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TDD transmit diversity with Joint Predistortion – further simulation results (2)

1. Introduction

This paper presents further link level simulation results of dual Tx antenna Joint Predistortion (JP) in indoor environments. Tx diversity with JP was introduced at WG1#6 in [1] followed by additional simulation results in [2] and [3]. At WG1#8 two concerns were raised regarding the simulation conditions [4]:

a) Uplink (UL) conditions were too optimistic (Eb/N0=8 dB).

b) JP includes a kind of fast power control which makes the comparison to JD (Joint Detection) unfair.

The simulation results shown in this paper address these two concerns and we try to clarify related questions. Here Eb/N0=6 dB is used in the UL and fast power control is also applied to the schemes with JD (Single Tx Antenna, TxAA).

2. Simulation parameters

Simulations have been carried out to evaluate the raw bit error rate performance of the TDD downlink in a multi user scenario with 8 active users in a time slot. The following parameters have been used:

carrier frequency
2 GHz

duration of a time slot
10000/15 (s

data modulation
QPSK

chip pulse shaping
root raised cosine, (=0.22

chip pulse length
10 chip periods

number of chips per symbol
16

chip duration
1/3.840 (s

chip over sampling
2

burst type
traffic burst 1 

data detection
MMSE-BLE (Single Tx,TxAA), MF (JP)

channel estimation
correlation, 2(IA)/4(IB) strongest taps sel.

channel type
IndoorA, IndoorB

Two different frame structures were investigated:

FS1: Single switching points with nearly symmetric DL/UL allocation (8/7)
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Figure 1: TDD FS1.

FS2: Multiple switching points with asymmetric DL/UL allocation (4/11)
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Figure 2: TDD FS2.

3. Simulation results

The following two figures present the obtained simulation results for the IndoorA and IndoorB channel model. Eb/N0=6 dB in the UL and Eb/N0=8 dB in the DL. We compare the single Tx antenna Joint Detection (JD) performance with dual Tx antenna TxAA and JP in terms of raw BER. ‘PC-‘ indicates that fast power control has been applied to the scheme.

The worst case with respect to UL channel estimation was always used, which means that UL and DL slots have the maximum time separation.
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Figure 3: Raw BER performance of single Tx antenna JD, dual Tx antenna TxAA and JP in the IndoorA environment.
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Figure 4: Raw BER performance of single Tx antenna JD, dual Tx antenna TxAA and JP in the IndoorB environment.

In addition the following figure shows simulation results of single Tx antenna JD with and without power control in the important region around raw BER=10e-2 (Indoor A channel, no UL/DL time difference, Eb/N0=6 dB in UL). This enables the comparison with Figure 3 to find out the maximum gain of Tx diversity with and without applied fast PC.
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Figure 5: Single Tx antenna JD performance with and without fast PC (Indoor A channel).

4. Conclusions

Regarding the two concerns mentioned in the introduction the presented simulation results lead to the following conclusions:

a) There is no important difference of JP performance with Eb/N0=6 dB compared to Eb/N0=8 dB in the UL.

b) Fast power control has been applied to single Tx antenna JD and TxAA to allow a fair comparison to JP. In the Indoor A channel JP shows a similar performance as PC-TxAA up to about 5 km/h mobile velocity with FS1 and up to about 10 Km/h mobile velocity with FS2. With the Indoor B channel JP outperforms PC-TxAA up to 7 km/h with FS1 and up to 20 km/h with FS2.

In general the following observations are interesting:

· Fast open loop power control provides a significant performance improvement in low-fading-rate indoor environments even with JD ( 2-3 dB gain in terms of Eb/N0) if the target raw BER is 1e-2 and lower. If the target raw BER is higher than 1e-2 (e.g. 3e-2, see Figure 3) no significant gain is achieved with fast PC.

