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1.
Introduction
In Shenzhen meeting, [1] was discussed. In that meeting, the agreements for Padding BSR were that:

· The padding BSR will always have its own MAC SubHeader.
· Padding is always at the end.
In Kansas City meeting, [2] was discussed. After the discussion of [2], it was identified that current specification has some conflicting texts. I.e., the triggered padding BSR may not always be included in the padding space.
After RAN2 #62, e-mail discussion was held to resolve the issue.
2.
Discussion
2.1 Scenario 1
2.1.1 Problem
Current MAC specification mandates that UE shall include a 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.


Based on the above highlighted text in yellow and considering that the size of a short BSR is two-byte, a short BSR should be included in a MAC PDU whenever remaining padding space is two-byte. 
But the inclusion of padding BSR may not always be possible, depending on the situation. Following figure 1 shows the two different cases.
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Fig. 1 Two cases of 2 byte remaining
The difference between (a) and (b) of figure 1 is that the last MAC SubHeader in (a) includes “F” and “L” fields. “F” and “L” are included when “E” field is set to 1. And “E” field is set to 1, when there is another “R/R/E/LCID.” This is stated as following in the specification:
	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.


Because there are two remaining bytes in figure 1, the text highlighted in yellow mandates the inclusion of a BSR. The following figure 2 shows the case when a short BSR is included in the figure 1.
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Fig. 2 Replacing Padding with BSR (based on figure 1)
In the figure 2, (b) is not allowed. It is because it violates the above text highlighted in green. I.e., because it is not the last MAC SubHeader, the MAC SubHeader for the MAC SDU N should have “F” and “L” field. 
The example behavior shown above is also applied to a Long BSR. Thus, current specification has conflicting texts. I.e., some text talks about the mandatory inclusion of BSR, but the other section says that the inclusion of BSR is violation of format.
2.1.2 Solution

Following solutions can be considered:
2.1.2.1 Solution 1: Clarification of the specification.
Current specification is a little bit ambiguous regarding how to calculate the size of padding space. The number of remaining byte can be different depending on what is considered in the calculation. For example, (a) of figure 1 assumed the existence of “F” and “L” for all the MAC SubHeader. On the other hand, (b) of figure 1 did not assume the existence of “F” and “L” for the last MAC SubHeader. Because only (a) allows the inclusion of padding BSR, calculation of padding bytes should include “F” and “L” field also for the last MAC SubHeader.
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Fig. 3 Solution 1: Padding definition
Figure 3 shows the example. In figure 3, remaining space is 2 bytes for (a). For (b), remaining space should be calculated considering the possible allocation of space for “F” and “L” field. Thus, if 7 bit “L” field is considered, the 1 byte is remained. And, if 15 bit “L” field is considered, the 0 byte is remained. Thus, (b) can not include a BSR. This kind of clarification may help.
Then, two approaches may be possible. First approach is to clarify what should be considered as padding space. Following sentence can be added in the section 5.4.5.

	(Alternative 1)

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.
The number of padding bits is equal to TB size minus the size of MAC SDUs or MAC CEs minus the size of their related MAC subheaders. In this calculation, if the last MAC subheader except padding was for a MAC SDU, the last MAC subheader is assumed to have “R/R/E/LCID/F/L.”


Or, the second approach is to clarify the conditions when the UE should triggers a BSR with consideration on “F” and “L” field. Then, following alternative text proposal can be considered:
	(Alternative 2)

For padding BSR:

-

-
if the number of padding bits is equal to or larger than the size of the Long BSR and if all the MAC subheaders for MAC SDUs within the MAC PDU can include F and L field, report Long BSR.
-     else if the number of padding bits is equal to or larger than the size of the Short BSR and if all the MAC subheaders for MAC SDUs within the MAC PDU can include F and L field, report Short BSR of the LCG with the highest priority logical channel with buffered data;


By the way, in previous meeting in Shenzhen, it was agreed that Padding BSR is explicitly indicated by Padding Subheader. To implement this agreement, one company proposed following text proposal:

	- if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader, 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 plus its subheader, report Long BSR.


