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1.
Introduction
In previous meeting in Shenzhen, [1] was discussed. 

The agreements for Padding BSR were that:

· The padding BSR will always have its own MAC subheader
· Padding is always at the end (CR for next meeting to clarify)
Regarding the issue of two-byte padding, the proposal 4 from [1] was “Maximum one padding Sub Header inside MAC Header is allowed,” the agreement was that there is a need to update section 6.1.2 and to have a text proposal.   
In this document, we shortly re-visit the proposal 4 in [1] and provide text proposal for 36.321.
2.
Consideration on Two-byte Padding
2.1 Uplink Direction
Current MAC specification mandates that UE shall include BSR if padding space allows the inclusion of BSR. 
	From section 5.4.5 of TS36.321

For padding BSR:

-
if the number of padding bits is equal to or larger than the size of the Short BSR but smaller than the size of the Long BSR, report Short BSR of the LCG with the highest priority logical channel with buffered data;
-
else if the number of padding bits is equal to or larger than the size of the Long BSR, report Long BSR.


Considering that two bytes are required to include a short BSR, a BSR will be included in a MAC PDU whenever remaining padding space is two-byte. 
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Fig. 1 Use case of 2 byte remaining space of TB 
Because 2 byte is enough for the inclusion of short BSR, MAC PDU such as (a) of figure 1 should not occur. If UE follows the intention of current specification as above, UE should send (b) of figure 1.

Thus, the special handing of two-byte padding as following should not be allowed at least for uplink
:

	From section 6.1.2 of TS36.321
Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU.

When single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU, one or two MAC PDU sub-headers corresponding to padding are inserted before the first MAC PDU sub-header corresponding to a MAC SDU; or if such sub-header is not present, before the last MAC PDU sub-header corresponding to a MAC control element.


Proposal 1: In Uplink direction, maximum one padding Sub Header is allowed.
2.1.1 Location of Padding BSR
In the previous meeting, it was agreed that Padding is the last element in a MAC PDU. Accordingly, following sentence in section 6.1.2 should be clarified:

	MAC control elements, except Padding BSR, are always placed before any MAC SDU. Padding BSR occurs at the end of the MAC PDU.


In the last meeting, RAN2 also agreed that Padding BSR is indicated with explicit LCID. Thus, in principle, the padding BSR can be located anywhere within a MAC PDU.

BTW, in (b) of figure 1, the BSR is not the last element in a MAC PDU, though it is padding BSR. If we put a Padding BSR as the last MAC element in a MAC PDU, the result is (c) of figure 2. To show the difference, figure 2 uses figure 1 as baseline.

[image: image2.emf]RLC PDU N (MAC SDU N)

RLC PDU 1 (MAC SDU 1)

RLC PDU 2 (MAC SDU 2)

:

M

A

C

P

D

U

M Octets

(c) Implementation 3

MAC CE SubHeader

1 set of (R+R+E+Short BSR LCID)

MAC SubHeader

1 set of (R+R+E+LCID)  

MAC SubHeader 

(N-1) set of (R+R+E+F+L+LCID)

Short BSR (1 byte)

N Octets

1 Octet

1 Octet

Error

RLC PDU N (MAC SDU N)

Padding SubHeader

2 set of (R+R+E+Padding LCID)

MAC SubHeader

1 set of (R+R+E+LCID)  

RLC PDU 1 (MAC SDU 1)

RLC PDU 2 (MAC SDU 2)

:

N Octets

M

A

C

P

D

U

M Octets

2 Octet

(a) Implementation 1

MAC SubHeader 

(N-1) set of (R+R+E+F+L+LCID)

RLC PDU N (MAC SDU N)

RLC PDU 1 (MAC SDU 1)

RLC PDU 2 (MAC SDU 2)

:

M

A

C

P

D

U

M Octets

(b) Implementation 2

MAC CE SubHeader

1 set of (R+R+E+Short BSR LCID)

MAC SubHeader

1 set of (R+R+E+LCID)  

MAC SubHeader 

(N-1) set of (R+R+E+F+L+LCID)

Short BSR (1 byte)

N Octets

1 Octet

1 Octet


Fig. 2 Use case of 2 byte remaining space of TB (Padding BSR is the last one)
In (c) of figure 2, the Nth MAC SubHeader does not have “L” field. But, because it is not the last MAC SubHeader in the MAC PDU, it should have “L” field and the format is incorrect. This is due to the following text from 36.321:
	A MAC PDU sub-header consists of the six header fields R/R/E/LCID/F/L but for the last sub-header in the MAC PDU and for fixed sized MAC control elements. The last sub-header in the MAC PDU and sub-headers for fixed sized MAC control elements consist solely of the four header fields R/R/E/LCID. It follows that a MAC PDU sub-header corresponding to padding consists of the four header fields R/R/E/LCID.


