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1. Introduction
The eNodeB scheduler needs adequate and timely UE buffer information in order to efficiently allocate UL resources on UL- SCH.  Similarly to E-DCH in UTRAN the scheduler operates on a per UE grant basis.  The UE will similarly at the transmission instant prioritize according to allocated resources, priorities and for those defined QoS attributes (e.g. PBR). This implies that the scheduler ideally needs detailed buffer information on high priority RB as well as, if not necessarily buffer information per RB, also the total buffer occupancy information. To avoid unnecessary padding, signalling overhead or unexpected UE behaviour, the reporting occasions should be carefully selected or configurable to match the scheduling strategy and the UL load situation. This contribution discusses the principals on buffer occupancy reporting as well as brief suggestions for periodicity and triggering of the buffer report. 
2. Buffer report
It is likely that any buffer information received will be outdated when it is to be used in the scheduling decision. New data may have arrived for a RB with higher priority than current buffered RB, or data may have been dropped from the buffer due to delay constraints. However, without any additional information the scheduler has no indication if the previously scheduled grant was enough or if a large amount of data is still left in the buffer. A too large grant results in padding, which may reduce the system capacity, whereas a too small grant causes extra delay. One balance that need to be considered is high load situations close to the capacity limit were frequent UL signalling of buffer occupancy will consume UL capacity; and has to be weighted to the need of carefully scheduling each UE (and implicitly each RB ) appropriately.
A detailed buffer status report may be quite large in number of bits and if transmitted frequently would cost considerable overhead. For many applications
 the buffer status is continuously changing and a rough buffer indication that is frequently updated is more useful. As a complement to a detailed buffer report we therefore suggest to include an indication similar to the “happy bit” for EUL consisting of one or a few bits in the MAC header. The “happy bit” can be seen as an “early warning flag” to indicate to the scheduler a configurable time in advance that the UE total buffer content is being emptied. This type of indication is very useful for many applications, such as TCP based applications where the buffer is continuously filled with data and a where a full report would come with a considerable overhead. The “happy bit” proposal is described is in detail in an accompanying contribution [1]. In this contribution discuss the need for also having a more detailed buffer status report and suggest possible format and triggering.
2.1. General
Although we believe that the “happy bit” static buffer report is sufficient in most cases and that it saves considerable overhead there are situations where a more detailed buffer report could be needed. For example, the happy bit report does not provide complete knowledge of what radio bearers have data. The eNB can monitor data that is being transmitted and if strict priority is employed it will know of the highest prioritised RB with data. However, the scheduler will not know if there is data in the lower prioritised radio bearers or not. This makes move advanced QoS scheduling based on composite priorities difficult.

We propose a detailed buffer report similarly to the buffer report included in the Scheduling Information (SI) E-DCH in UTRAN. As opposed to E-DCH we suggest that the buffer report is transmitted as a separate MAC control element from the power head room report and that the triggering criterions are configured through RRC. To avoid extensive overhead from the detail buffer report the trigger mechanisms should support a triggering of the report only when it is needed.
Proposal 1. The detailed buffer occupancy report is transmitted as a MAC control element.
The minimum reporting quantity should be the total buffer occupancy and the highest priority bearer’s size. However, it has been a common understanding in RAN2 that in addition to this the report should contain at least indication of what other radio bearers or radio bearer groups have data. 
To limit the reporting load it has been suggested that the radio bearers are grouped, [2], [3], [4] and that the buffer reporting is per RB group. One large advantage of the RB grouping is that is it sufficient to indicate the RB group rather that the logical channel ID in the buffer report. For simplicity we believe that the number of groups could be fixed, for example four. We suggest that the RB grouping is configured through RRC, i.e. a radio bearer is assigned a group when it is set-up.    
Proposal 2. The RB grouping is configured through RRC.
Since any UE’s RB will have to wait for a grant to start transmission, it is proposed to define the total buffer occupancy as the sum of the RLC transmission buffers including negatively acknowledged data for all logical channels which are residing in the UE buffer. This excludes the data in the transport block where the report is transmitted.
Proposal 3. The total buffer occupancy is total data available for transmission including negatively acknowledged data for all logical channels which are residing in the UE buffer. 

2.2. Content

Since the Total Buffer Occupancy field will indicate an absolute value (in Bytes) of the total buffer to be transmitted, we propose to report similarly to UTRAN E-DCH the ratio of the total reported buffer that is occupied by the data originating from the highest priority RB group. However, it can be of some value also to report the fraction of data for the other Group of RB or at least have some indication of what RB groups there is data. If a fraction of the BO is of the highest priority the rest would be “blindly” scheduled. Also considering that the value of the buffer information is larger at low to medium buffer sizes (of max) this would accommodate for efficient scheduling. 
Proposal 4: The buffer report should convey the total buffer occupancy and for each RB group at least a rough buffer occupancy relative the total buffer occupancy. 
From the requirement on MAC control elements the content must be byte-aligned. If combined with a happy bit, we believe that the detailed buffer report will only be transmitted quite seldom, and that two bytes are needed for a full report. Assuming four RB groups an example of how the bits could be used is suggested below:

· Total buffer occupancy – 7 bits
· Relative buffer for the three of the RB groups    
· Buffer occupancy relative the total buffer occupancy – 3 bits
This would give us a total of 7 + 3*3 = 16 bits (two bytes) for the MAC control element content. In addition to we have 4-5 bits for the LCID identifying the MAC control element and one bit for the extension field.  This would results in 21-22 bits in total. 
2.3. Triggering

A buffer report should only be triggered when the UE has a valid grant. To limit the buffer report overhead the triggering mechanism should be able to configure through RRC so that a report is only transmitted only when it is actually needed. Both periodic and event triggered solutions should be considered.
Proposal 5: The buffer report triggering criterions are configured through RRC.
3. Conclusion
It is proposed that RAN2 agree to the following proposals:

Proposal 1. The detailed buffer occupancy report is transmitted as a MAC control element.
Proposal 2. The RB grouping is configured through RRC.
Proposal 3. The total buffer occupancy is the sum of the RLC transmission buffers including negatively acknowledged data for all logical channels which are residing in the UE buffer.

Proposal 4: The buffer report should convey the total buffer occupancy and for each RB group at least a rough buffer occupancy relative the total buffer occupancy. 
Proposal 5: The buffer report triggering criterions are configured through RRC.

If needed, Ericsson will contribute with further text
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� E.g. TCP continuously increases its congestion window and decreases it when experiencing a packet drop. 
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