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1. Introduction

Considering that LTE-A should provide considerable enhancement of cell-edge and average throughput over LTE, MIMO scheme is one of main potential technologies for achieving better uplink spectral efficiency. Depending on antenna configurations and wireless channel condition, there are different MIMO schemes such as beamforming, diversity scheme, spatial multiplexing (SM), and so on. Among these MIMO schemes, this contribution considers non channel-dependent (NCD) SM for UEs with the channel condition of high Doppler and medium to high geometry. In the considered target operating range of NCD SM, a kind of channel-dependent SM is inefficient to achieve better thoughput due to fast varying channel environment and its dependent control signaling overhead, and a transmit diversity scheme eventually may decrease an achievable UE throughput. 
In the contribution, we investigate NCD SM with 4Tx antennas as a potential uplink transmission candidate for the aforementioned channel condition. Two types of precoding matrix cycling methods in PUSCH NCD SM are introduced, and the throughput performance for these methods and a 4Tx transmit diversity scheme are compared. 

______________________________________________________________________
2. Non channel-dependent SM with 4Tx antennas
Assuming 4 Tx antenna configuration for LTE-A UE, there can be 4 rank cases depending on the channel environment. However, for LTE-Advanced, it should be investigated whether rank 4 NCD SM transmission is needed since the poor channel estimation may significantly degrade rank 4 transmission performance in high mobility scenario. Therefore, among them, only rank deficit case such as rank 2 is the target operating MIMO mode of this contribution. Note that the deficit rank can be used as degrees of freedom for precoding matrix.
In order to achieve additional transmit diversity, precoding matrix cycling may be applied to the NCD SM, which is similar operation defined in Rel8 DL channel dependent SM. The precoding matrix can be switched for each RE/OFDM symbol as in Rel8 DL case. However, the precoding matrix cycling on the RE level is not an appropriate approach since the only available uplink multiple access scheme is DFT-s-OFDM which is characterized by single carrier property [1]. Noting that NCD SM does not need any channel state information, it is natural to choose a wideband precoding matrix for PUSCH which keeps the single carrier property. Then current PUSCH structure gives us two timing types of precoding matrix cycling for 4Tx UL SM: A) OFDM symbol boundary and B) resource block (RB) boundary (i.e. slot boundary). 
1) Case A: Cycling on OFDM symbol boundary
OFDM symbol boundary is the minimum time interval for which precoding matrix cycling scheme can be applied without any degradation on the single carrier property. Because there are as many opportunities as possible for changing precoding matrix, the achievable diversity gain would be high, which may result in higher throughput performance if there is no demodulation issue. However, because the precoding matrices applied to data OFDM symbols can be different each other, every antenna should provide a channel reference with corresponding UL DM RS. That is, each antenna should transmit its own reference sequence with lower transmission power, i.e. the transmit power reduced by the total number of active antennas, which degrades the channel estimation performance at eNB receiver. Then overall throughput performance with high diversity gain and poor channel estimation depends on the used codebook structure and channel environment. 
2) Case B: Cycling on slot boundary
In case of precoding matrix cycling on slot boundary, it is well-aligned with Rel8 PUSCH resource structure which enables RB slot hopping. Since a single precoding matrix is used for all the DFT-s-OFDM symbols during a slot interval, there is no need to increase the reference symbol overhead up to 4 DM RSs. Though the number of required DM RSs varies according to the exact precoding structure, the total number of required DM RSs can be reduced to the NCD SM rank if the precoding matrix conserves the single carrier property as in [1]. However, since only two precoding matrices per subframe are used, the diversity gain may not be enough to achieve the optimized throughput gain. On the other hand, the channel estimation performance can be enhanced due to the precoding RS transmission. 
Though precoding matrix cycling for NCD SM which is similar to that of DL SM is described with the consideration of uplink resource structure, the other cycling configuration or diversity schemes should be also studied further. In addition, optimal codebook structure which can improve the diversity gain for the targeting operating range needs for consideration.
3. Performance Evaluation
For throughput comparison, we borrowed a precoding scheme which does not destroy the single carrier property [1]. As shown in Table 1, we select a subset of Cubic Metric Preserving Precoding for NCDSM. Also, six weight matrices are used for Case A and two matrices (i.e. W1 and W2) are selected for Case B.
Table 1. Subset of Cubic Metric Preserving Precoding
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In addition to this precoding scheme, Case A uses four DM RS resources where each resource is transmitted on each antenna. On the other hand, Case B uses only two DM RS sequences and the sequence mapping to antenna port depends on the used codebook structure on the same slot interval. In order to see the spectral efficiency of transmit diversity scheme for 4Tx, we choose STBC-II+CDD scheme [2] which has two DM RS sequences. The other simulation assumptions are included in Table 2.
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Figure 1. BLER performance of Case A and Case B
Figure 1 shows BLER performance of Case A and Case B. We can see that Case B has SNR gain compared to Case A because transmit power of two DM RS guarantee better channel estimation performance than that of four DM RS.
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Figure 2. Spectral efficiency of transmit diversity scheme and NCD SM

Figure 2 shows spectral efficiency of transmit diversity scheme and NCD SM under medium speed environment. It is observed that spectral efficiency of NCD SM may outperform than that of transmit diversity scheme in medium and high geometry. Therefore, we can expect that rank would be changed in medium/high geometry, and then, higher spectral efficiency could be achieved through NCD SM.