As discussed in [1], it is clear that having a BSR is better than not having a BSR. Furthermore, when 2 byte remains, it should be used for BSR. Considering these points, (b) of figure 2 should be used instead of (a) or (c) of figure 2. One way to avoid (c) of figure 2 is to allow for Padding BSR to be placed anywhere within a MAC PDU. If this is allowed, the triggering condition of Padding BSR will guarantee that (b) of figure 2 is sent whenever 2 byte padding space is available. 
Proposal 2: The location of BSR within a MAC PDU is not restricted.
2.2 Downlink Direction
Because BSR is not used in downlink direction, the logic in section 2.1 does not apply in downlink direction. Though eNB can adjust the size of TB and the content of MAC PDU, padding is not avoidable due to the granularity. Thus, special handling of 2 byte padding is still required in DL direction.
On the other hand, because the size of Timing Advance Command is 2 byte, one can argue that TA CMD can be included whenever 2 byte remains in MAC PDU. Sending more TA CMD can be considered as beneficial because UE is kept longer in synchronized state. But this restricts unnecessarily eNB’s behavior and may not be enforceable.
Proposal 3: In Downlink direction, one or two padding Sub Header is allowed.
3.
Conclusion
In addition to the agreements of the last meeting, followings are further proposed:

Proposal 1: In Uplink direction, maximum one padding Sub Header is allowed.

Proposal 2: The location of BSR within a MAC PDU is not restricted.
Proposal 3: In Downlink direction, 0, 1 or 2 padding Sub Header is allowed.
Text proposal including the agreement from the last meeting and the above proposals is included in the Annex B. 
Reference: 

[1] R2-081593, Issue with MAC Padding, LG Electronics Inc.
Annex A: 

To be on the safe side, we also have to consider the case where 2 byte remains for a MAC PDU which already included a BSR. This is shown in the following figure 3 for short BSR and figure 4 for long BSR.
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Fig. 3 Case of 2 remaining bytes after short BSR is included 

I.e., if 2 bytes remains for a PDU which already included short BSR, it means that 4 bytes are available for a BSR. Then, short BSR will be replaced with long BSR. Thus, (b) should occur than (a) in figure 3.
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Fig. 4 Case of 2 remaining bytes after Long BSR is included, in case Explicit Padding BSR indication 
I.e., if 2 bytes remains for a PDU which already included a long BSR, it means that 6 bytes are available for a BSR. Then, 4 bytes will be used for long BSR and other 2 bytes can be used for L field for the last MAC SDU or Padding LCID. Thus, in figure 4, (b) or (c) should be used than (a).
Annex B: Text Proposal

Following text proposal is proposed.
****************************************************************************************************

Text Proposal to TS 36.321

****************************************************************************************************

6
Protocol Data Units, formats and parameters

6.1
Protocol Data Units

6.1.1
General
A MAC PDU is a bit string that is byte aligned (i.e. multiple of 8 bits) in length. In the figures in subclause 6.1, bit strings are represented by tables in which the most significant bit is the leftmost bit of the first line of the table, the least significant bit is the rightmost bit on the last line of the table, and more generally the bit string is to be read from left to right and then in the reading order of the lines. The bit order of each parameter field within a MAC PDU is represented with the first and most significant bit in the leftmost bit and the last and least significant bit in the rightmost bit.

MAC SDUs are bit strings that are byte aligned (i.e. multiple of 8 bits) in length. An SDU is included into a MAC PDU from the first bit onward.
6.1.2
MAC PDU (DL-SCH and UL-SCH)

A MAC PDU consists of a MAC header, zero or more MAC Service Data Units (MAC SDU), zero, or more MAC control elements, and optionally padding; as described in Figure 6.1.2-3. 

Both the MAC header and the MAC SDUs are of variable sizes.
A MAC PDU header consists of one or more MAC PDU sub-headers; each sub-header corresponding to either a MAC SDU, a MAC control element or padding. 

A MAC PDU sub-header consists of the six header fields R/R/E/LCID/F/L but for the last sub-header in the MAC PDU and for fixed sized MAC control elements. The last sub-header in the MAC PDU and sub-headers for fixed sized MAC control elements consist solely of the four header fields R/R/E/LCID. It follows that a MAC PDU sub-header corresponding to padding consists of the four header fields R/R/E/LCID.
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Figure 6.1.2-1: R/R/E/LCID/F/L MAC sub-header
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Figure 6.1.2-2: R/R/E/LCID MAC sub-header

MAC PDU sub-headers have the same order as the corresponding MAC SDUs, MAC control elements and padding.
MAC control elements, except Padding BSR, are always placed before any MAC SDU. Padding BSR can be placed either before any MAC SDU or after any MAC SDU. 
In Uplink direction, padding occurs at the end of the MAC PDU, except when single-byte is required but cannot be achieved by padding at the end of the MAC PDU. In case that both Padding BSR and padding are included in a MAC PDU, padding is the last element in the MAC PDU.
In Downlink direction, padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU.
In Uplink direction, when single-byte padding is required but cannot be achieved by padding at the end of the MAC PDU, one MAC PDU sub-headers corresponding to padding are inserted before the first MAC PDU sub-header corresponding to a MAC SDU; or if such sub-header is not present, before the last MAC PDU sub-header corresponding to a MAC control element.
In Downlink direction, when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU, one or two MAC PDU sub-headers corresponding to padding are inserted before the first MAC PDU sub-header corresponding to a MAC SDU; or if such sub-header is not present, before the last MAC PDU sub-header corresponding to a MAC control element.
A maximum of one MAC PDU can be transmitted per TB per UE. [Depending on the physical layer category], one or two TBs can be transmitted per TTI per UE.
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Figure 6.1.2-3: MAC PDU consisting of MAC header, MAC control elements, MAC SDUs and padding

Editor’s note:
It is FFS whether this MAC PDU applies only to DL/UL SCH or also to other transport channels





















� The case where two byte remains for a PDU which already included a BSR is analysed in Annex A.
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