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1 Introduction

During previous RAN4#57AH meeting, UL MIMO PUSCH simulation assumptions were agreed in [1].  
In this contribution, we are looking at the PUSCH Rank1 performance for different MCS’, comparing the results with 1Tx PUSCH performance.  
2 Simulation assumptions
The table below presents PUSCH simulation parameters.

Table 3.1 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

	Precoder selection
	Rank1, (0 - 3); 

Consecutive precoder selection 


3 Simulation results
2Tx Rank1 as well as 1Tx PUSCH performance results were collected in tables below for all already defined MCS’, for 2Rx and 4Rx cases, at 70% FRC throughput. 
Based on the collected results, requirements difference was calculated as percentage of the required SNR. For QPSK 2Rx / 4Rx cases, this difference was not larger than 5% / 2,4% respectively. In case of 64QAM, these differences were not larger than 0,9%. 

It shall be clarified, that such small fractional throughput requirements differences between two studied modes were caused by the precoder selection limitations, i.e. it was decided to decouple UL MIMO precoder selection from the DL feedback signaling (so called “random precoded selection” was agreed for UL MIMO performance verification). Furthermore, it shall be noted that similar approach was also used in previous DL MIMO studies in RAN4. 

Table 4.1 PUSCH performance: QPSK 1/3, 2Rx, 70%thp
	Channel BW
	PUSCH Rank1, 2Tx
	PUSCH 1Tx
	Requirement difference

	
	[dB]
	[dB]
	[%]

	1,4MHz
	-2,09
	-2,14
	2,39

	3MHz
	-2,19
	-2,25
	2,74

	5MHz
	-2,99
	-3,05
	2,01

	10MHz
	-2,45
	-2,5
	2,04

	15MHz
	-3,08
	-3,21
	4,22

	20MHz
	-2,41
	-2,53
	4,98


Table 4.2 PUSCH performance: QPSK 1/3, 4Rx, 70%thp

	Channel BW
	PUSCH Rank1, 2Tx
	PUSCH 1Tx
	Requirement difference

	
	[dB]
	[dB]
	[%]

	1,4MHz
	-5,3
	-5,33
	0,57

	3MHz
	-5,47
	-5,49
	0,37

	5MHz
	-6,05
	-6,12
	1,16

	10MHz
	-5,47
	-5,6
	2,38

	15MHz
	-6
	-6,09
	1,50

	20MHz
	-5,43
	-5,49
	1,10


Table 4.3 PUSCH performance: 16QAM 1/3, 2Rx, 70%thp

	Channel BW
	PUSCH Rank1, 2Tx
	PUSCH 1Tx
	Requirement difference

	
	[dB]
	[dB]
	[%]

	1,4MHz
	8,16
	8,07
	1,10

	3MHz
	8,19
	8,06
	1,59

	5MHz
	8,49
	8,42
	0,82

	10MHz
	8,63
	8,57
	0,70

	15MHz
	9,24
	9,2
	0,43

	20MHz
	9,5
	9,49
	0,11


Table 4.4 PUSCH performance: 16QAM 1/3, 4Rx, 70%thp

	Channel BW
	PUSCH Rank1, 2Tx
	PUSCH 1Tx
	Requirement difference

	
	[dB]
	[dB]
	[%]

	1,4MHz
	4,82
	4,76
	1,24

	3MHz
	4,8
	4,76
	0,83

	5MHz
	4,96
	4,86
	2,02

	10MHz
	5,13
	4,94
	3,70

	15MHz
	5,5
	5,42
	1,45

	20MHz
	5,59
	5,54
	0,89


Table 4.5 PUSCH performance: 64QAM 1/3, 2Rx, 70%thp

	Channel BW
	PUSCH Rank1, 2Tx
	PUSCH 1Tx
	Requirement difference

	
	[dB]
	[dB]
	[%]

	1,4MHz
	15,34
	15,26
	0,52

	3MHz
	15,6
	15,47
	0,83

	5MHz
	16,12
	16,05
	0,43

	10MHz
	16,31
	16,26
	0,31

	15MHz
	16,82
	16,78
	0,24

	20MHz
	18,06
	18,12
	0,33


Table 4.6 PUSCH performance: 64QAM 1/3, 4Rx, 70%thp

	Channel BW
	PUSCH Rank1, 2Tx
	PUSCH 1Tx
	Requirement difference

	
	[dB]
	[dB]
	[%]

	1,4MHz
	12,05
	12
	0,41

	3MHz
	12,26
	12,24
	0,16

	5MHz
	12,54
	12,43
	0,88

	10MHz
	12,73
	12,54
	1,49

	15MHz
	12,94
	12,84
	0,77

	20MHz
	13,98
	14
	0,14


Based on these findings, it is proposed not to consider PUSCH 2Tx Rank1 cases in the Rel-10 UL MIMO performance requirements, as the 1Tx PUSCH performance was well covered during Rel-8 specification. 

4 Conclusion

This contribution presented simulation results for UL MIMO PUSCH.  Rank1 2Tx, as well as 1Tx performance was evaluated. Based on the fractional throughput requirements comparison, it is proposed not to consider PUSCH 2Tx Rank1 cases in the Rel-10 UL MIMO performance requirements.    
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