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1
Introduction

RAN WG2 agreed on the following principles regarding UE transmission buffer status reporting in the UL for LTE during Stage 2 discussions:

· UE transmits BSR (Buffer Status Report) over UL-SCH

· When the UE has no UL-SCH resources allocated, it first transmits a SR (scheduling request)

The events to trigger BSR and SR transmission need to be addressed to complete Stage 3 work on E-UTRA MAC. This document addresses this issue.

2
Discussion

2.1 Event to trigger SR
Unlike EUL in which Scheduling Information can be transmitted immediately after it is triggered using E-DCH resources, BSR for LTE can only be transmitted over UL-SCH when eNB explicitly allocates UL-SCH resources to the UE. Therefore, UE needs to transmit a SR (either over dedicated resources or as a RA preamble) when it needs to transmit a BSR but has no valid UL-SCH allocation.

Proposal 1: SR is triggered when UE needs to transmit a BSR but has no valid UL-SCH allocation.
2.2 Events to trigger BSR
When the eNB scheduler considers that the UE transmission buffer is empty, it will obviously not allocate any UL-SCH resources to the UE. Then, when UL data arrives in the UE transmission buffer, this information should be made known to the eNB scheduler.

Proposal 2: BSR is triggered when UL data arrives in the UE transmission buffer which was previously empty.

The eNB scheduler should consider the QoS of the radio bearers (logical channels) among different UEs in order to make efficient scheduling decisions. Then, when there was previously no data in the UE transmission buffer for a certain radio bearer, but UL data arrives for that radio bearer, this information should be made known to the eNB scheduler. This is especially true if this radio bearer has higher priority than the radio bearers for which data already existed in the UE transmission buffer.
Proposal 3: BSR is triggered when UL data arrives in the UE transmission buffer which was previously not empty, but the data belongs to a radio bearer (logical channel) with higher priority than those for which data already existed in the UE transmission buffer.
It has been decided for the UE to transmit over allocated UL-SCH resources with a TB size indicated from eNB. This implies that when the UE does not have enough data to fill the TB, it performs padding. Then, if the size of the padding is larger than the BSR size, it would be better to replace the padding bits by the BSR. This could help the eNB scheduler to correctly understand that the UE no longer has any data to transmit, and avoid unnecessary UL-SCH allocation to the UE.

Proposal 4: BSR is triggered when UL-SCH resources are allocated and the indicated TB size is larger than the sum of total data in the UE transmission buffer and the BSR size.
With the above three events to trigger a BSR, the eNB can be made known of the UE transmission buffer status changing to and from being empty. In addition, the eNB scheduler needs to know the increase/decrease of the data while some data continuously resides in the UE transmission buffer. A simple approach would be to define a timer, in which the UE starts a timer after transmitting a BSR and triggers another BSR when the timer expires. This results in periodic BSR triggering. However, this timer approach could be inefficient during periods the eNB scheduler decides not to make UL-SCH allocations to an UE (the reason for the eNB scheduler to decide not to make allocations to an UE may be that the UL radio quality is poor, there are other UEs with higher priority UL data, the UE has been allocated more resources in the past compared to other UEs, etc). This is illustrated in Figure 1.
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Figure 1 – BSR triggering: timer approach
In Figure 1, it can be seen that the periodic BSR is useful when the eNB scheduler allocates UL-SCH resources to the UE, but causes unnecessary SR->UL grant->BSR signalling when the eNB scheduler decides not to schedule the UE.
Then, an enhancement to the timer approach that can be considered is a counter approach. Specifically, the UE sets a counter to zero when it transmits a BSR, and for each subframe in which it is allocated UL-SCH resources, the UE increments the counter. When the counter reaches a configured value, the UE transmits a BSR. With this approach, SR->UL grant->BSR signalling can be avoided during the periods eNB scheduler decides not to make UL-SCH allocations to the UE. This is illustrated in Figure 2.
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Figure 2 – BSR triggering: counter approach
Yet another approach would be to define a BSR poll bit within the L1/L2 control channel (UL grant). With this approach, the eNB scheduler has the opportunity to request a BSR whenever it makes an UL-SCH allocation by the L1/L2 control channel (UL grant), and again the SR->UL grant->BSR signalling can be avoided during the periods eNB scheduler decides not to make UL-SCH allocations to the UE. This is illustrated in Figure 3.


[image: image3.emf]Scheduler

decides not

to schedule

the UE

eNB

UE

SR

Grant

BSR

Tx buffer 

status

Tx buffer 

knowledge

New data arrival

Grant

PDU

Grant

(poll)

PDU +

BSR

Grant

(poll)

PDU +

BSR

Grant

PDU


Figure 3 – BSR triggering: eNB polling approach
Furthermore, with this eNB polling approach, the behaviour of the timer based approach and/or the counter based approach can be realised by eNB scheduler implementation, and any other polling algorithms can be implemented to suit the eNB scheduler. Another point to note is that UE implementation/testing could be easier with the eNB polling approach.

Proposal 5: L1/L2 control channel (UL grant) includes a BSR poll bit, and BSR is triggered when this bit requests transmission of a BSR.
3
Conclusion
The events to trigger BSR and SR transmission for E-UTRA MAC were addressed in this document, and the following are proposed.
Proposal 1: SR is triggered when UE needs to transmit a BSR but has no valid UL-SCH allocation.
Proposal 2: BSR is triggered when UL data arrives in the UE transmission buffer which was previously empty.

Proposal 3: BSR is triggered when UL data arrives in the UE transmission buffer which was previously not empty, but the data belongs to a radio bearer (logical channel) with higher priority than those for which data already existed in the UE transmission buffer.
Proposal 4: BSR is triggered when UL-SCH resources are allocated and the indicated TB size is greater than the sum of total data buffered in the UE transmission buffer and the BSR size.
Proposal 5: L1/L2 control channel (UL grant) includes a BSR poll bit, and BSR is triggered when this bit requests transmission of a BSR.
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