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1 Introduction

In this contribution, we present simulation results on PUSCH performance based on the agreed simulation assumptions in R4-111626. These results include support of QPSK, 16QAM and 64QAM for the case of 2 transmit antenna configuration. 

2 System-level simulation assumptions
The table below presents PUSCH simulation parameters.

Table 2.1 Simulation assumptions
	Common parameters
	Value

	Channel Model
	EPA 5Hz low correlation

	Noise Model
	AWGN

	Power imbalance between antennas
	0 dB

	Channel Bandwidth
	1.4MHZ, 3MHz, 5MHz, 10 MHz, 15 MHz, 20 MHz

	Channel estimation
	Practical and realizable channel and noise estimates [ML channel estimator with real noise estimation]

	Cyclic prefix
	Normal

	Precoding method
	Rank1: random precoding 

Rank2: fixed precoding

	Resource allocation
	Full RB allocation
FRC based on Rel8/9 specification

	Modulation scheme and code rate
	[QPSK 1/3,] 16QAM 3/4, 64QAM 5/6

	Number of HARQ processes
	8 HARQ processes for FDD

	Maximum number of HARQ transmissions
	4

	Redundancy version sequence
	 0, 2, 3, 1, 0, 2, 3, 1

	HARQ combining
	Incremental redundancy

	Simulation length
	10000 subframes at minimum


3 Results 
The SNR used in this clause is defined as:

SNR = S / N

Where:

S 
is the total signal energy in the subframe on a single receiver antenna port.

N
is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a subframe.

The Maximum throughput for an FRC equals the payload size × the number of codewords × the number of uplink subframes per second. For FDD, 1000 uplink sub-frames per second are used.

Table 3.1 Minimum requirements for PUSCH, 1.4 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low 
	[A3-2]*
	70%
	3.36

	
	
	
	
	A4-3
	70%
	16.1

	
	
	
	
	A5-2
	70%
	23.0

	
	4
	Normal
	EPA 5Hz Low 
	[A3-2]*
	70%
	-1.60

	
	
	
	
	A4-3
	70%
	9.74

	
	
	
	
	A5-2
	70%
	16.6

	Note*: Further evaluation is needed for the necessity of QPSK modulation scheme in UL MIMO


Table 3.2 Minimum requirements for PUSCH, 3 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	[A3-3]*
	70%
	3.40

	
	
	
	
	A4-4
	70%
	16.1

	
	
	
	
	A5-3
	70%
	23.2

	
	4
	Normal
	EPA 5Hz Low
	[A3-3]*
	70%
	-1.30

	
	
	
	
	A4-4
	70%
	9.70

	
	
	
	
	A5-3
	70%
	16.8

	Note*: Further evaluation is needed for the necessity of QPSK modulation scheme in UL MIMO


Table 3.3 Minimum requirements for PUSCH, 5 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	[A3-4]*
	70%
	2.20

	
	
	
	
	A4-5
	70%
	16.7

	
	
	
	
	A5-4
	70%
	24.9

	
	4
	Normal
	EPA 5Hz Low
	[A3-4]*
	70%
	-2.10

	
	
	
	
	A4-5
	70%
	9.90

	
	
	
	
	A5-4
	70%
	17.2

	Note*: Further evaluation is needed for the necessity of QPSK modulation scheme in UL MIMO


Table 3.4 Minimum requirements for PUSCH, 10 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	[A3-5]*
	70%
	2.70

	
	
	
	
	A4-6
	70%
	16.8

	
	
	
	
	A5-5
	70%
	25.0

	
	4
	Normal
	EPA 5Hz Low
	[A3-5]*
	70%
	-1.50

	
	
	
	
	A4-6
	70%
	10.0

	
	
	
	
	A5-5
	70%
	17.4

	Note*: Further evaluation is needed for the necessity of QPSK modulation scheme in UL MIMO


Table 3.5 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	[A3-7]*
	70%
	2.60

	
	
	
	
	A4-8
	70%
	17.7

	
	
	
	
	A5-7
	70%
	27.1

	
	4
	Normal
	EPA 5Hz Low
	[A3-7]*
	70%
	-1.50

	
	
	
	
	A4-8
	70%
	10.5

	
	
	
	
	A5-7
	70%
	18.6

	Note*: Further evaluation is needed for the necessity of QPSK modulation scheme in UL MIMO


4 Summary 

We have presented simulation results on the rank-2, 2 Tx-antenna PUSCH performance based on the agreed simulation assumptions. Compared with the 2Rx-antenna case, we have observed that the 4Rx-anteena case can provide about 4dB SNR gain for QPSK, and more than 6dB SNR gain for 16QAM and 64QAM. This phenomenon is different from the SIMO case, in which only about 3dB SNR gain can be observed by using 4Rx-anteena instead of 2Rx-antenna. It is proposed that these results should be used to finalize the demodulation performance requirements for UL MIMO PUSCH.
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