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1 Introduction

During RAN4#57AH meeting, UL MIMO PUSCH simulation assumptions were agreed in [1]. Based on the initial assumptions, discussion on the MCS selection was held during RAN4#58. Based on discussion in [2], we have followed with the IM simulation results for QPSK and 16QAM cases only.  
Ideal QPSK results were submitted in [3]. Ideal 16QAM results were submitted in [4]. 
This contribution presents IM PUSCH 2Tx, Rank2 simulation results for QPSK and for 16QAM, based on the agreed simulation assumptions [1]. 
2 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 Simulation results

PUSCH Rank2 simulation results for QPSK and 16QAM are presented in tables below.
Table 3.1 PUSCH performance, 1.4 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(36.104)
	FRC

(36.104)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-2
	70%
	5,27

	
	
	
	
	A4-3
	
	18,04

	
	4
	
	
	A3-2
	
	0,91

	
	
	
	
	A4-3
	
	12,04


Table 3.2 PUSCH performance, 3 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(36.104)
	FRC

(36.104)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-3
	70%
	5,14

	
	
	
	
	A4-4
	
	17,98

	
	4
	
	
	A3-3
	
	0,75

	
	
	
	
	A4-4
	
	11,78


Table 3.3 PUSCH performance, 5 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(36.104)
	FRC

(36.104)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-4
	70%
	3,95

	
	
	
	
	A4-5
	
	18,93

	
	4
	
	
	A3-4
	
	0,01

	
	
	
	
	A4-5
	
	12,08


Table 3.4 PUSCH performance, 10 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(36.104)
	FRC

(36.104)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-5
	70%
	4,66

	
	
	
	
	A4-6
	
	19,16

	
	4
	
	
	A3-5
	
	0,78

	
	
	
	
	A4-6
	
	12,28


Table 3.5 PUSCH performance, 15 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(36.104)
	FRC

(36.104)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-6
	70%
	3,76

	
	
	
	
	A4-7
	
	20,11

	
	4
	
	
	A3-6
	
	0,16

	
	
	
	
	A4-7
	
	12,75


Table 3.6 PUSCH performance, 20 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix 
(36.104)
	FRC

(36.104)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-7
	70%
	4,57

	
	
	
	
	A4-8
	
	20,30

	
	4
	
	
	A3-7
	
	0,81

	
	
	
	
	A4-8
	
	12,86


4 Conclusion

This contribution presents QPSK and 16QAM simulation results with IM consideration, for UL MIMO PUSCH 2Tx, Rank2 performance requirement derivation purposes. 
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