
3GPP TSG RAN WG2 #60
R2-075156
5th – 9th November 2007
Ceju, South Korea
Agenda item:

5.1.1.8
Source:
NTT DoCoMo, Inc.
Title:
Buffer Status Report update when UE Tx buffer is not empty
Document for:

Discussion and Decision
1
Introduction

A framework for the Buffer Status Report (BSR) trigger and Scheduling Request (SR) triggers has been proposed in a joint contribution [1], in which the following triggers for BSR are proposed:

· UL data arrives in the UE transmission buffer and the data belongs to a radio bearer (logical channel) group with higher priority than those for which data already existed in the UE transmission buffer

· UL-SCH resources are allocated and number of padding bits is larger than the BSR size

· UE arrives to a new cell

With these events to trigger a BSR, the eNB can be made known of the UE transmission buffer status changing to and from being empty. However, the BSR triggers are not complete with these triggers. Specifically, an additional BSR trigger needs to be supported in order for the eNB scheduler to know increase/decrease of the data while some data continuously resides in the UE transmission buffer. This contribution addresses this issue and proposes a way forward.

2
Discussion

2.1 EUL approach – timer based
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 which is also adopted in EUL (i.e. T_SIG). 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, a SR is triggered when the timer expires during the period where the scheduler decides not to schedule the UE. When the eNB detects the SR, it should allocate an UL grant to the UE since it may very well be that the SR was triggered due to arrival of data belonging to a higher priority radio bearer group (e.g. SRB). The UE will then transmit a BSR with the allocated UL resource, but only at this time will the eNB realize that the UE only has data for the already buffered radio bearer(s). The eNB will not grant anymore UL resources to the UE since its scheduling policy doesn’t change, which results in an unnecessary SR->UL grant->BSR signalling.
Then, it might be considered to limit the timer expiry to only trigger a BSR and not a SR. In fact, the proposed framework [1] indicates a category of events that only trigger BSR, and it seems fit this category. However, the events proposed in [1] that only trigger BSR are those events where UL grants are guaranteed (i.e. “UL-SCH resources are allocated and number of padding bits is larger than the BSR size” and “UE arrives to a new cell”, the latter being that there will be an UL grant for the HO complete message). Therefore including the timer expiry as an event to only trigger a BSR and not a SR would introduce a exceptional scenario, which does not seem so attractive.
2.2 Modified EUL approach – counter based

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
In Figure 2, it can be seen that the counter based BSR avoids the unnecessary SR->UL grant->BSR signalling when the eNB scheduler decides not to schedule the UE. It is noted that this event will fall into the category of events that only trigger a BSR and not a SR.
2.3 Alternative approach – eNB polling based

Yet another approach would be to define a BSR poll bit within the PDCCH (UL grant). With this approach, the eNB scheduler has the opportunity to request a BSR whenever it makes an UL-SCH allocation by the PDCCH (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.
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Figure 3 – BSR triggering: eNB polling approach
In Figure 2, it can be seen that the eNB polling based BSR also avoids the unnecessary SR->UL grant->BSR signalling when the eNB scheduler decides not to schedule the UE. It is noted that this event will also fall into the category of events that only trigger a BSR and not a SR.

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.

2.4 Alternative approach – buffer threshold based

Yet another approach would be to configure buffer thresholds at the UE, in which a BSR is triggered every time the buffered data amount in the UE exceeds the configured buffer thresholds. With this approach, however, the unnecessary SR->UL grant->BSR signalling during the periods eNB scheduler decides not to make UL-SCH allocations to the UE cannot be avoided, as the buffered data amount in the UE may very well exceed the configured buffer thresholds during these periods.

2.5 Summary

Unlike the counter approach and the eNB polling approach, with the timer approach and the buffer threshold approach, unnecessary SR->UL grant->BSR signalling cannot be avoided during the periods eNB scheduler decided not to make UL-SCH allocations due to its scheduling policies. Then, it is preferred to adopt either the counter approach or the eNB polling approach. The eNB polling approach provides more flexibility to scheduler design with the cost of an additional bit on the UL grant.
Proposal 1: PDCCH (UL grant) includes a BSR poll bit, and BSR is triggered when this bit requests transmission of a BSR.
Proposal 2: If Proposal 1 cannot be supported due to PDCCH (UL grant) payload limits, the counter approach (i.e. BSR is triggered every N times an UE receives a PDCCH (UL grant)) should be supported.
3
Conclusion
The events to trigger BSR transmission for E-TURA MAC when UE transmission buffer is not empty were addressed in this document, and the following are proposed.
Proposal 1: PDCCH (UL grant) includes a BSR poll bit, and BSR is triggered when this bit requests transmission of a BSR.

Proposal 2: If Proposal 1 cannot be supported due to PDCCH (UL grant) payload limits, the counter approach (i.e. BSR is triggered every N times an UE receives a PDCCH (UL grant)) should be supported.
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