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1 Introduction

The framework for transmitting scheduling requests (SR) and buffer status reports (BSR) was agreed in RAN2 #60, [1], [2]. In addition to this framework, it was agreed in RAN2 #61 to also include a threshold trigger for the BSR. Details of this triggering were left for further study.
In this contribution we present details for a relative BSR trigger that is based on the amount of unreported data in the UEs buffer. 

2 BSR triggers based on buffer level change
The motivation for an additional trigger would be for this type of reporting to be effective and really useful to the scheduler considering the buffer reporting triggers defined so far. A Threshold BSR if defined should therefore be triggered for those cases when the actual UE buffer significantly deviates from the scheduler’s knowledge of the current buffer fill level. This means that the buffer fill level change is based on changes in the buffer level not due to uplink transmissions, but rather to an integral over the data flow from higher layers minus the previous buffer status report; possibly including the size of PDUs dropped due to timeouts.

2.1 Unreported Data Threshold Trigger
In order to make sure that the scheduler does not stop scheduling a UE because it thinks its buffer is empty, a trigger based on the amount of data in the UEs buffer which has arrived after the last BSR transmission (unreported data) is defined. 
A BSR is thus triggered when the amount of unreported data exceeds a threshold. This principle is illustrated in Figure 1.

[image: image1]
Figure 1: Illustration of the proposed Unreported Data Trigger 

Proposal 1: A BSR is triggered if the amount of new data for an RBG since the last BSR transmission exceeds a threshold.
Since the need for BSR is higher when the UE has less data in the buffer, it seems reasonable to think that a threshold relative to the amount of reported data left in the UE buffer is more useful than an absolute threshold. This relative threshold would also solve the problem of finding a threshold value which is suitable for all kinds of services.

It can be argued that a relative threshold will cause excessive reporting when the amount of data in the UE buffer gets lower, but since in this case it is always unreported data vs reported data that is considered, the amount of reporting will not be excessive, and will correspond to the needs of the network. 

Proposal 2: The threshold for the unreported data trigger shall be relative to the amount of reported data in the buffer.

The proposal is to trigger per radio bearer group (RBG) but naturally the same threshold could apply to the total buffer content. This would though put considerable limit to the BSR trigger and would typically not match more than very few RB characteristics. Furthermore, as the scheduling strategies and algorithms will be different, one can envision that NWs that operate with e.g. a very short periodic trigger and possibly with scheduling UEs now and then, not only for a scheduling request, would need to affect the configuration of the threshold trigger  The threshold for the trigger should thus be controlled by the network.
Proposal 3: For the unreported data threshold trigger, one threshold is configured for each RBG.
To avoid unnecessary triggering when the amount of reported data is zero, it is sensible to disable the threshold trigger when there is no reported data in the buffer.

Proposal 4: A threshold triggered BSR is not triggered if the amount of reported data is zero.
Since the unreported data threshold is mainly meant to handle the case of a continuously filling buffer it makes sense to not trigger a SR if the unreported data threshold BSR is triggered. Furthermore, from a scheduling point of view, the current assumption that only higher priority data triggers a SR has benefits in scheduling design that is very useful and should be preserved.
Proposal 5: A BSR triggered by the unreported data trigger shall not trigger a SR.
2.2 Reported data threshold trigger
In order to further enhance the effectiveness of the unreported data threshold BSR triggering, a trigger based on the amount of reported data could be envisioned in addition. It is would then be used in conjunction with the unreported data trigger, but could also be used on its own. 
The basic idea is that the network does not really need to know about the arrival of new data in the buffer until it thinks that the buffer is running empty. Therefore it makes sense to trigger a BSR only when the amount of reported data is low. 

While a reasonable value for safe operation would be to set the reported data trigger threshold to the size of a BSR, there are still benefits of letting the network set the threshold for the reported data trigger. For example, some might want to rely on other mechanisms to be aware of the UEs buffer status.

It can be assumed that the networks need for new BSRs is not relative to the amount of data in the UE buffer, which is why the reported data threshold should be absolute.
3 Conclusion

We suggest using an unreported data trigger and a reported data trigger to efficiently handle the case of a continuously filling UE buffer. The mechanisms are designed to only trigger a BSR when it is surely needed.

Proposal 1: A BSR is triggered if the amount of new data for an RBG since the last BSR transmission exceeds a threshold.

Proposal 2: The threshold for the unreported data trigger shall be relative to the amount of reported data in the buffer.

Proposal 3: For the unreported data threshold trigger, one threshold is configured for each RBG.

Proposal 4: A threshold triggered BSR is not triggered if the amount of reported data is zero.

Proposal 5: A BSR triggered by the unreported data trigger shall not trigger a SR.
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