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1.
Padding BSR
Padding BSR is included when the remaining space in MAC PDU is equal to or larger than the size of BSR.

Following is copied from sections of TS 36.321:

	UL resources are allocated and number of padding bits is larger than the size of the Buffer Status Report MAC control element, in which case the BSR is referred below to as “Padding BSR”;

	But, regarding how to include the Padding BSR in the MAC PDU, the specification seems to be ambiguous as shown in the following:

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


From the text highlighted in yellow, it is stated that both Padding BSR and Padding occur at the end of the MAC PDU. Following questions arise:
· Padding BSR is indicated explicitly by BSR LCID or implicitly by Padding LCID?

· Padding BSR follows Padding or Padding follows Padding BSR?

1.1 How to indicate Padding BSR
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Fig. 1 Indication of Padding BSR (a) Implicit (b) Explicit
Above figure 1 shows two possible implementations on how to indicate the existence of Padding BSR. 
In (a), depending on the size of padding area, either short BSR or long BSR is included without having a related Sub Header. In this approach (a), BSR can be included whenever the size of padding is equal to or larger than 2 bytes. In this approach, when 3 bytes remains after filling MAC PDU with other Sub Header or MAC SDU/CE, BSR can be included.
In (b), the last 2 MAC Sub Headers are BSR Sub Header. And Padding Sub Header and Padding BSR is indicated explicitly. In this approach (b), when 4 bytes remains after filling MAC PDU with other Sub Header or MAC SDU/CE, BSR can be included.
I.e., the difference between the two approaches is what the minimum size of remaining bytes to include BSR is.
Proposal 1
It is proposed to decide whether to use implicit or explicit method to indicate Padding BSR.

1.2 What is the order between Padding BSR and Padding
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Fig. 2 The order of Padding BSR and padding in case of fig 1 (a) 
Above figure 2 shows two possible implementations on the location of Padding BSR in case that implicit indication is used as in (a) of figure 1. Either approach is workable. 
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Fig. 3 The order of Padding BSR and padding in case of fig 1 (b) 
Above figure 3 shows two possible implementations on the location of Padding BSR in case that explicit indication is used as in (b) of figure 1. Both solutions are based on the “E” field. If the “E” field indicates another MAC Sub Header, the receiver just decodes next byte to know what is following. But, in approach (b), upon detection of BSR LCID after Padding LCID, the MAC receiver in eNB can immediately decode the last bytes of MAC PDU to know the UE’s buffer status. On the other hand, in approach (a), upon detection of BSR LCID, the MAC receiver in eNB first has to calculate the starting position of BSR before decoding the first byte of BSR.
Proposal 2
It is proposed to decide whether Padding BSR is last or Padding is last in a MAC PDU

2.
Use case of two-byte padding
Following is copied from section 6.1.2 of TS 36.321:

	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.


In this section, we further discuss the use case of two-byte padding.
2.1 Case of HSUPA
Following is copied from section 9.2.4.2 of TS 25.321:
	For FDD: When, due to the quantization in the transport block sizes that can be supported or triggering of the Scheduling Information, the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 24 bits, the DDI value [111111] shall be appended at the end of the MAC-e header and a Scheduling Information shall be concatenated into this MAC-e PDU, where DDI value [111111] indicates that there is a Scheduling Information concatenated in this MAC-e PDU. Otherwise, if the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 18 bits, a Scheduling Information shall be concatenated into this MAC-e PDU. In any other case it is understood that another MAC-es PDU or Scheduling Information does not fit and it is therefore not necessary to reserve room in the transport block for an additional DDI field.


