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1 Introduction
The current text in the MAC protocol definition for the inclusion of padding has a limitation.  In some cases it is impossible to pad a MAC PDU if the last MAC SDU data ends one or two bytes before the end of the transport block.  This leads to a waste of bandwidth as the transport block size must be increased in order to ‘fit’ the data.
Specific Example 1:

N = MAC SDU data size, N is 127 bytes or smaller (requires only a 7 bit L field). N is fixed size data.  This could be a MAC control element or a fixed size RLC TM data segment or even an RLC AM or UM data flow with a set amount of data remaining. 
Transport block size is N+2

There is only one SDU so a one byte header is used.  The header plus data is N+1 bytes, which leads to a need for one byte of padding.  But, adding a padding sub-header at the end of the header requires that the previous sub-header now include the F and L fields.  So adding a one byte padding sub-header with L field of 0 actually adds two bytes to the overall PDU.  The full PDU size is now N+3 which does not fit in the transport block.  A larger transport block size is needed.  In the specification as written there is no way to have a sub-header with the L field when it is the last-sub-header.
Specific Example 2:

N = MAC SDU data size, N is larger than 128 bytes (requires a 15 bit L field). N is fixed size data.  This could be a MAC control element or a fixed size RLC TM data segment or even an RLC AM or UM data flow with a set amount of data remaining.
Transport block size is N+3

There is only one SDU so a one byte header is used.  The header plus data is N+1 bytes leading to a need for two bytes of padding.  But, adding a padding sub-header at the end of the header requires that the previous sub-header now include the F and L fields.  So adding a one byte padding sub-header with L field of 0 actually adds three bytes to the overall PDU.  The full PDU size is now N+4 which does not fit in the transport block.  A larger transport block size is needed.  In the specification as written there is no way to have a sub-header with the L field when it is the last-subheader.

2 Proposal

Add a special no-op LCID which is a one-byte sub-header with no associated data, which can be used to fill in these edge cases.  This LCID cannot be used in the last sub-header, otherwise the same problem occurs, where the previous sub-header might increase in size causing transport block fitting problems.
3 Conclusion

If this contribution is agreed to, a text proposal is given below for inclusion in TS 36.321. 

4 References
[1] R2-075488 3GPP TS 36.321 - Evolved Universal Terrestrial Radio Access (E-UTRA) Medium Access Control (MAC) protocol specification (Release 8) v1.3.0
5 Text proposal

6.1.1 MAC Control Elements

Editor’s note: This subclause describes the format of the MAC control elements

6.1.3.1
Buffer Status Report Control Elements

Buffer Status Report (BSR) Control Elements consist of either:

-
Short BSR format: one LCG ID field and one corresponding BS field (figure 6.1.3.1-1); or

-
Long BSR format: four Buffer Size fields, corresponding to LCG IDs #1 through #4 (figure 6.1.3.1-2).

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1.-1.

The fields LCG ID and BS are defined as follow:

-
LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is being reported. The length of the field is 2 bits.

-
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after the MAC PDU has been built. The amount of data is indicated in number of bytes. The length of this field is 6 bits. The values taken by the Buffer Size field are shown in [Table 6.1.2.1-1].
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Figure 6.1.3.1-1: Short Buffer Status MAC control element
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Figure 6.1.3.1-2: Long Buffer Status MAC control element

Start of first change.

6.1.3.2
No Operation Control Elements

No Operation (NOOP) Control Elements consist only of the one byte short sub-header format (LCID, E, R, R).  They are used only in cases where one or two bytes of padding are needed but adding a padding sub-header increases the overall MAC PDU size beyond the boundary of the current transport block.  This occurs because adding a padding sub-header can also increase the size of the previous sub-header because that previous sub-header needs the F and L fields if the padding sub-header is added.

A No Operation Control Element cannot be the last sub-header in the MAC header.

End of first change.

6.2 Formats and Parameters

6.2.1
MAC header for DL-SCH and UL-SCH 

The MAC header is of variable size and consists of the following fields:

-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC Control element or padding as described in tables 6.2.1-1 and 6.2.1-2 for the DL and UL-SCH respectively. There is one LCID field for each MAC SDU, MAC Control element or padding included in the MAC PDU. The LCID field size is 5 bits.

-
L: The Length field indicates the length of the corresponding MAC SDU or MAC Control element in bytes. There is one L field per MAC SDU included in the MAC PDU except for the last MAC SDU. For MAC Control elements, the presence of an L field depends on the type of MAC Control element. The size of the L field is indicated by the F field.

-
F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per MAC SDU included in the MAC PDU except for the last MAC SDU. The size of the F field is 1 bit.

-
E: The Extension field 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 at least LCID/E/R/R fields. 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

-
R: Reserved bits.

The MAC header and sub-headers are octet aligned.

Start of second change.

Table 6.2.1-1 Values of LCID for DL-SCH; 

	Index
	LCID values

	00000-xxxxx
	Identity of the logical channel

	xxxxx-11010
	reserved

	11011
	[RACH Message 2]

	11100
	[Timing Advance]

	11101
	[DRX]

	11110
	NOOP

	11111
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH; 

	Index
	LCID values

	00000-yyyyy
	Identity of the logical channel

	yyyyy-11011
	reserved

	11100
	Short Buffer Status Report

	11101
	Long Buffer Status Report

	11110
	NOOP

	11111
	Padding


End of second change.

End of changes.
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