______________________________________________________________________
4. Summary
In this contribution, we investigated the feasible operating situation for uplink non channel-dependent SM and its structure outlines based on some preliminary performance evaluation results. Further investigation for the details in non channel-dependent SM may be necessary based on a consensus-building for the entire guideline of UL MIMO design including the number of required reference signal, precoding matrix, layer mixing method and so on.
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Appendix
Table 2. Simulation Assumption
	Parameter
	Assumption

	Multiple Access Scheme
	pure SC-FDMA

	Carrier Frequency
	2GHz

	System Bandwidth
	5 MHz

	Subframe length
	1.0 ms

	Resource Allocation
	Localized Mode (5 RBs)

	Frequency Hopping
	Slot Hopping

	Modulation and Coding Rate
	QPSK 1/3,  QPSK 2/3, 16QAM 1/2

	Channel Coding
	Turbo code: max-log-MAP

	Channel Models
	6-ray TU

	Mobile Speed (km/h)
	30 km/h

	Channel Estimation
	DFT based channel estimation

	Antenna configuration
	4 transmitter and 4 receiver (4Tx, 4Rx)

	Antenna Correlation (Tx , Rx )
	(0, 0.5)

	Number of Transmit rank
	2

	Number of codeword
	2

	Layer mixing
	OFDM symbol level

	Receiver
	MMSE
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(1CS)SD-CDD

(2CS)STBC-II

(2CS)LD-CDD

(2CS)FSTD

SNR

BLER

TxD 2x2(0.9,0.5) TU 3km/h -QPSK2/3

0.9984

0.9985

0.9971

1

0.9975

0.9786

0.9851

0.9693

0.9994

0.968

0.8849

0.9216

0.8251

0.9865

0.8269

0.6866

0.7264

0.4926

0.8886

0.513

0.4216

0.4456

0.1503

0.5817

0.1791

0.2233

0.1788

0.0214

0.1826

0.0335



		

		PA 00		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		8.82E-01		6.21E-01		3.14E-01		1.15E-01		2.88E-02		6.50E-03

		(1CS)SD-CDD		9.54E-01		7.40E-01		3.82E-01		1.20E-01		2.15E-02		2.80E-03

		(4CS)STBC-II+FSTD		9.76E-01		7.43E-01		3.05E-01		5.45E-02		3.70E-03		4.00E-04

		(4CS)LD-CDD		9.91E-01		8.46E-01		4.43E-01		1.16E-01		1.68E-02		1.20E-03

		(4CS)FSTD		9.85E-01		8.01E-01		3.62E-01		7.64E-02		7.80E-03		5.00E-04

		(2CS)STBC-II+CDD		9.18E-01		5.98E-01		2.17E-01		3.80E-02		3.40E-03		3.00E-04

		(2CS)FSTD+CDD		9.42E-01		6.71E-01		2.77E-01		5.76E-02		6.60E-03		7.00E-04

		PA 09		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		8.79E-01		7.28E-01		5.40E-01		3.75E-01		2.31E-01		1.19E-01

		(1CS)SD-CDD		8.82E-01		6.71E-01		4.26E-01		2.07E-01		8.20E-02		2.23E-02

		(4CS)STBC-II+FSTD		8.81E-01		6.76E-01		4.28E-01		2.05E-01		7.93E-02		1.89E-02

		(4CS)LD-CDD		9.16E-01		7.36E-01		4.87E-01		2.58E-01		1.09E-01		2.90E-02

		(4CS)FSTD		8.79E-01		6.73E-01		4.25E-01		2.13E-01		8.29E-02		2.12E-02

		(2CS)STBC-II+CDD		8.47E-01		6.37E-01		3.88E-01		1.84E-01		6.69E-02		1.60E-02

		(2CS)FSTD+CDD		8.83E-01		7.01E-01		4.52E-01		2.28E-01		8.56E-02		2.12E-02

		PA 00		QPSK2/3

				-6		-4		-2		0		2		4

		(1CS)PVS		9.29E-01		7.33E-01		4.40E-01		2.11E-01		8.34E-02		3.19E-02

		(1CS)SD-CDD		9.79E-01		8.39E-01		5.22E-01		2.17E-01		5.99E-02		1.11E-02

		(4CS)STBC-II+FSTD		9.83E-01		7.92E-01		3.69E-01		8.69E-02		1.23E-02		1.80E-03

		(4CS)LD-CDD		9.95E-01		8.96E-01		5.49E-01		2.00E-01		4.10E-02		5.40E-03

		(4CS)FSTD		9.94E-01		8.94E-01		5.42E-01		1.87E-01		4.23E-02		7.00E-03

		(2CS)STBC-II+CDD		9.47E-01		6.83E-01		2.91E-01		5.99E-02		5.80E-03		7.00E-04

		(2CS)FSTD+CDD		9.77E-01		8.14E-01		4.56E-01		1.57E-01		3.53E-02		6.70E-03

		PA 09		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		9.90E-01		9.52E-01		8.46E-01		6.77E-01		4.80E-01		2.86E-01

		(1CS)SD-CDD		9.23E-01		7.48E-01		5.15E-01		2.80E-01		1.28E-01		3.96E-02

		(4CS)STBC-II+FSTD		8.91E-01		6.90E-01		4.45E-01		2.29E-01		9.67E-02		2.60E-02

		(4CS)LD-CDD		9.35E-01		7.76E-01		5.44E-01		3.10E-01		1.43E-01		4.82E-02

		(4CS)FSTD		8.89E-01		7.03E-01		4.61E-01		2.47E-01		1.17E-01		3.79E-02

		(2CS)STBC-II+CDD		8.88E-01		6.95E-01		4.53E-01		2.26E-01		8.92E-02		2.23E-02

		(2CS)FSTD+CDD		9.40E-01		8.23E-01		6.27E-01		3.77E-01		1.69E-01		5.30E-02

		TU 00		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		9.95E-01		9.10E-01		6.00E-01		2.18E-01		3.85E-02		3.20E-03				9.95E-01		9.10E-01		6.00E-01		2.18E-01		3.85E-02		3.20E-03

