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1 Introduction
Scheduling resources in the uplink is complicated by the fact that that the scheduler, located in the eNodeB, is not directly aware of which UEs that have data to transmit. Furthermore, the scheduler does not have information of how much data, or the type of data that the UEs has in the transmit buffers. The uplink scheduler must be made aware of the UEs buffer content through uplink control signaling. The type of information signaled for scheduling purposes in the LTE uplink is has not been agreed yet in detail. In RAN1#47bis in Sorrento it was agreed that a dedicated scheduling request channel (SR) will be available. A UE that is synchronized and does not have an UL grant for data transmission indicates via the dedicated SR channel that it has data to transmit. The need for contention based SR is left to be decided in RAN2. Additional scheduling information such as buffer status reports and UE transmission power related reports, can be provided once the UE has an uplink grant. These information messages are further addressed in separate contributions [1] and ‎[2]. 

This contribution addresses the scheduling request (SR), and more specifically the criterions for triggering a SR, i.e. indicating via the SR channel that there is data to transmit. 
2 Basic dynamic scheduling procedure

A potential uplink scheduling scheme for LTE is illustrated in Figure 1. To inform the UL scheduler of the UE’s momentary traffic demands the standard will support a dedicated scheduling request channel. The scheduler monitors the users´ traffic demands and assigns resources accordingly. The scheduler informs the users of the scheduling decision by transmitting resource assignments, i.e. transmission grants. 


[image: image1]
Figure 1: Basic uplink dynamic scheduling procedure.
3   Basic triggering solution
In a basic triggering solution the SR consists of a single bit that is set to “1”, indicating that there is data to transmit, when the UE has data in the transmit buffers but does not have an uplink resource allocation for data.

One drawback of the basic solution is illustrated with an example in Figure 2. It is assumed that there are two synchronized UEs. The UEs do not initially have an UL grant for data transmission. Further we assume that the UE’s have a dedicated SR resource every fifth TTI. 

When data arrives in the transmit buffer of UE1, UE1 indicates this in the next SR opportunity by setting the SR bit to “1”. The scheduler assigns a grant for data transmission and UE1 transmits data continuously. Next, UE2 obtains data of lower priority and sets the SR to “1”.  At this point the scheduler does not know the priority of the data and grants UE2 some resources blindly. UE2 uses the allocated resource to transmit a buffer status report containing QoS information and some data depending on the size of the allocation. Based on the buffer status report the scheduler decides to prioritize the data from UE1 and UE2 is not scheduled further. UE2 will continue to transmit a SR “1” in all of the TTI’s where it has a SR opportunity. If the scheduler ignores the SR from UE2 and relies on the latest buffer report it will not be aware of new high priority data arriving at UE2. 

To avoid this problem the scheduler could grant some resources to UE2 now and then to obtain buffer status. However this is quite costly in terms of resources if there are many users and it will limit the scheduling flexibility. Another solution is to extend the SR field to contain also the priority of data but this causes more overhead for the SR channel especially if there are many priority levels.


[image: image2]
Figure 2: A potential problem with the basic triggering solution. UE2 transmits a SR “1” continuously when not receiving a grant. The eNodeB is not aware of the change in priority level for the buffered data at UE2.
4 Alternative triggering
The problem described above can be solved by defining a simple alternative triggering condition. The UE sets the SR to “1” only if there have been specified changes in the buffer content compared to what has been reported previously or what has been transmitted previously. For example, a specified change can be the arrival of data of higher priority to the buffer. The changes in buffer status that trigger a SR are typically configured through RRC.

One example of a set of triggering criterions could be as follows:
Scheduling request set to “1” if
· “UE has no UL grant” and “UE has data to transmit” and “the buffer status has changed since latest acknowledged buffer report or UL transmission”
where

· The buffer status is considered to have changed if any of the following conditions are met
· higher prioritized data has arrived in buffer,
· total buffer size increase exceeds Threshold A, 

· time since previous transmission of SR exceeds Threshold B
The thresholds A and B are typically configured through RRC signalling. 

In addition to the cases described above a SR “1” should be reported when data arrives to an empty buffer and the UE does not have an UL grant for data transmission.
Furthermore, it should be possible to cancel a triggered, but not yet transmitted, scheduling request if the UE obtains a grant before the scheduling request opportunity. In those cases the UE will typically send its highest priority data and optionally include a detailed buffer status report. In any case, the eNodeB is aware of the change even without obtaining a scheduling request. 
In Figure 3, we illustrate how the problem described in section 3 is solved with the above mentioned triggering solution. When UE2 is not scheduled in favour of UE1, UE2 receives an HARQ ACK for the transmission containing the buffer report. UE2 stores the latest ACK’ed report. At the next SR opportunity UE2 checks if there is any “change” according to the configured criterions. In this example UE2 sets SR to “1” when higher prioritized data arrives. Otherwise, it reports SR “0”.  


[image: image3]
Figure 3: Example illustration of a SR transmission. Here UE2 transmits SR messages according to the proposed triggering scheme.

5 Conclusion

This contribution identifies a potential problem with the basic SR triggering solution where the scheduler is not made aware of when higher prioritized data arrives in the UE’s transmit buffer. We suggest that the SR triggering is based on a change in the buffer status compared with the latest acknowledged buffer report or UL transmission according to some simple criterions, similar to the example presented above. 
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