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1. Introduction
It was agreed by RAN1#50 in Athens (R1-073858, “Way forward for CQI reporting”) that periodic CQI reporting should be supported and that aperiodic CQI reporting is FFS.
In another contribution to this meeting (R1-074383, “Proposed way forward for CQI reporting”), it is proposed to support periodic as well as aperiodic CQI reporting.
In this contribution we provide our motivation for introducing aperiodic eNodeB-triggered CQI reporting.
2. Discussion
According to the Athens agreement ‎[1], the periodic CQI reporting takes place on PUSCH or PUCCH depending on whether the UE happens to be scheduled in uplink or not. When the periodic CQI is transmitted on PUSCH, the PUCCH resource allocation will be wasted.

In order to support a large number of UEs in the connected state, it is clear that the uplink control channel overhead from PUCCH has to be kept low. This means that the periodic CQI reports will have to be fairly rough and fairly infrequent – something that will be even more true in case of MIMO where the CQI reports including PMI and rank may be significantly larger than in the non-MIMO case.
However, the downlink PDSCH performance clearly benefits from more frequent and detailed (i.e. frequency selective) CQI reports that provide the scheduler with channel quality estimates with less delay and higher frequency resolution.
One might argue that the periodic CQI reporting can always be reconfigured via RRC signaling whenever a more frequent and detailed CQI reporting is desired. However, reconfiguration via RRC signaling would lead to unnecessary delays and overhead, and furthermore it does not seem to give the UL scheduler the same freedom as a more dynamic aperiodic CQI reporting would do, where the scheduler would be in complete control of both the rate of the CQI reports and the resource allocations where they are to be transmitted.
To illustrate the problem with reconfigurable periodic CQI reporting as an alternative to aperiodic CQI reporting, consider a situation where some users have been reconfigured with a more frequent, detailed periodic CQI reporting. Since these detailed reports are too large to be transmitted on PUCCH, they will have to be transmitted on PUSCH. This means that either the eNodeB will have to schedule the UE in uplink every time it is supposed to transmit a CQI, or the CQI reporting has to be persistently scheduled. But the first case is essentially the same thing as aperiodic CQI reporting except that there is a restriction that forces the scheduler to ask for CQIs only at certain periodic instants in time, which seems like an unnecessary restriction – why not allow the scheduler to decide for itself when it wishes to ask for a CQI? And in the second case, the case with persistent scheduling of CQIs, it should be noted that these CQI transmissions on PUSCH should co-exist with all types of UL traffic from the UE in question as well as from other UEs, and there is a high risk that all these persistently scheduled, frequent CQIs will cause a significant loss in UL scheduling efficiency, since the CQIs will cause restrictions and fragmentation in both the time domain and the frequency domain.
This is where we see the need for aperiodic CQI reports – in scenarios with many users in connected state which are to be served now and then with high performance PDSCH transmissions. These aperiodic CQI reports need to be triggered by eNodeB, since eNodeB is the one who is aware of the PDSCH transmissions before they actually take place and also the one in control of the PUSCH resources. The eNodeB can trigger an aperiodic CQI report by giving the UE an UL grant containing a special transport format.
3.  Conclusion

In this contribution we have provided our motivation for aperiodic eNodeB-triggered CQI reporting. We propose that RAN1 agrees to adopt periodic as well as aperiodic eNodeB-triggered CQI reporting mechanisms.
