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1 Introduction

During the last meeting  several contributions discussed  UL buffer reporting granularity. There are three options of UL buffer reporting which are now in discussion: per UE, per RB and per RB group. In this contribution, we will give our consideration about UL BO reporting.
2 Discussion
When designing the scheme of uplink buffer reporting, two issues should be considered:

· Reporting granularity, namely the basic reporting unit, such as per UE, per RB and per RB group etc.
· Reporting accuracy, namely how many bits should be used to signal the buffer status of each reporting unit.
2.1 Reporting granularity

During the last meeting, three options on the  buffer reporting granularity have been discussed, namely  per UE, per RB and per RB group. The characteristics of each option are briefly summarized below.
Per UE measurement reporting will have lower signalling load. But as discussed in contribution [3],coarse granularity information result in some problems, e.g. starvation between Qos levels within one UE, inability to control cell capacity partitioning, free ride, etc. So in LTE, better than per UE based UL scheduling is needed to achieve high scheduling performance. 
With per RB measurement reporting scheme, eNB can get the most buffer information and effectively control resource allocation to meet every RB Qos requirement. However UE need to report every RB buffer status and the number of bits required for per RB reporting scheme is the highest.
Per RB group measurement reporting is a trade-off scheme between the precision of QoS control and the required signalling overhead. Two basic group definitions have been proposed by several contributions, which includes reporting  BO of N highest priority RBs[1][2] and reporting fixed number of groups [2](e.g. depend on QoS). The number of groups need to be further evaluated. The more groups to report, the better performance will get. But the signalling overhead  will increase. The detailed grouping method is also affected by the conclusions in 23.882.
Which option will be adopted is still under discussion. In our opinion,  better QoS control should be obtained in LTE than current 3G networks, which needs a finer granularity. Therefore reporting BO of per RB or per RB group is proposed.
2.2 Reporting accuracy
The reporting accuracy of each unit is another problem needs to be considered. Basically , more accurate BO reporting will help the NB scheduler to assign resources more efficiently at the cost of increased uplink signalling overhead.  Again, there will be a trade-off between the BO accuracy and the scheduling gain. Here, we provide a rough comparison  between LTE and WCDMA enhanced uplink.
Compared with current HSUPA, more bits are needed to signal the uplink buffer status in LTE due to the following reasons.
Reason 1: increased peak data rates

E-UTRA support significantly increased instantaneous peak data rates. Then the data amount in the buffer would greatly larger than that in HSUPA. With the same or better accuracy than HSUPA,  the bits required for buffer status reporting will increase. 
Reason 2: more precise QoS control
As agreed by several companies, more precise QoS control than current system is expected to be provided by LTE. Thus both the granularity and the accuracy of the reported buffer status are required to be finer and more valuable as a reference by the scheduler.. 
Reason 3:more efficient scheduling
Generally, BO index is used to inform the scheduler a range of the data amount in the UE buffer.  If NB scheduler allocates resource according to the upper limit of the range indicated by a BO index, there may be a risk that the real data amount is close to the lower limit and  the residual  resource will be wasted. Conversely if resource allocation is based on the lower limit, there will be a risk that resource will be not enough for data transmission.
In HSUPA(FDD), the uplink is non-orthogonal. There is interference between UEs in the same cell and in different  cells. Received interference is the shared resource. So if the resource allocated to one UE is larger than the UE needed, the overall system interference can be decreased. 

However, the LTE uplink is orthogonal. If there is residual resource for one UE,  the resource can not be used by any other users and will be wasted. Therefore,  to increase the efficiency of resource allocation, the accuracy of the reported buffer status needs to be improved. 
As discussed above, overhead introduced by buffer status reporting in LTE will be larger than that in HSUPA. The overhead of buffer reporting needs to be minimized since it directly affects the uplink capacity. It is necessary to investigate how to reduce overhead in LTE while sill guaranteeing acceptable granularity and accuracy of the Buffer status. 
3 Proposal
In this paper, we present our viewpoints on UL buffer reporting scheme. Better than per UE based UL scheduling is proposed to be adopted and  methods for reducing overhead of per RB group scheme or per RB scheme should be further investigated to get a better trade-off between precision of Qos control (scheduling efficiency) and uplink signalling overhead.
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