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1 Introduction

The latest MAC specification [1] defines that a MAC PDU header consists of one or more MAC PDU sub-headers. Each sub-header corresponds to a MAC SDU, a MAC Control element or padding.  In addition, a MAC Length (L) field is used in MAC sub-header when needed to indicate the length of the corresponding MAC SDU or MAC control element in bytes.  An optimization has been agreed in [1] that the L field should be skipped in a MAC sub-header if it is the last sub-header in the MAC PDU.  However, this optimization may lead to certain scenarios which require special handling, as explained below and also described in [2][3][4]. This document captures our proposed solutions.
2 Discussion
The general format of MAC PDU header is illustrated in Figure 1.  Note that MAC SDUs in the figure may be replaced by MAC control elements or padding component.  Each MAC sub-header is either in the format of ‘LCID/E/R/R/F/L’ or in ‘LCID/E/R/R’ format.  The last MAC subheader, MAC subheader N, is always in “LCID/E/R/R” format, because the L field is omitted according to the current MAC specification.  In addition, the Extension field ‘E’ is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate another set of MAC subheaders follows. The E field is set to "0" to indicate that either a MAC SDU, a MAC control element or padding starts at the next byte.
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Figure 1
MAC PDU format
2.1 Scenarios of Concern

Since LTE system supports flexible RLC PDU size and padding can be added at the end, it is most likely that control elements, data and padding can fill exactly the entire MAC PDU, i.e., L=(H1+ L1)+ (H2+ L2)+……+ (HN+ LN), and that  there is no L field in MAC sub-header N, which conforms to the specification.
However, the problem may arise while constructing MAC PDU, if the content of data/control element is just one or two bytes smaller than the total PDU size.  This brings the challenge of how to set E and L field in MAC subheader N without interpretation confusion.  To be more specific, assume L – ((H1+ L1)+ (H2+ L2)+……+ (HN+ LN)) = K bytes, where K=1 or 2. Here HN is the sub-header length under ‘LCID/(E=0)/R/R’ format, and none of the all N subheaders is a padding header.
The three problematic scenarios in setting MAC sub-header N are summarized in Table 1 highlighted in yellow:

	
	Remaining bytes
	K=1
	K=2

	Type of the last component 
	SDU or variable size Control Element smaller than 128bytes(1 byte F/L field needed)
	Scenario 1:

1. If LCID/(E=0)/R/R, 1 byte padding left at the end w/o being indicated in header;

 2. If LCID/(E=1)/R/R/F/L, 1 byte used, but there is no additional sub-header following sub-header N.  Against definition of ‘E’
	OK.

Use LCID/(E=1)/R/R/F/L, and add (LCID=padding)/(E=0)/R/R sub-header at the end.

	
	SDU or variable size Control Element  no smaller than 128bytes (2 bytes F/L field needed)
	Scenario 2:

1. If LCID/(E=0)/R/R, 2 byte padding left at the end w/o being indicated in header;

 2. If LCID/(E=1)/R/R/F/L, not enough bytes to accommodate the L field.
	Scenario 3:

1. If LCID/(E=0)/R/R, 2 byte padding left at the end w/o being indicated in header;

 2. If LCID/(E=1)/R/R/F/L, 2 byte used, but there is no additional sub-header following sub-header N.  Against definition of ‘E’

	
	Fixed Size Control Element (no L field)
	OK.

Use LCID/(E=1)/R/R/F/L for the fixed size control element, and add (LCID=padding)/(E=0)/R/R sub-header at the header end.
	OK.

Use LCID/(E=1)/R/R/F/L for the fixed size control element, and add (LCID=padding)/(E=0)/R/R sub-header at the header end.


Table 1
Scenarios of Conern

2.2 Solutions

The problem can be solved if the extra one or two bytes are used before or in the last MAC SDU or MAC control element.  The existing solutions and our proposed solutions along the line are:
Solution 1: Insert padding byte(s) with format ‘(LCID=padding)/(E=1)/R/R’ before the last MAC subheader. [4]
This is the proposal in [4]. In current specification, LCID=padding is ALWAYS used together with E bit set to 0.  This is to indicate that there is no MAC sub-header afterwards, and that the remaining part of the payload is padding. If we allow the combination of (LCID=padding) and (E=1), and interpret it as “the current byte (the subheader itself) is padding, and the next octet is another MAC-subheader”,.this subheader can consume extra bytes without causing ambiguity. Note that in current specification [1], padding occurs at the end of the MAC PDU only. This restriction needs to be lifed to make the solution work.
Solution 2: Define a new control PDU element with a special LCID to indicate the current byte to be skipped. [3]

This is the proposal in [3].  The idea is similar to [4], just that a new LCID is used to indicate the subheader is a padding byte.
Solution 3: Define a special L field to indicate the end of the MAC header to make the size of the last MAC sub-header flexible between 1 byte to 3 byte.  This does not apply to fixed size control element.

The solution is similar to the approach proposed in [2] with the following patch: if the LCID corresponds to a fixed size control element, there will be no L field in the MAC sub-header, regardless of the value of E bit. Note that the solution in [2] will not work correctly without the patch stated above.

Solution 4: Insert one byte or two bytes long control element before the last component.

Example of two bytes control elements is a short buffer status MAC control element. Example of one byte control elements is “(LCID=padding)/(E=1)/R/R”. With this approach, more information may be carried in the MAC PDU without wasting the resource.

2.3 Comparison of solutions

Solution 1 and 2 are quite similar, while solution 1 does not require the definition of a new LCID. In addition, solution 1 preserves the meaning of header fields.  The concern for solution 3 is that it modifies the definition of ‘E’ and ‘L’ fields, which leads to complicated description. For example, definition of ‘E’ and ‘L’ field has to be modified, and even with the proposed text in [2], E=1 doesn’t always mean that ‘L’ field will follow.
Solution 4 is the one that we prefer, because it takes advantage of the remaining 2 bytes to send some useful control information instead of padding them away. For the remaining 1 byte case, we use the simple format of solution 1, i.e., ‘(LCID=padding)/E=1’.
3 Conclusion
In this document, we identify the problematic scenarios due to L field optimization in the last MAC sub-header.  We compared several proposed solutions, and suggest solution 4 as the way forward.
Proposal 1: When there are only one or two bytes left in the MAC PDU, insert one byte or two bytes long control element before the last MAC component.

Example of two bytes control elements is a short buffer status MAC control element. Example of one byte control elements is “(LCID=padding)/(E=1)/R/R”. 

Proposal 2: Allow the combination of (LCID=padding) and (E=1) in MAC subheader. Its interpretation is “the current byte (the subheader itself) is padding, and the next octet is another MAC-subheader”,

Proposal 3: Remove “padding occurs at the end of the MAC PDU” from 36.321.
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