· The maximum Tx diversity gain in terms of Eb/N0 with 2 transmit antennas in the Indoor A channel is 7.6 dB without fast PC (TxAA) and 8.0 dB with fast PC (TxAA or JP).
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0.0064675284

0.021568411

0.0043970681

0.020308165

0.0079476671

0.033826

0.048050914

0.034356084

0.22704839

0.020352301

0.042622163

0.0072990227

0.032979193

0.010665984

0.033826

0.057012926

0.037192623
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&F

JP,FS1

JP,FS2

PC-TxAA,FS1

PC-TxAA,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

PC-S. Tx Ant.,FS1

PC-S. Tx Ant.,FS2

User velocity  [km/h]

raw BER

0.0030848045

0.0030848045

0.0047501576

0.0047501576

0.0072257251

0.0072257251

0.02383

0.018397

0.018397

0.0043686948

0.0031407629

0.0054035309

0.0047856242

0.0077514187

0.0070964691

0.02383
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0.0081076608
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0.01019152

0.0074211854

0.02383

0.022292718

0.018893443

0.082451923

0.0066669294

0.021374527

0.0066558953

0.020703815

0.0089746217

0.02383

0.029522383

0.020401955

0.21829603

0.017309269

0.041035624

0.0090936318

0.033991961

0.011422604

0.02383

0.035940259

0.022086223



Tabelle1

		

		Phase:

