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1
Introduction
Based on the decisions in RAN2 58-bis, this document further proposes the additional header field, the size of each header field, optimizations and how the required fields be packed for MAC.
2
Baseline for further discussion
In RAN2 58-bis, we have made several agreements on the MAC PDU format as follows: (below is a copy from [1])

1) A MAC PDU consists of one MAC PDU header and MAC PDU payload. The MAC PDU payload consists of multiple MAC SDU’s, MAC control and possibly padding

2) A MAC SDU includes both RLC header and RLC payload

3) In the MAC PDU header, there is one LCID per MAC SDU

4) In the MAC PDU header, there is one Length Field (LF) per MAC SDU; optimisation can be considered in case of last MAC SDU. 
5) In the MAC PDU header, there is one E flag present for every MAC SDU
6) There is a special LCID for MAC control (no D/C field) (FFS if there is more than one)
7) Padding (if present) is included in the end of the MAC PDU payload 
8) Order of MAC control and MAC SDU’s in the MAC PDU payload is not specified

These are already captured in the stage-3 MAC specification [2].
3
Header format for MAC data message
3.1
Additional header elements
Logical channel identifier (LCID), Length (L, Note: L is used in stage-3 spec. [2]), and Extension flag (E) have been agreed. We do not see any additional header fields except for the purpose of header optimization. 
3.2 Size of each header element
E is 1 bit as a flag.

3.2.1
LCID
As indicated in the stage-3 specification [2], 4 bits are at least required and we think that 4 bits are sufficient for satisfying the requirement in [3].
Proposal 1: LCID is 4 bits

3.2.2
L

For supporting 100Mbps, 100Kbits=12.5Kbytes data needs to be transmitted per TTI (1ms). 14-bit length field is at least required for supporting it by a single MAC data PDU, and 13-bit length field is required if 2 TBs per TTI for 2x2 MIMO is assumed. Octet-alignment of the header and future proof need to be also taken into account, and 16 bits is chosen here as an example.

Proposal 2: Length (L) field is at least 14 bits, and should be determined by considering octet-alignment and future-proof. 

4
Header format for MAC control message

4.1
Header elements

As described in Section 2, we have agreed that MAC control message is put in MAC payload, and that at least one LCID value is used to indicate the MAC control message. Thus, for concatenating the MAC header elements for MAC control messages and MAC SDUs in the same MAC header, the header elements for MAC control message are also at least LCID, L and E. The length (L) field is needed because, for example, the length of RA response MAC control message varies depending on the number of RA responses.
In addition, in order to avoid increasing the size of LCID, and for maintaining the flexibility for specifying type of MAC control messages, we propose to include MAC control type field in the header for MAC control message.
Proposal 3: The header elements for MAC control message are at least LCID, L, E and MAC control type.

4.2 Size of each header element

LCID and E are 4 bits and 1 bit.

4.2.1
L

The length of MAC control messages can be much shorter than the maximum length of MAC data message. However, depending on the type of MAC control messages, the length of MAC control may vary a lot. Thus, allowing the flexibility in the length field as discussed in Section 5.2 would be also beneficial. 
Proposal 4: The size of L for MAC control message needs to be discussed. 

4.2.1
MAC control type

Currently, it is agreed that Buffer status report, Random access response, and Timing alignment assignment are done via MAC control. Thus, for future proof, the size of MAC control type is 3 bits. 
Proposal 5: The size of MAC control type is 3 bits. 
4.3 Padding

For unifying the MAC header structure, we propose to define padding as one type of MAC control message, which is always put at the end of MAC PDU. 
Proposal 6: Padding is a one of MAC control message, which is always put at the end of MAC PDU.
5 Optimization of MAC header
5.1
Packing of MAC header elements

For facilitating the header processing, we propose to maintain one set of MAC header elements for one MAC SDU and MAC control octet-aligned. 

Proposal 7: One set of MAC header elements for one MAC SDU and MAC control is octet aligned.

If this proposal is agreed, the baseline header for MAC SDU would be LCID (4 bits) + L (14 bits at least) + E (1 bit) + some bits for optimization. Then, considering octet-alignment, even 16 bits for L field is acceptable. 
5.2
Optimization for VoIP-like service

There are some services, such as VoIP, generating small packets. VoIP packet size is 97 byte in transient state, 35-49 byte in talk spurt, and 10-24 byte in silent period when AMR rate is 12.2kbps (some wrong numbers may be contained). Even with maximum WB AMR bit rate (23.85kbps), it produces 61 bytes RTP payload, and this results in 121 bytes with full RTP/UDP/IP header of 60 bytes. Then, 7 bits are at least necessary, and would be sufficient as a length field. Thus, we propose to have an option to use shorter length (L) field, and the shorter L is 7 bits. To allow this option, we propose to have format (F) flag in each set of header elements for MAC SDU. 
As a result, the normal header format requires F (1) + LCID (4) + L (14) + E (1) = 20 bits at least, and the shorter header format requires F (1) + LCID (4) + L (7) + E (1) = 13 bits. By considering the octet-alignment in Proposal 6, normal header format uses 3 octets for one set of header elements, and shorter header format uses 2 octets for one set of header format. Thus, in other words, F flag indicates whether the size of header element set is 3 octets or 2 octets. MAC control message can usually use 2-octet format, but can use 3-octet format if necessary. 
Proposal 8: Format (F) flag indicating the use of shorter L field is added in each set of MAC header elements for MAC control and MAC SDU. 
Proposal 9: The shorter L field is 7 bits.
We consider further optimization including RLC header format, and please see [4] for that discussion. 

5.3
Length field of the last MAC SDU
If the transport block is fully filled with MAC SDUs, the length of the last MAC SDU can be known after reading the length fields of all other MAC SDUs as the size of transport block is known. Thus, the length field of the last MAC SDU can be omitted. If padding is used, the length of padding can be omitted but the length of the last MAC SDU is needed.

Proposal 10: The length filed of the last MAC SDU can be omitted if no padding is used. 
6
Conclusion
From the discussion above, we made the following proposals, which we also propose to discuss for agreement during the meeting:
Proposal 1: LCID is 4 bits

Proposal 2: Length (L) field is at least 14 bits, and should be determined by considering octet-alignment and future-proof. 

Proposal 3: The header elements for MAC control message are at least LCID, L, E and MAC control type.

Proposal 4: The size of L for MAC control message needs to be discussed. 

Proposal 5: The size of MAC control type is 3 bits. 

Proposal 6: Padding is a one of MAC control message, which is always put at the end of MAC PDU.
Proposal 7: One set of MAC header elements for one MAC SDU and MAC control is octet aligned.

Proposal 8: Format (F) flag indicating the use of shorter L field is added in each set of MAC header elements for MAC control and MAC SDU. 

Proposal 9: The shorter L field is 7 bits.

Proposal 10: The length filed of the last MAC SDU can be omitted if no padding is used. 

By applying these proposals, we can show an example MAC PDU format as a reference:
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Figure 1 Example of MAC PDU format
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