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1 Introduction
After the latest conference call on MAC layer issues, a number of issues are open for discussion on the topic of MAC PDU format. In this contribution, we describe our proposals on the outstanding MAC PDU and header format issues. The current MAC specification [1], includes a number of FFS on the sizes of various fields in the MAC header, and we propose values for an efficient header in typical scenarios. We also define how padding and MAC control elements will be included in the MAC transport block (TB). 

The rest of this contribution is organized as follows. In section 2, we propose the sizes of various header elements. In section 3, we propose the optimization details of not including the length field in the last element. We describe how padding is always the last element, and how it is carried in section 4. Lastly, in section 5, we describe how MAC control elements are carried in the MAC PDUs. We summarize in section 6.
2 MAC header field sizes

It has already been decided that each element in a MAC TB will have the corresponding header elements of LCID, Length (L), and the Extension Flag (E) [1]. We propose that the following sizes be used for the fields:
· LCID: 4 bits (thus allowing 16 possibilities)

· E: 1 bit 

· L: 11 bits (thus allowing the same maximum size as allowed for a PDCP segment in the RLC PDU)

· Note that there is an inherent tradeoff in having a larger maximum RLC PDU size that implies a larger header size on all RLC PDUs as well as MAC control elements, but avoids the need for splitting a potentially large RLC PDU into multiple RLC PDUs. A smaller L field implies that the subheader that goes along with each RLC PDU and control elements is smaller. However, in cases where a big RLC PDU is possible but cannot be accommodated using a smaller L field, the contents of that RLC PDU would have to be split between multiple RLC PDUs. This would involve additional header overhead for each smaller PDU. Thus, the choice of the L field should depend on whether in most cases we expect the RLC PDU size to be larger or smaller. We think a size of 11 bits is optimum in that it allows upto 2048 byte RLC PDUs, and larger PDUs that may be rarer are split into multiple RLC PDUs.

We also propose that the order of inclusion of the fields be so that “E” is read before the “L” field. This is because of the optimization of not having the length field in the last MAC element as described in the next section.

Proposal 1: All MAC sub-headers corresponding to each MAC element include the LCID field of 4 bits and an Extension flag of 1 bit in order. The Length field if included in the sub-headers is of size 11 bits.

We also propose the following:

Proposal 2: Each MAC sub-header corresponding to each MAC element included in the TB is byte aligned in addition to the entire MAC header being byte aligned.

3 Omission of L field in the sub-header for the last element
In the last conference call, a working assumption of not including the length field for the last element was accepted. In this regard, we propose the following:

Proposal 3: The extension flag is set to 1 for all elements except the last element in the MAC TB. For the last element, it is set to 0. If E is set to 1, then the field is followed by an 11 bit L field denoting the length of the element. If E is set to 0, the E field is followed by a 3 bit field, which may be used as described in section 4 or may be reserved for future use. The last element of the MAC TB can be a data (from RLC), or a MAC control element, or a Padding element.
4 Padding in MAC TB
Padding is used in the MAC TB, if the other data and control elements cannot fill the allocation for the TB. We propose that padding bits always be included in the end of the MAC TB. 
Proposal 4: Padding, if any, is always included as the last element in the MAC TB. 
Ran2 has identified a few ways of including the padding namely, using a specific padding LCID, using a MAC control LCID, or simply using the extension flag. However, since the extension flag is already proposed to being used to indicate whether length field will be present or not, and in the absence of the length field, using the extension flag is not possible. The motivation for the use of the other 2 choices is as follows. 

Using LCID indicates that the element is padding, and no additional field has to be read inside the element to deduce that it is padding. However, it implies that an additional LCID is used up and not available for data logical channels. On the other hand, if a MAC control LCID is used, and additional reading of a type field inside the element is required to deduce that the element is padding. However, no additional LCIDs are used up. Since we have proposed to have padding as the last element in the MAC TB, we can achieve the best aspects of both the approaches as follows. The padding element uses the LCID of the MAC control element, and thus does not use up any extra LCID. Since the padding element is the last element (specified by E field set to 0, and only 1 byte of the total sub-header), the length field is not present, and the last 3 bits after the “E” flag are available to be used. We propose that 1 bit out of these 3 is used as a padding flag P. If P is set to 1, then the rest of the element is just padding, and no further reading of the element is required. If, on the other hand, P is set to 0, the control element is not padding and has to be read.
Proposal 5: A padding element is identified by the following characteristics, all of which have to be true:
1. It is the last element in the MAC TB. That is the E flag is set to 0.

2. The LCID in the MAC sub-header is that used for MAC control.

3. The bit after the LCID and E fields is called the padding flag. This bit is set to 1.

5 MAC control elements in MAC TBs

It was accepted as a working assumption in RAN2 to allow the possibility of multiple MAC control elements in a MAC TB. This brings out the question on whether one or several MAC control LCIDs are used for different types of MAC control packets. In order to conserve the space of LCIDs, we propose that only one LCID be used for MAC control elements. 
Proposal 6: All MAC control elements in a TB use the same well known LCID value.

Given proposal 6 above, the MAC control element is required to have at least a “Type” field and the actual element value. The next question is whether a MAC control element can have several MAC actions, or we need different MAC control elements for separate actions. The difference in the two approaches is that if several MAC actions can be encapsulated in a single MAC control element, then a procedure similar to SUFIs that involves “type”, “length”, and the “value” fields will be required. If it is likely that multiple control actions would be included in the same MAC TB frequently, then the approach using multiple types in the control elements is more efficient than having a different control element with a single type for each action.
In our opinion, it is likely that when MAC performs some control actions, it would have a number of actions to be performed close in time. At other times, there might not be any MAC control PDUs at all. Thus, we support the following approach>

Proposal 7: A MAC control element may contain different MAC control actions, that are included using type, length and value fields for each of the information elements. Thus, a MAC control element may contain multiple information elements with different type fields.
6 Conclusion

In this document, we proposed several solutions to the open issues in the area of MAC PDU formats. We propose to include the acceptable proposals in stage 3 of MAC specification.
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