				0		10		20		30		40		50

		JP		5.90E-04		6.42E-04				1.43E-03				4.96E-02

		TxAA		7.28E-03		7.10E-03				7.79E-03				9.12E-03

		Single Tx Ant.		3.12E-02		3.12E-02		3.12E-02		3.12E-02		3.12E-02		3.12E-02

		IA, K=8; 8dB; 2 taps

				0		5		10		15		20		25		30

		JP,FS1		2.11E-03		3.08E-03		1.24E-02				9.19E-02				2.28E-01

		JP,FS2		2.11E-03				2.88E-03				6.27E-03				1.78E-02

		TxAA,FS1		6.32E-03		6.24E-03		9.36E-03				2.04E-02				3.16E-02

		TxAA,FS2		6.32E-03				6.39E-03				7.82E-03				1.05E-02

		Single Tx Ant.		3.40E-02		3.40E-02		3.40E-02				3.40E-02				3.40E-02

		IA, K=8; 6dB; 2 taps

				0		5		10		15		20		25		30

		JP,FS1		7.63E-03		1.11E-02		2.91E-02				1.18E-01				2.46E-01

		JP,FS2		7.63E-03		7.67E-03		1.01E-02				1.84E-02				3.67E-02

		TxAA,FS1		1.33E-02				1.80E-02				3.34E-02				4.87E-02

		TxAA,FS2		1.33E-02				1.36E-02				1.54E-02				1.92E-02

		Single Tx Ant.		5.21E-02		5.21E-02		5.21E-02				5.21E-02				5.21E-02

		IB, K=8; 8dB; 4 taps

				0		5		10		15		20		25		30

		JP,FS1		2.14E-03		3.23E-03		1.01E-02				7.97E-02				2.19E-01

		JP,FS2		2.14E-03				2.88E-03				5.31E-03				1.41E-02

		TxAA,FS1		7.89E-03		7.61E-03		1.01E-02				2.03E-02				3.38E-02

		TxAA,FS2		7.89E-03				7.26E-03				8.63E-03				1.13E-02

		Single Tx Ant.		2.36E-02		2.36E-02		2.36E-02				2.36E-02				2.36E-02

		IA, K=8; DL 8dB, UL 6dB; 2 taps

				0		5		10		15		20		25		30

		JP,FS1		2.34E-03		3.78E-03		1.38E-02				9.24E-02				2.27E-01

		JP,FS2		2.34E-03		2.42E-03		3.62E-03				6.47E-03				2.04E-02

		PC-TxAA,FS1		2.36E-03		3.00E-03		6.20E-03				2.16E-02				4.26E-02

		PC-TxAA,FS2		2.36E-03		2.35E-03		2.82E-03				4.40E-03				7.30E-03

		TxAA,FS1		6.02E-03		6.42E-03		9.53E-03				2.03E-02				3.30E-02

		TxAA,FS2		6.02E-03		5.66E-03		6.46E-03				7.95E-03				1.07E-02

		Single Tx Ant.		3.38E-02		3.38E-02		3.38E-02				3.38E-02				3.38E-02

		PC-S. Tx Ant.,FS1		3.12E-02		3.26E-02		3.78E-02				4.81E-02				5.70E-02

		PC-S. Tx Ant.,FS2		3.12E-02		3.06E-02		3.20E-02				3.44E-02				3.72E-02

		IB, K=8; DL 8dB, UL 6dB; 4 taps

				0		5		10		15		20		25		30

		JP,FS1		3.08E-03		4.37E-03		1.21E-02				8.25E-02				2.18E-01

		JP,FS2		3.08E-03		3.14E-03		3.94E-03				6.67E-03				1.73E-02

		PC-TxAA,FS1		4.75E-03		5.40E-03		8.11E-03				2.14E-02				4.10E-02

		PC-TxAA,FS2		4.75E-03		4.79E-03		5.24E-03				6.66E-03				9.09E-03

		TxAA,FS1		7.23E-03		7.75E-03		1.02E-02				2.07E-02				3.40E-02

		TxAA,FS2		7.23E-03		7.10E-03		7.42E-03				8.97E-03				1.14E-02

		Single Tx Ant.		2.38E-02		2.38E-02		2.38E-02				2.38E-02				2.38E-02

		PC-S. Tx Ant.,FS1		1.84E-02		1.92E-02		2.23E-02				2.95E-02				3.59E-02

		PC-S. Tx Ant.,FS2		1.84E-02		1.82E-02		1.89E-02				2.04E-02				2.21E-02





resJD_ke1_ia5_long

		

				3		4		5		6		7		8		9		10		11

		JD				7.84E-02				5.27E-02				3.41E-02				2.11E-02

		JP Ke=1				1.17E-01				7.55E-02				4.40E-02				2.33E-02

		JP Ke=1, 2				1.27E-01				8.67E-02				5.55E-02				3.37E-02

		JP Ke=2				1.37E-02				4.17E-03				9.83E-04				1.99E-04

		TxAA Ke=2				2.37E-02				1.15E-02				5.15E-03				2.33E-03

		STD Ke=2				3.84E-02				2.02E-02				1.00E-02				4.69E-03

		Indoor, Ke=1:

				3		4		5		6		7		8		9		10		11		12		13

		JD,IA				7.73E-02								3.14E-02								1.10E-02

		JD,IB				6.84E-02								2.47E-02								7.67E-03

		MF,IA				1.05E-01								6.43E-02								4.41E-02

		MF,IB				1.50E-01								1.12E-01								9.25E-02

		RAKE,IA				8.65E-02								4.41E-02								2.37E-02

		RAKE,IB				8.77E-02								4.84E-02								3.00E-02

		JP,IA				1.09E-01								3.79E-02								9.13E-03

		JP,IB				9.98E-02								3.09E-02								6.17E-03

				3		4		5		6		7		8		9		10		11		12		13

		JD,IA,TH				7.91E-02								3.39E-02								1.29E-02

		JD,IB,TH				7.10E-02								2.75E-02								9.34E-03

		MF,IA,TH				1.05E-01								6.47E-02								4.46E-02

		MF,IB,TH				1.53E-01								1.15E-01								9.56E-02

		RAKE,IA,TH				8.53E-02								4.36E-02								2.38E-02

		RAKE,IB,TH				8.71E-02								4.78E-02								2.91E-02

		JP,IA,TH				1.19E-01								4.99E-02								1.84E-02

		JP,IB,TH				1.08E-01								4.06E-02								1.33E-02

				3		4		5		6		7		8		9		10		11		12		13

		JP,IA,4T,FS1,5 km/h				1.47E-01								6.84E-02								2.70E-02

		JP,IB,4T,FS1,5 km/h				1.40E-01								5.80E-02								1.82E-02

		JP,IA,4T,FS2,5 km/h				1.38E-01								5.52E-02								1.51E-02

		JP,IB,4T,FS2,5 km/h				1.31E-01								4.65E-02								9.27E-03

		JP,IA,4T,ideal				1.09E-01								3.79E-02								9.13E-03

		JP,IB,4T,ideal				9.98E-02								3.09E-02								6.17E-03

		JD,IA,4T				7.73E-02								3.14E-02								1.10E-02

		JD,IB,4T				6.84E-02								2.47E-02								7.67E-03

				3		4		5		6		7		8		9		10		11		12		13

		TxAA_MMSE,IA				3.07E-02								7.62E-03								1.66E-03

		TxAA_MMSE,IB				3.22E-02								7.49E-03								1.68E-03

		TxAA_MF,IA				3.38E-02								1.48E-02								8.52E-03

		TxAA_MF,IB				7.46E-02								4.95E-02								3.93E-02

		TxAA_RAKE,IA				3.36E-02								1.07E-02								4.14E-03

		TxAA_RAKE,IB				4.32E-02								1.82E-02								1.00E-02

		JP,IA				1.19E-02								5.90E-04								1.58E-05

		JP,IB				9.34E-03								2.88E-04								2.63E-06

		JD,IA				7.59E-02								3.12E-02								1.09E-02

				3		4		5		6		7		8		9		10		11		12		13

		STD_MMSE,IA				4.67E-02								1.32E-02								3.07E-03

		STD_MMSE,IB				4.84E-02								1.28E-02								2.89E-03

		STD_MF,IA				5.06E-02								2.39E-02								1.46E-02

		STD_MF,IB				1.01E-01								6.94E-02								5.58E-02

		STD_RAKE,IA				5.30E-02								2.01E-02								8.69E-03

		STD_RAKE,IB				6.44E-02								3.16E-02								1.95E-02

		JP,IA				1.19E-02								5.90E-04								1.58E-05

		JP,IB				9.34E-03								2.88E-04								2.63E-06

		JD,IA				7.59E-02								3.12E-02								1.09E-02

				0		5		10		15		20		25		30

		JP,FS1,IA		3.20E-03		5.74E-03		2.00E-02				1.06E-01				2.38E-01

		JP,FS2,IA		3.20E-03				4.80E-03				1.08E-02				2.75E-02

		TxAA,FS1,IA		7.85E-03		7.89E-03		1.18E-02				2.53E-02				3.92E-02

		TxAA,FS2,IA		7.85E-03				8.12E-03				9.53E-03				1.28E-02

		JP,FS1,IB		1.55E-03		3.13E-03		1.31E-02				9.04E-02				2.25E-01

		JP,FS2,IB		1.55E-03				2.59E-03				6.71E-03				1.86E-02

		Single Tx Ant.,IA		3.12E-02		3.12E-02		3.12E-02				3.12E-02				3.12E-02

		Single Tx Ant.,IB		2.47E-02		2.47E-02		2.47E-02				2.47E-02				2.47E-02

		TxAA,FS1,IB

		TxAA,FS2,IB

				0		5		10		15		20		25		30		35		40

		Single Tx Ant.,VA		7.14E-02		7.14E-02		7.14E-02				7.14E-02				7.14E-02				7.14E-02

		FS1,VA		1.70E-02		2.49E-02		5.02E-02				1.52E-01								4.85E-01

		FS2,VA		1.70E-02		1.87E-02		2.13E-02				3.31E-02								9.13E-02

		K=8

				0		5		10		15		20		25		30

		JP,FS1,IA		2.22E-03		4.31E-03		1.78E-02				1.04E-01				2.36E-01

		JP,FS2,IA		2.22E-03		2.29E-03		3.58E-03				9.51E-03				2.50E-02

		TxAA,FS1,IA		6.32E-03		6.24E-03		9.36E-03				2.04E-02				3.16E-02

		TxAA,FS2,IA		6.32E-03		5.55E-03		6.39E-03				7.82E-03				1.05E-02

		Single Tx Ant.,IA		3.12E-02		3.12E-02		3.12E-02				3.12E-02				3.12E-02

		Single Tx Ant.,IB		2.47E-02		2.47E-02		2.47E-02				2.47E-02				2.47E-02

		K=4

				0		5		10		15		20		25		30

		JP,FS1,IA		1.76E-03		4.02E-03		1.45E-02				9.49E-02				2.29E-01

		JP,FS2,IA		1.76E-03		2.13E-03		2.77E-03				7.55E-03				2.23E-02

		TxAA,FS1,IA		5.06E-03		5.80E-03		7.51E-03				1.70E-02				2.70E-02

		TxAA,FS2,IA				5.02E-03		5.19E-03				6.03E-03				8.66E-03

		Single Tx Ant.,IA		3.12E-02		3.12E-02		3.12E-02				3.12E-02				3.12E-02

		Single Tx Ant.,IB		2.47E-02		2.47E-02		2.47E-02				2.47E-02				2.47E-02
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RAKE,IA

