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1
Introduction

The baseline MAC PDU structure for LTE was discussed and agreed to some extent during RAN2#58bis. The current agreements are captured in the Stage 3 MAC specification [1]. Furthermore, some “semi-official agreements” were made during the RAN2 telephone conference held on September 20th [2]. These “semi-official agreements” are to be officially agreed during RAN2#59bis.
This document treats topics regarding MAC PDU that are still left open to be discussed in RAN2.
2
Discussion

2.1 Current agreement of the baseline MAC PDU structure
Figure 1 is copied from the Stage 3 MAC specification [1], and shows the agreed baseline MAC PDU structure.
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Figure 1 – Agreed baseline MAC PDU structure

Furthermore, it was “semi-officially agreed” during the telephone conference on September 20th to omit the L field for the last (data, control or padding) element in the MAC PDU, and to indicate the existence of padding by an LCID value specific to MAC control elements or specific to padding (which one is FFS).

2.2 Size of L field
The required size of the L field follows from the maximum MAC SDU size and the granularity of MAC SDU sizes that needs to be supported for LTE. It is assumed that the data rate that LTE needs to support is around 300Mbps with dual stream MIMO (i.e. 2 transport blocks per TTI). Then, the maximum TB size, and therefore the maximum MAC SDU size, is around 18750 bytes. As it already has been agreed that RLC PDU data field size granularity is 1 byte, it is assumed that MAC SDU size granularity is also 1 byte. Then, the L field needs to be 15bits (2^14=16384 and 2^15=32768).
Proposal 1: L field is 15bits.

2.3 Byte alignment of MAC PDU header

As stated in section 2.2, the maximum data rate that will be supported by LTE is expected to be around 300Mbps, which is very high. Then, the MAC PDU header should be designed in order to simplify header processing. It has been already agreed to byte align the MAC PDU header in order to facilitate this. However, header processing will be further simplified if the positions of each header elements are fixed within a byte. Then, it follows that each set of LCID, E and L should be byte aligned.

Proposal 2: Each set of LCID, E and L is byte aligned.

2.4 Size of LCID field

With a 1bit E (already agreed) and 15bit L (as in Proposal 1) and a byte aligned set of LCID, E and L (as in Proposal 2), it follows that a set of LCID, E and L should be 3bytes. This leaves 8bits that can be used for the LCID field. However, with the “semi-official agreement” in the telephone conference on September 20th to omit the L field for the last element in the MAC PDU, a set of LCID and E also needs to be byte aligned. Then, this leaves 7bits that can be used for the LCID field. Based on [3], RAN WG2 has agreed to support at least 16 logical channel identifiers. Furthermore, RAN WG2 agreed to reserve at least one LCID value for to indicate MAC control elements [1]. Then, it is proposed for the LCID field to be 5bits.
Proposal 3: LCID field is 5bits.

2.5 Resulting MAC PDU header structure with Proposals 1-3

Figure 2 illustrates the resultant MAC PDU header structures from Proposals 1-3 above. It is noted that there is no strong preference for the order of the header elements.
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Figure 2 – Resultant MAC PDU structure with Proposals 1-3
2.6 Common or individual LCID for MAC control elements

It is FFS if one common LCID value is reserved to indicate the existence of MAC control elements (regardless of the information type), or if one LCID value is reserved to indicate the existence of MAC control element for each information type. With a 5bit LCID field (as in Proposal 3), there are enough LCID values to be assigned for each MAC control element type.
If a LCID value is reserved for each MAC control element type, multiple LCIDs are needed within the MAC PDU header when multiple MAC control elements are present in the MAC PDU. On the other hand, if a common LCID value is reserved for MAC control elements, only one LCID is needed within the MAC PDU header, but the MAC control element multiplexing and type needs to be indicated within the MAC PDU payload.

It is considered rare that multiple MAC control elements will be present in a MAC PDU. Then, it is thought better to take a simpler approach in which the MAC control element type can be determined solely from the LCID.

Proposal 4: A LCID value is reserved for each MAC control element type.
2.7 LCID for padding

It is FFS if padding is indicated by a LCID value reserved for padding, or if it is indicated as a MAC control element. With a LCID value being reserved for each MAC control element type (as in Proposal 4), it is only natural to have a LCID value reserved specifically for padding.

Proposal 5: A LCID value is reserved for padding.

2.8 Need for the L field for MAC control elements
It is FFS whether or not L field is to be present for MAC control elements, i.e. whether MAC control elements are of variable or fixed size.

Table 1 shows the list of information agreed to be signalled as MAC control element.
Table 1: List of information agreed to be signaled as MAC control element
	Uplink
	Downlink

	Buffer status report
	DRX period control
Timing Advance


Table 2 shows the list of information that might be signalled as MAC control element depending on the outcome of discussion.
Table 2: List of information that might be signaled as MAC control element
	Uplink
	Downlink

	CQI

Uplink power headroom

RLC control PDU
	UL synch request

Persistent resource allocation

RLC control PDU


Observing the various information in Tables 2 and 3, although the size required for the different information might need to be different, there does not seem to be any need to dynamically change the size for a specific MAC control element type. Then, it is proposed to configure / define a fixed size for each of the different MAC control element type and to avoid the L field for MAC control elements.
Proposal 6: A fixed size is configured / defined for each MAC control element type.

Proposal 7: Avoid the L field for MAC control elements.

2.9 Position of MAC control elements within the MAC PDU

Now, if both Proposals 6 and 7 are adopted, when a MAC control element and a MAC SDU is multiplexed within a MAC PDU, it is more efficient to place the MAC SDU at the end of the MAC PDU. This is because the L field can be avoided for MAC control elements regardless of their position within the MAC PDU (Proposal 7), but the L field can be avoided for MAC SDUs only when they are positioned at the end of the MAC PDU (“semi-official agreement in the telephone conference on September 20th). Therefore, although the Stage 3 MAC specification currently states that “MAC SDUs and MAC Control elements can occur in any order”, it would be better if MAC control elements occurs before MAC SDUs.

Proposal 8: MAC control elements are placed before MAC SDUs within a MAC PDU.

3
Conclusion
We propose to support the following proposals regarding MAC PDU structure for LTE.
Proposal 1: L field is 15bits.

Proposal 2: Each set of LCID, E and L is byte aligned.

Proposal 3: LCID field is 5bits.

Proposal 4: A LCID value is reserved for each MAC control element type.

Proposal 5: A LCID value is reserved for padding.

Proposal 6: A fixed size is configured / defined for each MAC control element type.

Proposal 7: Avoid the L field for MAC control elements.

Proposal 8: MAC control elements are placed before MAC SDUs within a MAC PDU.
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