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1 Introduction
A Multi-User MIMO (MU-MIMO) spatial multiplexing scheme was introduced in [1] – [4]. In this contribution, we provide system level performance results where we compare the performance of a 2x2 Antenna MU-MIMO scheme and several 2x2 Antenna SU-MIMO schemes as well as with the 1x2 Antenna Baseline. For a fair comparison, the same feedback overhead is assumed in the different comparisons. In this simulation our reference is the baseline case, and therefore we limit the feedback information to 1CQI value per resource block. However, we do include, just as a reference, a Multi Codeword (MCW) SU-MIMO case that feeds back 2 CQI’s per resource block. 
In [5] we describe a method where we can dynamically switch between a SU-MIMO and a MU-MIMO mode without reconfiguring the UE and where the UE only feeds back a single MU-MIMO CQI. The performance of this method’s SU-MIMO component is shown here as SU-MIMO (MCW, 1CQI). Note that in this contribution we have not implemented any dynamic switching, for simplicity we evaluate the Multi-User/SingleUser components separately here.
2 System Simulation Assumptions
The system simulation is aligned with TR25.814 v1.2.2 (case 2 of Table A.2.1.1-1) as well as with [6], except that we did not implement Interference rejection Combining (IRC). The throughput values are in spectral efficiency (bps/Hz), assuming a 25% DL overhead. We consider that the total transmit power is equally spread over all the subcarriers. In all (except where mentioned explicitly) cases we feedback only 1 CQI, in order to ensure that all cases have the same feedback overhead as the baseline 1x2 antenna case. However, some of the MIMO schemes have to feedback one additional bit for virtual antenna selection. In all the MIMO schemes a single pre-coder matrix is used, hence no matrix index needs to be fed back. The four cases that we simulate are:

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

2. The 2x2 Antenna Single User MIMO (SU-MIMO-SCW) case is a single codeword scheme that can only do linear MMSE receiver processing. The UE feeds back a single CQI which represent the average CQI from the 2 transmit antennas. Since this is a SCW case, no SIC is possible, and the UE does linear MMSE receiver processing. Fast Rank Adaptation is included and is determined by the UE. Only one HARQ channel is used.  We use the normalized Precoder = [1 1;1 -1], such that the columns have unity norm.
3. The 2x2 Antenna Single User MIMO (SU-MIMO-MCW) case is a multi codeword scheme that can do both linear MMSE receiver processing, as well as non linear Successive Interference cancellation (SIC). This scheme is described in detail in Contribution R1-061323 [5]. We simulate 2 versions of this algorithm, 
a. where the UE feeds back only one CQI, namely the MMSE CQI of the first decoded stream. 
b. where the UE feeds back the CQI for both the MMSE and the SIC stream. In (1) the link adaptation for the 2 streams are identical, where as in (2) the link adaptation is accurate for the SIC stream as well. Fast Rank Adaptation is included and is determined by the UE. Two HARQ channels are used per user.  We use the normalized Precoder = [1 1;1 -1], such that the columns have unity norm

4. The 2x2 Multi-User MIMO (MU-MIMO) system with fast rank adaptation. Any UE can only have one stream scheduled per resource block, and therefore each UE feeds back only the CQI of the best MMSE stream. We use the normalized Precoder = [1 1;1 -1], such that the columns have unity norm.
The detailed system simulation parameters are provided in Table 1.
Table 1 System simulation parameters
	Parameter
	Assumption

	Channel model
	SCM (Macro Urban), According to case 2 of Table A.2.1.1-1 in TR25.814

	Traffic model
	Full queue traffic

	Shadowing correlation between cells / sectors
	0.0 / 1.0

	Penetration Loss
	10dB

	Modulation schemes 
	QPSK, QAM16, QAM64

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

	HARQ Retransmission
	Asynchronous Adaptive

	Realistic Channel Estimation Penalty
	QPSK=1dB, QAM16=2dB, QAM64=2dB

	Link to System Mapping
	EESM

	TX Spacing (lambda)
	10

	RX Spacing (lambda)
	0.5000

	Control delay in scheduling and AMC 
	3 TTI

	Max Number of HARQ Retransmissions 
(Chase Combining)
	6

	Initial Target FER 
	10%


3 System Performance Results
The System Simulations are summarized in Table 3. In this case the MU-MIMO has about 35% gain in sector throughput over the baseline case while the SU-MIMO case has only about 1 to 17%. Even the 5% worst users throughput for MU-MIMO shows a 32% gain over the baseline while the best SU-MIMO scheme showed only about about 13% gain over the baseline. The average system throughput for each scheme is shown in Figure 1. The fairness curve and CDF of user throughput are presented in Figure 2 and Figure 3 respectively.
Table 3 Summary of System Simulation Results for 16 Users/Sector

	
	Base
	SU-MIMO
(SCW)
	SU-MIMO
(MCW)
	SU-MIMO (MCW) 
	MU-MIMO

	Number CQI
	1
	1
	1
	2
	1

	System Throughput (bps/Hz)
	1.06  
	1.07 
	1.18  
	1.24
	1.44   

	System Gain% (over Base)
	
	1
	12
	17
	35

	5% User Throughput (bps/Hz)
	0.025    
	0.025    
	0.026    
	0.028
	0.033    

	5% Gain% (over Base)
	
	1.5
	5
	13
	32
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Figure 1 Total System Throughput in bps/Hz
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Figure 2 Fairness curve
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Figure 3 CDF of User Throughput
4 Conclusion
We compared different MIMO schemes using system level simulations given the same feedback overhead in each comparison. We showed that a multi-user MIMO scheme has between 16% to 34.6% throughput gain over the SU-MIMO schemes and about 35% gain over the baseline, given only 1 CQI feedback. Both MU-MIMO and SU-MIMO(SCW) uses a linear MMSE receiver and do fast rank adaptation. The SU-MIMO MCW scheme is more complicated and uses a an MMSE and SIC receiver. We note that for the SU-MIMO-MCW, one additional CQI value provides a very small increase in system throughput. We have shown that a MU-MIMO scheme has significant gain over all the  SU-MIMO systems, while it requires almost identical feedback overhead compared to Baseline and only a linear MMSE receiver structure. 
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