RAKE,IB
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JP,IB

Eb/N0 per User [dB]
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0.077252128

0.068405186

0.10504118

0.14976257

0.086505951

0.087733488

0.10893265

0.099814786

0.031396792

0.024714297

0.064273329

0.11208819

0.044076096

0.048396122

0.037924614

0.030948534

0.010995626

0.0076666929

0.044132251

0.092517536

0.023674929

0.02995941

0.0091267339

0.0061682298



Diagramm7

		3		3		3		3		3		3		3		3

		4		4		4		4		4		4		4		4

		5		5		5		5		5		5		5		5

		6		6		6		6		6		6		6		6

		7		7		7		7		7		7		7		7

		8		8		8		8		8		8		8		8

		9		9		9		9		9		9		9		9

		10		10		10		10		10		10		10		10

		11		11		11		11		11		11		11		11

		12		12		12		12		12		12		12		12

		13		13		13		13		13		13		13		13



&F

TxAA_MMSE,IA

TxAA_MMSE,IB

TxAA_MF,IA

TxAA_MF,IB

TxAA_RAKE,IA
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raw BER
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STD_MMSE,IB

STD_MF,IA

STD_MF,IB

STD_RAKE,IA

STD_RAKE,IB

JP,IA

JP,IB

Eb/N0 per User [dB]

raw BER

0.046748897

0.048442098
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0.052967371
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&F

JP,FS1,IA

JP,FS2,IA

TxAA,FS1,IA

TxAA,FS2,IA

JP,FS1,IB

JP,FS2,IB

Single Tx Ant.,IA

Single Tx Ant.,IB

User velocity  [km/h]

raw BER

Indoor channels, 8 Users per slot

0.003200662

0.003200662
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0.00785
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&F

JP,FS1,IA

JP,FS2,IA

TxAA,FS1,IA

TxAA,FS2,IA

Single Tx Ant.,IA

Single Tx Ant.,IB

User velocity  [km/h]

raw BER

Indoor channels, 4 Users per slot, 8 dB

0.0017625

0.0017625

0.0050578

0.031171974

0.024714297

0.0040237

0.0021254

0.0058005

0.0050213

0.031171974

0.024714297

0.014526

0.0027727

0.0075137

0.0051865

0.031171974

0.024714297

0.094904

0.0075478

0.017039

0.0060252

0.031171974

0.024714297

0.22906

0.0223

0.026962

0.0086558

0.031171974

0.024714297



Diagramm5
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&F

JP,ohne

JP

TxAA

Single Tx Ant.

Phase difference [°]

raw BER

IndoorA channel, 8 Users per slot,  ideal UL estimation

0.0005897961

0.0005897961

0.007277798

0.031171974

0.0009891236

0.0006423392

0.0070972573

0.031171974

0.031171974

0.011148329

0.0014344262

0.0077868852

0.031171974

0.031171974

0.076919136

0.049625631

0.0091227932

0.031171974



Diagramm4
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&F

JP,FS1

JP,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

User velocity  [km/h]

raw BER

IndoorA channel, 8 Users per slot, 6 dB

0.0076339849

0.0076339849

0.013318884

0.013318884

0.05209

0.011097888

0.0076662989

0.05209

0.029132251

0.010145807

0.018016236

0.013627049

0.05209

0.11759615

0.018378783

0.033354351

0.015412989

0.05209

0.24591661

0.036696879

0.048734237

0.019200032

0.05209



Diagramm9

		0		0		0		0		0

		5		5		5		5		5

		10		10		10		10		10

		15		15		15		15		15

		20		20		20		20		20

		25		25		25		25		25

		30		30		30		30		30



&F

JP,FS1

JP,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

User velocity  [km/h]

raw BER

IndoorB channels, 8 Users per slot, 8 dB

0.0021437579

0.0021437579

0.0078869798

0.0078869798

0.02357

0.0032321879

0.0076111286

0.02357

0.010081179

0.0028775221

0.010101671

0.0072643443

0.02357

0.079720208

0.0053121059

0.020324716

0.0086309899

0.02357

0.21885876

0.014122793

0.033845366

0.011335908

0.02357



Diagramm10
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&F

JP,FS1

JP,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

User velocity  [km/h]

