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1
Introduction

In this contribution we present further analysis on the use of 16QAM modulation for UCI-only PUSCH, providing BLER performance comparisons of QPSK and 16QAM.  Based on these results, we recommend that 16QAM is not adopted for UCI-only PUSCH in Release 10.
2
Background

In RAN meeting #63bis the following agreement was reached regarding UCI-only PUSCH transmission for both DCI Format 0 and DCI Format 4: [1]:
Assuming QPSK is used for CQI-only transmission:
· CQI only transmission is triggered if following conditions are fulfilled

· If CQI request field is 1-bit
· CQI request field is 1 (Same as Rel-8)
· IMCS=29
· NPRB<= 4

· If CQI request field is 2-bit
· CQI request field is 01, 10, or 11
· If a single DL CC is reported (Same as Rel-8)
· IMCS=29
· NPRB<= 4
· If multiple DL CCs are reported
· IMCS=29
· NPRB<= 20

It was further agreed that:
· Adoption of 16QAM for UCI-only transmission is not precluded, the support of rank2 is not precluded. Both are FFS

3
Discussion
At RAN1#63bis, several analyses of code rate as a function of CQI payload size and PRB allocation size were provided ([2], [3], [4], [5], [6]), and several recommendations were made regarding the inclusion of 16QAM.
In this document, we further analyze the potential benefit of 16QAM, taking into account the agreements made at RAN1#63bis regarding the increase in the maximum PRB allocation allowed for CQI-only PUSCH with QPSK.
We address the scenario where the CQI report is multiplexed with other control information and make the following assumptions:

· Rank 1 transmission in UL

· Rank 2 for DL

· ACK/NACK occupies 4 SC-FDMA symbols

· RI occupies 4 SC-FDMA symbols

· Reporting Mode 3-1 is used, and CQI is reported for two transport blocks 

· 20 MHz transmission BW

With the above assumptions on Reporting mode and transmission BW, the size of each CQI report per CC is 68:

· CQI: (4 bits (wideband) + 2 bits (subband) * 13 (subbands in 20 MHz)) * 2 (transport blocks) = 60 bits

· PMI:  4bits (W1) + 4 bits (W2) = 8 bits

· Total CQI/PMI bits = 60+8 = 68 bits

· Assuming worst case of 5 component carriers, the max ‘O’ without 8 bits CRC is 5*68 =340.
Further details of the simulation assumptions are provided in the Appendix
The following figures show the comparative performance of CQI detection for QPSK and 16QAM with different PRB allocations.
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It can be seen from these results that there are scenarios where 16QAM provides sufficient performance while QPSK cannot be used at all, due to the code rate being close to 1.   However, this is a rather limited use case, requiring very good SNR conditions, and sufficient performance can be achieved with QPSK by increasing the PRB allocation by 1 or 2 PRBs.  We therefore recommend that 16QAM modulation not be included for CQI-only PUSCH in Rel-10.
4
Conclusion
In this contribution, we have provided further analysis of the use of 16QAM modulation for CQI-only PUSCH, and have concluded that there is little advantage to including this in Rel-10.
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Appendix
Simulation parameters and assumptions are listed in the table below

Link Level Simulation assumptions

	Parameter
	Assumption

	Carrier center frequency
	2.0 GHz

	Transmission bandwidth
	20 MHz

	PUSCH Transmission BW (PRB allocation)
	Variable 

	Slot format
	Normal CP (7 symbols per TS)

	RB allocation
	Static

	Number of SC-FDMA data symbols per subframe
	12 (i.e., normal CP case)

	Power control
	Fixed power

	Antenna configurations 
	1 x 2

	Channel model
	EPA, 3km/h .

	Antenna correlation
	Correlation matrix (low) as defined in TS36.814 

	MCS
	Modulation: QPSK and 16 QAM

	Channel estimation
	Realistic 

	Channel coding of UCI
	As defined in 36.212

	Receiver for UCI (CQI+PMI)
	MMSE/MRC

	Decoder for UCI (CQI+PMI)
	ML

	Frequency hopping
	Disabled
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