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1.
Introduction
Following are agreed for Buffer Status Reporting procedure of TS 36.321. [1]
	5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data in the UL buffers of the UE.
A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
UL data arrives in the UE transmission buffer and the data belongs to a logical channel group with higher priority than those for which data already existed in the UE transmission buffer, in which case the BSR is referred below to as “Regular BSR”;

-
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”;

-
a serving cell change occurs, in which case the BSR is referred below to as “Regular BSR”;

-
the PERIODIC BSR TIMER expires, in which case the BSR is referred below to as “Periodic BSR”.

For Regular and Periodic BSR:

-
if only one LCG has buffered data: report short BSR;

-
else if more than one LCG has buffered data: report long BSR.

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 highest priority LCG;

-
else if the number of padding bits is equal to or larger than the size of the Long BSR, report Long BSR.

If the Buffer Status reporting procedure determines that a BSR has been triggered since the last transmission of a BSR:

-
if the UE has UL resources allocated for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
restart the PERIODIC BSR TIMER;

-
else if a Regular BSR has been triggered since the last transmission of a BSR:

-
a Scheduling Request shall be triggered

NOTE:
Even if multiple events occur by the time a BSR can be transmitted, only one BSR will be included in the MAC PDU.

A pending Buffer Status report is cancelled in case the UL grant can accommodate all pending data but is not sufficient to accommodate the BSR MAC control element in addition.


In this document, we discuss more on the BSR procedure.

2.
Discussion
2.1 Trigger by Higher priority
Current text is a little bit unclear. I.e., the object of comparison is described ambiguously as follows:
UL data arrives in the UE transmission buffer and the data belongs to a logical channel group with higher priority than those for which data already existed in the UE transmission buffer,
First of all, it is questionable whether logical channel group itself has a priority or not.
Secondly, what the term “those” highlighted in green indicated is also ambiguous. 
Following interpretations are possible.

1) Approach 1: “those” is logical channel groups.

In this interpretation, priorities of all the logical channels in the group are compared with the priority of the new data. I.e., if any buffer for one logical channel group has any data, all the logical channel in the group is compared regardless of whether each logical channel has data or not.
2) Approach 2: “those” is logical channels

In this interpretation, priorities of all the non-empty logical channels in the group are compared with the priority of the new data.
The difference between the two approaches is shown in the following example case 1.
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Fig. 1 Example case 1
If we take approach 1, the arrival of data in the channel 1 does not trigger BSR. In this case, because Group 2 has data, all the channels in the group 2 are compared with the channel 1 regardless of existence of data. Because the channel 1 has lower priority than the channel 4, the BSR is not triggered.
On the other hand, the arrival of data in the channel 1 does trigger BSR in the approach 2. In approach 2, only channels with data are compared. Because channel 1 has higher priority than channel 3, BSR is triggered.

[image: image2.emf]Group 1

CH 1

Prio 1

CH 2

Prio 2

Group 2

CH 3

Prio 3

CH 4

Prio 4

 Case 1: Prio 2<Prio 3<Prio 4<Prio 1

 Approach 1: Prio 1<Prio 4 => BSR

 Approach 2: Prio 3<Prio 1 => BSR


Fig. 2 Example case 2
But in the opposite case as shown in figure 2, both approaches produce similar result. I.e., both generate BSR. 

In fact, before new data arrives for channel 1, eNB knows there is data for group 2 but eNB does not know whether it is for channel 3 or channel 4. At later time, even if BSR is triggered at the arrival of data in channel 1, eNB does not know whether it is for channel 1 or channel 2. Accordingly, even if BSR is trigger for channel 1, eNB is not sure whether the highest priority in the UE buffer has changed or not.
BTW, the other mechanism used in BSR trigger is periodic BSR. With this periodic BSR, even if BSR is not triggered in approach 1, later periodic BSR will update eNB’s understanding of UE’s buffer status. Furthermore, in the course of logical channel multiplexing, highest priority channel will always be served and eNB knows this by decoding received MAC PDU. 

