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1.
Introduction
In this contribution, we discuss some ambiguous points in setting RLC PDU size.
2.
Discussion

2.1 Reference to TB
In many part of RLC specification, “TB” is mentioned as the size of RLC PDU to be constructed. But, TB is the size of MAC PDU to be transmitted. 

Even if there is only one logical channel with data, the TB size is different from RLC PDU size because TB includes MAC PDU header. And if there is more than one logical channels with data, the amount of bits that one logical channel can send depend on the result of Logical Channel Prioritization in MAC. Thus, in any cases, TB size is not the size of newly composed RLC PDU.
In fact, section 4.3.2 mentions that MAC entity informs RLC entity of “the size of RLC PDU to be transmitted,” not “TB size.” And considering layer independency, RLC layer is not required to know the size of TB.
Proposal 1:

In RLC specification, the term “TB” should be replaced. 
2.2 Appropriate RLC PDU size.
If proposal 1 above is agreed, the size of new RLC PDU should be described not using the term “TB.” 

When RLC entity is notified of the “the size of RLC PDU(s) to be transmitted” by MAC entity, “the size of RLC PDU(s) to be transmitted” may not be the size of the newly composed RLC PDU. Rather, the RLC entity may distribute the available bits as following:

· First, if there is any Control PDU to be transmitted, the available bits is allocated for the transmission of this Control PDU

· Second, if there are remaining bits and if there is any RLC PDU to be retransmitted, the available bits is allocated for the transmission of this to-be-retransmitted RLC PDU

· Third, if there are remaining bits and there is any RLC SDU to be transmitted, the available bits are allocated to construct a new RLC PDU.
I.e., because a Control PDU and a RLC PDU for retransmission have higher priority than the new RLC PDU, the size of new RLC PDU is much smaller than “the size of RLC PDU(s) to be transmitted” notified by MAC.

BTW, in addition to the above three steps, AMD PDU segment also has to be considered. For example, when the remaining bits are smaller than the RLC PDUs to be retransmitted, re-segmentation has to be performed. In this case, the RLC PDU with lower SN has to be retransmitted first. These points are also missing in the current specification.
Proposal 2:

When a new RLC PDU or RLC PDU segment is composed, the size of new RLC PDU or RLC PDU segment should be set considering Control PDU, RLC PDUs for retransmission and “the size of RLC PDU(s) to be transmitted” notified by MAC. 
3.
Conclusion
From the discussion in section 2, following two proposals are proposed:

Proposal 1:

In RLC specification, the term “TB” should be replaced. 
Proposal 2:

When a new RLC PDU or RLC PDU segment is composed, the size of new RLC PDU or RLC PDU segment should be set considering Control PDU, RLC PDUs for retransmission and “the size of RLC PDU(s) to be transmitted” notified by MAC.
A draft text showing the area where change is needed is included in the Annex.A. If agreement is reached, LG is happy to provide further CR.
4.
Annex.A: Draft changes
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 DCCH, DL/UL DTCH, MCCH or MTCH.
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Figure 4.2.1.2.1-1: Model of two unacknowledged mode peer entities
An UM RLC entity delivers/receives the following RLC data PDU:

· UMD PDU.
4.2.1.2.2
Transmitting UM RLC entity

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

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

· include relevant RLC headers in the UMD PDU.

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;

· reorder the UMD PDUs if they are received out of sequence;

· detect the loss of UMD PDUs at lower layers and avoid excessive reordering delays;

· reassemble RLC SDUs from the UMD PDUs that are received in sequence (not accounting for RLC PDUs for which losses have been detected) and deliver the RLC SDUs to upper layer in sequence;
· 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 inter eNB handover, the receiving UM RLC entity shall:

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

· discard any remaining UMD PDUs that could not be reassembled into RLC SDUs;
· 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 enttiy

An AM RLC entity delivers/receives the following RLC data PDUs:

· AMD PDU;

· AMD PDU segment.
An AM RLC entity delivers/receives the following RLC control PDU:

· STATUS PDU.
4.2.1.3.2
Transmitting side
When the transmitting side of an AM RLC entity forms AMD PDU from RLC SDUs, it shall:

