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1 Introduction

So far several documents contributed to the MAC PDU structure discussion. Purpose of this document is to propose a baseline proposal for agreement to be included in ‎[1]. This baseline proposal should serve as basis for future optimizations if needed. 

2 MAC functions 
The following functions are supported by MAC sub layer ‎[2]:

-
Mapping between logical channels and transport channels;
-
Multiplexing/demultiplexing of MAC SDUs from one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels;

-
Traffic volume measurement reporting;

-
Error correction through HARQ;

-
Priority handling between logical channels of one UE;

-
Priority handling between UEs by means of dynamic scheduling;

-
Transport format selection;

-
Mapping of Access Classes to Access Service Classes (FFS for RACH);
-
Padding.

3 Baseline MAC PDU header fields 

Obviously, the highlighted bullets in section 2 require identification fields in the MAC header. 

There is a strong consensus ‎[3]

 REF _Ref168907729 \r \h 
‎[4]

 REF _Ref168907730 \r \h 
‎[5]

 REF _Ref168907732 \r \h 
‎[6]

 REF _Ref168907733 \r \h 
‎[7] that a field identifying the Logical Channel ID of a MAC SDU is required. However, the size of this field is still for further study. Proposed have been 4 or 5 bits.

Proposal 1: A LCID field is present in the MAC PDU header for each contained MAC SDU.
It is also uncontroversial that a length field (LF) is required per MAC SDU ‎[3]

 REF _Ref168907729 \r \h 
‎[4]

 REF _Ref168907730 \r \h 
‎[5]

 REF _Ref168907732 \r \h 
‎[6]

 REF _Ref168907733 \r \h 
‎[7] that allows to extract the contained payload elements. Also here the size of that field needs to be discussed further.
Proposal 2: A LF is present in the MAC PDU header for each contained MAC SDU.
Finally, an extension field (E) is needed that flags whether a new set of MAC PDU header elements follows or not.

Proposal 3: A E flag is present in the MAC PDU header for each contained MAC SDU.
These three MAC header elements have been identified so far. In addition there is broad consensus on the need of MAC control elements. At least the following mechanisms have been proposed so far that would benefit from MAC control elements ‎[5]:

· DRX control

· Timing Alignment information

· Scheduling Information

· CQI report

· Residual HARQ error report

Therefore, the MAC PDU structure should be designed in a way that the transmission of MAC control elements serving very different purposes can be supported.

Two alternatives have been mentioned to identify MAC control elements: One is to include a D/C flag ‎[7],‎[3] in the MAC header to identify either MAC SDUs or MAC control elements. The other one ‎[3]

 REF _Ref168907729 \r \h 
‎[4]

 REF _Ref168907730 \r \h 
‎[5]

 REF _Ref168907732 \r \h 
‎[6] is to use a special value of the LCID for this purpose. Considering that the D/C field requires one additional bit, it seems preferable to use a special value of the LCID to address MAC control PDUs.
Proposal 4: MAC control elements are identified by a special LCID value. There is no D/C flag included in the MAC PDU header.
In addition to MAC control elements, also padding needs to be supported ‎[2]. At least two different approaches have been mentioned so far. Either padding can be considered as a special MAC control element or padding can be addressed by a second special LCID value ‎[5]. 
Proposal 5: Padding is identified by a special LCID value. 

Order of MAC SDUs, MAC Control elements, Padding: In principle, the order of these MAC PDU elements can be arbitrary, if the same MAC header fields are used to identify these elements. However, it seems most natural that padding bits are inserted at the end.

In addition, it might be desirable to place MAC control elements in front in order to speed up their processing, although, a strict requirement that MAC control elements should occur prior to MAC SDUs has not been identified so far.

Proposal 6: If padding occurs, these bits shall be inserted at the end of the MAC PDU.

Proposal 7: The order of MAC control elements and MAC SDUs can be arbitrary.

4 Optimizations
A number of optimizations have been mentioned in addition to the baseline proposal derived above. They are listed below and should be briefly discussed whether they are needed.

· N-1 length fields in the MAC header, since the Nth length can be derived form the transport block size. Thus, the last MAC SDU or MAC control PDU does not require a length field.
Benefit: Saves one LF per MAC PDU. 
· Combined MAC and RLC header byte alignment. This requires that the RLC headers are put between MAC headers and RLC payload.
Benefit: First, the overhead is optimized. If the RLC header is part of each RLC PDU structure and RLC header byte alignment is required, each RLC PDU header needs to be byte-aligned on its own. Even if only one RLC PDU is present in the MAC PDU (which is probably the dominant case), RLC and MAC PDU headers can be byte-aligned together, which often saves overhead compared to byte-alignment per protocol layer. Second, putting all RLC headers also up front, allows to handle MAC and RLC headers efficiently in the receiver, since RLC/MAC header handling implementation can be expected to be at least very tight if not a single software implementation.

· Length Field optimization: The length field size can be adapted according to the transport block size. I.e., a transport block that contains only a compressed TCP ACK of 3 bytes should not use a 10 bit length field, if the transport block size already indicates that it is a small MAC SDU.

5 Conclusions

In this contributions a few baseline proposals have been made to progress the MAC specification.

According to the proposals made above, a text proposal is outlined below. We propose to agree on this text proposal as the baseline for the MAC PDU structure. Further optimizations should be discussed.
6 Text Proposal
6 Protocol Data Units, formats and parameters

6.1 Protocol Data Units

6.1.1 MAC PDU

A MAC PDU consists of a MAC PDU header and it may contain one or more MAC SDUs. In addition, a MAC PDU may include one or more MAC control element and/or padding bits. 

The MAC header is of variable size depending on the number of contained MAC SDUs and MAC control elements and whether padding bits are included in the MAC PDU.

If present, padding bits shall be inserted at the end of the MAC PDU.
6.1.2 MAC Control Elements
A MAC control element is identified by a reserved LCID. 
6.2 Formats and Parameters

6.2.1 MAC PDU header

- Logical Channel ID (LCID)

The LCID identifies the logical channel of the associated MAC SDU. A reserved value of the LCID identifies a MAC Control element. Another reserved value of the LCID signals that padding bits are inserted in the MAC PDU. The length of the LCID field is x bits [FFS].
- Length Field (LF)

The LF identifies the size of the RLC PDU payload, i.e., the MAC SDU size minus the RLC header size. The length of the LF is x bits [FFS].
- Extension Bit (E)

The extension bit identifies whether another group LCID, LF and E follow or not. If E is set to 1, another group of MAC header fields follow. If E is set to 0, either the one or more contained RLC headers or MAC controls PDUs or padding follows. The size of the E field is 1 bit.
6.2.2 MAC Control Elements
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