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1 Introduction

At the last RAN2 meeting it has been agreed that the protocol headers are byte-aligned per protocol layer. There remains the open issue whether byte-alignment is applied to the overall RLC header or whether baseline and extension headers are byte-aligned on their own.

This contribution proposes a structure for the RLC header and discusses the header byte-alignment issue. In addition it proposes a generic length indicator optimization for small SDUs, i.e., this optimization is targeting not only VoIP.

Finally it argues that piggybacking of status information should not be supported.

A text proposal for ‎[1] capturing the proposals made in this contribution is also provided.

2 RLC PDU header structure

Our view on the RLC PDU header structure is depicted in Figure 1.
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Figure 1: RLC PDU header with and without length indicators

With the chosen numerology, 4 1-bit fields, 1 2-bit field and a 10 bit SN, we obtain a byte-aligned base header. Although we think that it is not essential to have a byte-aligned base header on its own, this has the advantage that the header for RLC PDUs consisting of only a single RLC SDU is compact and only 16 bits.

As agreed in the RLC conference call ‎[2] we are assuming a Length Indicator size of 11 bits. This supports SDU sizes up to 2047 bytes, i.e., large TCP segments can be handled. In case of concatenation, LI and the additional E bit introduce another 12 bits for each additional SDU.

Our baseline proposal is to use padding bits at the shown location. 4 bits of padding are needed to obtain a byte-aligned header for 2 RLC SDUs (or any other even number of SDUs). If 3 SDUs (or any other uneven number larger than 1) are included in the PDU the proposal provides a byte-aligned RLC PDU header without padding. We think that this is approach gives a compact RLC header with minimized padding.

If resegmentation is required, our proposal for the header structure is shown in Figure 2.
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Figure 2: RLC Resegmentation Header

If the RF field indicates the presence of a resegmentation offset field (SO) and LSF field, the combination of these two is inserted after the first extension flag. 

We propose 15 bits for the SO field which allows to cope with large RLC PDUs that are needed for very high data rates. Also, together with the 1-bit LSF field, this provides a byte-aligned structure. Using only 14 bits would provide space for one more bit, but we can not think of a way of spending it that would be more attractive then using it for a future-proof SO space.

If LIs are needed they are appended in a similar manner as described before and shown in Figure 2.

3 RLC PDU header optimization

In contrast to many other views expressed so far, we are not in favour of header optimizations for VoIP only. First, there exist other applications that frequently send small IP packets, e.g., TCP ACKs and other TCP control messages (SYN), gaming, and other control messages in general. Second, there might evolve other applications with characteristics like VoIP for those the highly optimized solutions for VoIP just don’t fit. If optimizations are required for such services, this would lead to additional standardization, implementation and testing effort that is clearly undesirable. Therefore, we think that as much as possible, generic optimization methods should be used to minimize the header overhead. Such optimizations should not be tied to specific services. This had been the main motivation for arguing for a combined MAC and RLC header byte alignment.

In the agreed context with byte alignment for each individual protocol layer, there is now less room for generic optimizations. However it is still possible. 

Therefore we continue to propose the length indicator optimization for the RLC header as already described in ‎[3]. According to the described mechanism, both the transmitter and the receiver determine the size of the Length Indicator based on the actual size of the RLC PDU. 

Due to the requirement that the RLC header must be byte-aligned it is possible to limit the granularity of supported Length Indicator sizes to two formats. Looking at the numerology of the RLC PDU header, as shown in Figure 2, a suitable length for the short LI is 7 bits, which supports RLC PDUs up to 128 byte (excluding RLC header). For larger RLC PDUs the 11 bit Length Indicator could be used. Which size for the LI is used is determined based on the RLC PDU size that is known from parsing the MAC header.
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Figure 3: RLC PDU header with Length Indicator Optimization (on the right side)
This optimization gives a 1 byte gain for 2 and 3 concatenated RLC SDUs compared to the long LI as discussed in Section 2. The optimization would apply for all RLC PDUs that are smaller than 128 bytes. Thus it could cope with two or three compressed VoIP packets of 33 bytes, 3 not compressed TCP control messages (ACK, SYN, …) and many more compressed TCP ACKs. Note that TCP ACK bundling is a very common phenomena if link layer retransmissions occur. The L2 in-sequence delivery function leads to bundling of TCP segments that are delivered in a burst to the TCP receiver. That receiver in turn creates bursts of TCP ACKs. Therefore, we think that the proposed mechanism is in particular well suited for TCP traffic.

It is expected that the generic nature of the proposed optimization ensures that it can be applied to many other small data (e.g., gaming) and control messages (e.g., RRC, NAS, SIP, …) as well.

The length indicator optimization can be applied for RLC PDUs and RLC PDU segments.

4 Status Piggybacking

Another open issue for the RLC PDU design is whether Status Piggybacking is supported or not. 