Even if above text proposal is agreed, it does not solve above problem. This text should be applied one of above solutions..
2.1.2.2. Solution 2: Removal of location restriction
Currently, padding BSR is the last element in the MAC PDU except padding. But, if Padding BSR can be located anywhere, the problem can be solved.
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Fig. 4 Solution 2: Location of BSR
 In figure 4, (a) is the same as (b) of figure 2. But if the Padding BSR can be located at the beginning of MAC PDU as shown in (b) of figure 4, the 2 bytes of remaining space can be always used to carry BSR.
If this approach is adopted, then following text update can be made in the section 6.1.2.

	MAC control elements, except Padding BSR, are always placed before any MAC SDU. Padding BSR can be placed anywhere within the MAC PDU


If preventing eNB from misjudging UE buffer status is required for this solution, the type of buffer status PDU should be decided based on the number of LCGs with data, not on the size of padding bit. It means that current triggering condition should be changed.
2.1.3. Comments 

Views on this scenario among companies differed.
Especially for the solution 2, there were some debates as following:
- we do not see a strong need to differentiate a padding BSR from other BSRs and generally find it strange that padding BSR goes after the MAC SDUs. We agree the problem is solved if padding BSR subheader is grouped with other MAC control element subheaders (solution 2). In particular if an implementation includes it as the first subheader, then the structure of the subsequent already generated subheaders never needs to be changed. If no strong reason is found to have pad BSR after MAC SDU we propose to go beyond the solution 2 and disallow that location (after MAC SDU) in order to keep the number of options/exceptions to a minimum and the MAC CEs grouped.
- it is important for the scheduler to be able to differentiate a padding BSR from a regular BSR. If the location restriction were agreed to be removed, we would ask for a separate LCID for padding BSR. Please note that the problems described in Scenario 1 would disappear if padding were to be implicit.
- For solution 2 (Removal of location restriction), we think one problem is that if Padding BSR is a Short BSR and is placed before any MAC SDU, network would treat it as a “Regular BSR” and consider the other three not reported groups with no buffered data.

- Having a free position of the padding BSR subheader would increase the complexity of constructing the PDU
- W r t to the comment that a Padding BSR cannot be placed before any MAC SDUs without confusing the eNB, we are not sure this is necessarily true. Is it not so that confusion would be avoided if, when there is data left for more than one LCG, a Padding BSR is included only if there is space for a Long BSR? While we agree that this is not how the specification currently reads, selecting the size of the BSR based on the #of LCGs with data rather than based on the available space would seem more consistent with how the size of the BSR is determined for regular BSR. Not including the Padding (Long) BSR if it doesn't fit also seems consistent with how a Padding (Short) BSR would not be included if it does not fit.

2.2 Scenario 2

2.2.1 Problem
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Fig. 5 Ambiguity problem
Figure 5 shows another kind of problem. In (a) of figure 5, the remaining space is enough for the inclusion of long BSR. But the MAC PDU already included short BSR. According to the current specification, only one BSR can be included into the MAC PDU when multiple BSR is triggered. Thus, either one of “Short” and “Regular” BSR or “Long” and “Padding” BSR is allowed in the figure 5. Similar problems are shown in (b) and (c).
What is unclear in the specification is which one should be included. I.e., “Regular” or “Periodic” BSR has a higher priority than the “Padding” BSR? Or, we choose a Long BSR as much as possible? Or, the Short Regular BSR is replaced by a Long Padding BSR?
On the other hand, to ease the implementation complexity, it also can be proposed to allow multiple BSRs in one MAC PDU. This is another way to remove ambiguity.
2.2.2 Solutions

2.2.2.1. Solution 1: Multiple BSRs 

In this solution, it is allowed to include multiple BSRs in one MAC PDUs. Then, following figure 6 replaces the figure 5.
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Fig. 6 Solution 1 to figure 5
2.2.2.2. Solution 2: One bigger BSR 

