PDUs. This section will be updated if the assumption turns out to be incorrect. 

An AM RLC entity delivers/receives the following RLC control PDU:

-
STATUS PDU.
4.2.1.3.2
Transmitting side
The transmitting side of an AM RLC entity generates an AMD PDU for each RLC SDU. When notified of a transmission opportunity by the lower layer, the transmitting AM RLC entity shall segment the RLC SDUs, if needed, so that the corresponding AMD PDUs, with RLC headers updated as needed, fit within the total size of RLC PDU(s) indicated by lower layer.
The transmitting side of an AM RLC entity supports retransmission of RLC SDUs or RLC SDU segments (ARQ):

-
if the RLC SDU or RLC SDU segment to be retransmitted does not fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer, the AM RLC entity can segment the RLC SDU or re-segment the RLC SDU segments into RLC SDU segments.

-
the number of re-segmentation is not limited.

When the transmitting side of an AM RLC entity forms AMD PDUs from RLC SDUs or RLC SDU segments, it shall:

-
include relevant RLC headers in the AMD PDU.
4.2.1.3.3
Receiving side
When the receiving side of an AM RLC entity receives AMD PDUs, it shall:

-
detect whether or not the AMD PDUs have been received in duplication, and discard duplicated AMD PDUs;
Editor’s note: To be updated based on agreements on duplication detection (e.g., can be removed).
-
reorder RLC SDU segments if they are received out of sequence;

-
detect the loss of AMD PDUs at lower layers and request retransmissions to its peer AM RLC entity;

-
reassemble RLC SDUs from the received AMD PDUs and deliver the RLC SDUs to upper layer as soon as they are available.
At the time of RLC re-establishment, the receiving side of an AM RLC entity shall:
-
discard any remaining RLC SDU segments;
-
initialize relevant state variables and stop relevant timers.
4.3
Services
4.3.1
Services provided to upper layers
The following services are provided by RLC to upper layer:

-
TM data transfer;

-
UM data transfer;

-
AM data transfer, including indication of successful delivery of upper layers PDUs.
4.3.2
Services expected from lower layers
The following services are expected by RLC from lower layer (i.e. MAC):

-
data transfer;

-
notification of a transmission opportunity, together with the total size of the RLC PDU(s) to be transmitted in the transmission opportunity.
4.4
Functions
The following functions are supported by the RLC sub layer:

-
transfer of upper layer PDUs;

-
error correction through ARQ (only for AM data transfer);

-
Segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);

-
re-segmentation of RLC SDUs or RLC SDU segments (only for AM data transfer);

-
reordering of RLC data PDUs containing RLC SDU segments (only for UM and AM data transfer);

-
FFS: duplicate detection (only for UM and AM data transfer);

-
RLC SDU discard (only for UM and AM data transfer);

-
RLC re-establishment 
-
Protocol error detection (only for AM data transfer). 

5
Procedures
5.1
Data transfer procedures
5.1.1
TM data transfer

5.1.1.1
Transmit operations
5.1.1.1.1
General
When submitting a new TMD PDU to lower layer, the transmitting TM RLC entity shall:

-
submit a RLC SDU without any modification to lower layer.
5.1.1.2
Receive operations

5.1.1.2.1
General
When receiving a new TMD PDU from lower layer, the receiving TM RLC entity shall:

-
deliver the TMD PDU without any modification to upper layer.
5.1.2
UM data transfer

5.1.3
AM data transfer

5.2
ARQ procedures
ARQ procedures are only performed by an AM RLC entity. 
5.3
SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if no segment of the RLC SDU has been mapped to a RLC data PDU yet.
5.4
Re-establishment procedure
5.5
Data volume calculation

Editor’s note: This is an attempt to make the RLC and PDCP specifications mutually consistent.
For the purpose of MAC buffer status reporting, the UE shall consider the following as RLC data volume available for transmission in the RLC layer:

-
RLC SDUs, or segments thereof, that have not yet been included in an RLC data PDU;

-
RLC data PDUs, or portions thereof, that are pending for retransmission (RLC AM).
5.6
Handling of unknown, unforeseen and erroneous protocol data

5.6.1
Reception of PDU with reserved or invalid values
When an RLC entity receives an RLC PDU that contains reserved or invalid values, the RLC entity shall:

-
discard the received PDU.
6
Protocol data units, formats and parameters
6.1
Protocol data units
RLC PDUs can be categorized into RLC data PDUs and RLC control PDUs. RLC data PDUs in sub clause 6.1.1 are used by TM, UM and AM RLC entities to transfer upper layer PDUs (i.e. RLC SDUs). RLC control PDUs in sub clause 6.1.2 are used by AM RLC entity to perform ARQ procedures. 
6.1.1
RLC data PDU

a) TMD PDU

TMD PDU is used to transfer upper layer PDUs by a TM RLC entity.

b) UMD PDU

UMD PDU is used to transfer upper layer PDUs by an UM RLC entity.

c) AMD PDU

AMD PDU is used to transfer upper layer PDUs by an AM RLC entity.
6.1.2
RLC control PDU

a) STATUS PDU

STATUS PDU is used by the receiving side of an AM RLC entity to inform the peer AM RLC entity about RLC data PDUs that are received successfully, and RLC data PDUs that are detected to be lost by the receiving side of an AM RLC entity.6.2
Formats and parameters 

The formats of RLC PDUs are described in sub clause 6.2.1 and their parameters are described in sub clause 6.2.2.
6.2
Formats and parameters
6.2.1.1
General

RLC PDU is a bit string. In the figures in sub clause 6.2.1.2 to 6.2.1.5, 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.