Standalone Status PDUs are assumed to be the main reporting mechanism for status information.

We believe that piggybacking of status information should not be supported because RLC supports variable RLC PDU sizes. If there is still space to transmit more data in the transport block, rather new data from another queue should be sent than piggybacked status information.

We think that the additional complexity to introduce piggybacking as a second status reporting mechanism in addition to standalone status PDUs is not justified by significant gains.
5 Conclusions

We propose the following for the baseline RLC header:

· D/C field size: 1 bit

· SN field size: 10 bits

· Byte-aligned base header consisting of D/C, SN, P, RF, SI and E fields (16 bits in total)

We propose the following for the length indicator extension header:

· LI field size: 11 bits

· padding of 4 bits if number of SDUs in the RLC PDU is even

· Byte-aligned length indicator extension header if number of SDUs in the RLC PDU is odd and larger than 2

We propose the following for the resegmentation extension header:

· SO field size: 15 bits

· RF field size: 1 bit

· Byte-aligned resegmentation extension header 

In addition to these baseline agreements, we propose to consider the length indicator optimization for small RLC PDUs as discussed above. We propose to use a 7 bit length indicator for RLC PDUs smaller or equal to 128 bytes.

Piggybacking of status information should be not supported.
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7 Text Proposal

6
Protocol data units, formats and parameters
Editor’s note: It is intended to specify necessary details in this section as discussions proceed, but it is foreseen that discussions regarding TMD PDU, UMD PDU, AMD PDU, AMD PDU segment, control PDU and piggyback PDU are needed.

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.

Editor’s note: If RLC control PDUs other than that for ARQ procedures are needed, their description will be added as decisions are made.

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. It is used when the AM RLC entity transmits (part of) the RLC SDU for the first time, or when the AM RLC entity retransmits an AMD PDU without having to perform re-segmentation.

 d) AMD PDU segment

   AMD PDU segment is used to transfer upper layer PDUs by an AM RLC entity. It is used when the AM RLC entity needs to retransmit an AMD PDU (or an AMD PDU segment) with the need to perform re-segmentation.

Editor’s note: If it is decided to re-use PDCP SN for the RLC SN, then there would be no need to list the AMD PDU segment separately from the AMD PDU.

6.1.2
RLC control PDU

 a) STATUS PDU

   STATUS PDU is used by the receiving AM RLC entity to inform the transmitting AM RLC entity about AMD PDUs that are received successfully, and AMD PDUs that are detected to be lost by the receiving AM RLC entity.

Editor’s note: If RLC control PDUs other than STATUS PDUs are needed, their description will be added as decisions are made. 
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.

6.2.1
Formats

6.2.1.1
General

RLC PDU is a bit string. In the figures in sub clause 6.2.1.2 to 6.2.1.6, bit strings are represented by tables in which the first bit is the left most bit of the first line of the table, the last 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. If the required header fields do not end up byte-aligned, the required number of header padding bits is inserted for header byte-alignment.
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 6.2.1.1-1: TMD PDU
6.2.1.3
UMD PDU

UMD PDU consists of a Data field and an UMD PDU header.
UMD PDU header consists of a fixed part (fields that are present for every UMD PDU) and an extension part (fields that are present for an UMD PDU when necessary). The fixed part of the UMD PDU header consists of a Sequence Number (SN), [Segmentation Info (SI)] and an Extension bit (E). The extension part of the UMD PDU header consists of a Length Indicator (LI) and an Extension bit (E).

Editor’s note: Description of more header fields and a figure will be provided as decisions are made.

6.2.1.4
AMD PDU

AMD PDU consists of a Data field and an AMD PDU header.
AMD PDU header consists of a fixed part (fields that are present for every AMD PDU) and an extension part (fields that are present for an AMD PDU when necessary). The fixed part of the AMD PDU header consists of a Data/Control flag (D/C), a Sequence Number (SN), Segmentation Info (SI) , a Resegmentation Flag, a Poll bit and an Extension bit (E). The extension part of the AMD PDU header consists of a Length Indicator (LI) and an Extension bit (E). When more than one Data field elements are present in one AMD PDU, the extension part is present for every Data field element.
Editor’s note: The possibility to not have the extension part corresponding to the last Data field element present in the AMD PDU is FFS.
Editor’s note: Description of more header fields and a figure will be provided as decisions are made.

6.2.1.5
AMD PDU segment

Editor’s note: If it is decided to re-use PDCP SN for the RLC SN, then there would be no need to list the AMD PDU segment separately from the AMD PDU.

AMD PDU segment header consists of a Segment Offset (SO) and a Last Segment Flag (LSF).
Editor’s note: Description of more header fields and a figure will be provided as decisions are made.
6.2.1.6
STATUS PDU

Editor’s note: Decision has been made that the STATUS report can indicate an AMD PDU segment by including information on the position of the first and last bytes of the AMD PDU segment within the original AMD PDU. It is intended to capture this after SUFIs for STATUS PDUs have been decided. It is unclear at the moment whether the decision to have the STATUS report indicate an AMD PDU segment applies to all the SUFIs that will be agreed in the future.