raw BER

IndoorA channel, 8 Users per slot, 8 dB

0.0021090794

0.0021090794

0.0063186

0.0063186

0.0340466

0.0030784994

0.006235

0.0340466

0.012362863

0.0028751576

0.0093648

0.0063895

0.0340466

0.091908102

0.0062673392

0.020435

0.0078192

0.0340466

0.22787043

0.0177593

0.031582

0.010485

0.0340466



Diagramm1
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&F

JP

TxAA

Single Tx Ant.

DF [°]

raw BER

0.0005897961

0.007277798

0.031171974

0.0006423392

0.0070972573

0.031171974

0.031171974

0.0014344262

0.0077868852

0.031171974

0.031171974

0.049625631

0.0091227932

0.031171974



Diagramm11
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&F

JP,FS1

JP,FS2

PC-TxAA,FS1

PC-TxAA,FS2

Single Tx Ant.

User velocity  [km/h]

raw BER

Indoor channels, 8 Users per slot

0.0023407945

0.0023407945

0.0023636507

0.0023636507

0.033826

0.0037846784

0.0024219735

0.0029973203

0.0023510404

0.033826

0.01377128

0.003615227

0.0062042875

0.0028247163

0.033826

0.09238966

0.0064675284

0.021568411

0.0043970681

0.033826

0.22704839

0.020352301

0.042622163

0.0072990227

0.033826



Diagramm12
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&F

JP,FS1

JP,FS2

PC-TxAA,FS1

PC-TxAA,FS2

Single Tx Ant.

User velocity  [km/h]

raw BER

Indoor channels, 8 Users per slot

0.0030848045

0.0030848045

0.0047501576

0.0047501576

0.02383

0.0043686948

0.0031407629

0.0054035309

0.0047856242

0.02383

0.012098045

0.0039367907

0.0081076608

0.0052443253

0.02383

0.082451923

0.0066669294

0.021374527

0.0066558953

0.02383

0.21829603

0.017309269

0.041035624

0.0090936318

0.02383



Diagramm13
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&F

JP,FS1

JP,FS2

PC-TxAA,FS1

PC-TxAA,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

User velocity  [km/h]

raw BER

IndoorA channel, 8 Users per slot

0.0023407945

0.0023407945

0.0023636507

0.0023636507

0.0060214376

0.0060214376

0.033826

0.0037846784

0.0024219735

0.0029973203

0.0023510404

0.0064162989

0.0056565259

0.033826

0.01377128

0.003615227

0.0062042875

0.0028247163

0.0095318411

0.0064635876

0.033826

0.09238966

0.0064675284

0.021568411

0.0043970681

0.020308165

0.0079476671

0.033826

0.22704839

0.020352301

0.042622163

0.0072990227

0.032979193

0.010665984

0.033826



Diagramm14
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&F

JP,FS1

JP,FS2

PC-TxAA,FS1

PC-TxAA,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

User velocity  [km/h]

raw BER

IndoorB channel, 8 Users per slot

0.0030848045

0.0030848045

0.0047501576

0.0047501576

0.0072257251

0.0072257251

0.02383

0.0043686948

0.0031407629

0.0054035309

0.0047856242

0.0077514187

0.0070964691

0.02383

0.012098045

0.0039367907

0.0081076608

0.0052443253

0.01019152

0.0074211854

0.02383

0.082451923

0.0066669294

0.021374527

0.0066558953

0.020703815

0.0089746217

0.02383

0.21829603

0.017309269

0.041035624

0.0090936318

0.033991961

0.011422604

0.02383



Diagramm15
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&F

JP,FS1

JP,FS2

PC-TxAA,FS1

PC-TxAA,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

PC-S. Tx Ant.,FS1

PC-S. Tx Ant.,FS2

User velocity  [km/h]

