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1 Introduction
A Multi-User MIMO (MU-MIMO) spatial multiplexing scheme, called Per User Unitary Rate Control (PU2RC) was introduced in [1] - [3].  In this contribution, we provide link and system level performance results of PU2RC for the downlink compared to a 1x2 Antenna Baseline case and a single user 2x2 Antenna MIMO case. For a fair comparison, the same feedback overhead is assumed in the different comparisons. In the system simulation our reference is the baseline case, and therefore we limit the feedback information to 1CQI value per resource block. In the link level simulation, the reference is a single user MIMO (SU-MIMO) multi-codeword scheme that utilizes MMSE on the first stream and SIC on the second stream. Here both schemes feedback 2CQI’s. 
2 Link Simulation Assumptions

We compare the link level simulation results of SU-MIMO and MU-MIMO. For a fair comparison, the same feedback overhead (2 CQI’s and 1bit matrix index) are assumed in different channel models for both SU-/MU-MIMO. The simulation parameters are summarized in Table 1and Table 2. Two precoder matrices were used in both cases, hence a one bit matrix index had to be fed back. No rank adaptation was assumed here. The MIMO schemes for comparison are as follows:

· MU-MIMO (MMSE only) with feedback 2 CQI’s. 
· SU-MIMO (MMSE on first layer and SIC on second layer) with feedback  2 CQI’s 

The Antenna configurations are 2x2, the Channel models are TU and SCM. The Link level performance measure is the isolated cell throughput (bps).

Table 1 OFDMA parameters
	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carrier frequency
	2.19 GHz

	OFDM sub-carriers
	301

	Carrier spacing
	15 kHz

	OFDM symbol duration
	0.5/6 ms

	SUBFRAME duration
	6 OFDM symbols (0.5 ms)

	Number of chunks
	12 (0.375 MHz per chunk)

	MCS
	QPSK (R = 1/3, 1/2, 3/4)

16QAM (R = 1/2, 3/4)

64QAM (R = 3/4)


Table 2 Simulation assumptions
	Parameter
	Assumption

	Channel model
	Typical urban, SCM (Urban micro)

	Scheduling
	Proportional fair

	Target BLER
	10%

	Antenna configuration
	2 x 2, 

	Spatial correlation
	0.5

	Traffic model
	Full buffer traffic

	MIMO detector
	MMSE (MU-MIMO),

MMSE-SIC (SU-MIMO)

	UE speed
	3 km/h

	Feedback delay
	3 SUBFRAME

	Number of users
	10

	HARQ
	Chase combining (Max. ReTx: 8)


3 Link Simulation Results

In Figure 1we show the performance comparison between PU2RC and Single User MIMO for the TU channel model. In Figure 2 we show the same comparison but using the SCM channel model. We can see in Table 3 that the gain of PU2RC over SU-MIMO is about 10%-30% depending on the geometry and channel model. Note that PU2RC does not use SIC while the SU-MIMO does.
Table 3 Summary of Link Level Gains
	G(dB)
	0     
	5    
	10    
	15    
	20    
	25    
	30

	Gain (SCM)
	0.2884    
	0.1713    
	0.1398    
	0.1445    
	0.0797    
	0.0016    
	0.0005

	Gain (TU)
	1.1927    
	0.1932    
	0.1242    
	0.0844    
	0.0955    
	0.0022    
	0.0001
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Figure 1TU model with 2 CQI Feedback
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Figure 2 SCM model with 2 CQI Feedback
4 System Simulation Assumptions
In the system simulations all cases feedback only 1 CQI, in order to ensure that all cases have the same feedback overhead as the baseline 1x2 antenna case. However, PU2RC has to feedback one additional bit for antenna selection. In both PU2RC and SU-MIMO a single pre-coder matrix is used, hence no matrix index needs to be fed back. The three cases that we simulate are:

1. The Baseline case has 1 transmit antenna and each UE in the cell has 2 receive antennas. 

2. The 2x2 Antenna Single User MIMO (SU-MIMO SCW) case is a single codeword scheme which can only do linear MMSE receiver processing. Fast Rank Adaptation is included and is determined by the UE. Only one HARQ channel is used.  We use this Precoder = [1 1;1 -1].
3. The 2x2 PU2RC case is a Multi-User MIMO (MU-MIMO) system with fast rank adaptation. Any UE can only have one stream scheduled per resource block. We use this Precoder = [1 1;1 -1].
The detailed system simulation parameters are provided in Table 3.

Table 4 System simulation parameters
	Parameter
	Assumption

	Scheduling algorithm
	Proportional Fairness

	Proportional Fair Factor
	1

	Channel model
	SCM (Macro Urban)

	Traffic model
	Full queue traffic

	Frequency re-use
	1

	Transmission bandwidth 
	10MHz

	Inter-site distance
	2km

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Shadowing correlation between cells / sectors
	0.0 / 1.0

	Shadow Std (dB)
	8

	Modulation schemes 
	QPSK, QAM16, QAM64

	Channel coding rates
	½, 1/3, 2/3, 3/4, 4/5

	Determination of BLER
	See Figure 3 AWGN FER Curves for different MCS levels

	Path Loss Exp
	4

	Doppler (Hz)
	30

	Number of Drops
	640

	Number of SUBFRAMES Per Drop
	250

	Number of Multipath
	6

	Number of subpaths
	20

	FFT size
	512

	NumTXAnt
	2

	NumRXAnt
	2

	TX_Spacing (lambda)
	10

	RX_Spacing (lambda)
	0.5000

	Number of Resource Blocks
	16

	BS_TX_Power
	20W

	Thermal noise density
	-174 dBm/Hz

	Resource Block (SUBFRAME time) 
	0.5ms

	Number of Users Per Sector
	16

	Control delay in scheduling and AMC 
	3 SUBFRAMES

	Max Number of HARQ Retransmissions (Chase Combining)
	4

	Target FER 
	10%
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Figure 3 AWGN FER Curves for different MCS levels
5 System Performance Results
The System Simulations are summarized in Table 3. In this case PU2RC has about 35% gain in cell throughput over the baseline case while the SU-MIMO case has only about 10%. However, the 5% worst users throughput for both PU2RC and SU-MIMO are about 27% gain over the baseline. The fairness curve and CDF of user throughput are presented in Figure 5 and Figure 6 respectively.
Table 5 Summary of System Simulation Results

	
	PU2RC
	SU-MIMO(SCW)
	Base

	System Throughput (bps/Hz)
	   2.2222
	   1.8059
	   1.6381

	System Gain (over Base)
	   35.66%
	   10.24%
	

	5% User Throughput (bps/Hz)
	   0.0076
	   0.0075
	   0.0059

	5% Gain (over Base)
	   28.31%
	   27.63%
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Figure 5 Fairness curve
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Figure 6 CDF of User Throughput
6 Conclusion
We compared different schemes using link and system level simulations given the same feedback overhead in each comparison.
1. For the link level simulation, the comparison is between SU-MIMO and PU2RC. PU2RC outperforms SU-MIMO with the same amount of feedback overhead in terms of throughput. PU2RC performs better compared to SU-MIMO since it uses two precoding matrices that require only 1-bit of additional feedback. Note that the PU2RC receiver is a simple linear MMSE receiver, while the SU-MIMO receiver is more complicated and uses SIC.
2. For the system level simulation, we show that PU2RC which is a multi-user MIMO scheme has about 22% throughput gain over the SU-MIMO scheme and about 35% gain over the base line, given only 1 CQI feedback. In the system Simulation both PU2RC and SU-MIMO uses a linear MMSE receiver and do fast rank adaptation.
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