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

6.2.1.2
TMD PDU

TMD PDU consists only of a Data field and does not consist of any RLC headers.
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Figure 6.2.1.2-1: TMD PDU
6.2.1.3
UMD PDU

UMD PDU consists of a Data field and an UMD PDU header.

Editor’s note: To be updated based on agreements on supported RLC SN lengths, inclusion of RLC SN etc. 
6.2.1.4
AMD PDU

AMD PDU consists of a Data field and an AMD PDU header.

Editor’s note: To be updated based on agreements on supported RLC SN lengths etc.

6.2.1.5
STATUS PDU

STATUS PDU consists of a STATUS PDU payload and a RLC control PDU header.

Editor’s note: To be updated based on agreements on how NACK range is coded etc.
7
Variables, constants and timers

7.1
State variables

7.2
Constants

7.3
Timers
7.4
Configurable parameters
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Annex <Y> (informative; to be removed later):
RAN2 agreements related to RLC
From RAN2#94:

· LTE L2 functions are consider as a baseline for NR. Order, allocation to sublayers, possible merger of functions needs to be considered on a case by case basis. 

From RAN2#95:

· Study whether segmentation function can be configured (enabled/disabled) to support different services.

From RAN2#95BIS:

· The ARQ will be supported in RLC.

· RLC adds an RLC SN.

From RAN2#96:

· RLC AM supports T-reordering like functionality for the purposes of determining the content of the RLC status report.

· FFS whether RLC UM needs to support T-reordering like functionality for the purposes of moving the lower edge of the receive window, or for other purposes. Could be discussed in stage 3.

· RLC reassembles RLC SDU and delivers them to upper layers in the order they are received (no need to mention reordering with respect to this functionality).

· FFS: Whether RLC-AM can be used to provide the URLLC service requirements, and whether any optimizations are required for this.

From RAN2 NR#1:

· Working assumption on no RLC concatenation taken at RAN2#96 is confirmed (i.e., concatenation of RLC PDUS is performed in MAC). 

· PDCP and RLC layers have separate PDCP SN and RLC SN.

From RAN2#97:

· NR RLC supports three transmission modes, i.e., AM, UM and TM.

· Split bearers support RLC UM mode besides RLC AM mode. 
From RAN2#97BIS:

· As a baseline, segmentation is always enabled for RLC-AM and RLC-UM.  FFS if there are cases in which it is beneficial to disable segmentation

· An RLC SDU for UM and AM can be associated with only one RLC SN, i.e., the byte segments from an RLC SDU can be associated with the same RLC SN.

· Segmentation and re-segmentation is based on RLC SDU, i.e., SO field indicates byte position of the RLC SDU
· RLC header is to be designed in following principles:

· RLC header indicates if RLC PDU carries a complete RLC SDU or RLC SDU segments.

· RLC header does not include SO field if RLC PDU carries a complete RLC SDU.

· RLC header does not include SO field when the beginning of the RLC SDU is segmented.

· RLC header includes SO field when the middle or end of the RLC SDU is segmented.

· RLC header indicates whether the RLC PDU contains the end part of RLC SDU segment or not when the middle or end of the RLC SDU is segmented.
· NR RLC PDU and NR RLC PDU header should be byte-aligned.

· NR RLC PDU will not include Length Indicator (LI) field.
· NR RLC PDU will use 2-bits “FI-like” field to distinguish the complete RLC SDU, the first SDU segment, the middle SDU segment and the last SDU segment and SO field is needed just in the case of the middle SDU segment or the last SDU segment.  

· NR RLC TMD PDU only consists of a Data field and does not consist of any RLC headers.
· FFS if NR RLC UMD SDU should not include SN field and only NR RLC UMD SDU segment should carry SN field
· NR RLC AMD PDU includes a 1-bit D/C field, 1-bit P field

· RLC status report format is byte-aligned

· Introduce a new field(s) “NACK SN range” in the status report format. FFS the details of this field and how the status report is coded

· In NR, RLC TM has neither transmit nor receive window
· In NR, RLC UM has no transmit window
· Transmit/Receive window operation for RLC AM is performed the same as LTE.  
· RLC AM/UM receiver does not store complete RLC SDUs, just RLC SDUs segments

· If a segment is detected to be missing, then all stored segments associated to the RLC SDU can be discarded.  FFS how a missing segment is detected if a timer mechanism is used (e.g T-reassembly).

· Duplicate detection functionality is kept as a baseline. FFS if duplicate detection can be removed.  

· RLC UM receive window operation is maintained similar to LTE.  If duplicate detection is removed from RLC UM then the need for the window will depend on the mechanism use to discard.  
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