		(1CS)SD-CDD		9.96E-01		9.12E-01		5.86E-01		1.92E-01		2.48E-02		2.20E-03				9.96E-01		9.12E-01		5.86E-01		1.92E-01		2.48E-02		2.20E-03

		(4CS)STBC-II+FSTD		1.00E+00		1.00E+00		9.48E-01		4.84E-01		4.58E-02		1.00E-04				-3.00E-04		-2.40E-03		1.33E-02		2.63E-02		1.37E-02		1.00E-03

		(4CS)LD-CDD		1.00E+00		1.00E+00		9.85E-01		6.70E-01		1.20E-01		2.50E-03

		(4CS)FSTD		1.00E+00		1.00E+00		9.77E-01		6.14E-01		9.04E-02		1.10E-03

		(2CS)STBC-II+CDD		9.99E-01		9.35E-01		5.07E-01		8.14E-02		2.90E-03

		(2CS)FSTD+CDD		1.00E+00		9.63E-01		6.16E-01		1.33E-01		6.00E-03		1.00E-04

		TU 09		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		9.91E-01		9.39E-01		7.86E-01		5.47E-01		3.29E-01		1.66E-01

		(1CS)SD-CDD		9.96E-01		9.41E-01		7.24E-01		3.43E-01		8.13E-02		1.01E-02

		(4CS)STBC-II+FSTD		1.00E+00		9.94E-01		9.25E-01		6.63E-01		2.51E-01		3.46E-02

		(4CS)LD-CDD		1.00E+00		9.97E-01		9.55E-01		7.57E-01		3.66E-01		6.89E-02

		(4CS)FSTD		1.00E+00		9.92E-01		9.23E-01		6.66E-01		2.58E-01		4.11E-02

		(2CS)STBC-II+CDD		9.88E-01		9.23E-01		6.92E-01		3.16E-01		6.32E-02		4.20E-03

		(2CS)FSTD+CDD		9.92E-01		9.38E-01		7.58E-01		4.20E-01		1.14E-01		9.80E-03

		TU 00		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		9.97E-01		9.43E-01		6.97E-01		3.23E-01		7.96E-02		1.02E-02

		(1CS)SD-CDD		9.98E-01		9.44E-01		6.75E-01		2.70E-01		4.84E-02		4.20E-03

		(4CS)STBC-II+FSTD		1.00E+00		9.99E-01		9.37E-01		4.53E-01		4.17E-02		1.00E-04

		(4CS)LD-CDD		1.00E+00		1.00E+00		9.87E-01		7.04E-01		1.52E-01		4.10E-03

		(4CS)FSTD		1.00E+00		1.00E+00		9.88E-01		7.14E-01		1.59E-01		5.90E-03

		(2CS)STBC-II+CDD		9.99E-01		9.44E-01		5.47E-01		9.89E-02		4.50E-03

		(2CS)FSTD+CDD		1.00E+00		9.84E-01		7.60E-01		2.61E-01		2.17E-02		4.00E-04

		TU 09		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		1.00E+00		9.98E-01		9.77E-01		8.84E-01		6.86E-01		4.06E-01

		(1CS)SD-CDD		9.98E-01		9.70E-01		8.18E-01		4.75E-01		1.52E-01		2.49E-02

		(4CS)STBC-II+FSTD		1.00E+00		9.92E-01		9.26E-01		6.68E-01		2.63E-01		3.59E-02

		(4CS)LD-CDD		1.00E+00		9.96E-01		9.64E-01		7.93E-01		4.28E-01		1.04E-01

		(4CS)FSTD		1.00E+00		9.91E-01		9.25E-01		6.82E-01		2.99E-01		5.47E-02

		(2CS)STBC-II+CDD		9.92E-01		9.42E-01		7.59E-01		3.96E-01		9.45E-02		7.70E-03

		(2CS)FSTD+CDD		9.96E-01		9.68E-01		8.60E-01		6.19E-01		2.70E-01		4.46E-02





		





		-6		-6		-6		-6		-6		-6		-6

		-4		-4		-4		-4		-4		-4		-4

		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0,0.5) TU 3km/h - QPSK1/3

0.9954

0.9957

1

1

1

0.9991

0.9997

0.9095

0.9119

0.9997

0.9999

0.9999

0.9349

0.9626

0.5997

0.5864

0.9479

0.9848

0.9769

0.5069

0.6159

0.2183

0.192

0.4838

0.6695

0.6139

0.0814

0.1332

0.0385

0.0248

0.0458

0.1196

0.0904

0.0029

0.006

0.0032

0.0022

0.0001

0.0025

0.0011

0.0001



		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4

		6		6		6		6		6		6		6

		8		8		8		8		8		8		8



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0.9,0.5) PA 3km/h - QPSK 2/3

0.9896

0.9233

0.8905

0.935

0.8888

0.8879

0.9395

0.9517

0.748

0.6902

0.7757

0.7025

0.6945

0.8225

0.8463

0.5145

0.4453

0.5435

0.4608

0.4529

0.6274

0.6773

0.2797

0.2286

0.3096

0.2471

0.2263

0.3772

0.4799

0.1278

0.0967

0.143

0.1167

0.0892

0.1689

0.2862

0.0396

0.026

0.0482

0.0379

0.0223

0.053



		-6		-6		-6		-6		-6		-6		-6

		-4		-4		-4		-4		-4		-4		-4

		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0.9,0.5) PA 3km/h - QPSK 1/3