Editor’s note: Sub clauses for other RLC control PDUs will be added as decisions are made.

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:

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

For UMD PDU and AMD PDU:

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

· 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.

6.2.2.3
Sequence Number (SN) field
Length: 10 bits.
6.2.2.4
Extension bit (E) field

Length: 1 bit.

The Extension bit field indicates whether the Extension bit field is followed by a Data field, or a Length Indicator field and an Extension bit field. The interpretation of the Extension bit field is provided in Table 6.2.2.3-1.

Table 6.2.2.4-1: Extension bit field interpretation
	Value
	Description

	0
	Data field follows in the next octet

	1
	Length Indicator field and Extension bit field follows


6.2.2.5
Length Indicator (LI) field

Length: 11 bits.

The Length Indicator field indicates the length in bytes of the corresponding Data field element present in the AMD PDU. The first Length Indicator present in the AMD PDU header corresponds to the first Data field element present in the Data field of the AMD PDU, the second Length Indicator present in the AMD PDU header corresponds to the second Data field element present in the Data of the AMD PDU, and so on. For the last Data field the Length Indicator is omitted.
6.2.2.6
Segmentation Info (SI) field
Length: 2 bits.
The Segmentation Info field indicates whether a RLC SDU is segmented at the beginning and/or at the end of the Data field. Specifically, the [Segmentation Info] field indicates whether the first byte of the Data field corresponds to the first byte of a RLC SDU, and whether the last byte of the Data field corresponds to the last byte of a RLC SDU. The interpretation of the Segmentation Info field is provided in Table 6.2.2.5-1.

"The Segmentation Info field indicates whether a RLC SDU is segmented at the beginning and/or end of the data field."
Table 6.2.2.6-1: Segmentation Info field interpretation
	Value
	Description

	00
	First byte of the Data field corresponds to the first byte of a RLC SDU.

Last byte of the Data field corresponds to the last byte of a RLC SDU.

	01
	First byte of the Data field corresponds to the first byte of a RLC SDU.

Last byte of the Data field does not correspond to the last byte of a RLC SDU.

	10
	First byte of the Data field does not correspond to the first byte of a RLC SDU.

Last byte of the Data field corresponds to the last byte of a RLC SDU.

	11
	First byte of the Data field does not correspond to the first byte of a RLC SDU.

Last byte of the Data field does not correspond to the last byte of a RLC SDU.


6.2.2.x
Resegmentation Flag (RF) field
Length: 1 bit.

The Resegmentation Flag field indicates whether the data field is a PDU or a PDU segment. The interpretation of the Resegmentation Flag field is provided in Table 6.2.2.5-1.

 Table 6.2.2.x-1: Resegmentation Flag field interpretation
	Value
	Description

	0
	A PDU follows in the Data field 

	1
	A PDU segment follows in the Data field


6.2.2.x
Poll Bit (P) field
Length: 1 bit.

The Poll Bit field indicates whether a status report is requested from the receiver or not. The interpretation of the Poll Bit field is provided in Table 6.2.2.x-1.

 Table 6.2.2.x-1: Poll Bit field interpretation
	Value
	Description

	0
	No Status  is polled from the receiver 

	1
	A Status is polled from the receiver


6.2.2.7
Segment Offset (SO) field
Length: 15 bits.
The Segment Offset field indicates the position of the AMD PDU segment in bytes within the original AMD PDU.
Editor’s note: A more accurate description will be provided once the decision on whether or not to include the header of the original AMD PDU in the AMD PDU segment Data field has been made.
6.2.2.8
Last Segment Flag (LSF) field

Length: 1 bit.
The Last Segment Flag field indicates whether or not the last byte of the AMD PDU segment corresponds to the last byte of an AMD PDU. The interpretation of the Last Segment Flag field is provided in Table 6.2.2.7-1.

Table 6.2.2.8-1: Last Segment Flag field interpretation
	Value
	Description

	0
	Last byte of the AMD PDU segment does not correspond to the last byte of an AMD PDU.

	1
	Last byte of the AMD PDU segment corresponds to the last byte of an AMD PDU.


Editor’s note: Sub clauses for other fields will be added as decisions are made.

6.2.2.x
Header Padding (HP) field
Length: 1-7  bit.
The Header Padding field is used to octet-align the header. It has a varying size depending on the amount of heading required.






















































































































D/C: 	1 bit, Type Flag for Data or Control,


SN:	10 bit, Sequence Number


P:	1 bit, Poll bit


RF:	1 bit, Resegm. Flag, Resegm. Offset follows


SI: 	2 bit, Segmentation Info


E: 	1 bit, Extension bit, LI follows
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