· segment and/or concatenate the RLC SDUs in accordance to the following:
· set AMD_PDU_SIZE to the total size of the RLC PDU(s) to be transmitted in the next transmission opportunity notified by lower layer;
· if there is a RLC control PDU to be transmitted in the next transmission opportunity, the size of RLC control PDU is subtracted from the AMD_PDU_SIZE;
· if there is any AMD PDU(s) or AMD PDU segment(s) scheduled for the retransmission in the next transmission opportunity, the total size of the AMD PDU(s) and AMD PDU segment(s) is subtracted from the AMD_PDU_SIZE;
· if AMD_PDU_SIZE is larger than the minimum AMD PDU header, the new AMD PDU size is AMD_PDU_SIZE.
The transmitting side of an AM RLC entity supports retransmission of RLC data PDUs (ARQ):

· if the RLC data PDU needs to be retransmitted:
· set AMD_PDU_SIZE to the total size of the RLC PDU(s) to be transmitted in the next transmission opportunity notified by lower layer;

· if there is a RLC control PDU to be transmitted in the next transmission opportunity, the size of RLC control PDU is subtracted from the AMD_PDU_SIZE;
· for each RLC data PDU considered for retransmission in the order of increasing SN:

· if the size of RLC data PDU is equal to or smaller than the AMD_PDU_SIZE, schedule the RLC data PDU for retransmission at the next transmission opportunity and subtract the size of RLC data PDU from AMD_PDU_SIZE;

· else if the size of RLC data PDU is larger than the AMD_PDU_SIZE and the AMD_PDU_SIZE is larger than the minimum size of AMD PDU segment header, the AM RLC entity can re-segment the RLC data PDU into AMD PDU segments;
· the number of re-segmentation is not limited.

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

· include relevant RLC headers in the RLC data PDU.

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

· detect whether or not the RLC data PDUs have been received in duplication, and discard duplicated RLC data PDUs;
· reorder the RLC data PDUs if they are received out of sequence;

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

· reassemble RLC SDUs from the RLC data PDUs that are received in sequence and deliver the RLC SDUs to upper layer in sequence.
At the time of inter eNB handover, the receiving side of an AM RLC entity shall:

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

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

· 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 (i.e. RRC or PDCP):

· TM data transfer;

· UM data transfer;

· AM data transfer.

4.3.2
Services provided 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;

· notification of HARQ delivery failure from the transmitting MAC entity.

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);

· concatenation, segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);

· re-segmentation of RLC data PDUs (only for AM data transfer);

· in sequence delivery of upper layer PDUs (only for UM and AM data transfer);

· 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 and recovery.
5.2
ARQ procedures

ARQ procedures are only performed by an AM RLC entity.
5.2.1
Retransmission

The transmitting side of an AM RLC entity can receive a negative acknowledgement (notification of reception failure by its peer AM RLC entity) for an AMD PDU or a portion of an AMD PDU by the following:
· STATUS PDU from its peer AM RLC entity;

· HARQ delivery failure from the transmitting MAC entity.

When receiving a negative acknowledgement for an AMD PDU or a portion of an AMD PDU by a STATUS PDU from its peer AM RLC entity, the transmitting side of the AM RLC entity shall:

· if the SN of the corresponding AMD PDU falls within the STATUS receiving window:
· consider the AMD PDU or the portion of the AMD PDU for which a negative acknowledgement was received for retransmission.
When receiving a negative acknowledgement for an AMD PDU or a portion of an AMD PDU by HARQ delivery failure notification from the transmitting MAC entity, the transmitting side of the AM RLC entity may:

· if the SN of the corresponding AMD PDU falls within the STATUS receiving window:
· consider the AMD PDU or the portion of the AMD PDU for which a negative acknowledgement was received for retransmission.
When retransmitting an AMD PDU, the transmitting side of an AM RLC entity shall:
· set AMD_PDU_SIZE to the total size of the RLC PDU(s) to be transmitted in the next transmission opportunity notified by lower layer;
· if there is a RLC control PDU to be transmitted in the next transmission opportunity, the size of RLC control PDU is subtracted from the AMD_PDU_SIZE;
· if there is any AMD PDU(s) or AMD PDU segment(s) needed to be retransmitted with lower SN than the considered AMD PDU:
· set the total size of the AMD PDU(s) and AMD PDU segment(s) to be retransmitted with lower SN than the considered AMD PDU to SIZE_OF_RETRANSMITTED_PDU:
· if SIZE_OF_RETRANSMITTED_PDU is larger than the AMD_PDU_SIZE:
· the AMD PDU is not scheduled for retransmission in the next transmission opportunity;
· else:
· if SIZE_OF_RETRANSMITTED_PDU plus the size of the AMD PDU is smaller than or equal to the AMD_PDU_SIZE:
· deliver the AMD PDU as it is except for the P field (the P field should be set according to sub clause 5.2.2) in the next transmission opportunity;
· else if AMD_PDU_SIZE minus SIZE_OF_RETRANSMITTED_PDU is larger than the minimum size of AMD PDU segment header:
· segment the AMD PDU and form a new AMD PDU segment with the size of AMD_PDU_SIZE minus SIZE_OF_RETRANSMITTED_PDU and deliver the AMD PDU segment in the next transmission opportunity;

· 
When retransmitting a portion of an AMD PDU, the transmitting side of an AM RLC entity shall:
· set AMD_PDU_SIZE to the total size of the RLC PDU(s) to be transmitted in the next transmission opportunity notified by lower layer;

· if there is a RLC control PDU to be transmitted in the next transmission opportunity, the size of RLC control PDU is subtracted from the AMD_PDU_SIZE;
· if there is any AMD PDU(s) or AMD PDU segment(s) needed to be retransmitted with lower SN than the considered the portion of the AMD PDU:
· set the total size of the AMD PDU(s) and AMD PDU segment(s) to be retransmitted with lower SN and lower bytes than the considered portion of the AMD PDU to SIZE_OF_RETRANSMITTED_PDU:
· if SIZE_OF_RETRANSMITTED_PDU is larger than the AMD_PDU_SIZE:

· the portion of the AMD PDU is not scheduled for retransmission in the next transmission opportunity;
· else:
· if SIZE_OF_RETRANSMITTED_PDU plus the size of the portion of the AMD PDU is smaller than or equal to the AMD_PDU_SIZE:
· deliver the portion of the AMD PDU as it is except for the P field (the P field should be set according to sub clause 5.2.2) in the next transmission opportunity;
· else if AMD_PDU_SIZE minus SIZE_OF_RETRANSMITTED_PDU is larger than the minimum size of AMD PDU segment header:
· segment the portion of the AMD PDU as necessary and form a new AMD PDU segment with the size of AMD_PDU_SIZE minus SIZE_OF_RETRANSMITTED_PDU and deliver the AMD PDU segment in the next transmission opportunity;
· 
When forming a new AMD PDU segment, the transmitting side of an AM RLC entity shall:
· only map the Data field of the original AMD PDU to the Data field of the new AMD PDU segment;

· set the header of the new AMD PDU segment in accordance with the description in sub clause 6.:

6.2.2
Parameters
6.2.2.1
General

In the definition of each field in sub clauses 6.2.1.2 to 6.2.1.X, the bits in the parameters are represented in which the first and most significant bit is the left most bit and the last and least significant bit is the rightmost bit. Unless mentioned otherwise, integers are encoded in standard binary encoding for unsigned integers.
6.2.2.2
Data field

Data field elements are mapped to the Data field in the order which they arrive to the RLC entity at the transmitter.

For TMD PDU, UMD PDU and AMD PDU:

· The granularity of the Data field size is one byte;

· At the particular transmission opportunity, the maximum Data field size is the total size of the RLC PDU(s) to be transmitted notified by lower layer minus the minimum RLC PDU header size.
For TMD PDU:

· Only one RLC SDU can be mapped to the Data field of one TMD PDU.

For UMD PDU, AMD PDU and AMD PDU segment:

· Either of the following can be mapped to the Data field of one UMD PDU, AMD PDU or AMD PDU segment:

· Zero RLC SDU segments and one or more RLC SDUs;

· One or two RLC SDU segments and zero or more RLC SDUs;

· RLC SDU segments are either mapped to the beginning or the end of the Data field;

· When there are two RLC SDU segments, they belong to different RLC SDUs.
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