0.8793

0.8818

0.881

0.9157

0.8787

0.8468

0.8832

0.7277

0.6712

0.6762

0.7357

0.6732

0.6373

0.7008

0.5399

0.4255

0.4276

0.4868

0.4254

0.3883

0.4523

0.3749

0.2069

0.2054

0.2581

0.2132

0.184

0.2279

0.2311

0.082

0.0793

0.1092

0.0829

0.0669

0.0856

0.1194

0.0223

0.0189

0.029

0.0212

0.016

0.0212



		-6		-6		-6		-6		-6		-6		-6

		-4		-4		-4		-4		-4		-4		-4

		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0,0.5) PA 3km/h - QPSK 1/3

0.8822

0.9538

0.9761

0.9907

0.9847

0.9183

0.9423

0.621

0.7395

0.7434

0.846

0.8007

0.5978

0.6712

0.3142

0.3824

0.3051

0.4433

0.3616

0.2169

0.2771

0.1151

0.1196

0.0545

0.1159

0.0764

0.038

0.0576

0.0288

0.0215

0.0037

0.0168

0.0078

0.0034

0.0066

0.0065

0.0028

0.0004

0.0012

0.0005

0.0003

0.0007



		-6		-6		-6		-6		-6		-6		-6

		-4		-4		-4		-4		-4		-4		-4

		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0,0.5) PA 3km/h - QPSK2/3

0.9291

0.9785

0.9825

0.9954

0.9937

0.947

0.9769

0.7328

0.8394

0.7915

0.8964

0.894

0.6832

0.8138

0.4401

0.5216

0.3689

0.5485

0.5417

0.2914

0.456

0.2107

0.2172

0.0869

0.2

0.1871

0.0599

0.1567

0.0834

0.0599

0.0123

0.041

0.0423

0.0058

0.0353

0.0319

0.0111

0.0018

0.0054

0.007

0.0007

0.0067



		-6		-6		-6		-6		-6		-6		-6

		-4		-4		-4		-4		-4		-4		-4

		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0.9,0.5) TU 3km/h - QPSK1/3

0.9912

0.9958

0.9999

0.9999

0.9999

0.9876

0.9916

0.9391

0.9408

0.9935

0.9969

0.9923

0.9226

0.9378

0.7862

0.7243

0.9246

0.9549

0.9228

0.6917

0.7578

0.5471

0.3429

0.6633

0.7574

0.6658

0.3161

0.4198

0.3286

0.0813

0.2514

0.3657

0.2582

0.0632

0.1136

0.1661

0.0101

0.0346

0.0689

0.0411

0.0042

0.0098



		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4

		6		6		6		6		6		6		6

		8		8		8		8		8		8		8



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0,0.5) TU 3km/h - QPSK2/3

0.9972

0.9977

1

1

1

0.999

0.9998

0.9428

0.9443

0.9993

1

0.9999

0.9438

0.9838

0.6973

0.675

0.9373

0.9871

0.988

0.5472

0.7595

0.3234

0.2703

0.4534

0.7043

0.7135

0.0989

0.261

0.0796

0.0484

0.0417

0.152

0.1594

0.0045

0.0217

0.0102

0.0042

0.0001

0.0041

0.0059

0.0004



		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4

		6		6		6		6		6		6		6

		8		8		8		8		8		8		8



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0.9,0.5) TU 3km/h - QPSK2/3

1

0.9982

1

1

0.9999

0.9915

0.9955

0.998

0.9698

0.9918

0.9964

0.9913

0.9417

0.9682

0.9765

0.8178

0.9257

0.9635

0.925

0.7588

0.8599

0.8843

0.4747

0.6684

0.7927

0.6822

0.3963

0.619

0.6855

0.1524

0.2628

0.4283

0.2985

0.0945

0.27

0.4062

0.0249

0.0359

0.1037

0.0547

0.0077

0.0446



		

		4x2(0,0) TU3km/h				QPSK1/3

				-2		0		2		4		6		8

		OLSM1_p		9.99E-01		9.44E-01		5.67E-01		1.19E-01		6.65E-03		5.00E-05

		OLSM1_n		1.00E+00		9.97E-01		9.01E-01		4.71E-01		9.08E-02		5.40E-03

		OLSM2_n		1.00E+00		9.94E-01		8.72E-01		4.77E-01		1.12E-01		1.10E-02

		4x2(0,0) TU3km/h				QPSK2/3

				6		8		10		12		14		16

		OLSM1_p		9.46E-01		6.96E-01		2.87E-01		5.61E-02		5.75E-03		3.50E-04

		OLSM1_n		9.91E-01		8.97E-01		5.81E-01		2.10E-01		4.16E-02		5.25E-03

		OLSM2_n		9.88E-01		8.76E-01		5.64E-01		2.23E-01		4.81E-02		5.45E-03

		4x2(0,0) TU3km/h				16QAM1/2

				10		12		14		16		18		20

		OLSM1_p		9.45E-01		7.04E-01		3.13E-01		6.69E-02		6.65E-03		5.00E-04

		OLSM1_n		9.86E-01		8.67E-01		5.37E-01		1.83E-01		3.05E-02		2.80E-03

		OLSM2_n		9.86E-01		8.57E-01		5.28E-01		1.78E-01		2.91E-02		1.55E-03

		4x2(0,0) TU3km/h				QPSK1/3		QPSK2/3		16QAM1/2

				-2		0		2		4		6		8		10		12		14		16		18		20

		Q1/3_perfect		9.92E-01		8.32E-01		3.19E-01		3.44E-02		1.00E-03

		Q1/3_P_2RS		9.99E-01		9.44E-01		5.67E-01		1.19E-01		6.65E-03		5.00E-05

		Q1/3_N_4RS		1.00E+00		9.97E-01		9.01E-01		4.71E-01		9.08E-02		5.40E-03

		Q2/3_perfect										8.91E-01		5.45E-01		1.65E-01		2.46E-02		1.80E-03

		Q2/3_P_2RS										9.46E-01		6.96E-01		2.87E-01		5.61E-02		5.75E-03		3.50E-04

		Q2/3_N_4RS										9.91E-01		8.97E-01		5.81E-01		2.10E-01		4.16E-02		5.25E-03

		16Q1/2_perfect														9.06E-01		6.06E-01		2.22E-01		3.80E-02		3.15E-03		1.00E-04

