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1.
Introduction

Following the agreement during RAN2 65 on CR R2-091655 [1], the following text in Section 6.1.2 of 36.321 is modified from [2]:

	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. Padding may have any value and the UE shall ignore it.

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 subheader corresponding to a MAC SDU; or if such subheader is not present, before the last MAC PDU subheader corresponding to a MAC control element.


to [3]:

	Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required. Padding may have any value and the UE shall ignore it.

When single-byte or two-byte padding is required, one or two MAC PDU subheaders corresponding to padding are placed at the beginning of the MAC PDU before any other MAC PDU subheader.


Note that the condition “but cannot be achieved by padding at the end of the MAC PDU” is removed from the MAC specification.
In the contribution, we discuss the potential ambiguity/problem which we have found to be present in the current text (amongst others due to the removal of the highlighted condition). Some of these ambiguities may already be addressed by other contributions on this topic (see [5]), however for completeness sake this contribution captures Motorola’s viewpoints. We will also provide proposed text modifications to solve the ambiguities.
2. Discussion
As the consequence of removing the highlighted condition, the following two scenarios are covered when checking the condition “when single-byte or two-byte padding is required”:
Scenario 1: single-byte or two-byte padding is required but CANNOT be achieved by padding at the end of the MAC PDU;
Scenario 2: single-byte or two-byte padding is required and can be achieved by padding at the end of the MAC PDU.

ambiguity #1

The first ambiguity is how to interpret “When single-byte or two-byte padding is required”. The UE can determine this after Logical Channel Prioritization or a comparable (unnamed) function for the eNB; or another interpretation is that the UE checks this condition after having added padding BSR, or after having added a padding subheader but not yet having added the padding bytes at the end of the PDU. 
ambiguity #2

The second ambiguity is whether “one-byte padding or two-byte padding is required” means whether this is with, or without counting the bytes needed for the subheader corresponding to padding.

ambiguity #3

It is not clear whether the UE shall consider an L field present in the last subheader for the last SDU, or whether it shall assume the regular SDU subheader with an L field when it is considering padding.
proposal 1

Explicitly specify at what stage during the PDU construction the UE shall consider padding, and what bytes shall be counted as needed to fill using ‘padding’, by using the following wording:
“after multiplexing MAC SDU(s) and/or MAC control element(s) with LCID field not indicating padding, and their corresponding MAC PDU subheader(s) onto the MAC PDU (assuming no L field is present in the last MAC subheader already multiplexed)”
The fourth ambiguity is how to compose MAC PDU header under Scenario 2 if the last MAC subheader before the padding bytes corresponds to a MAC SDU.  Basically, if single-byte or two-byte padding is required and CAN be achieved by padding at the end of the MAC PDU, then there is an L field in the MAC subheader for the last MAC SDU before padding byte.  The L field may be 1 or 2 bytes depending on the size of the MAC SDU.  Now by following the requirement of “one or two MAC PDU subheaders corresponding to padding are placed at the beginning of the MAC PDU before any other MAC PDU subheader”, the MAC subheader for the last MAC SDU becomes the last MAC subheader in which the L field shall be skipped. The skipping of the L field results in the need of 3 or 4 bytes padding in total, which no longer falls into the original assumption that “when single-byte or two-byte padding is required”.
Scenario 2 can be better illustrated by the following examples:
Example 1:

Assume that the SDU size is larger than 128 bytes, and that the MAC has seven bytes left after Logical Channel Prioritization (adding an SDU plus its subheader – the MAC must for the moment assume the subheader is the last one, so it will not have an L field). The MAC will first include a Long padding BSR plus its subheader (four bytes), after which three bytes are left for padding plus, if needed, additional bytes for the SDU subheader. There are two approaches:

1. If the MAC chooses to place padding in front of the PDU (one or two byte padding) then the SDU subheader will be the last, which means that the L field will be omitted. The subheader will then be one byte, and there are three bytes left for padding. This cannot be achieved using 1- or 2-byte subheaders corresponding to padding (R/R/E/LCID with E=1) at the beginning of the PDU as required in the current MAC specification. So the MAC has to revert to approach 2.

