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1 Introduction

In this document we propose a RLC/MAC PDU header format which supports the agreed features (see section ‎2) and fulfills the requirements. The headers add a reasonable amount of protocol overhead and the proposed order of the header elements simplifies header generation and parsing. 

We only focus on data PDUs whereas the format of RLC status messages is outside the scope of this document.

2 Background

During the previous RAN2 meetings a number of decisions regarding RLC/MAC operation have been made. Most notably it has been decided that…
· RLC performs concatenation and segmentation of SDUs. RLC PDUs may be of variable size and one sequence number is assigned per PDU.

· RLC maintains its own sequence number space and does not re-use PDCP sequence numbers (if at all present).

· Multiple Resegmentations shall be supported. The retransmission unit is the RLC PDU or an RLC Sub-PDU

· The MAC layer supports multiplexing from multiple radio bearers into one MAC PDU.

· The MAC layer does not support in-sequence delivery towards RLC. 

· RLC is responsible for in-sequence delivery towards PDCP if configured accordingly.

Furthermore, it has been decided at the joint meeting in St. Louis to move PDCP functionality (Ciphering and RoHC Header Compression) to the eNodeB. As explained in ‎[4] we suggest to perform Ciphering on RLC PDUs so that the RLC sequence number can be re-used. 

3 Proposed RLC/MAC Header Format

In this section we present the RLC/MAC header format and describe the supported header fields in detail. Furthermore, we show some example headers and determine the overall header overhead for those cases.
3.1 Generic Header Formats
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Figure 1: Generic RLC/MAC header structure with all required fields.
Figure 1 depicts the generic RLC/MAC header structure including all supported header fields. Note that in most cases only a sub-set of these fields is present in a PDU. We split the header in multiple logical sub-headers by grouping fields according to their functionality. These sub-headers are explained in the following sub-sections.
3.1.1 MAC MUX Header

The MAC Multiplexing header defines the number of contained RLC PDUs, the Radio Bearer to which a contained PDU belongs and the length of their Payload in byte. Its size depends on the number of multiplexed RLC SDUs. The header fields are added per RLC-PDU (i.e. once per Radio Bearer and TTI).
· Radio Bearer Identifier (RB ID): A 4 bit field supports 16 active Radio Bearers per UE. Alternatively, one or more code-points could be used to identify MAC Control PDUs.
· Length Field (LF): Length of the corresponding RLC PDU's Payload in byte. A 15 bit field allows addressing of RLC PDUs up to 32768 byte which corresponds to data rates up to 260 MBit/s which is sufficient also for future enhancements. With this concept no padding is introduced on RLC level which increases the protocol efficiency. Padding may however be added on MAC level if the size of the entire MAC PDU does not match the size of the transport format. 
Note that the separate Length Field for the entire RLC PDU replaces one Length Indicator in the RLC SDU Reassembly header (‎2.1.4). This Length Field must be large enough to cope also with very large RLC PDUs whereas the Length Indicators can be dimensioned according to the size of typically IP packets.  The separate length field is required anyway in case of re-segmentation and it might need to be larger than the Length Field in case of large PDUs. Furthermore, the separate Length Field simplifies PDU parsing which may be preferable from an implementation complexity point of view. 
· Extension Bit (EX): This 1 bit flag indicates if another Length Field follows, i.e., if MAC multiplexing is used. 0 indicates that the RLC PDU Identification Header follows.
3.1.2 RLC PDU Identification Header

The RLC PDU Identification Header allows the receiver to identify the Radio Bearer to which the RLC PDU belongs as well as its position in the receive window. The size of this RLC header part is constant and one such header exists for each RLC PDU or segment thereof.
· Type Flag (T): This 1 bit flag defines if this RLC PDU is a status message or a data PDU.
· RLC Sequence Number (SN): It is assigned to each RLC-PDU. Note that at most one new RLC PDU is transmitted per Radio Bearer and Transmit Time Interval. Therefore, the RLC Sequence Number space can be small and does not depend on the data rate. (8 bit ( Seq. Nr. Space = 256 ( up to 127 RLC-PDUs in flight without a risk of ambiguity). The RLC receiver uses the RLC Sequence Number for