		16Q1/2_P_2RS														9.45E-01		7.04E-01		3.13E-01		6.69E-02		6.65E-03		5.00E-04

		16Q1/2_N_4RS														9.86E-01		8.67E-01		5.37E-01		1.83E-01		3.05E-02		2.80E-03
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						4x2

								-6		-4		-2		0		2		4

						(1CS)PVS		9.59E-01		7.24E-01		3.21E-01		7.10E-02		6.40E-03		4.00E-04

						(1CS)SD-CDD		9.59E-01		7.24E-01		2.91E-01		5.60E-02		4.50E-03		2.00E-04				9.95E-01		9.10E-01		6.00E-01		2.18E-01		3.85E-02		3.20E-03

						(4CS)STBC-II+FSTD		9.88E-01		6.75E-01		1.13E-01		1.50E-03								9.96E-01		9.12E-01		5.86E-01		1.92E-01		2.48E-02		2.20E-03

						(4CS)LD-CDD		9.98E-01		8.32E-01		2.39E-01		6.90E-03

						(4CS)FSTD		9.96E-01		7.99E-01		2.05E-01		6.00E-03

						(2CS)STBC-II+CDD		9.73E-01		6.77E-01		1.63E-01		7.60E-03		2.00E-04

						(2CS)FSTD+CDD		9.89E-01		7.83E-01		2.64E-01		1.88E-02		5.00E-04
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						sCDD		1.00E+00		9.93E-01		9.12E-01		6.41E-01		2.72E-01		6.13E-02

						STBC		9.98E-01		8.61E-01		2.71E-01		1.26E-02

						lCDD		1.00E+00		9.64E-01		5.44E-01		6.74E-02		9.00E-04

						FSTD		1.00E+00		9.69E-01		5.51E-01		6.99E-02		1.20E-03

						STBCc		9.94E-01		8.48E-01		3.49E-01		3.74E-02		2.00E-03

						FSTDc		9.98E-01		9.37E-01		5.49E-01		1.09E-01		4.40E-03
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						sCDD		9.66E-01		7.65E-01		3.57E-01		7.37E-02		6.20E-03		1.00E-04

						STBC		9.60E-01		7.09E-01		2.33E-01		2.44E-02		4.00E-04

						lCDD

						FSTD		9.80E-01		7.95E-01		3.31E-01		4.69E-02		1.10E-03
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						PVS		9.89E-01		9.02E-01		6.20E-01		2.57E-01		4.75E-02		4.60E-03

						sCDD		9.92E-01		9.15E-01		6.36E-01		2.47E-01		4.52E-02		4.80E-03

						STBC		9.83E-01		8.24E-01		3.67E-01		5.84E-02		2.40E-03
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						FSTD		9.96E-01		9.29E-01		6.01E-01		1.71E-01		1.43E-02		3.00E-04
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								-8		-6		-4		-2		0		2		4		6		8		10		12

						TxD_STBCII+CDD_Q1/3		9.99E-01		9.04E-01		2.85E-01		6.40E-03

						TxD_STBCII+CDD_Q2/3				1.00E+00		9.98E-01		8.66E-01		2.27E-01		4.50E-03

						TxD_STBCII+CDD_16Q1/3								1.00E+00		9.01E-01		2.70E-01		5.90E-03

						NCDSM_Slot_Q1/3						9.95E-01		7.89E-01		1.63E-01		2.50E-03

						NCDSM_Slot_Q2/3										9.99E-01		9.47E-01		4.71E-01		4.29E-02		4.00E-04

						NCDSM_Symbol_Q1/3						1.00E+00		9.99E-01		8.27E-01		1.31E-01		9.00E-04

						NCDSM_Symbol_Q2/3										1.00E+00		1.00E+00		9.46E-01		3.39E-01		1.21E-02

						STBCc						9.98E-01				1.78E-01

						STBCc										1.00E+00				5.06E-01				9.00E-04
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2x2

		PA00		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		8.87E-01		6.19E-01		3.06E-01		1.06E-01		3.08E-02		7.60E-03

		(1CS)SD-CDD		9.04E-01		6.39E-01		3.23E-01		1.21E-01		3.44E-02		8.60E-03

		(2CS)STBC-II		8.83E-01		6.04E-01		2.94E-01		1.03E-01		2.82E-02		6.70E-03

		(2CS)LD-CDD		9.31E-01		7.00E-01		3.75E-01		1.42E-01		4.27E-02		9.20E-03

		(2CS)FSTD		9.07E-01		6.61E-01		3.36E-01		1.19E-01		3.51E-02		8.20E-03

		PA09		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		8.69E-01		6.69E-01		4.28E-01		2.25E-01		9.62E-02		3.64E-02

		(1CS)SD-CDD		8.88E-01		6.88E-01		4.45E-01		2.37E-01		1.03E-01		3.59E-02

		(2CS)STBC-II		8.30E-01		6.14E-01		3.77E-01		1.98E-01		8.23E-02		2.96E-02

		(2CS)LD-CDD		9.31E-01		7.62E-01		5.21E-01		2.92E-01		1.29E-01		4.59E-02

		(2CS)FSTD		8.32E-01		6.18E-01		3.86E-01		2.02E-01		9.00E-02		3.34E-02

		PA00		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		9.37E-01		7.31E-01		4.42E-01		2.04E-01		8.34E-02		3.19E-02

