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1.
Introduction
The Scheduling Information is used to inform the serving Node B of the UE buffer and power status. It’s objective is to assist the Node B in making uplink scheduling decisions and is complemented by the Happy bit which can be sent out-of-band as part of the E-DPCCH.

It is critical for the Scheduling Information to be sent to the UTRAN whenever it might provide valuable information to the scheduler. 
During RAN2 #45bis, it was agreed to consider different triggering schemes and to differentiate the behavior based on whether a scheduling grant is already available at the UE or not. Though some elements were agreed (use of periodic reporting in all scenarios, use of event triggering in the case where no grant is available), there are still some aspects which are unclear, unhandled or FFS.

In this document we attempt to address these issues and we propose a way forward. 

2.
No Grant Available
In this section we consider the case where the UE does not an active scheduling grant.
2.1
Event triggering

The agreement during RAN2 #45bis was that when there is no grant available at the UE, the transmission of the Scheduling Information would be event-triggered presumably based on the arrival of new data.

The current text in [1] states:

In the case where the UE is not allowed to transmit scheduled data (because it has no Serving Grant available or it has received an Absolute Grant preventing it from transmitting in any process) and it has Scheduled data to send on a logical channel for which Scheduling Information must be reported:

· Scheduling Information shall be sent to the Serving E-DCH RLS in a MAC-e PDU;

This text seems to imply that the Scheduling Information should be transmitted whenever there is data available for transmission, but no grant. This would defeat the purpose of also supporting periodic triggers since it would result in sending the SI continuously until a grant received.
We propose to indicate more clearly that the report is triggered by the arrival of data. After the transmission of the first request is completed, the periodic trigger would kick in. This of course raises the question of what happens if additional data is received after the first Scheduling Information is sent out and whether this should trigger another report. Since the value of the grant will likely depend on the highest priority data that is available, and since no scheduling grant will yet be available at the UE, we propose to trigger the transmission of new Scheduling Information if data of higher priority than that indicated in the previous transmission is received.

Another scenario that we should consider is the case where the UE transitions from having a grant to not having a grant while data is still available in its buffer. This could occur on purpose (TDM scheduling) or because of an error in the delivery of the rate-request information to the serving Node B. In order to address the latter case, we believe it would make sense to allow the network to configure the UE to also send a report in this case.
Conclusion 1: The UE triggers a transmission of the scheduling information whenever higher priority data arrives (this would always apply in case where the UE buffers were empty).

Conclusion 2: The UE can be configured to trigger a transmission of the scheduling information if its scheduling grant elapses while there is still data in its buffer.

2.2
Periodic Triggering
The support of periodic triggering was agreed for both the cases where there is a scheduling grant available and the case where there isn’t.  The value of each timer is independently configured  by RRC. 

In the typical scenario it would make sense for the timer to be reset when switching between modes (with vs. without grant) in order to change the timer value. Indeed, when there is no grant available the intention is to guard against NACK->ACK errors, whereas when a grant is available it is intended as a simple scheme to keep the scheduler up to date on the UE status.

The group did not however consider how this timer would be maintained when switching between having and not having a scheduling grant. Consider for example the case where the system is operated in quasi TDM mode, where UEs would get very short-term grants. If the timer is reset at every switch, it may never be given enough time to trigger and the Scheduling Information would never be sent out. Therefore, it would make sense to support the possibility where the timer is not reset at the transition. In that case, its value would need to be the same for the two cases.

Conclusion: Periodic triggering would typically be reset every time the UE moves from having a grant to not having one.
Conclusion: Periodic triggering can be configured to span across available grants. In that case the period would need to be the same in order to signal the time should not be reset.
3.
Grant Available
In this section we consider the case where the UE has an active scheduling grant.
Supporting event triggers in the UE should be relatively simple, as all the associated values need to be available for the basic TFC restriction and selection functionalities. Every additional feature however increases the burden on the definition of tests and the actual testing and type approval. Therefore, we feel that it would be useful to try to limit the functions to the bare minimum.

The scheduling information includes the following fields:
· Power headroom information.
· Total Buffer Status

· Highest Priority logical channel ID

· Highest Priority buffer status

Below we discuss whether to support event triggering for each of these fields.
3.1
Power Headroom

Given the delays in the transmission of the Scheduling Information, it does not make sense to try to use the power headroom information to track the channel fading. Furthermore, instantaneous power headroom measurements will likely be quite noisy. Therefore, we expect the report to be based on averaged values and to aim at tracking the shadowing, which changes much more slowly. Consider for example that the typical shadowing correlation distance used in simulations is 50m. Even at the 120kmph, it would take 1.5 seconds to make this distance. At this rate of change, it may be sufficient to rely on periodic reporting for this purpose.

Note that the UTRAN can also use the happy bit, the UE transmission rate and earlier buffer status reports to update this information more regularly.

Conclusion: No need to introduce event triggers for power headroom reporting.
3.2
Buffer Status
The event with the most impact on the system is when UEs do not have enough data to make use of their grants. Given the delay in adjusting the granted rate, the Node B would need some time to compensate by shifting these resources to other UEs. Therefore, it would make sense to support an event trigger when the total buffer status drops below a certain limit. This would allow the Node B to plan the interruption of the grant at some point in the not so distant future.
An increase in the Buffer status would not have quite as large of a system impact. Indeed, if the Node B is not up-to-date on the latest status, the current grant would elapse before the data is transmitted but the resources would already have been re-allocated to another UE. From the individual UE point of view however, it would imply additional delay for sending another request and obtaining a new grant.

Conclusion: Support event triggers corresponding to the total buffer size crossing above a high watermark or dropping below a low watermark.
3.3
Highest priority data

There are two possible scenarios in which there could be a change in the highest priority status: arrival of higher priority data, complete transmission of highest priority data and start transmitting lower priority ones.

Note that in either of these scenarios, when the UE already has a grant, it would automatically start transmitting the new highest priority data. Therefore, if the transmission of Scheduling Information were to be triggered when such an event occurs, by the time the scheduling information reaches the Node B, it would already have this information by decoding the data.

Therefore, there is not much point in triggering reports simply because of the change of highest priority data. The only information that could be of some benefit relates to the amount of highest priority data. The problem is that changes in this value could occur quite often based on the amount of data that is available. In general, we feel that knowledge of the amount of highest priority data at the Node B is not as critical as that of the total buffer. Therefore, we propose to not introduce an event specifically for that. Periodic reporting, together with the decoding of the data transmitted by the UE should give a good enough indication to the scheduler.
Conclusion: No need for an event trigger for change in the highest priority data status.
4.
Proposal

For the case where a scheduling grant is not available, it is proposed to clarify that event triggering is based on the arrival of higher priority data (or any data if the buffer is empty).

For the case where a scheduling grant is available, it is proposed to only introduce event triggers for the total buffer size.

For handling the transition between these two scenarios (the specific case of TDM scheduling comes to mind) it is proposed to allow the network to configure whether the periodic trigger should be run across scheduling boundaries and whether a report should be triggered when the scheduling grant goes down to zero while there is still data available for transmission.
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