In this solution, UE includes one Long BSR. I.e., when the UE composes a MAC PDU, UE combines the remaining space and the already allocated space for “Regular” and “Periodic” BSR to include a long BSR. Following figure 7 how the MAC PDU looks like when this solution is applied to figure 5
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Fig. 7 Solution 2 to figure 5
2.2.2.3. Solution 3: No trigger for Padding BSR (Different BSR priorities)
In this solution, if a BSR is already included in a MAC PDU, remaining space is used as padding space and no further BSR is included. In addition, there is no change in the already included BSR. I.e., if a BSR was included in a MAC PDU, another padding BSR is not triggered.
If the already included BSR is a short BSR, it means that no other LCG had a data. Thus, including a long BSR is not necessary and delivers no additional information. Furthermore, if a long BSR was already included in a MAC PDU, there is no more need to include another BSR.
In essence, this can be regarded so that regular or periodic BSR has higher priority than padding BSR. Thus, the padding BSR does not have any impact on them.

2.2.2.4. Solution 4: Removal of Padding BSR

In principle, eNB has to be able to work only with regular BSR or periodic BSR. Padding BSR is used to take an advantage some free space in the transport block, if it exists. Thus, normally, system has to operate without the help of padding BSR. In this sense, the value that padding BSR brings can be considered as minor.

Rather than correcting padding BSR, removal of padding BSR can be one option and this will solve above problems. The remaining space in a MAC PDU can be replaced purely with padding element.

2.2.3 Comments
Three company supported solution 3, one company supported solution 2 and one company supported solution 4. 
Following is some comments made for the support of solution 1:

- having a general rule to handle padding is in our opinion simpler than introducing exceptions: regardless of whether a regular BSR is included, the UE always apply the same rules to include a padding BSR. We would therefore prefer Solution 1.
Following is some comments made for the support of solution 3:

- If a BSR is already included in the MAC PDU we see no justification to mandating including a second one. A second one increases the MAC processing with no envisioned benefit. As agreed based on Ericsson’s R2-081450 the BSR fields are populated after PDU is built therefore the two BSRs would be identical copies. Also we do not see why a long padding BSR could be useful if a short BSR is already included.
- If it is a Short BSR, it means the other three not reported groups with no buffered data. Actually, the Short BSR ("Regular" or "Periodic") has implied the buffer status of all groups. On the other hand, if it is a Long BSR, the buffer status of all groups are also reported. So we think that even if the remaining space is enough for another BSR or becoming a bigger BSR. it seems not too useful for network.
- We do not want to see multiple BSRs in the same MAC PDU, which would just increase the complexity of the specification without increasing the information. That means that we see no need to have any padding BSR, neither in Scenario 2 nor in Scenario 3. It is better to have padding included as padding bits.
Following is comments made for the support of solution 4:
- The original goal in sending a padding BSR was based on a desire to take advantage of some free space to provide additional information. The padding BSR has never been seen as necessary from a BSR perspective itself - else, we would have ensured necessary support in the context of a pure BSR discussion. In fact, it seems that this "additional information" could very well turn into confusion for the network, thus distracting from the original goal. Therefore any solution that requires multiple mechanisms/rules to take into account handling of padding BSR has little to no incremental benefit. It only serves to complicate specification text, UE implementation, NW handling and IOT.

3.
Summary
Though a few companies participated, the discussion was not active to make a majority recommendation.
To progress the issue, it is proposed to first discuss whether padding BSR is needed or not. If the conclusion is that padding BSR is not needed and system can operate without it, remaining space is always replaced by padding can be adopted as simple and unified solution.

But, if the conclusion is to keep padding BSR in the specification, it is further proposed to discuss:

· whether location restriction can be removed for padding BSR:

· if location restriction is needed, which alternative text in section 2.1.2.1 to use.


· whether multiple BSRs can be included into a MAC PDU:

· if multiple BSRs are not allowed, which approach is used for the padding space in a MAC PDU which already included “regular” or “periodic” BSR.

· Approach 1: Padding BSR is not triggered. E.g., short BSR remains as Short BSR.

· Approach 2: Space of already included BSR and of padding is combined to produce one BSR.

It is proposed to discuss the above issues and make a conclusion.

Reference: 

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

[2] R2-082259, Clarification on MAC Padding, LG Electronics Inc.
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