		(1CS)SD-CDD		9.47E-01		7.55E-01		4.59E-01		2.02E-01		7.31E-02		2.16E-02

		(2CS)STBC-II		8.97E-01		6.29E-01		3.16E-01		1.12E-01		3.13E-02		7.80E-03

		(2CS)LD-CDD		9.69E-01		8.01E-01		5.03E-01		2.21E-01		7.21E-02		1.90E-02

		(2CS)FSTD		9.46E-01		7.55E-01		4.58E-01		2.09E-01		8.22E-02		2.87E-02

		PA09		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		9.31E-01		8.19E-01		6.55E-01		4.71E-01		3.04E-01		1.75E-01

		(1CS)SD-CDD		9.62E-01		8.66E-01		7.11E-01		4.96E-01		2.72E-01		1.21E-01

		(2CS)STBC-II		8.43E-01		6.32E-01		3.98E-01		2.09E-01		8.93E-02		3.30E-02

		(2CS)LD-CDD		9.91E-01		9.27E-01		7.51E-01		4.76E-01		2.39E-01		9.45E-02

		(2CS)FSTD		8.49E-01		6.47E-01		4.16E-01		2.33E-01		1.11E-01		4.59E-02

		TU00		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		9.95E-01		9.22E-01		6.31E-01		2.43E-01		3.93E-02		2.30E-03

		(1CS)SD-CDD		9.95E-01		9.36E-01		6.63E-01		2.59E-01		4.26E-02		3.90E-03

		(2CS)STBC-II		9.99E-01		9.71E-01		7.50E-01		2.83E-01		3.11E-02		5.00E-04

		(2CS)LD-CDD		1.00E+00		9.85E-01		8.33E-01		3.86E-01		5.77E-02		2.00E-03

		(2CS)FSTD		1.00E+00		9.82E-01		8.17E-01		3.71E-01		5.70E-02		1.70E-03

		TU09		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		9.96E-01		9.52E-01		7.76E-01		4.33E-01		1.41E-01		2.64E-02

		(1CS)SD-CDD		9.96E-01		9.60E-01		7.98E-01		4.62E-01		1.50E-01		2.58E-02

		(2CS)STBC-II		9.97E-01		9.66E-01		7.96E-01		4.38E-01		1.19E-01		1.54E-02

		(2CS)LD-CDD		1.00E+00		9.94E-01		9.28E-01		6.80E-01		2.87E-01		4.85E-02

		(2CS)FSTD		9.97E-01		9.61E-01		7.92E-01		4.35E-01		1.23E-01		1.77E-02

		TU00		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		9.96E-01		9.50E-01		7.25E-01		3.51E-01		8.13E-02		7.60E-03

		(1CS)SD-CDD		9.97E-01		9.57E-01		7.46E-01		3.53E-01		7.57E-02		8.80E-03

		(2CS)STBC-II		9.99E-01		9.68E-01		7.46E-01		2.90E-01		3.54E-02		1.00E-03

		(2CS)LD-CDD		1.00E+00		9.92E-01		8.91E-01		5.06E-01		1.14E-01		5.50E-03

		(2CS)FSTD		1.00E+00		9.90E-01		8.80E-01		5.09E-01		1.23E-01		9.60E-03

		TU09		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		9.98E-01		9.79E-01		8.85E-01		6.87E-01		4.22E-01		2.23E-01

		(1CS)SD-CDD		9.99E-01		9.85E-01		9.22E-01		7.26E-01		4.46E-01		1.79E-01

		(2CS)STBC-II		9.97E-01		9.69E-01		8.25E-01		4.93E-01		1.50E-01		2.14E-02

		(2CS)LD-CDD		1.00E+00		9.99E-01		9.87E-01		8.89E-01		5.82E-01		1.83E-01

		(2CS)FSTD		9.98E-01		9.68E-01		8.27E-01		5.13E-01		1.79E-01		3.35E-02

																																						4		];
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		PA 00		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		8.82E-01		6.21E-01		3.14E-01		1.15E-01		2.88E-02		6.50E-03

		(1CS)SD-CDD		9.54E-01		7.40E-01		3.82E-01		1.20E-01		2.15E-02		2.80E-03

		(4CS)STBC-II+FSTD		9.76E-01		7.43E-01		3.05E-01		5.45E-02		3.70E-03		4.00E-04

		(4CS)LD-CDD		9.91E-01		8.46E-01		4.43E-01		1.16E-01		1.68E-02		1.20E-03

		(4CS)FSTD		9.85E-01		8.01E-01		3.62E-01		7.64E-02		7.80E-03		5.00E-04

		(2CS)STBC-II+CDD		9.18E-01		5.98E-01		2.17E-01		3.80E-02		3.40E-03		3.00E-04

		(2CS)FSTD+CDD		9.42E-01		6.71E-01		2.77E-01		5.76E-02		6.60E-03		7.00E-04

		PA 09		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		8.79E-01		7.28E-01		5.40E-01		3.75E-01		2.31E-01		1.19E-01