I.e., in case of HSUPA, to decide what to include or when to stop filling MAC TB, the transmitter continuously compares the size of MAC header plus MAC data with the available and remaining space in the transport block. So, in some cases, scheduling information is added without any field indicating the existence of scheduling information. Thus, some header field such as DDI can be omitted to increase efficiency.
But, current LTE MAC specification does not describe explicitly this kind of operation. Then, question arises whether the operation such as used in HSUPA is forbidden or not. 
The case to look at is shown in the following figure 4:
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Fig. 4 Use case of 2 byte remaining space of TB 
In (a) of figure 4, the remaining two bytes are used up by including 2 padding SubHeader. 
In (b), the two remaining bytes are replaced by “F” and “L” fields. Accordingly, the last SubHeader also includes “F” and “L” fields. This is the similar approach taken in HSUPA. I.e., by comparing the total sum of SubHeader plus Data field with size of Transport Block, the receivers can know that there is neither padding nor MAC SubHeader. I.e., in this case the E field in the last MAC Sub Header is ignored.
In (c), the two bytes are replaced by Short BSR. In fact, the existence of Padding Sub Header does not always means that all the buffers are empty. The useful scenario for (c) is shown in the following figure 5. 
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Fig. 5 Use case of (c) of figure 1 
As shown in figure 5, the existence of padding LCID does not discriminate whether there is still a data in the UE’s buffer from logical channel 2. To assist efficiently eNB scheduler’s decision, it is believed that approach (c) in figure 4 is better than the approach (a). I.e., rather than wasting 2 bytes by Padding LCID, it seems to be more useful to use the 2 bytes for short BSR.
Proposal 3
When 2 byte remains after filling MAC PDU with MAC SDUs or MAC CEs, it should is used to deliver short BSR.

BTW, one may wonder what if two bytes remain after BSR is already included in the MAC PDU. To further elaborate this scenario, following figure 6 and 7 can be considered.
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Fig. 6 Case of 2 remaining bytes after short BSR is included 
(a) of figure 6 shows the case where 2 bytes remain after short BSR is already included into a MAC PDU. This case means that 4 bytes originally remained in MAC PDU after filling data only from each logical channel. In other words, 4 bytes were available after filling the MAC PDU with RLC PDUs before including the short BSR. Regardless of whether there was further data in the RLC entities, the 4 bytes were initially padding bytes. Then, long BSR should have been included rather than the short BSR. Thus, (b) should be used than (a).
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Fig. 7 Case of 2 remaining bytes after Long BSR is included, in case Explicit Padding BSR indication 
(a) of figure 7 shows the case where 2 bytes remain after Long BSR has been included. It means that 6 bytes originally remained in MAC PDU after filling data from each logical channel. In other words, 6 bytes were available after filling the MAC PDU with only RLC PDUs from upper layer. There are three scenarios for this.

1. If there was no remaining data in every RLC entities, the 6 bytes were initially padding bytes, the BSR should have been cancelled or normal padding BSR must have been included. In this case, if explicit indication is used for padding BSR, (b) and (c) in figure 7 will occur rather than (a). If implicit indication is used for padding BSR, (b) and (c) in figure 8 will occur rather than (a).
2. If only one logical channel with data remains after filling MAC PDU, short BSR must have been triggered and the remaining 4 bytes must have been used to include data for the logical channel. Thus 2 padding Sub Header should not be included.
3. If there remains more than one logical channel with data after filling the MAC PDU, long BSR should be included anyway. But even in this case, because (b) and (c) in figure 7 in case explicit indication can be used instead of (a). And (b) and (c) in figure 8 can be used in case implicit indication instead of (a).
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Fig. 8 Case of 2 remaining bytes after Long BSR is included, in case implicit Padding BSR indication 
Accordingly, two-byte padding Sub Header case is not obvious and not useful. And because current MAC structure can avoid two-byte padding, two-byte padding Sub Header should not exist.
Proposal 4
Maximum one padding Sub Header inside MAC Header is allowed. 

3.
Conclusion
It is proposed to agree on the following proposals:

Proposal 1
It is proposed to decide whether to use implicit or explicit method to indicate Padding BSR.

Proposal 2
It is proposed to decide whether Padding BSR is last or Padding is last in a MAC PDU

Proposal 3
When 2 byte remains after filling MAC PDU with MAC SDUs or MAC CEs except BSR, it should be used to deliver short BSR.

Proposal 4
Maximum one padding Sub Header inside MAC Header is allowed.  

Text proposal for proposal 3 and 4 is included in the Annex A. For proposal 1 and 2, if agreement is reached, LG is happy to provide relevant text proposal for the next meeting.
Annex A: Text Proposal

Following text proposal is for proposal 1 and 2.
****************************************************************************************************

Text Proposal to TS 36.321

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

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. MAC PDU sub-headers for padding should not occur more than once in the MAC PDU.
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 occurs at the end of the MAC PDU.

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.

When single-byte 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.
When two byte remains after filling MAC PDU with MAC SDUs or MAC control elements except BSR, short BSR is included.
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
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