· missing PDU detection

· in-sequence delivery and 

· de-ciphering 
· Poll Bit: If this 1 bit flag is set the RLC receiver is supposed to return a status message. It could be omitted for UM Radio Bearers. 
· Resegmentation Flag (RF): This 1 bit flag indicates if this is a complete RLC-PDU or just a segment thereof.
3.1.3 RLC Resegmentation Header

The RLC Resegmentation Header appears only if the Resegmentation Flag is set. It identifies the position of this RLC-PDU-segment's payload in the original RLC-PDU's payload.
· Segment Offset (SO): This number identifies the first byte of the original RLC PDU contained in this segment. A 15 bit fields supports RLC PDUs up to 32768 byte. Note that this field is only required for re-segmented RLC PDUs which are assumed to occur very seldom so that the overhead is acceptable. Unlike other numbering schemes, the byte-offset supports multiple re-segmentations of an RLC PDU or segment thereof while avoiding ambiguity between initial and consecutive re-segmentations.
· Last Segment Bit (LS): This 1 bit flag indicates that this segment contains the last byte of the re-segmented RLC-PDU.
3.1.4 RLC SDU Reassembly Header

The RLC SDU Reassembly Header contains information required to reassemble the contained RLC SDU(s). Its size depends on the number of contained SDUs (or parts thereof). In case of re-segmentation this header is only required in the first segment.
The RLC SDU Reassembly Header follows directly after the RLC PDU Identification Header if the Resegmentation Flag was not set. Otherwise (if this is a segment of an RLC PDU) this header follows after the RLC Resegmentation Header if the Segment Offset is 0, i.e., if this is the first segment. 

· Start Flag (SF): This 1 bit flag indicates if first contained RLC-SDU starts byte-aligned in this RLC-PDU, i.e., if it does not overlap to the previous RLC-PDU.
· End of SDU Flag (EF): This 1 bit flag indicates if the last contained RLC-SDU ends in this RLC-PDU.

· Extension Flag (E): This 1 bit flag indicates if another SDU is contained and if a Length Indicator follows.

· Length Indicator (LI): Specifies the length of the corresponding RLC SDU and thereby identifies the position of the first byte of the following RLC-SDU within the RLC-PDU. An 11 bit field supports RLC SDUs up to 2048 byte which is sufficient for an IP packet. Note that no Length Indicator is required if the RLC PDU contains only one RLC SDU or a segment thereof. In other words, the number of Length Indicators is equal to the number of contained RLC SDUs (or segments thereof) minus one (N-1). Instead of the Nth Length Indicator it is the Length Field in the MAC MUX header that points to the end of the RLC PDU.
3.2 Byte Alignment of PDU Payload

It has been decided that the size of an RLC PDU payload can be variable in multiples of a byte. Also the size of the RLC/MAC header will vary depending on e.g. the number of concatenated RLC SDU and multiplexed RLC PDUs. As a consequence, the size of the RLC/MAC header is not necessarily a multiple of a byte. In such cases the payload would also not be byte-aligned (even though a multiple of a byte) and extensive bit-shifting would be required as highlighted in ‎[1]. 

We therefore propose to make the entire RLC/MAC header (not each sub-header) a multiple of a byte by adding (0 to 7) padding bits at the end of the header. See ‎[2] for further information on byte alignment of header and payload.
3.3 Properties

This sub-section lists the main properties of the proposed header format.

· At most one sequence number per Radio Bearer and TTI ( Small and Predictable sequence number space - independent of the data rate!

· RLC/MAC segmentation and numbering scheme is independent of higher layer (Higher-Layer) sequence numbers. ( No interaction with Higher-Layer PDU loss/drop.

· Little padding overhead (only in the MAC PDU if there is not enough data to fill the entire transport block but not per RLC PDU).
· The simple structure allows for fast header generation and parsing.
3.4 Example Headers

In this sub-section we present some example headers and determine the overall header overhead. 

