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1.  Introduction

In the 20/9/07 MAC Conference call, the buffer reporting mechanism is discussed focused on absolute buffer reporting and relative buffer reporting. Some companies expressed their viewpoints and agreed absolute buffer reporting was supported as the working assumption, and more discussion were needed to decide whether supporting relative buffer reporting. In our understanding, the absolute reporting always exists whether relative reporting is supported or not, and the relative reporting is an optimization for the absolute reporting to decrease the overhead.
The main feature of relative reporting is UEs will report the variance of buffer status but not always actual buffer status in some reporting occasions. So the differential buffer reporting scheme proposed in [1] is also a kind of relative reporting. This contribution will further investigate the differential buffer reporting scheme and present our solutions on the questions raised in the conference call.
2.  Discussion
The idea of differential buffer reporting is UEs will report the increment of buffer compared with previous status in the relative reporting message. To realize this, a predictive-value about the buffer status need be maintained and updated synchronously in UE and eNB according following rules:
· When UE/eNB transmits/receives an absolute buffer reporting successfully, setting the predictive-value equal to the absolute buffer value at once.

· When UE/eNB transmits/receives UL data transmission successfully, the predictive-value is updated by subtracting the data amount in the TB from the predictive-value.

· When UE/eNB transmitting/receiving a differential buffer reporting successfully, the predictive-value is update by adding the increment indicated by the differential buffer reporting.
Detail scheme of the differential buffer reporting can be found in [1], and the scheme is also presented in appendix for convenience.
2.1 Solutions for the de-synchronization

An outstanding problem in differential buffer reporting is the abnormal procedures will make the predictive-value de-synchronization between UE and eNB, and this further incurs error propagating for subsequent buffer updating in eNB. This can be mitigated by reporting the absolute buffer intermittently.
Solution 1:

A simple solution is to report the absolute buffer periodically, as shown in figure 1. 
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Figure1 Reporting the absolute buffer status periodically
The period for absolute buffer reporting is setting to T1 in figure 1. The differential buffer reporting between two adjacent absolute buffer reporting can be transmitted periodically or by event triggering. Then the error propagation due to de-synchronization is limited into T1.
Solution 2:

Another solution is to report absolute buffer when the UL data transmission plus differential buffer reporting reaching a predefined number, which is shown in figure 2.
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Figure 2 Reporting absolute buffer reporting every 4 differential buffer reporting plus UL data transmission
The absolute buffer reporting is transmitted when the number of UL data transmission and differential buffer reporting cumulate to 4 in figure 2. The possible error propagating always be corrected by the next absolute buffer reporting. 
It is mentioned that the residual error will cause de-synchronization in the MAC conference call. The first residual error is achieving HARQ transmission limit. In this case, the UE and eNB will know current transmission is failed when the TB reaches its transmission limit. So the UE and eNB do not update the predictive-value. Other residual error, such as NACK to ACK error and ACK to NACK at last transmission, will surely introduce de-synchronization between eNB and UE. But the target quality for two of these error is 10-4 – 10-3 [2]. Accordingly, we think the influence of the ACK/NACK misunderstanding can be negligible.
2.2 Solutions for the HARQ out-of-order
In the differential buffer reporting, the predictive-value is updated in UE and eNB according to previous successful UL data transmission or absolute/relative buffer reporting. But in fact the out-of-order of HARQ will destroy the continuity of differential handling. Some principles need be obeyed to avoid this. 

Principle 1: UE/eNB updates the predictive-value at once after successfully transmitting/receiving the absolute buffer reporting.

Principle 2: The distance between absolute buffer reporting and the first sequent relative buffer reporting should not less than a protection-time, which is use to eliminate the interference by out-of-order. And it is easy to setting the protection-time due to synchronous HARQ adopted in UL (protection-time = HARQ_RTT * Max_transmission_number).
Principle 3: The predictive-value used at t1 is always the one calculated at t2, where the distance between t1 and t2 equal to protection-time.
Figure 3 explains the principle 3, in which the predictive-value used at t1 is always the one at t2. The predictive-values calculated after t2 are going to be used for handling after t1.
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Figure 3 The protection time
3. Conclusion
Some feasible mechanisms are designed for differential buffer reporting scheme in this contribution to solve the problems raised in the MAC conference call for relative buffer reporting. Compared with absolute buffer reporting, lower overhead can still be obtained while adopting these mechanisms. We ask RAN2 to further discuss the differential buffer reporting and make it as an alternative for buffer reporting procedure in stage 3 working.
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5. Appendix: differential buffer reporting scheme
Fig 4 illustrates the theory of the differential buffer reporting scheme.
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Fig 4. The variety of Buffer Status

In fig 4, two buffer status in UE at 
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 are shown respectively. The data amount in buffer is 
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, if the eNB gets the buffer status 
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. 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 at 
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, and the eNB can 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 variance of buffer status in this scheme based on the prediction in eNB. Obviously, the value of the variance is always equal or less than the absolute value (
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). So it is possible to spend fewer bits to denote the variance than the actual buffer status, and accordingly the overhead due to buffer reporting message is decreased. 

Table 1 shows an example for differential coding while adopting the differential buffer status reporting scheme. Assuming the buffer status is divided into 8 zones, a 3-bits code-point is required when the absolute buffer reporting is used. The code-points from 000 to 111 correspond to the data amount from low to high in buffer.

In table 1, the code-points at the 1st row correspond to predictive-value (i.e. 
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 in fig. 4) and the 1st column correspond to actual buffer status (i.e. 
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 in fig.4). For example, if the predictive-value is 011, and the actual buffer status is 101, i.e. two zones higher than the predictive-value, the code-point 10 will be sent to eNB by UE in the buffer reporting message to identify the increment. Variable-size coding mechanism without length indication is used for differential code-point to reduce the overhead further.

With the assumption that the code-points in table 1 are used with an identical probability, the average bit number for the buffer status field 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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