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1. Introduction

In this contribution, we provide very simple and closed form evaluation methodology of the asymptotic multiuser scheduled MIMO throughput based on [1] paper, and furthermore, show that our proposed scheme PU2RC (Per Unitary basis stream User Rate Control) has great potential of throughput improvement rather than any other previous proposals, which potential is proved by the provided methodology. 

Until current standard, both of two accepted Tx antenna systems, specifically TxAA and STTD, are designed for more the performance reliability viewpoint than the throughput improvement viewpoint, because originally both systems were developed on the voice channel [2]. In such a channel, delay and constant date rate transmission are important, so the system that requires smaller feedback and preservers more constant performance was mostly considered. 
However, from HSDPA specification the data throughput has been taken care as very first objective of the system design. In this sense, to achieve this goal Lucent proposed the MIMO antenna system, lately it is named PARC (Per Antenna Rate Control), which is theoretically and empirically, in their test, proved to provide around N times capacity improvement with N transmit and N receiver antennas [3].
After this proposal, Tx beamforming enabled PSRC (Per Stream Rate Control) is proposed by same company [4] and similar dual TxAA scheme is proposed by Motorola [5], both of which have two advantages of lower receiver complexity and thus higher performance even with linear receiver, e.g. ZF without interference canceller (IC), in UE over PARC.     

Moreover, to utilize spatial multiuser diversity, SDMA (Space division multiple access) version of PARC and that of PSRC are proposed by Lucent [6][7] and Samsung [8], respectively. In here, former is named as PAURC (Per Antenna User and Rate Control) and later is named as PU2RC (Per Unitary basis stream User and Rate Control) for easier explanation in following chapters. 
Thus, in these materials: 

· The simplified methods to evaluate the asymptotic MIMO throughput of these four schemes are provided, and
· The comparison results of their asymptotic throughputs with the method are also presented.
· In the results, the asymptotic throughput of PU2RC[MF] significantly outperforms any other schemes, in particular 5dB, 6dB, and 8dB SNR over PSRC[MF], PAURC[ZF], and PARC[ZF] in 4x4 MIMO systems, respectively. 
2. Basic Assumptions of Asymptotic Throughput Analysis
In this analysis, throughput is considered with Gap((C) = 0dB assumption for the simplification of explanation. Usually, 8dB and 0dB are used for non coded QAM system and ideal coded system from Shannon capacity, respectively [1].
The throughput of Single Antenna (1x1) system with D diversity order is between that of Rayleigh (D=1) system and that of AWGN (D=() system. In detail, average throughput of D=1 system is tightly approximately E[TD=1] = 1.4(ln(1+0.82(Z0) [1], where Z0(E[SNR], and that of D=( system is E[TD=1] = (1/ln2)(ln(1+Z0), where 1/ln2 ( 1.44. Thus, for K > 1 case of these analysis AWGN (D=() is assumed because of its high diversity order from the multiuser space and (or) time diversity.
3. Simplified Asymptotic Throughputs for Multiuser MIMO
Based on [1] paper, including the multiuser diversity and SDMA extension we provide the simplified method to calculate asymptotic throughputs for four systems in the Table1,; Note that their tightness is tested in the next simulation chapter by comparison of the numerical simulation results.  
Table1. simple closed form methodologies for multiuser scheduled MIMO throughputs
	Mother

Scheme
	Child

Scheme
	SDMA

[S]pace

[A]ntenna
[B]eam
	Average Throughput w/ Multiuser diversity

E[T] = (1.4(N)ln(1+Z), Z0(E[SNR]

	
	
	
	K=1
	K>1, 
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	PARC

[Identity-ZF]
	PARC[ZF]
	X
	Z=0.82(Z0/N)
	Z= Z0/N +(gK-1)(Z0/N2)

	
	PAURC[ZF]
	ADMA(O)
	
	Z= gK(Z0/N)

	PSRC

[SVD-MF]
	PSRC[MF]
	X
	Z=0.65(Z0
	Z= 0.79(Z0+(gK-1)(Z0/N2))

	
	PU2RC[MF]
	BDMA(O)
	