Figure 2 shows the RLC/MAC header structure if a single complete RLC SDU is contained in one RLC PDU, i.e., no segmentation, concatenation and multiplexing is performed. The Length Field (LF) defines the length of the RLC PDU’s payload which is assumed to be one VoIP packet of 33 Byte in this example. The Extension Flag (EX) is not set, indicating that no further RLC PDUs are contained. Both, the start- and end-flag are set so that the receiver knows that it can re-assemble the original SDU without having to wait for preceding or consecutive PDUs. The Extension Bit (E) is not set as no concatenation is used. 

The header comprises 33 bit which corresponds to 12.5% header overhead. 
In addition to the default length of all fields also the optimal length is presented. The Length Fields and Length Indicators could be shorter if the RLC PDU or RLC SDU is shorter than the maximum supported size. In section ‎2.5 we present a proposal on how to achieve this optimization. 
If other optimizations and special header formats for applications such as VoIP are needed is ffs. 
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Figure 2: RLC/MAC header for one VoIP packet.

Figure 3 depicts the header format if two complete SDUs (VoIP packets) are encapsulated in one PDU. The only difference to the previous example is that the first Extension Bit (E) in the RLC SDU Reassembly Header is set which indicates that a Length Indicator follows which points to the end of the first contained SDU. The header size increases by 12 bit which effectively reduces the relative header overhead to 8.5%.
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Figure 3: RLC/MAC header for two concatenated VoIP Packets.

Figure 4 shows the RLC/MAC header for the case that a single TCP/IP packet of 1500 Byte is transmitted. Obviously, the header overhead is negligible in this scenario.
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Figure 4: RLC/MAC header for a single 1500 Byte TCP/IP Packet.
3.5 Optimization of the Length Fields and Length Indicators
In Figure 2, Figure 3 and Figure 4 we present the default and optimal size of all header fields. Obviously, the Length Fields and Length Indicators contribute considerably to the overall header overhead. We therefore aim at optimizing these fields by making use of knowledge obtained e.g. from the L1 control signaling and the value of the Length Field, i.e., the size of the entire transport block and of the entire RLC PDU respectively.
The idea is that the actually required size of the Length Field is never larger than 

LF_Size_Opt = ROUNDUP(Log2(MAC_PDU_Sizebyte))
The same applies for the Length Indicator(s) which depends on the size of the RLC PDU:

LI_Size_Opt = ROUNDUP(Log2(RLC_PDU_Sizebyte))

The obvious reason is that LF and LI are actually pointers, pointing to a position (byte) in the PDU. And the index of all these positions is smaller than the overall size of the PDU in byte.

In the proposed optimization the MAC (RLC) transmitter sets the size of the LF-Field (LI-Field) depending on the actual size of the transport block (RLC PDU). The receiver applies the same rule to determine the size of the LF-Field (LI-Field) in the received transport block (RLC PDU). Note that it knows the size of the entire Transport Block from the transport format which is e.g. transmitted on a L1 control channel and required for decoding anyway. The size of the RLC PDU is then known from the Length Field (LF).

4 Conclusion

This document proposes a RLC/MAC header format for LTE. It supports segmentation, concatenation and multiplexing as well as re-segmentation. The RLC sequence number is used for ARQ, in-sequence delivery and ciphering. The format of RLC status messages has not been described and is for further study.
We would be happy to provide a text proposal on agreed parts of the presented concept.
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6 Annex A – Header Formats
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Figure 5: Generic RLC/MAC PDU header with data of one or more RLC SDUs 
in a single RLC PDU (no MAC Multiplexing)
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Figure 6: Example of an RLC/MAC PDU header with MAC multiplexing. The first RLC PDU contains parts of two SDUs. The second RLC PDU contains one complete RLC SDU.
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Figure 7: Generic Header for a Resegmented RLC PDU. This is the first segment (contains the RLC SDU Reassembly Header).
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Figure 8: Generic Header for a Resegmented RLC PDU. This is a consecutive (i.e., not the first) segment. Therefore, it does not contain the RLC SDU Reassembly Header.
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