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1. Introduction  
In RAN1#63bis meeting, considerable progress on CQI only triggering was made. But there are still some issues needed to be considered:
· Adoption of 16QAM for UCI-only transmission is not precluded; the support of rank2 is not precluded. Both are FFS [1]. 
In this contribution, we present our views on whether the UCI-only transmission is supported if the transmission rank is 2.  Performance evaluation results are also presented.
2. Discussion
In RAN1#63 meeting, the following is agreed [2]:
If DCI format 4 is used for the UL grant,

· CQI-only transmission is supported if the transmission rank is 1 

· Aperiodic CQI-only PUSCH can be signalled by setting IMCS(enabled TB)=29 , NPRB<=X and CQI request=1.

· X is FFS, pending the outcome of CQI payload discussion in MIMO and CA

· Modulation format, QPSK is supported

· Additional support of 16QAM is FFS, pending the outcome of CQI payload discussion in MIMO and CA

In other words, the CQI-only transmission is limited in the scenario of rank 1 and QPSK when DCI format 4 is used for UL grant. With the introduction of carrier aggregation in Rel-10, larger aperiodic CQI/PMI feedback payloads are expected. In order to support the increased payloads, it is beneficial that spatial multiplexing or higher modulation order be employed for CQI-only transmission (the 2 ranks were corresponded to one TB). Actually higher modulation order and spatial multiplexing has already been supported for UCI multiplexing with PUS, so there is little extra implementation complexity or standard effort to support these for CQI-only transmissions. Regarding signalling support, virtually no extra effort is need, for example, these can be indicated via unused bits in the disabled TB, or from the directly from the PMI signaling in case of rank 2 support.
Performance-wise, with rank 2 and 16QAM, it is expected that MIMO UEs can take advantage of good channel conditions, increasing system resource utilization and spectrum efficiency.
In the scenario of rank 2 transmissions, some coding gain could be achieved as the lower code rate compared with rank 1 transmission. To give an example of potential improvement, we evaluate the performance of the CQI-only transmission in the scenario of rank 1 and rank 2 transmissions. The performance of CQI-only transmission is listed in Table 1-2 for comparison. Simulation assumptions are provided in the Annex-A and detailed results of block error rate performance are provided in the Annex-B. From the simulation results, we can see that in the scenario of rank2 transmission, the performance of CQI is better than rank1 transmission in different simulation assumptions.
Table -11PRB for CQI-only transmission,QPSK,TU-3km/h
	CQI bits number
	Required SNR for BLER=10%
	Required SNR for BLER=1%

	
	Rank =1
	Rank =2
	Gain of Rank=2
	Rank =1
	Rank =2
	Gain of Rank=2

	30
	-0.8
	-2.3
	1.5
	4.2
	1.7
	2.5

	60
	1.9
	0.5
	1.4
	6.6
	4
	2.6

	80
	2.8
	1.5
	1.3
	7.9
	4.7
	3.2

	100
	3.7
	2.4
	1.3
	8.9
	5.8
	3.1

	150
	6
	4.8
	1.2
	11
	8.6
	2.4

	200
	7.8
	7.3
	0.5
	13.7
	11.6
	2.1


Table-2 2PRB for CQI-only transmission, QPSK,TU-3km/h
	CQI bits

Number
	Required SNR for BLER=10%
	Required SNR for BLER=1%

	
	Rank =1
	Rank =2
	Gain of Rank=2
	Rank =1
	Rank =2
	Gain of Rank=2

	60
	-1.4
	-2.7
	1.3
	3.3
	0.8
	2.5

	120
	1.9
	0.5
	1.4
	6.5
	3.7
	2.8

	160
	2.8
	1.8
	1.3
	7.6
	5
	2.6

	200
	3.7
	2.5
	1.3
	8.6
	5.9
	2.7

	300
	6.2
	5.5
	0.7
	12
	9.7
	2.3

	400
	8.8
	8.2
	0.6
	/
	/
	/


3. Conclusion
Based on the above discussion, we proposal that:
· Allow rank2 transmission for CQI-only transmission triggered by DCI format 4. 

· Allow 16QAM transmission for CQI-only transmission triggered by DCI format 4. 
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Annex A
Table (3) Simulation parameters
	Parameters
	Assumptions

	Carrier frequency
	2.0GHz

	System BW
	5MHz

	UE Velocity
	3 km/h

	CP configuration
	Normal CP

	Channel model
	TU 

	Number of Tx/Rx antennas
	2Tx-2Rx

	RX antenna correlation
	uncorrelated

	Channel estimation
	Practical

	Noise estimation
	Ideal

	Channel coding
	TBCC in 36.212

	Modulation Mode
	QPSK

	slot-level hopping
	OFF

	Number of PRBs for CQI only transmission
	1PRB, 2PRB


Annex B

1PRB:
[image: image1.emf]-6 -4 -2 0 2 4 6 8 10 12 14 16

10

-2

10

-1

10

0

SNR(dB)

CQI BLER

CQI only in PUSCH, Rank=1, 2Tx, 2Rx,QPSK,1PRB TU-3km/h

 

 

30bits

60bits

80bits

100bits

150bits

200bits

[image: image2.emf]-6 -4 -2 0 2 4 6 8 10 12 14 16

10

-2

10

-1

10

0

SNR(dB)

CQI BLER

CQI only in PUSCH, Rank=2, 2Tx, 2Rx,QPSK,1PRB TU-3km/h

 

 

30bits

60bits

80bits

100bits

150bits

200bits


2PRB:
[image: image3.emf]-6 -4 -2 0 2 4 6 8 10 12 14 16

10

-2

10

-1

10

0

SNR(dB)

CQI BLER

CQI only in PUSCH, Rank=1, 2Tx, 2Rx,QPSK,2PRB TU-3km/h

 

 

60bits

120bits

160bits

200bits

300bits

400bits

[image: image4.emf]-6 -4 -2 0 2 4 6 8 10 12 14 16

10

-2

10

-1

10

0

SNR(dB)

CQI BLER

CQI only in PUSCH, Rank=2, 2Tx, 2Rx,QPSK,2PRB TU-3km/h

 

 

60bits

120bits

160bits

200bits

300bits

400bits









































3

