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1. Introduction
The benefit of deploying 8 Rx antennas for LTE UL and necessity of specifying related BS demodulation performance requirements in RAN4 are discussed in our companion contribution [1]. Demodulation performance requirements are specified for up to 4 Rx antennas for UL channels in RAN4 currently [2, 3]. In this contribution, we provide some preliminary simulation results for both link-level and system-level to show the performance gain with 8 Rx antennas compared to 4 Rx antennas for LTE UL.

2. Performance Simulation
2.1. Link-level simulation
Link-level simulations were conducted to show the performance comparison of PUSCH with 4 Rx antennas and 8 Rx antennas. The simulation assumptions are as following:
· Antenna configuration: For link-level simulation of PUSCH with 4 Rx antennas, uniform linear arrays (ULA) are used for both eNB and UE. This is because the existing performance requirements for PUSCH in [2] have been defined based on ULA antenna configuration. While for the deployment of 8 Rx antennas in practical systems, cross polarized antennas (CPA) configuration is considered to be superior to ULA due to the space limitation.  
· Polarization slant: The CPA elements with +/-45 degrees polarization slant angles are assumed at eNB and antenna element with +90 degree polarization slant angle is assumed at UE, as defined in section B.2.3A of [4]. 
· MIMO channel: Since the MIMO channel correlation matrices for 8Rx antennas with CPA configuration is unavailable in [2], we derive it from [4] and the details are provided in the Annex. 
· Other simulation parameters are provided in Table 1. 

Table 1   Link-level simulation parameters

	Parameters
	Value

	Channel model
	EPA 5Hz 

	Antenna configuration
	4Rx: uniform linear arrays
8Rx: cross polarized antennas

	MIMO channel correlation level
	high correlation, low correlation

	Noise model
	AWGN

	Channel bandwidth
	5MHz

	Number of Tx antennas
	1

	Channel estimation
	MMSE channel estimator with real noise estimation

	Receiver
	MRC

	Cyclic prefix
	Normal

	Resource allocation
	Full RB allocation

FRC based on Rel-11 specification [2]

	Modulation scheme and code rate
	QPSK 1/3, 16QAM 3/4

	Maximum number of HARQ transmissions
	4


Two types of MCS levels are simulated, i.e., QPSK with code rate of 1/3 and 16QAM with code rate of 3/4, and the throughput results are shown in Figure 1 and Figure 2 respectively. According to the simulation results in Figure 1-2, the required SNRs for fraction of maximum throughput of 70% are given in Table 2. It’s observed that 8 Rx antennas PUSCH can obtain 1.7~4.7dB gain over 4 Rx antennas PUSCH. 
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Figure 1   Throughput results with QPSK and code rate of 1/3
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Figure 2   Throughput results with 16QAM and code rate of 3/4

Table 2   Performance gain of 8Rx PUSCH over 4Rx PUSCH in terms of required SNR

	MCS level
	Required SNR [dB] (Fraction of maximum throughput=70%)

	
	Performance with 4 Rx
	Performance with 8 Rx (gain)

	
	Low correlation
	High correlation
	Low correlation
	High correlation

	QPSK, code rate of 1/3
	-6.4dB
	/
	-9.1dB (2.7dB)
	-8.1dB (1.7dB)

	
	/
	-4.4dB
	
	-8.1dB (3.7dB)

	16QAM, code rate of 3/4
	5.1dB
	/
	2.1dB (3.0dB)
	3.3dB (1.8dB)

	
	/
	8.0dB 
	
	3.3dB (4.7dB)


2.2. System-level simulation
System-level simulations were performed for UL 4Rx antennas and 8Rx antennas, and the simulation parameters are provided in Table 3. Figure 3 shows UE throughput performance, and Table 4 shows cell average and cell edge throughput. It can be seen that when increasing the UL Rx antenna number from 4 to 8, cell average throughput can be improved by 33%, and cell edge throughput can be improved by 45%.
Table 3   System-level simulation parameters
	Parameters
	Value

	System layout
	19 macro-sites (57 macro-cells), wrap-around

	Load
	Average 10 UEs per cell

	ISD
	500m

	Carrier frequency 
	2GHz 

	Bandwidth
	10MHz

	UE velocity
	3km/h 

	Handover margin
	1dB

	Channel model
	ITU Urban Macro 

	Antenna configuration at UE
	Vertically polarized antennas

	Antenna configuration at eNB
	Cross-polarized +/- 45 (deg) antennas columns separated 0.5 wavelength

	MIMO
	1Tx 4Rx, 1Tx 8Rx

	Modulation scheme and code rate
	29 MCS levels according to [5]

	Traffic model
	Full buffer 

	eNB scheduler
	Proportional Fair

	Link adaptation
	SRS period:5ms, total delay: 6ms

	Uplink Power control
	Fractional power control, P0 = -83dBm,  alpha = 0.8

	UE max. transmit power
	23dBm

	HARQ modelling
	Chase combining with maximum 4 transmissions
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Figure 3   UE throughput performances
Table 4   Cell average and cell edge throughput performances
	
	4Rx
	8Rx
	Relative gain

	Cell average throughput (Mbps) 
	17.95
	23.95
	33.43%

	5% Cell edge throughput (Mbps)
	0.80
	1.16
	45.00%


3. Conclusions
This contribution investigated the performance gain with 8 Rx antennas at eNB, and the link-level simulation results showed that for PUSCH, 8 Rx antennas can obtain 1.7~4.7dB gain over 4 Rx antennas in terms of required SNRs aiming at fraction of maximum throughput of 70%. Meanwhile, the system-level results showed that compared with 4Rx antennas, 8Rx antennas can improve cell average and cell edge throughput by 33% and 45% respectively.
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Annex: MIMO Channel Correlation Matrices using cross polarized antennas for UL 1Tx 8Rx link-level simulation 
The MIMO channel correlation matrices using cross polarized antennas for UL 1Tx 8Rx MIMO are derived based on the MIMO channel correlation matrices defined in section B.2.3A of TS 36.101 V11.0.0. The cross-polarized antenna elements with +/-45 degrees polarization slant angles are assumed at eNB and antenna element with +90 degree polarization slant angle is assumed at UE.
For the cross-polarized antennas at eNB, the 8 antennas are labelled such that antennas for one polarization are listed from 1 to 4 and antennas for the other polarization are listed from 5 to 8, where 8 is the number of Rx antennas.
For the channel spatial correlation matrix, the following is used:
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denotes transpose.  
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is defined as
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A permutation matrix[image: image10.wmf]P

for UL 1Tx 8Rx MIMO channel is defined as
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This is used to map the spatial correlation coefficients in accordance with the antenna element labelling system described above. 
· Spatial Correlation Matrices at eNB side
For 8-antenna receiver using four pairs of cross-polarized antenna elements, 
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· MIMO Correlation Matrices using cross polarized antennas
The values for parameters α and γ for low correlation and high correlation are given in Table A-1.

Table A-1  Values for parameters α and γ
	Low correlation
	High Correlation

	(
	
	(
	

	0
	0.3
	0.9 
	0.3


The correlation matrices for low correlation and high correlation are defined in Table A-2 as below.
Table A-2  MIMO correlation matrices for 1Tx 8Rx MIMO
	1x8 Low correlation
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	1x8 High correlation
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