		(1CS)SD-CDD		8.82E-01		6.71E-01		4.26E-01		2.07E-01		8.20E-02		2.23E-02

		(4CS)STBC-II+FSTD		8.81E-01		6.76E-01		4.28E-01		2.05E-01		7.93E-02		1.89E-02

		(4CS)LD-CDD		9.16E-01		7.36E-01		4.87E-01		2.58E-01		1.09E-01		2.90E-02

		(4CS)FSTD		8.79E-01		6.73E-01		4.25E-01		2.13E-01		8.29E-02		2.12E-02

		(2CS)STBC-II+CDD		8.47E-01		6.37E-01		3.88E-01		1.84E-01		6.69E-02		1.60E-02

		(2CS)FSTD+CDD		8.83E-01		7.01E-01		4.52E-01		2.28E-01		8.56E-02		2.12E-02

		PA 00		QPSK2/3

				-6		-4		-2		0		2		4

		(1CS)PVS		9.29E-01		7.33E-01		4.40E-01		2.11E-01		8.34E-02		3.19E-02

		(1CS)SD-CDD		9.79E-01		8.39E-01		5.22E-01		2.17E-01		5.99E-02		1.11E-02

		(4CS)STBC-II+FSTD		9.83E-01		7.92E-01		3.69E-01		8.69E-02		1.23E-02		1.80E-03

		(4CS)LD-CDD		9.95E-01		8.96E-01		5.49E-01		2.00E-01		4.10E-02		5.40E-03

		(4CS)FSTD		9.94E-01		8.94E-01		5.42E-01		1.87E-01		4.23E-02		7.00E-03

		(2CS)STBC-II+CDD		9.47E-01		6.83E-01		2.91E-01		5.99E-02		5.80E-03		7.00E-04

		(2CS)FSTD+CDD		9.77E-01		8.14E-01		4.56E-01		1.57E-01		3.53E-02		6.70E-03

		PA 09		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		9.90E-01		9.52E-01		8.46E-01		6.77E-01		4.80E-01		2.86E-01

		(1CS)SD-CDD		9.23E-01		7.48E-01		5.15E-01		2.80E-01		1.28E-01		3.96E-02

		(4CS)STBC-II+FSTD		8.91E-01		6.90E-01		4.45E-01		2.29E-01		9.67E-02		2.60E-02

		(4CS)LD-CDD		9.35E-01		7.76E-01		5.44E-01		3.10E-01		1.43E-01		4.82E-02

		(4CS)FSTD		8.89E-01		7.03E-01		4.61E-01		2.47E-01		1.17E-01		3.79E-02

		(2CS)STBC-II+CDD		8.88E-01		6.95E-01		4.53E-01		2.26E-01		8.92E-02		2.23E-02

		(2CS)FSTD+CDD		9.40E-01		8.23E-01		6.27E-01		3.77E-01		1.69E-01		5.30E-02

		TU 00		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		9.95E-01		9.10E-01		6.00E-01		2.18E-01		3.85E-02		3.20E-03				9.95E-01		9.10E-01		6.00E-01		2.18E-01		3.85E-02		3.20E-03

		(1CS)SD-CDD		9.96E-01		9.12E-01		5.86E-01		1.92E-01		2.48E-02		2.20E-03				9.96E-01		9.12E-01		5.86E-01		1.92E-01		2.48E-02		2.20E-03

		(4CS)STBC-II+FSTD		1.00E+00		1.00E+00		9.48E-01		4.84E-01		4.58E-02		1.00E-04				-3.00E-04		-2.40E-03		1.33E-02		2.63E-02		1.37E-02		1.00E-03

		(4CS)LD-CDD		1.00E+00		1.00E+00		9.85E-01		6.70E-01		1.20E-01		2.50E-03

		(4CS)FSTD		1.00E+00		1.00E+00		9.77E-01		6.14E-01		9.04E-02		1.10E-03

		(2CS)STBC-II+CDD		9.99E-01		9.35E-01		5.07E-01		8.14E-02		2.90E-03

		(2CS)FSTD+CDD		1.00E+00		9.63E-01		6.16E-01		1.33E-01		6.00E-03		1.00E-04

		TU 09		QPSK1/3

				-6		-4		-2		0		2		4

		(1CS)PVS		9.91E-01		9.39E-01		7.86E-01		5.47E-01		3.29E-01		1.66E-01

		(1CS)SD-CDD		9.96E-01		9.41E-01		7.24E-01		3.43E-01		8.13E-02		1.01E-02

		(4CS)STBC-II+FSTD		1.00E+00		9.94E-01		9.25E-01		6.63E-01		2.51E-01		3.46E-02

		(4CS)LD-CDD		1.00E+00		9.97E-01		9.55E-01		7.57E-01		3.66E-01		6.89E-02

		(4CS)FSTD		1.00E+00		9.92E-01		9.23E-01		6.66E-01		2.58E-01		4.11E-02

		(2CS)STBC-II+CDD		9.88E-01		9.23E-01		6.92E-01		3.16E-01		6.32E-02		4.20E-03

		(2CS)FSTD+CDD		9.92E-01		9.38E-01		7.58E-01		4.20E-01		1.14E-01		9.80E-03

		TU 00		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		9.97E-01		9.43E-01		6.97E-01		3.23E-01		7.96E-02		1.02E-02