2. In this approach, the MAC chooses to use a padding subheader at the end of the PDU header, as the number of padding bytes may be more than 2. So it plans to insert a padding subheader of one byte (R/R/E/LCID with E=0) at the end. The SDU subheader then is not the last subheader, and its size will increase by two bytes. There is now no room left for actual padding bytes at the end of the PDU payload. Therefore, the actual padding byte is one byte (i.e., the padding sub-header), which requires the padding subheader to be placed in front of all other subheaders according to the current MAC specification. So the MAC has to revert to approach 1.
Approach 2 results in the following PDU, which we think is the intention to be produced in this scenario:
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Figure 1: MAC PDU with ‘single-byte padding’ at the end
Example 2:

Assume that the SDU size is larger than 128 bytes, and that the MAC has eight bytes left after Logical Channel Prioritization (adding an SDU plus its subheader – the MAC must for the moment assume the subheader is the last one, so it will not have an L field).
A similar situation exists: the MAC will insert a Long BSR, leaving four bytes for padding. Adding these bytes at the end results in an increase of the SDU subheader of two bytes. The padding subheader requires one byte, leaving one byte padding payload at the end of the PDU. This constitutes two-bytes padding in total.
Example 3:

Assume that the SDU size is smaller than 128 bytes, and that the MAC has seven bytes left after Logical Channel Prioritization (adding an SDU plus its subheader – the MAC must for the moment assume the subheader is the last one, so it will not have an L field).
The same problem exists: a Long BSR requires four bytes, leaving three bytes for padding. When padding is performed at the end of the SDU, the SDU subheader increases with one byte, the padding subheader consumes one byte, which results in a padding payload of one byte at the end of the PDU. This constitutes two-bytes padding in total.
In the above examples, these PDUs with zero or one padding byte at the end may be mistakenly regarded as invalid since they appear to have “single byte padding” or “two byte padding” at the end while the specification requires these to be at the beginning.
ambiguity #4
It is not clear from the specification whether or not it is allowed to place a subheader corresponding to padding at the end of a PDU with zero or one byte padding payload. 
proposal 2

Explicitly specify what the MAC PDU format is when single-byte or two-byte padding is not required, and specify how many padding bytes are allowed to be placed at the end of the PDU: no padding bytes in the case of single- or two-byte padding, and zero or more padding bytes in all other cases.
proposal 3

Explicitly define that the padding at the end of a PDU can be zero or more bytes, by making the following modification in Section 6.1.2:
A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponds to either a MAC SDU, a MAC control element or zero or more padding bytes in the MAC payload. 
To summarize, we propose to delete the following two paragraphs:

Padding occurs at the end of the MAC PDU, except when single-byte or two-byte padding is required. Padding may have any value and the UE shall ignore it.

When single-byte or two-byte padding is required, one or two MAC PDU subheaders corresponding to padding are placed at the beginning of the MAC PDU before any other MAC PDU subheader.
and replace them with:

Padding may have any value and the UE shall ignore it.

When at least one byte padding (by MAC padding subheader and/or padding bytes in the payload) is required after multiplexing MAC SDU(s) and/or non-padding MAC control element(s), and their corresponding MAC PDU subheader(s) (assuming no L field is present in the last MAC subheader already multiplexed) onto the MAC PDU,

-- If single-byte or two-byte padding is required, one or two MAC PDU subheaders for padding (i.e. with LCID field indicating padding) are placed at the beginning of the MAC PDU before any other MAC PDU subheader, and zero padding bytes are included in the MAC PDU payload.

-- Otherwise, one MAC PDU subheader for padding (i.e. with LCID field indicating padding) is placed at the end of the MAC PDU header, and zero or more padding bytes are included at the end of the MAC PDU payload.
3.
Conclusion

In the contribution, we discuss the potential ambiguity/problem which arises due to the removal of the condition “but cannot be achieved by padding at the end of the MAC PDU”, and have the following proposals:
proposal 1

Explicitly specify at what stage during the PDU construction the UE shall consider padding, and what bytes shall be counted as needed to fill using ‘padding’, by using the following wording:

“after multiplexing MAC SDU(s) and/or non-padding MAC control element(s), and their corresponding MAC PDU subheader(s) onto the MAC PDU (assuming no L field is present in the last MAC subheader already multiplexed)”
proposal 2

Explicitly specify what the MAC PDU format is when single-byte or two-byte padding is not required, and specify how many padding bytes are allowed to be placed at the end of the PDU: no padding bytes in the case of single- or two-byte padding, and zero or more padding bytes in all other cases.
proposal 3

Explicitly define that the padding at the end of a PDU can be zero or more bytes, by making the following modification in Section 6.1.2:
A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponds to either a MAC SDU, a MAC control element or zero or more padding bytes in the MAC payload. 
A draft CR is provided in [4].
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