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1 Introduction

The MAC header described in ‎[1] comprises a Length fields (L) that specifies the length of the associated data block (RLC Data PDU, RLC Control PDU, MAC Control Element or Padding). In order to support the high data rates provided by the physical layer the Length field must comprise 15 bit. However, for small MAC PDUs this results in a considerable overhead. 

It has been proposed to optimize the MAC Header for certain services such as VoIP by e.g. defining a smaller Length field for those radio bearers. This, however, could not be applied to small MAC PDUs that are transmitted on a more generic logical channel. The most prominent example are TCP acknowledgements. 

In this contribution we propose a simple and efficient mechanism for optimizing the MAC Length field size instantaneously by adapting it to the actual size of the corresponding data unit and not to the theoretical maximum. 

2 Proposed Mechanism
We propose to optimize the MAC Length field by making use of knowledge obtained e.g. from the L1 control signaling, i.e., the size of the entire transport block.

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 obvious reason is that the Length fields (L) are actually pointers, pointing to a position (byte) in the MAC 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 transmitter sets the size of the L-Field depending on the actual size of the transport block. The receiver applies the same rule to determine the size of the L-Field in the received transport block. Note that the receiving entity 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.
2.1 Example Headers

Figure 1 depicts the default MAC header without optimization for one, two and three elements. Each element may contain an RLC PDU (data or control), a MAC Control Element or Padding. The type of the element is determined by the associated LCID. In the non-optimized case the Length field must comprise 15 bit in order to support MAC PDUs of up to 32768 Byte. In this example the size of the entire MAC PDU is assumed to be below 128 byte. Consequently, the optimized Length field requires only 7 bit. For smaller MAC PDUs the optimization would result in even smaller Length fields.
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Figure 1: Default (left) and optimized (right) MAC headers for one, two and three elements (RLC Data PDU, RLC Control PDU, MAC Control Element or padding)
3 Text Proposal

6.2 Formats and Parameters

6.2.1 MAC header for DL-SCH and UL-SCH 

The MAC header is of variable size and consists of the following fields:

-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU. There is one LCID field per MAC SDU included in the MAC PDU. The LCID value [X] indicates that the corresponding MAC SDU is a MAC control element. The LCID field size is [4] bits.
-
L: The Length field indicates the length of the corresponding MAC SDU in bytes. There is one L field per MAC SDU included in the MAC PDU. The maximum size of the L field is 15 bits. The actual size of the Length field is determined according to subclause 6.2.1.1.
-
E: The Extension field is a flag indicating if more fields are present in the MAC header or not. If the E field is set to "0" the E field is followed by an additional set of LCID, L and E fields. If the E field is set to "1" the E field is followed by the MAC payload.

The MAC header is octet aligned.

Editor’s note:
Whether more than one LCID values are used for MAC control elements is FFS.

Editor’s note: It is agreed that the LCID field size is 4 bits at the minimum.
Editor’s note: For a trailing MAC SDU or MAC Control element the L field may be avoided in some cases which are FFS

Editor’s note: It is FFS whether this MAC header applies to only to DL/UL SCH or also to other transport channels
6.2.1.1 Determining the actual size of the Length field in the MAC header

Both the MAC transmitter and the MAC receiver determine the size of the L-Field depending on the actual size of the entire transport block (MAC PDU including header according) to the following formula:

LF_SIZE = ROUNDUP(Log2(MAC_PDU_SIZE)),

where the LF_SIZE and MAC_PDU_SIZE are given in byte.
Note that the receiver knows the size of the transport block from the transport format.

4 Conclusion

This document proposes a simple mechanism to reduce the MAC header overhead by adapting the size of the Length fields to the actual size of the MAC PDU. 
We provided an example for the MAC Header which shows a considerable gain of 1 and 2 byte (25% and 33%) for 2 and 3 multiplexed data elements (also padding is treated as one such element).
We propose to consider this optimization when specifying the MAC header for LTE. A text proposal is provided in section ‎3.
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