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1. Introduction
It has been confirmed in the 3GPP that the CQI and MIMO feedback reporting can take place on two uplink physical channels: PUCCH and PUSCH. The current agreement captured in the specification 36.213 is as follows:

A UE transmits CQI, PMI, and rank reporting on a PUCCH for subframes with no PUSCH transmission and on a PUSCH for those subframes with a PUSCH scheduling assignment or an unscheduled PUSCH transmission. 

The two channels are fundamentally quite different: on PUCCH the size of the CQI report is limited up to around 10 bits/TTI while on PUSCH the reports can be considerably larger, up to 100 bit or even more. However, especially in the case of MIMO operation the number of feedback bits increases and fitting a detailed report into PUCCH becomes complicated.

Another aspect to be considered is the need for blind decoding in the eNodeB. Blind decoding is required when the receiver does not know beforehand the format of the report (e.g. number of bits). In case of the MIMO operation one of the feedback parameters is the rank. The rank has a direct impact on the number of bits in the feedback: e.g. the number of CQI values to be reported corresponds to the rank. Without careful design of the reporting formats this can make the decoding of the reports considerably more difficult for the eNodeB. 

In this contribution we provide a concept for efficiently transmitting detailed CQI and MIMO feedback with low uplink overhead and allowing for low complexity eNodeB receiver implementation without need for blind decoding. 
2. PUCCH
As the number of bits that can be transmitted on PUCCH is limited up to around 10 bits, the preferred mode of reporting is the wideband CQI, i.e. no frequency selective information will be included into the report. Furthermore, in the case of multi-antenna operation, the basic CQI should be based on open loop transmit diversity transmission. This is because PDCCH is transmitted always using open loop transmit diversity and hence this information is paramount for eNodeB. Since the wideband CQI should not take more than 5 bits, the remaining bits should contain some additional information. A reasonable use of this resource is to use it for indicating wideband precoding information together with rank and an indication of how much the CQI with wideband precoding differs from the open loop Tx diversity CQI. An exact rule on how the remaining bits are used depends on the number of antennas at the eNodeB, and also on the UE capability since an UE capable of receiving only rank 1 transmission does not need to send rank information. 
3. PUSCH
As mentioned before, on PUSCH the number of bits included into the reports has no stringent requirements for limiting the feedback as in the case of PUCCH, especially if we allow for the eNodB to poll for reports when needed [1]. The main issue in CQI and MIMO feedback reporting of PUSCH is avoiding the need for blind decoding in the eNodeB. 

As said, the number of feedback bits varies depending on the rank that UE has chosen for the CQI report, as the CQI should be signaled for each of the code words. This is an undesirable feature from the eNodeB point of view since blind decoding will most likely be required. 

With some of the compression schemes in case of multi-antenna operation it is possible to always reserve bits for the highest possible number of code words. E.g. in two-by-two antenna case a reservation for CQI bits for the second codeword is always made. The increase in the UL overhead is negligible at least with average-type of reporting (e.g. Threshold based, Best-M average, Wideband CQI). The rank can also be jointly coded with the rest of the report which simplifies the implementation.      

With full feedback schemes similar approach would lead to excessive overhead. In such case it would be better to signal the rank separately coded, potentially with lower rate then rest of the report.

4. Conclusions
We have presented the principle of formatting the CQI and MIMO feedback on PUCCH and PUSCH. For the two channels our preferred transmission scheme is as follows.
· On PUCCH we propose to use open loop transmit diversity as a basic CQI calculation form and then use the remaining bits to indicate performance with wideband precoding enabled and/or use remaining bits in other sensible way.
· Detailed reports with frequency selective channel state information are transmitted on PUSCH
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