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1 Introduction/Background 
During MAC Conference call before the Shanghai Meeting we had some discussions on the Absolute and Relative Buffer Status 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 this contribution we provide some more details about the Relative Buffer Status Reporting Mechanism and benefits it could bring by reducing the overhead. 
2 TCP Based Source Traffic Model of Applications in Uplink
Source traffic model essentially consists of two parts: the arrival process for the user activities and the process describing the activity phase. The arrival process determines the instants when a user starts his activity. The modeling approaches for the arrival process are not considered for the discussion. The models for the activity phase are based on a general form of ON/OFF model where a session is generally composed of the some random number of ON/OFF periods described by the appropriate distribution.
Further, for the TCP based applications, the traffic model assumes the steady maximum bit rate during the activity phase after the slow start. The delay components are illustrated in Figure below.
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Figure 1 TCP based Application Characteristics
Considering these general characteristics of TCP based traffic where applications acquires a steady maximum bit rate after the slow start and the fact that UE would have to request uplink resources periodically during the activity phase, we believe the uplink signalling overhead for reporting buffer status can be considerably optimised through the use of Relative Buffer Status Reports in addition to the Absolute Buffer Status Reports. 
3 Buffer Status Reporting
Considering this, we feel that there would be large overhead if the UE keeps reporting the buffer status of all the Radio Bearer Groups (RBG) in every report (Absolute Buffer Status Report) especially for the duration when the bit rate is fairly constant. In order to reduce the uplink overhead we propose that we should consider Relative Buffer Status Reports in addition to Absolute Buffer Status Reports. We define these two buffer status reports and show how could they compliment each other to have a QoS aware scheduling in the UL.
Absolute Buffer Status Reports (ABSR): These would include the buffer status of all the Radio Bearer Groups and can be sent during the session start phase where the application has just started and the bit rate is changing in time before reaching a steady value. Absolute Buffer Status Reports  would essentially be event triggered when the amount of data in the UE buffer (or alternatively in a traffic flow) gets above (or below) a predefined threshold value.

Relative Buffer Status Reports (RBSR): These would include only differential buffer status (indicating a change in instantaneous bit rate) with respect to the last sent Absolute Buffer Status report and can be sent periodically when the applications have reached relatively steady bit rates. Relative Buffer Status reports will be of small size thereby considerably reducing the uplink overhead of sending Absolute Buffer Status report periodically for requesting uplink resources.    
Relative Buffer Status Reports could include 

1. Number of bytes added or removed form the buffers within a predefined thresholds since the last Absolute Buffer Status Report or

2. Current buffer size as a percentage of size reported in the last ABSR 
3. eNB and UE could agree a reference buffer size by higher layers, and then the Relative Buffer Status report can signal the current size as a percentage of this reference
There could be other short forms ABSR such as reporting the Absolute Buffer Status of one RBG instead of all, but we feel that with such reports it would be complex for the UL scheduler to derive meaningful information and translate it for allocating grants on per UE basis.
4 Solution to De-Synchronization problem
During the conference call questions were raised regarding the de-synchronisation problems associated with Relative Buffer Status Reporting. We believe that the de-synchronisation problem could be cumulative and would require some sort of reordering mechanism in eNB if the Relative Buffer Status Report sent by UE is always relative to the last Relative Buffer Status Report that the UE had sent. However if the Relative Buffer Status Reports (RBSR) are made relative to the last sent Absolute Buffer Status Report (ABSR) , we believe that this shall remove the de-synchronisation problem even if one of the RBSR is lost. This is depicted in the figure 2
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Figure 2 Robust Behaviour of RBSR to loss of report 
Since RBSR is a differential buffer status (indicating a change in instantaneous bit rate) with respect to the last sent ABSR, even if one of the RBSR is lost (say the one with Buffer level Indication of 70), UE in the next scheduled interval shall again report the differential with respect to the last ABSR or send ABSR if the buffer increases predefined threshold. Hence the network will be able to allocate resources appropriately on receiving subsequent RBSR or ABSR after a lost RBSR and the de-synchronisation problem shall not be encountered.

Considering this we believe that the combination of the Absolute and Relative Buffer Status Report would provide a robust mechanism for uplink eNB scheduler to perform QoS–aware scheduling.

5 Conclusions

We propose to have Relative Buffer Status Reports additionally to the Absolute Buffer Status Reports to reduce the signalling overhead for buffer status reporting in LTE. UE can smartly switch from Absolute to Relative Buffer Status Report after the application has attained steady bit rate. The Relative Buffer Status Reports are based on the differential from the last Absolute Buffer Status Report and hence the de-synchronisation problem can be avoided. We urge RAN to discuss and consider RBSR in addition to ABSR for Buffer Status Reporting given the advantages it has.
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7 Annex: Use of ABSR and RBSR
The use of Absolute to Relative Buffer Status Report for single and multiple service cases are illustrated to demonstrate the decrease in signalling overhead. With such schemes, the signalling overhead can be kept to acceptable limits without loss of granularity of information provided to the uplink eNB scheduler to perform QoS-aware scheduling.
Single Service case:  File Upload
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Multi Service case:  File Upload + TCP/RLC ACKs for web browsing traffic
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