But on the other hand, when buffer for a certain logical channel group becomes non-empty, the eNB may want to know how much data is waiting either for the logical channel group or for the logical channel. Then, it may be better for the UE to send BSR. Then, approach 2 is desirable.
Proposal 1:

When a new data arrives for a channel, the priority of the logical channel is compared with priority of all the logical channels which are setup at UE and which have a data. If the priority of logical channel with new data is higher than the other channels with data of other logical channel group, BSR is triggered. 
Another ambiguity of the current text is seen in the case where one radio group is setup.
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Fig. 3 Example case 3
In the figure 3, channel 2 has lower priority than channel 1 and new data arrives at channel 1. And it is assumed that both channel 1 and channel 2 belong to the same logical channel group. According to the current text, it is not clear whether the arrival of new data at channel 1 triggers BSR or not. Because it is higher priority, if there is UL-SCH resource, the data from channel 1 is the first to be included from logical channel group 1. By decoding and analyzing the content of the received TB, the eNB implicitly knows that there are new data for the channel 1 without receiving BSR. On the other hand, BSR triggered by arrival of data for channel 1 may indicate the change of volume in the group 1 but can not indicate whether the priority has changed or not. Thus, it is questionable the usability of the BSR in this case and there seems no point for the UE to send BSR. On the other hand, if the amount of new data is larger than configured amount, BSR can be useful to indicate more need for UL resources.
Proposal 2:

When a new data of higher priority arrives for a channel where BSR was already reported for the logical channel group, the new data does not trigger new BSR. If amount of new data after last BSR for the logical channel group is above configured amount, BSR is triggered. 
2.2 UL-SCH Resources

There are two types of UL-SCH resources. First one is UL-SCH resource for initial transmission and the second one is UL-SCH resource for re-transmission. Obviously, contents of MAC PDU can not be changed during HARQ re-transmission and BSR can be included only when UL-SCH resources is allocated for new transmission. 
In this point, current text in [1] is not clear. If the available resources are UL-SCH for retransmission, the UE should immediately trigger scheduling request because BSR can not be included into the UL-SCH resource. But, if UE follows current text, the UE checks just whether UL resources are available or not and eventually the UE will do nothing in case that UL-SCH resources for retransmission is available.
Proposal 3:

When BSR is triggered, if UL-SCH resource for new transmission is available, the UL-SCH resource is used to transmit BSR. Otherwise, SR procedure is initiated.
3.
Conclusion
It is proposed to agree on the following proposals:

Proposal 1:

When a new data arrives for a channel, the priority of the logical channel is compared with priority of all the logical channels which are setup at UE and which have a data. If the priority of logical channel with new data is higher than the other channels with data of other logical channel group, BSR is triggered. 

Proposal 2:

When a new data of higher priority arrives for a channel where BSR was already reported for the logical channel group, the new data does not trigger new BSR. If amount of new data after last BSR for the logical channel group is above configured amount, BSR is triggered. 
Proposal 3:

When BSR is triggered, if UL-SCH resource for new transmission is available, the UL-SCH resource is used to transmit BSR. Otherwise, SR procedure is initiated.
4.
Reference
[1] R2-080631, E-UTRA MAC protocol specification update after RAN2#60bis

A.
Annex A. Text Proposal
5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data in the UL buffers of the UE.
A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
UL data arrives in the UE transmission buffer and the data belongs to a logical channel with higher priority than the any other logical channel for which data already existed in the UE transmission buffer and which belongs to other logical channel group than the logical channel where the UL data arrives, in which case the BSR is referred below to as “Regular BSR”;

-
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”;

-
a serving cell change occurs, in which case the BSR is referred below to as “Regular BSR”;

-
the PERIODIC BSR TIMER expires, in which case the BSR is referred below to as “Periodic BSR”.

For Regular and Periodic BSR:

-
if only one LCG has buffered data: report short BSR;

-
else if more than one LCG has buffered data: report long BSR.

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 highest priority LCG;

-
else if the number of padding bits is equal to or larger than the size of the Long BSR, report Long BSR.

If the Buffer Status reporting procedure determines that a BSR has been triggered since the last transmission of a BSR:

-
if the UE has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
restart the PERIODIC BSR TIMER;

-
else if a Regular BSR has been triggered since the last transmission of a BSR:

-
a Scheduling Request shall be triggered

NOTE:
Even if multiple events occur by the time a BSR can be transmitted, only one BSR will be included in the MAC PDU.

A pending Buffer Status report is cancelled in case the UL grant can accommodate all pending data but is not sufficient to accommodate the BSR MAC control element in addition.
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