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1. Introduction

Recently, several MIMO contributions for both SU (Single User) and MU (Multi-User) environments are proposed to improve system throughput (references of [1]). It was also shown that the achievable throughput of the MU-MIMO systems is much higher than that of the SU-MIMO systems and even more promising to be implemented in the real situation [1]. 
We have proposed one of the MU-MIMO scheme PU2RC, which applies Unitary BF (Beamforming) on the transmit antennas so that first, it decreases the complexity of the UE receiver by BF, and second, makes generating feedback as simple as possible by unitary beam. It is initially applicable to two antennas-single Tx (Node-B) and single antenna-more than two Rx (UE) configuration. For larger number of the transmit-receiving antennas and the UEs, e.g. 4 Ant-1Tx and 4Ant-4UEs, such simple extension as in the Figure 1 was depicted in the previous proposal.
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Throughputs in 4Ant-1Tx,4Ant-4Rx MU-MIMO Configureations
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Figure 1: PU2RC for 4 Tx antennas and MU feedback (1bit)
As stated in [1], we essentially never consider non-linear processing in the receiver, first, to forbid the excessively high UE complexity and, second, to assume more realistic situation to be implemented. By Tx-BF, the achievable throughput in the PU2RC was performed well even if the receiver is putted into operation by only linear formulated weighting, for such Rx-BF and Rx-Rake. 

To sufficiently optimize both these Tx-BF and Rx-BF, generally the beams must be calculated concurrently in the Tx side by iterative processing. Furthermore, to end this work, first, Tx requires the whole channel information of all candidate UEs and, moreover, its calculation costs too high complexity due to the exhausted iteration. Conventionally, it is also impossible to generate the correct CQI value until the iteration is completed. Thus, if possible, we need to find, first, how to avoid this iteration and, second, how to get the CQI value instantly.
We now show that by the proposed Unitary BF how we can avoid this iteration and get the CQI instantly. Without loss of generality, we can denote the received SNR (CQI value) of a stream for a specific UE (1st UE) with all the Tx-Beams (t1, t2, t3, t4) and the Rx-Beam (b1) for this UE 
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where 
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 is the noise-to-signal ratio (NSR). As shown in Equation 1, not knowing all the Tx-Beams through the iterative processing it is clearly impossible to optimize the Rx-Beam (b1) by the Rx alone, and at the same time, we can not obtain CQI immediately. 

Let us apply the proposed unitary BF processing at this point, then the SINR becomes 
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Thus, by the property of unitary Tx-beams (tU,1, tU,2, …, tU,4), we solved two problems; getting Rx-beam and CQI directly, without high complex Tx processing. 
2. Throughput Simulations

Besides one assumption of 1 bit feedback for Tx-BF, we follow the general configuration and parameters for MU-MIMO simulations, which are summarize as below:
· Comparing schemes:
· PU2RC[MF-WF] (1bit): 1bit feedback for Tx-BF and MF for Tx, WF in Rx is used,
· PAURC[Sel-MF]: Antenna selection for Tx, WF in Rx is used,
· SU-MIMO[WF]: Average throughput of SU-MIMO, WF in Rx is used,
· Channel estimation: perfect,

· SCM parameters: single path (see [1] and its references for multi-path case), i.i.d. antennas, 
· MIMO schemes
· For PU2RC (MU-MIMO BF): 4 Ant-1Tx and 4Ant-4Rx,
· For SU-MIMO: 4x4 Tx-Rx antennas and no any multiuser diversity,
· CQI and MCS: ideal, i.e. C = log2(1+SINR),
· Feedback information: perfect,
· Feedback delay and error: 0,
· Demodulation algorithm: WF for both as given explanation in [1],
· Note that non-linear demodulations are not used for fair comparison.
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Figure 2: Throughput comparison in 4Ant-1Tx, 4Ant-4Rx MU-MIMO Configurations
3. Conclusions

In short, we offered that the PU2RC scheme outperforms other schemes of SU-MIMO by especially two points: first, the achievable throughput is much higher than others due to its beamforming, particularly on the low complex UE receiver point of views, and second, this scheme enables for UEs to get CQI value as simple as possible due to its unitary BF. Furthermore, it was shown that some simulation results were confirmed our proposal. A text proposal could be drafted following this contribution if desired. For the further study, we additionally attach two more discussion points for MU-MIMO BF system in the appendix part:  the CQI feedback and the asymptotic capacity. 
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Appendix A.
Entropy of Fading Coefficients (CQI)

In this appendix, we provide the table for entropy of an uncorrelated fading coefficient, which is obtained by traditional mathematical analysis for the entropy of a random variable. To this end, we find that the more the higher diversity channel, the less the value of entropy it has. To obtain entropy of the coefficient, we use a fundamental definition of entropy
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where X represents the random variable for a fading coefficient, and pX(x) is the pdf of X. 
Entropy for each Fading Coefficient (CQI) is:
· Div=1 (Rayleigh or 2nd order chi-square pdf) w/o knowing average SNR:
· 
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· Div=1 (Rayleigh or 2nd order chi-square pdf) w/ knowing average SNR:
· 
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· Div=2 (4th order chi-square pdf) w/o knowing average SNR:

· 
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· Div=2 (4th order chi-square pdf) w/ knowing average SNR:

· 
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Appendix B.
The asymptotic capacity of MU-MIMO BF 

In this section, we provide the asymptotic capacity of MU-MIMO BF system in terms of considering space-time multiuser scheduling.  The exact performance of capacity is not clear yet so only asymptotic one is suggested in this paper for being used to confirm the performance of MU-MIMO BF system. The capacity is obtained based on the assumption that the average capacity of MU-MIMO BF is
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where K is the number of UEs, N is the number of Tx antennas, Es/N0 is signal-to-noise ratio (SNR), and (K is the random variable of K-branch selection diversity system, which is denoted by
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Figure B.1 Capacity of MU-MIMO BF (SNR=10dB)
Table B.1 Example of Capacity 
In the legend of simulation figure B.1, Asymptotic represents the result of Eqn. (B.1), Iteration the result of the iteration processing algorithm, AAOU-O (SVD) the result of SVD (singular value decomp.) algorithm while all antenna for one user only, and EAEU-R (ML) the result of ML decoding while each antenna for each user respectively.□
E-mail: Sung Jin Kim (communication@SAMSUNG.COM), YS Moon (ysmoon@SAMSUNG.COM) 
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