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1. Introduction
In case there is requirement for aperiodic CQI feedback for DL transmission and no UL data transmission is scheduled, CQI-only transmission will be triggered in PUSCH. In Rel-8, this type of transmission has been supported via aperiodic triggering in DCI format 0. After being discussed for several meetings, CQI only transmission is also supported for DCI Format 4 with one or two triggering bits considering different number of DL CCs. In agreed SI for Rel-11 UL MIMO, the following are listed for UCI enhancement:
· Study and evaluate enhancements for transmission of UCI, 
· UCI enhancement on PUSCH, e.g. UCI-only transmission with rank 2 and 16QAM
· the need for UCI enhancement on PUCCH is to be justified
In this contribution, the corresponding issue for UCI enhancement on PUSCH is discussed.
2. Discussion
In CA scenario, CSI of at most 5 DL CCs may be reported via PUSCH. To support this increased payload, the maximal resources for aperiodic CSI feedback without data are also expanded 5 times to be 20PRBs. Hence, the resource for CSI feedback of each CC is similar to that in Rel-8. In case the feedback payload in each CC is not greatly improved, and the UL resource is sufficient, current mechanism is enough to support aperiodic CSI feedback of multiple CCs. Additional enhancement can be considered as system optimization, but not as essential aspect of aperiodic feedback.
It has been proposed by some companies to introduce 16QAM and rank2 in CQI-only transmission to support higher payload or save UL resource for UCI. With the same coding rate, 16QAM can save half of the resources for CQI. However, this benefit can only be obtained in high SNR scenario in which the BLER target of CQI can be satisfied. In most cases, QPSK modulation with high rate can obtain the same or even better performance than 16QAM. In Table.1 it is shown that with BLER target of 0.01, the demodulation requirement of QPSK is lower than 16QAM especially with sufficient UL resources. Considering there are other issues by introducing 16QAM, such as additional signaling design and higher CM, we suggest that 16QAM is considered only in case the payload of UCI transmission is significantly increased in Rel-11.
Table.1 SNR for CQI BLER target at 10-2
	
	
	1RB
	2RB
	3RB
	4RB
	6RB

	2CC

(144bits)
	QPSK
	11.27
	7.65
	5.49
	3.91
	1.86

	
	16QAM
	13.51
	10.19
	8.44
	7.58
	6.43

	5CC

(360bits)
	QPSK
	--
	12.53
	9.79
	8.12
	6.16

	
	16QAM
	--
	14.43
	12.1
	10.85
	9.08


The motivation of introducing multiple layers transmission for UCI is similar to that of 16QAM. In high SNR and good channel condition scenarios, e.g. large spaced antenna array and good scattering, higher rank can provide additional spatial resource and improve the efficiency of physical resource. The beneficial application scenarios may be even less than that of 16QAM. Clearly, rank adaption should be supported for CQI-only transmission if multiple layers are introduced. Considering sounding is not always available especially with few UL transmission, the veracity of rank adaption may be a problem. Hence, further study is needed on whether rank2 is beneficial to UCI transmission taking non-ideal rank adaption and different payloads into count. If no new feature with significant requirement to UCI is introduced in Rel-11, current transmission scheme seems enough for UCI feedback.
3. Conclusions

In this contribution, we discuss the enhancement for CQI-only transmission in Rel-11, and the following proposal is provided:
· Without significantly increasing UCI payload, 16QAM and multiple layers for CQI-only transmission are FFS.
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5. Annex: Simulation assumptions

	Parameters
	Value

	Bandwidth
	5MHz

	Channel model
	ETU

	UE speed (km/h)
	3km/h

	Number of antennas
	1 Tx, 2 Rx for 1x2 SIMO

	Antenna Correlation
	0 (Uncorrelated, |ρ|=0)

	Channel estimation
	True

	Detection method
	MMSE

	Modulation
	QPSK、16QAM

	CP type
	Normal CP

	AMC
	NO

	HARQ
	NO

	Number of PRBs for PUSCH
	1、2、3、4、6

	CQI bits per CC(including CRC)
	72

	Number of DL CC
	2、5

	Number of symbols for UCI
	12











