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1 Introduction
In [1], we have given motivation to have a certain amount of control to include multiple DL CC aperiodic CQI reports in one subframe, while [2] outlines detailed methods how to achieve such control. In this contribution, we discuss methods how the CQI report payload could be reduced in case that the eNodeB does not have any dynamic control over the amount of CQI feedback by selective triggering.
2 Discussion
Reporting CQI for multiple component carriers faces basically a dilemma: The UE is in the best position to judge the DL component carriers and respective subbands for efficiently transmitting downlink traffic, while the eNB is in the best position to judge which and how many DL component carriers and subbands to assign to a UE as a function of the multi-user scheduling optimisation and individual QoS. For the first aspect, it would be best of the UE has the ability to choose the method of the reporting, while for the second aspect, eNB should be in charge to control the reporting. This has basically lead to adopting the aperiodic mode 2-x family and the mode 3-x family in Release 8. However the mode 2-x family has been demoted to being less important for the system.

Extending therefore the mode 3-x family to carrier aggregation, the feedback overhead can become quite large. Assuming the Release 8 numerology, the payload (without CRC) for CQI and PMI values can become as large as N*72 bits (N = number of component carriers). In case there is no further control at the eNB side to ask for CQI reports for specific component carriers only, such an overhead is in many cases unnecessary.
Consequently, it is desirable to reduce the overhead for the CQI reports at the UE side. We can generally structure these methods as follows:

1. Reduce the number of bits for a subband report

2. Increase of subband size

3. Report only selected M out of N component carriers at UE's discretion
2.1 Reduced number of bits for a subband report

We note that in Release 8, only 2 bits are available for differentially reporting the subband CQI (against the respective wideband CQI), clipping the difference such that:

(CQIWideband - 1) <= (CQISubband) <= (CQIWideband + 2)
In our view, further reducing the number of bits per subband to 1 bit reduces the usability of the subband report too much, and should therefore not be further considered.
2.2 Increase of subband size

According to Release 8, the subband size is a function of the system bandwidth and ranges from 4 to 8, noting that it is exactly twice the size of an RBG for the respective system bandwidth. As subband CQI reports are primarily useful for type 0 resource allocations, we think that having the CQI subband size a multiple of the RBG size is a good design criterion that should not be given up. Increasing the subband size to three (or more) times the RBG size reduces the possibility of effective frequency scheduling. Therefore, this issue is a trade-off between the reporting granularity/overhead and the frequency selecting scheduling gain.
2.3 Reporting of selected component carriers at UE's discretion
Best-M component carrier reporting

This bears some resemblance to the mode 2-x family defined in Release 8. Specifically, the UE can choose to transmit CQI reports only for selected M out of N component carriers.

Assuming at most N=5 component carriers are allowed, by adding 5 signalling bits, the UE would have the full choice to transmit any M=1/2/3/4/5 component carrier CQI reports. The drawbacks are:

· UE does not have a good criterion how to choose M; such a criterion needs to be standardised
· As the payload depends on the number of M, the 5 signalling bits need to be encoded separately from the component carrier CQI reports

Selective MCS-based component carrier reporting

Looking in more detail on the subband reporting and the differential subband report, the signalled subband CQI can be at most 2 levels higher than the wideband CQI. Consulting Table 7.2.3-1 from TS 36.213, this results in possible reporting levels for the subbands as shown in the following figure.
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We can recognise that for wideband CQI levels 0-4, the subband CQI level can only use QPSK modulation, for levels 11-15 it can only use 64-QAM. For all other wideband CQI levels, the result for the subband CQI levels can be different modulation schemes, depending on the actually signalled differential values.

It could therefore be possible to make the presence of the subband reporting dependent on the wideband report CQI level. It could be sufficient to report wideband+subband CQI values for those component carriers where 16-QAM or 64-QAM could be used; however the effect of such a report on the downlink system throughput should be evaluated. We note that omitting the subband CQI value from the report based on the wideband CQI value constitutes a new behaviour. In addition, the UCI size on PUSCH is variable according to the different wideband CQI conditions.
3 Conclusion
We have discussed several possibilities how to reduce the reporting payload for aperiodic CQI/PMI reports for carrier aggregation:

· Reduction of bits for subband CQI reports

· Increase of subband size

· Reporting selected component carriers at UE's discretion

Since we identified some issues for all these possibilities, we think that priority should be given to reduce the reporting overhead by allowing the eNB to dynamically have some flexibility when requesting CA-based CQI reports, such as being able to request aperiodic CQI for selected component carriers only. More details of such an approach and proposed methods are given in [1][2]. Whether additional reporting payload reduction should be supported needs further consideration.
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