		(1CS)SD-CDD		9.98E-01		9.44E-01		6.75E-01		2.70E-01		4.84E-02		4.20E-03

		(4CS)STBC-II+FSTD		1.00E+00		9.99E-01		9.37E-01		4.53E-01		4.17E-02		1.00E-04

		(4CS)LD-CDD		1.00E+00		1.00E+00		9.87E-01		7.04E-01		1.52E-01		4.10E-03

		(4CS)FSTD		1.00E+00		1.00E+00		9.88E-01		7.14E-01		1.59E-01		5.90E-03

		(2CS)STBC-II+CDD		9.99E-01		9.44E-01		5.47E-01		9.89E-02		4.50E-03

		(2CS)FSTD+CDD		1.00E+00		9.84E-01		7.60E-01		2.61E-01		2.17E-02		4.00E-04

		TU 09		QPSK2/3

				-2		0		2		4		6		8

		(1CS)PVS		1.00E+00		9.98E-01		9.77E-01		8.84E-01		6.86E-01		4.06E-01

		(1CS)SD-CDD		9.98E-01		9.70E-01		8.18E-01		4.75E-01		1.52E-01		2.49E-02

		(4CS)STBC-II+FSTD		1.00E+00		9.92E-01		9.26E-01		6.68E-01		2.63E-01		3.59E-02

		(4CS)LD-CDD		1.00E+00		9.96E-01		9.64E-01		7.93E-01		4.28E-01		1.04E-01

		(4CS)FSTD		1.00E+00		9.91E-01		9.25E-01		6.82E-01		2.99E-01		5.47E-02

		(2CS)STBC-II+CDD		9.92E-01		9.42E-01		7.59E-01		3.96E-01		9.45E-02		7.70E-03

		(2CS)FSTD+CDD		9.96E-01		9.68E-01		8.60E-01		6.19E-01		2.70E-01		4.46E-02





		





		-6		-6		-6		-6		-6		-6		-6

		-4		-4		-4		-4		-4		-4		-4

		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0,0.5) TU 3km/h - QPSK1/3

0.9954

0.9957

1

1
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0.9479
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SNR

BLER

TxD 4x2(0.9,0.5) PA 3km/h - QPSK 2/3

0.9896

0.9233

0.8905

0.935

0.8888
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0.9395

0.9517

0.748

0.6902
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BLER
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(2CS)STBC-II+CDD
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SNR

BLER

TxD 4x2(0,0.5) PA 3km/h - QPSK 1/3

0.8822

0.9538

0.9761

0.9907

0.9847

0.9183

0.9423

0.621
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0.846
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0.2169

0.2771

0.1151

0.1196

0.0545

0.1159

0.0764

0.038

0.0576

0.0288

0.0215

0.0037

0.0168

0.0078

0.0034

0.0066

0.0065

0.0028

0.0004

0.0012

0.0005

0.0003

0.0007



		-6		-6		-6		-6		-6		-6		-6

		-4		-4		-4		-4		-4		-4		-4

		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4



(1CS)PVS

(1CS)SD-CDD
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(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0,0.5) PA 3km/h - QPSK2/3

0.9291

0.9785

0.9825

0.9954

0.9937

0.947
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TxD 4x2(0.9,0.5) TU 3km/h - QPSK1/3
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(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0,0.5) TU 3km/h - QPSK2/3
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0.9998

0.9428

0.9443

0.9993

1

0.9999

0.9438

0.9838

0.6973

0.675

0.9373

0.9871

0.988

0.5472

0.7595

0.3234

0.2703

0.4534

0.7043

0.7135

0.0989

0.261

0.0796

0.0484

0.0417

0.152

0.1594

0.0045

0.0217

0.0102

0.0042

0.0001

0.0041

0.0059

0.0004



		-2		-2		-2		-2		-2		-2		-2

		0		0		0		0		0		0		0

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4

		6		6		6		6		6		6		6

		8		8		8		8		8		8		8



(1CS)PVS

(1CS)SD-CDD

(4CS)STBC-II+FSTD

(4CS)LD-CDD

(4CS)FSTD

(2CS)STBC-II+CDD

(2CS)FSTD+CDD

SNR

BLER

TxD 4x2(0.9,0.5) TU 3km/h - QPSK2/3

1
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1

1
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		4x2(0,0) TU3km/h				QPSK1/3

				-2		0		2		4		6		8

		OLSM1_p		9.99E-01		9.44E-01		5.67E-01		1.19E-01		6.65E-03		5.00E-05

		OLSM1_n		1.00E+00		9.97E-01		9.01E-01		4.71E-01		9.08E-02		5.40E-03

		OLSM2_n		1.00E+00		9.94E-01		8.72E-01		4.77E-01		1.12E-01		1.10E-02

		4x2(0,0) TU3km/h				QPSK2/3

				6		8		10		12		14		16

		OLSM1_p		9.46E-01		6.96E-01		2.87E-01		5.61E-02		5.75E-03		3.50E-04

		OLSM1_n		9.91E-01		8.97E-01		5.81E-01		2.10E-01		4.16E-02		5.25E-03

		OLSM2_n		9.88E-01		8.76E-01		5.64E-01		2.23E-01		4.81E-02		5.45E-03

		4x2(0,0) TU3km/h				16QAM1/2

				10		12		14		16		18		20

		OLSM1_p		9.45E-01		7.04E-01		3.13E-01		6.69E-02		6.65E-03		5.00E-04

		OLSM1_n		9.86E-01		8.67E-01		5.37E-01		1.83E-01		3.05E-02		2.80E-03

		OLSM2_n		9.86E-01		8.57E-01		5.28E-01		1.78E-01		2.91E-02		1.55E-03

		4x2(0,0) TU3km/h				QPSK1/3		QPSK2/3		16QAM1/2

				-2		0		2		4		6		8		10		12		14		16		18		20

		Q1/3_perfect		9.92E-01		8.32E-01		3.19E-01		3.44E-02		1.00E-03

		Q1/3_P_2RS		9.99E-01		9.44E-01		5.67E-01		1.19E-01		6.65E-03		5.00E-05

		Q1/3_N_4RS		1.00E+00		9.97E-01		9.01E-01		4.71E-01		9.08E-02		5.40E-03

		Q2/3_perfect										8.91E-01		5.45E-01		1.65E-01		2.46E-02		1.80E-03

		Q2/3_P_2RS										9.46E-01		6.96E-01		2.87E-01		5.61E-02		5.75E-03		3.50E-04
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