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Discussion/Decision
1 Introduction

RLC architecture is a model to visualize the functions of the RLC entity and the interaction between RLC entities. The architecture is never meant to constraint the implementation, but having a clear architecture is quite important to make it sure that every one is on the same assumption. This contribution presents RLC architectures for RLC TM, UM and AM entities in LTE.
2 Discussion
RLC TM

TM-RLC entity is an null function in protocol point of view, thus no functional blocks except the transmission buffer is needed for this mode. The architecture is shown in the figure 1.
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Fig 1. Model of two transparent mode peer entities
RLC UM

UM-RLC entity should perform segmentation/concatenation/reassembly and reordering, which can be modeled very similarly with that of UMTS. Figure 2 shows the RLC UM architecture. 

Reordering buffer and reception buffer will be implemented together in practice, but there are some gains in modeling them separately in the specification point of view. First, functional split between them is clearer and secondly the reordering framework of MAC-hs can be reused.
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Fig 2. Model of two unacknowledged mode peer entities

RLC AM

RLC AM has many functions and its model is most complex one. Since the objective of the model is not to mandate the implementation, we don’t see the motivation to include every details in the model. Therefore such a minor fuction blocks as poll bit set block and muxing block are omitted in the model. 

To support the variable size RLC PDU, transmission buffer is placed in the top of the RLC model. In a smart implementation, RLC transmission buffer and PDCP transmission buffer would share the same memory, which is not necessarily described in the model. To support resegmentation, retransmission buffeer is connected to segmentation & concatenation block. Figure 3 shows the RLC AM architecture.
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Fig 3. Model of an acknowledged mode entiy

3 Proposal
It is proposed to update 36.322 as indicated below:
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 eNB, there is a peer RLC entity configured at the UE and vice versa.

An RLC entity receives/delivers RLC SDUs from/to upper layers and delivers/receives RLC PDUs to/from its peer RLC entity via lower layer (i.e. MAC). If an RLC entity receives RLC SDUs from upper layers, it receives them from a single SAP between RLC and the upper layers, and after forming RLC PDUs from the received RLC SDUs, the RLC entity delivers the RLC PDUs to lower layer through a single logical channel. If an RLC entity receives RLC PDUs from lower layer, it receives them from a single logical channel, and after forming RLC SDUs from the received RLC PDUs, the RLC entity delivers the RLC SDUs to upper layers through a single SAP between RLC and upper layers.

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 layers and delivers RLC PDUs to its peer receiving TM RLC entity via lower layer. The receiving TM RLC entity delivers RLC SDUs to upper layers and receives RLC PDUs from its peer transmitting TM RLC entity via lower layer.

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 layers and delivers RLC PDUs to its peer receiving UM RLC entity via lower layer. The receiving UM RLC entity delivers RLC SDUs to upper layers and receives RLC PDUs from its peer transmitting UM RLC entity via lower layer.

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 layers and delivers RLC PDUs to its peer AM RLC entity via lower layer. The receiving side of an AM RLC entity delivers RLC SDUs to upper layers and receives RLC PDUs from its peer AM RLC entity via lower layer.

Figure 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
The following applies to all RLC entity types (i.e. TM, UM and AM RLC entity):

· RLC SDUs of variable sizes which are byte aligned (i.e. multiple of 8 bits) are supported;

· RLC PDUs are formed from RLC SDUs received from upper layers and delivered to lower layer only when a transmission opportunity has been notified by lower layer (i.e. MAC).

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 transmit/receive RLC PDUs through the following logical channels:

· BCCH (mapped on BCH), UL CCCH and PCCH.
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Figure 4.2.1.x: Model of two transparent mode peer entities

Editor’s note: Whether TM RLC entity can be configured to transmit/receive RLC PDUs through BCCH (mapped on DL-SCH) is FFS.

4.2.1.1.2
Transmitting TM RLC entity

When a transmitting TM RLC entity forms RLC PDUs from RLC SDUs, it shall:

· Not segment nor concatenate the RLC SDUs;

· Not include any RLC headers in the RLC PDU.

4.2.1.1.3
Receiving TM RLC entity

When a receiving TM RLC entity receives RLC PDUs, it shall:

· Deliver the RLC PDUs (which are just RLC SDUs) to upper layers.

