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1 Introduction

In RAN#51, enhancements for transmission of UCI have been proposed, and one of the scenarios is CQI-only transmission. In this contribution, we analyze the advantages and disadvantages of the higher order modulation and higher rank transmission of CQI-only information, and finally draw our conclusion. 
2 Discussion

One of the enhancements for CQI-only transmission is 16QAM. At present version specification, only QPSK is supported for CQI-only transmission. With multiple downlink CC and multiple antenna transmission for both uplink and downlink, there will be more control information need to be conveyed by the CQI-only transmission, and now the number of PRBs allocated for the CQI-only transmission has been increased for the case with multiple downlink CCs , however, there should be more room for further enhancements. 16QAM is a kind of higher order modulation, which can increase the UCI capacity. At the same time, 16QAM can also lead to performance degradation, consequently, even 16QAM is adopted, it is only suitable for the case with good channel state.
When 16QAM is supported in addition to QPSK, there should be something to indicate whether the modulation order is QPSK or 16QAM. For PDCCH format 0, the CQI-only transmission is indicated with the I_MCS to 29; and the NDI is used to indicated new data or retransmission, consequently, the only remaining bit is the padding bit which may be used for the modulation order type indication, however, the padding bit is not always present for all the system bandwidth. Another method is to add a bit in the PDCCH to indicate the modulation type, however, the effect of an extra bit is a cost of precious PDCCH resource, and at the same time, the PDCCH format 0 payload size will be different from other scenarios in common search space, which will lead to backward compatibility issue. So if 16QAM is supported, the added single bit to indicate whehter the modulation type is QPSK or 16QAM should be limited in the UE-specific search space for the PDCCH format 0 and PDCCH format 4. In a word, 16QAM is an effective method for enhancement of CQI-only transmission, and it can be applied for both the single antenna port transmission mode and the SU-MIMO case, so it should be supported for CQI-only transmission in r11, with the limitation that in the UE-specific search space.

 Proposal 1: 16QAM is supported for CQI-only transmission in the UE-specific search space in R11. 
Another candidate for enhancement of CQI-only transmission is rank=2 transmission. Rank=2 transmission is only supported with PDCCH format 4. When the PDCCH format is format 0, only rank=1 is supported. Support of rank=2 transmission for CQI-only transmission can enlarge the transmission capacity to a large degree, while of course; the inter-layer interference is a companion effect. However, the inter-layer interference can be decreased by carefully design of precoding matrix and SIC receiver, so we propose to support rank=2 transmission for the CQI-only transmission in R11.
Proposal 2: Rank=2 transmission is supported by PDCCH format 4 for the CQI-only transmission in R11for UCI capacity enhancement.

The PDCCH format 4 can already support up to rank=4 transmission well, consequently, whether the transmission rank is 1 or 2 with PDCCH format 4 can be supported by the PMI.
In R10 specifications, two codewords are supported in the uplink. Then here comes the issue whether the rank=2 CQI-only transmission is beared by one codeword or two codewords. Considering the fact that the one-CW-two-layer transmission is only supported for the retransmission with previous transmission is also one-CW-two-layer, the one-layer-one-CW and two-layer-two-CWs seem to be more suitable. That is for the first transmission, if the transmission rank is 1, then only one CW is applied; while if the transmission rank is 2, two CWs are applied. For the retransmission, because there is not one-CW-two-layer transmission in the first transmission, the retransmission is almost the same as the first transmission.
From the perspective of performance, when the rank=2 transmission is carried by a single CW, there will be inter-layer interference, which will degrade the performance of CQI-only transmission; while the rank=2 transmission is carried by two CWs, there can be individual scheduling and different MCS value of the two CWs(actual the two layer), which is beneficial for the SIC receiver for better performance. So we propose the two-CW-two-layer scheme.
Proposal 3: If the transmission rank is 1, single CW is used; if the transmission rank is 2, two CWs are applied.

Drawback of the Support for the rank=2 transmission for CQI-only transmission is that it is only helpful for the PDCCH format 4. For PDCCH format 0, it can do nothing. If there does need more UCI capacity which goes exceed the ability of format 0, the eNB can indicate the 16QAM modulation or schedule a PDCCH format 4 CQI-only transmission for the special case.
3 Conclusion

In this contribution, we analyze the 16QAM and rank=2 CQI-only transmission for UCI enhancements, and our proposals are as following:
Proposal 1: 16QAM is supported for CQI-only transmission in the UE-specific search space in R11. 
Proposal 2: Rank=2 transmission is supported by PDCCH format 4 for the CQI-only transmission in R11for UCI capacity enhancement.

Proposal 3: If the transmission rank is 1, single CW is used; if the transmission rank is 2, two CWs are applied.
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