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1.  Introduction

The buffer status reporting is a important mechanism to support uplink scheduling in LTE. Many companies expressed their viewpoint on the granularity of buffer reporting and relevant mechanisms in past several meetings.
It is now a common view that more detail buffer status information should be reported to eNB in LTE to support QoS-aware scheduling better compared with HSUPA in which only total buffer status and the highest priority logical channel’s buffer status are reported to NB. Some papers preferred eNB to obtain the buffer status information of every RB, i.e. per RB reporting [
], other papers suggested UEs to submit the buffer status information based on RB group to reduce signalling overhead [
][
]. 

In our opinion, how to make a choice between per RB and per RB group reporting can be divided into two questions: 1) what granularity of buffer status reporting will meet the scheduling demand in LTE; 2) how to minimize the control signalling overhead caused by the finer reporting granularity than HSUPA. The solution of question 1) is a trade off between the precision of QoS control and the signalling overhead required. It seemed that more companies support per RB group reporting, however, the number of RB groups also need investigated carefully to make the signalling overhead acceptable. The solution of question 2) is an enhancement to 1). These enhancements can decrease the signalling overhead further if the granularity of buffer reporting is determined, and on the other aspect if keeping the signalling overhead acceptable, finer granularity will be achieved by these enhancements to support the QoS-aware scheduling better. In section 2 of this contribution, two proposals aiming at question 2) are discussed.
2.  Discussion
2.1 Selective buffer status reporting
In [2], a kind of per RB group reporting scheme is proposed, in which the buffer reporting messages always include the information of all RB groups. While using this scheme, all RB groups’ buffer statuses need to be reported, although only part of them is required by eNB. So uplink capacity is wasted, especially when there are many RB groups. The fixed and long size for buffer reporting message maybe makes it impossible to piggyback the Buffer information in a data PDU if the padding space is limited, and this also leads to wasting uplink capacity.
In practice, it is not necessary to notify all the RB groups’ buffer status to eNB in every buffer reporting message, for example, in following scenarios: 1) when a RB group’s buffer status has no change since last reporting, such as the data traffic in which the packet’s arrive always bursts; 2) when the data amount in a RB group’s buffer is lower than a special threshold; 3) when UE detects out that a RB group obtain a service rate exceeding the predefined limit. We named the scheme that not always reporting all RB groups’ buffer status as selective buffer status reporting. The redundant or useless buffer status information for scheduler will be removed in contrast with the fixed scheme in this scheme.
While adopting the selective buffer status reporting scheme, some principles must be defined for UE to determine whether a RB group’s buffer status should be transported to eNB in a reporting message, and the eNB need to reserve the historical information about a RB group for which the UE did not always submit related buffer status in every reporting. Some means like bitmap etc. can be used in designing the reporting message to denote which RB group’s buffer information is taken on it. So we suggest:
Proposal 1: Adopting the selective buffer status reporting scheme.
2.2 Differential buffer status reporting
In HSUPA, a fixed 5-bits TEBS field is used for indicating the range that actual total data amount in UE buffers reaches. Similar way is also utilized for HLBS (4-bits) field to indicate the data amount in buffer of the highest priority logical channel. The mechanism that dividing the absolute value of data amount in buffer into different ranges had also been proposed for LTE [2]. More accurate buffer reporting will incur more signalling overhead than HSUPA due to the characteristics for LTE, as discussed in [
], such as increased peak data rates, more efficient scheduling and more precise QoS control. 
Two attributes possessed by the data amount in buffer of transmitter can help us design an efficient buffer reporting scheme, which are: 1) the data amount in buffer is always increased when no data transmission in normal case; 2) the data amount that is transmitted can also be obtained by eNB without additional signalling while eNB receiving these data correctly. With these features, we proposed a differential buffer status reporting scheme. Fig 1 illustrates the theory of this scheme.
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Fig 1. The variety of Buffer Status
In Fig 1, two states of a buffer in UE at 
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 are shown respectively. The data amount in buffer is 
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 is assumed to be 
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 data in the buffer at 
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, if the eNB gets the buffer status 
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 by previous buffer reporting message. In this case, the UE only need to inform eNB that there is a data increment of 
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 in the buffer to eNB, and the eNB will obtain the absolute buffer status by adding the increment to its predictive-value (
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). On the other words, the UE only notifies the variety of buffer status in this scheme based on the prediction in eNB. Obviously, the value of the variety is always equal or less than the absolute value (
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). So it is possible to spend fewer bits to denote the range of variety than the actual buffer status, and accordingly the overhead due to buffer reporting message is mitigated. 
Table 1 shows an example for differential coding while adopting the differential buffer status reporting scheme. Assuming the buffer occupy is divided into 8 scopes, a 3-bits code is required when the absolute value of buffer status need to be reported, as the coding at the 1st column and the 1st row. The codes from 000 to 111 correspond to the data amount from low to high in buffer.
In Table 1, the codes at the 1st row correspond to predictive-value (i.e. 
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 in Fig. 1) and at the 1st column correspond to actual buffer status (i.e. 
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 in Fig.1). We can get the differential codes for buffer status reporting from Table 1. For example, if the predictive-value is 011, and the actual buffer status is 101, i.e. two scopes higher than the predictive-value, the codes 10 will be transformed to eNB by UE in the buffer reporting message to identify this difference. Variable-coding mechanism without length indication is used for differential coding to reduce the message size further.
With the assumption that the differential codes in Table 1 are used with an identical probability, the average bit number for the buffer status reporting is about 2.44 ((1+2+5+8+12+16+20+24)/36). Compared with transporting the codes for absolute value of buffer status, i.e. 3 bits, approximately 19% (1-2.44/3) overhead is saved.
Table 1 An example for differential coding
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In this differential buffer status reporting scheme, a predictive-value for the buffer status must be maintained synchronously in UE and eNB, and this value should be updated while UE/eNB transmitting/receiving data from the corresponding RB group or transmitting/receiving relevant buffer reporting message. Asynchronous predictive-value will incur different understanding to the actual buffer status between eNB and UE. Hence, the predictive-value should synchronize periodically, and resetting the predictive-value to zero at the time occasion negotiated is a simply mean for no introducing any additional signalling overhead. To decreasing the buffer status reporting overhead, we further suggest:
Proposal 2: adopting the differential buffer status reporting scheme.
3. Conclusion
Two enhanced schemes to reduce the signalling overhead for buffer status reporting in LTE are given in this document. It is evident that both schemes can be used not only in per RB group reporting scheme but per RB reporting scheme. With these schemes, the signalling overhead can be further decreased if the granularity of buffer reporting is determined, and furthermore, finer buffer reporting granularity can be achieved while keeping the overhead acceptable. 
4. Text Proposal

We hope the Proposal 1 and Proposal 2 are agreed in RAN2 meeting and captured in the draft Stage 2 TS for E-UTRAN [5]. The text proposal is shown below:

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

11.3 Measurements to Support Scheduler Operation
…………
Uplink buffer status reports are needed to provide support for QoS-aware packet scheduling. Uplink buffer status reports refer to the data that is buffered in the logical channel queues in the UE MAC. The uplink packet scheduler in the eNB is located at MAC level. Uplink buffer status reports may be transmitted using MAC signalling (e.g. as a specific type of MAC control PDU). A way to separately signal buffer status reports for different QoS classes may be used. The selective buffer status reporting scheme and differential buffer status reporting scheme can be used as the alternative solutions to define the exact content of buffer status reports. And the possible use of physical layer signaling is FFS. 
…………
******************************************************************************************
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