4.2.1.2
UM RLC entity

4.2.1.2.1
General
An UM RLC entity can be configured to transmit/receive RLC PDUs through the following logical channels:

· DL/UL DCCH, DL/UL DTCH, MCCH or MTCH.
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Figure 4.2.1.y: Model of two unacknowledged mode peer entities
Editor’s note: Whether UM RLC entity can be configured to transmit/receive RLC PDUs through BCCH (mapped on DL-SCH) logical channel is FFS. Whether UM RLC entity can be configured to transmit/receive RLC PDUs through DL CCCH is FFS (this is expected to be the case if DL CCCH exists).

4.2.1.2.2
Transmitting UM RLC entity

When a transmitting UM RLC entity forms RLC PDUs from RLC SDUs, it shall:

· Segment and/or concatenate the RLC SDUs in accordance to the TB size selected by lower layer at the particular transmission opportunity notified by lower layer;

· Include relevant RLC headers in the RLC PDU.

4.2.1.2.3
Receiving UM RLC entity

When a receiving UM RLC entity receives RLC PDUs, it shall:

· Reorder the RLC PDUs if they are received out of sequence;

· Detect the loss of RLC PDUs at lower layers and avoid excessive reordering delays;

· Reassemble RLC SDUs from the RLC PDUs that are received in sequence (not accounting for RLC PDUs for which losses have been detected) and deliver them to upper layers;

· Discard received RLC PDUs that cannot be re-assembled into a RLC SDU due to loss at lower layers of a RLC PDU which belonged to the particular RLC SDU .

At the time of inter eNB handover, the receiving UM RLC entity shall:

· If possible, reassemble RLC SDUs from the RLC PDUs that are received out of sequence and deliver them to upper layers;

· Discard any remaining RLC PDUs that could not be reassembled into RLC SDUs;

· Initialize relevant state variables and stop relevant timers.

Editor’s note: Whether duplicate detection needs to be supported for UM data transfer is FFS (this depends on BCCH (mapped on DL-SCH) transmission/reception scheme).

4.2.1.3
AM RLC entity

4.2.1.3.1
General
An AM RLC entity can be configured to transmit/receive RLC PDUs through the following logical channels:

· DL/UL DCCH or DL/UL DTCH.
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Figure 4.2.1.z: Model of an acknowledged mode enttiy
4.2.1.3.2
Transmitting side
When the transmitting side of an AM RLC entity forms RLC PDUs from RLC SDUs, it shall:

· Segment and/or concatenate the RLC SDUs in accordance to the TB size selected by lower layer at the particular transmission opportunity notified by lower layer.

The transmitting side of an AM RLC entity supports retransmission of RLC PDUs and RLC PDU segments (ARQ):

· If the RLC PDU or RLC PDU segment to be retransmitted does not fit into the new TB size selected by lower layer at the particular transmission opportunity, the AM RLC entity can re-segment the RLC PDU or RLC PDU segment to be retransmitted into RLC PDU segments;

· The number of re-segmentation is not limited.

When the transmitting side of an AM RLC entity forms RLC PDUs from RLC SDUs received from upper layers or RLC PDU segments from RLC PDUs to be retransmitted, it shall:

· Include relevant RLC headers in the RLC PDU/RLC PDU segment.

4.2.1.3.3
Receiving side
When the receiving side of an AM RLC entity receives RLC PDU segments, it shall:

· Detect whether or not the RLC PDU segments have been received in duplication, and discard duplicated RLC PDU segments;

· Reorder the RLC PDU segments if they are received out of sequence;

· Detect the loss of RLC PDUs and/or RLC PDU segments at lower layers and request retransmissions to its peer AM RLC entity;

· Reassemble RLC PDUs from the RLC PDU segments.

When the receiving side of an AM RLC entity receives RLC PDUs, it shall:

· Detect whether or not the RLC PDUs have been received in duplication, and discard duplicated RLC PDUs;

· Reorder the RLC PDUs if they are received out of sequence;

· Detect the loss of RLC PDUs at lower layers and request retransmissions to its peer AM RLC entity;

· Reassemble RLC SDUs from the RLC PDUs that are received in sequence and deliver them to upper layers.

At the time of inter eNB handover, the receiving side of an AM RLC entity shall:

· If possible, reassemble RLC SDUs from the RLC PDUs that are received out of sequence and deliver them to upper layers;

· Discard any remaining RLC PDUs that could not be reassembled into RLC SDUs;

· Initialize relevant state variables and stop relevant timers.
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