	Z= 0.79(gKZ0


In table1., for the concentration on simpler receiver structures all schemes are assumed not to use nonlinear interference canceller but to use linear receiver, e.g. Zero Forcing [ZF] receiver for PARC and PAURC with no Tx beamforming (or equivalently assumed identity matrix filtering in Tx), Matched Filtered [MF] receiver for PSRC and PU2RC with Tx beamforming (or equivalently assumed a general matrix filtering based on multiuser SVD calculation in Tx).
Moreover, each SDMA is distinguished by informing exact multiplexing domain, e.g. Space for general, Antenna for PAURC, and Beam for PU2RC so named respectively SDMA, ADMA, and BDMA. Other two schemes, PARC and PSRC dose not considered SDMA, so all antennas or all beams are allocated to single user in one transmit unit. 

Furthermore, we make generalized form of average throughput w/ Multiuser diversity as E[T] = (1.4(N)ln(1+Z), Z0(E[SNR], where N is number of Tx antennas, numter of Rx antenna is assumed same as that of Tx antennas so N, Z is the effective SNR with some fitting values in details boxes in Table1., K is the number of multiuser, UEs, to consider multiuser diversity utilization, Z0(E[SNR] is denoted average SNR that is controlled by transmit power as its equation shows, and constant gk is used to depict SNR gains by the multiuser diversity. 
In the following chapter, their detail explanation and tightness test are described from the comparison results of their numerical simulations.
4. Simulation

In this section, we present the asymptotic results, the simulated results, and the theoretic result of multiuser scheduled MIMO throughput, to show first the tightness of the proposed asymptotic throughput in figure 1. to 2., and second the potential of the proposed PU2RC method in figure 3. The detailed simulation parameters listed in Table 2 are considered in the simulations.
Table 2. Simulation parameters

	Parameter
	Values

	SNR
	Variable: 1dB ~ 10dB

	Fading model
	Rayleigh flat fading

	Correlation model
	i.i.d.

	Channel estimation
	Perfect

	Antenna configuration
	2x2, 4(4 for tightness test
4x4 for PU2RC evaluation

	Feedback rate
	Instant 

	Feedback error
	0% (Perfect)

	Receiver
	PARC, PAURC: ZF linear receiver (non IC)
PSRC, PU2RC: SVD based MF linear receiver

	Measure
	Throughput((C=0dB): E[T]= (1.4(N)ln(1+Z)
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Figure1. Asymptotic (App) vs. Simulation throughput: K=1, 2x2 MIMO
In Figure1., it is shown that asymptotic (App) and simulation (Sim) throughputs of single user K=1 are very tightly closed, and the throughput of PSRC[MF] is 5dB greater than that of PARC[ZF]. Note that that of PARC[ZF-SIC], which is used with the successive interference canceller and no error propagation, is quite close to PSRC[MF], 1.5dB lower, on the behalf of relatively large UE complexity.
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Figure2. Approximation vs. Simulation: K=4, 2x2 MIMO

In Figure2., it is shown that asymptotic (App) and simulation (Sim) throughputs with multiuser K=4 diversity are even now quite closed, especially in high SNR regime, and interestingly throughput of PAURC[ZF] is slightly better that of PARC[ZF] in contrast to the single user K=1 case. However, PU2RC[ZF-SIC] still outperforms other schemes with a large of SNR gains, two 2dB and 3.5dB than PAURC[ZF], PSRC[MF], and PARC[ZF], respectively.
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Figure3. Comparison results of the asymptotic throughputs: K=10, 4x4 MIMO
In figure3., the asymptotic throughputs of PU2RC[MF] significantly outperforms any other schemes, in particular 5dB, 6dB, and 8dB SNR over PSRC[MF], PAURC[ZF], and PARC[ZF] in 4x4 MIMO systems, respectively.
5. Conclusion

In this material, the simplified methods to evaluate the asymptotic MIMO throughput of these four schemes were provided, and the comparison results of their asymptotic throughputs with the method were also presented. Moreover, in the comparison results, the asymptotic throughput of PU2RC[MF] significantly outperforms any other schemes, in particular 5dB, 6dB, and 8dB SNR over PSRC[MF], PAURC[ZF], and PARC[ZF] within linear receivers, MF receiver for PU2RC[MF] and PSRC[MF] and ZF receiver with SIC for PAURC[ZF] and PARC[ZF] in 4x4 MIMO channel environment, respectively.
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