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1 Introduction 
This contribution discusses the triggers of the Buffer Status Report (BSR). 
In the previous meeting RAN2#60, the group agreed a baseline for BSR triggers and the MAC specification was updated accordingly. Besides, during the discussion, it was mentioned that there may be a need to define additional triggers. This document addresses this point. We try to investigate which other triggers could be needed. Specifically, we think that the current triggers are not enough to allow the enforcement of the PBR policy. 

A corresponding text proposal for TS 36.321 is suggested. 

2 Discussion
The triggers for BSR are defined in section 5.4.5 of [1], and the current text is: 
A Buffer Status report 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;

-
UL resources are allocated and number of padding bits is larger than the size of the [Short/Long] Buffer Status Report MAC control element;

-
a serving cell change occurs.

These 3 triggers are equivalent to those defined for E-DCH, except that in E-DCH a periodic trigger was also defined, which is not defined in LTE so far. The need for a periodic trigger could be discussed, but we will not focus on this in this contribution. Instead, we will focus on a trigger that should be defined in order to address a particularity of LTE, i.e. the prioritized bit rate (PBR) concept. According to section 5.4.3.1 of [1], the UL logical channel prioritization procedures states that all logical channels are served in a decreasing priority order up to their configured PBR. This means that, for a given logical channel, the portion of its buffer which participates to the PBR must be considered with a higher priority than the portion of the buffer of any other logical channel for which the PBR is already served. 

In order for the UE to apply this procedure at best, it is desirable that it is able to get from the eNB the proper resource (transport block size) when needed. However, it looks like the first trigger as currently defined does not in all cases allow the UE to inform the eNB that new data with high priority has arrived in its transmission buffer.
Figures 1 and 2 below show how the first trigger would operate. 

In this example, we have 4 logical channels. The 4 logical channels are grouped into 2 groups of 2 logical channels. Each group contains logical channels assumed to have similar QoS requirements. 

The grouping would probably be made such that Group A contains LCH’s of highest priority, and Group B contains LCH’s of lower priority, for example. So, instead of reporting the Buffer Occupancy (B.O.) for each of the LCH’s separately, the UE would report only 2 values, Report A and Report B, consisting of the sum of all the data queued in the LCH’s of groups A and B, respectively. 

The specification allows to report the buffer status of 1 group only (short report) or of all the groups together (long report). Hence, in the example, a short report would consist of either Report A or Report B, and a long report would consist of Report A and Report B together. However, the specification still does not clearly states what are the conditions to decide whether a long or a short report should be made. 
(Note that the blues lines named PBR#x are a symbolic representation of the amount of data that should be sent at this TTI #N in order for the PBR to be satisfied in average for LCH#x. For example, if a token/bucket mechanism is implemented to average the PBR, the blue line corresponds to the amount of token present in the bucket at TTI#N for this logical channel.) 

In the situation of Figure 1, according to the trigger as currently defined, a BSR will be triggered, because data arrives in LCH #2 which belongs to Group A, which is the high priority group compared to Group B, and all data existing before the current TTI was in Group B. 

In the situation of Figure 2, no BSR is triggered, because the arriving data is in Group B, and it is considered that all the green data in Group A is of higher priority. Since the green data in Group A arrived in previous TTI(s), it has been notified to the network by previous BSR(s) and since the network has already been made aware of this status, it is assumed that the current allocated resource is enough to accommodate with the data present in Group A and not transmitted yet. 

But it is believed that the data just arrived in Group B (in pink) is an event that the network should be made aware of, because it has objectively a higher priority than the green data present in Group A if we want to avoid starvation of LCH#4. 
Thus, in order to address this issue, we propose to define the following additional trigger: 

· A BSR is triggered if UL data arrived in the UE transmission buffer and the data belongs to a logical channel for which a PBR is defined, and for which no data already existed in the UE transmission buffer.
The corresponding Text Proposal can be found at the end of the document. 
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Figure 1: Triggering of a BSR in current LTE MAC Specification
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Figure 2: No triggering of a BSR in current LTE MAC Specification, when data arrives in a lower priority group.
3 Conclusion
In this document we have shown that the current BSR triggers are probably not enough to handle all cases were the arrival of high priority data in the UE buffers must be signalled to the eNB. Specifically, in order to allow the UE to further enforce its PBR policy, we have proposed an additional trigger and corresponding Text Proposal.  
4 Text Proposal to 36.321

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 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;
-
UL data arrives in the UE transmission buffer and the data belongs to a logical channel for which a non zero PBR is defined, and for which no data already existed in the UE transmission buffer.
-
UL resources are allocated and number of padding bits is larger than the size of the [Short/Long] Buffer Status Report MAC control element;

-
a serving cell change occurs.

If the Buffer Status reporting procedure determines that a Buffer Status report is pending:

-
if the UE has UL resources allocated for this TTI, instruct the Multiplexing and Assembly procedure to generate a [Short/Long] Buffer Status Report MAC control element;

-
else:

-
a Scheduling Request shall be triggered

NOTE:
Even if multiple events occur by the time a Buffer Status Report can be transmitted, only one Buffer Status Report 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 [Short/Long] Buffer Status Report MAC control element in addition.
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