raw BER

0.0023407945

0.0023407945

0.0023636507

0.0023636507

0.0060214376

0.0060214376

0.033826

0.031187

0.031187

0.0037846784

0.0024219735

0.0029973203

0.0023510404

0.0064162989

0.0056565259

0.033826

0.032644231

0.030553279

0.01377128

0.003615227

0.0062042875

0.0028247163

0.0095318411

0.0064635876

0.033826

0.03784442

0.031982188

0.09238966

0.0064675284

0.021568411

0.0043970681

0.020308165

0.0079476671

0.033826

0.048050914

0.034356084

0.22704839

0.020352301

0.042622163

0.0072990227

0.032979193

0.010665984

0.033826

0.057012926

0.037192623



Diagramm16
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&F

JP,FS1

JP,FS2

PC-TxAA,FS1

PC-TxAA,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

PC-S. Tx Ant.,FS1

PC-S. Tx Ant.,FS2

User velocity  [km/h]

raw BER

0.0030848045

0.0030848045

0.0047501576

0.0047501576

0.0072257251

0.0072257251

0.02383

0.018397

0.018397

0.0043686948

0.0031407629

0.0054035309

0.0047856242

0.0077514187

0.0070964691

0.02383

0.019165353

0.018236917

0.012098045

0.0039367907

0.0081076608

0.0052443253

0.01019152

0.0074211854

0.02383

0.022292718

0.018893443

0.082451923

0.0066669294

0.021374527

0.0066558953

0.020703815

0.0089746217

0.02383

0.029522383

0.020401955

0.21829603

0.017309269

0.041035624

0.0090936318

0.033991961

0.011422604

0.02383

0.035940259

0.022086223



Diagramm17
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&F

Single Tx Ant.

PC-S. Tx Ant.

Eb/N0 per User [dB]

raw BER

0.013573193

0.0076962484

0.0085500736

0.003917087

0.0054421501

0.0022816835



Tabelle1

		

		Phase:

				0		10		20		30		40		50

		JP		5.90E-04		6.42E-04				1.43E-03				4.96E-02

		TxAA		7.28E-03		7.10E-03				7.79E-03				9.12E-03

		Single Tx Ant.		3.12E-02		3.12E-02		3.12E-02		3.12E-02		3.12E-02		3.12E-02

		IA, K=8; 8dB; 2 taps

				0		5		10		15		20		25		30

		JP,FS1		2.11E-03		3.08E-03		1.24E-02				9.19E-02				2.28E-01

		JP,FS2		2.11E-03				2.88E-03				6.27E-03				1.78E-02

		TxAA,FS1		6.32E-03		6.24E-03		9.36E-03				2.04E-02				3.16E-02

		TxAA,FS2		6.32E-03				6.39E-03				7.82E-03				1.05E-02

		Single Tx Ant.		3.40E-02		3.40E-02		3.40E-02				3.40E-02				3.40E-02

		IA, K=8; 6dB; 2 taps

				0		5		10		15		20		25		30

		JP,FS1		7.63E-03		1.11E-02		2.91E-02				1.18E-01				2.46E-01

		JP,FS2		7.63E-03		7.67E-03		1.01E-02				1.84E-02				3.67E-02

		TxAA,FS1		1.33E-02				1.80E-02				3.34E-02				4.87E-02

		TxAA,FS2		1.33E-02				1.36E-02				1.54E-02				1.92E-02

		Single Tx Ant.		5.21E-02		5.21E-02		5.21E-02				5.21E-02				5.21E-02

		IB, K=8; 8dB; 4 taps

				0		5		10		15		20		25		30

		JP,FS1		2.14E-03		3.23E-03		1.01E-02				7.97E-02				2.19E-01

		JP,FS2		2.14E-03				2.88E-03				5.31E-03				1.41E-02

		TxAA,FS1		7.89E-03		7.61E-03		1.01E-02				2.03E-02				3.38E-02

		TxAA,FS2		7.89E-03				7.26E-03				8.63E-03				1.13E-02

		Single Tx Ant.		2.36E-02		2.36E-02		2.36E-02				2.36E-02				2.36E-02

		IA, K=8; DL 8dB, UL 6dB; 2 taps

				0		5		10		15		20		25		30

		JP,FS1		2.34E-03		3.78E-03		1.38E-02				9.24E-02				2.27E-01

		JP,FS2		2.34E-03		2.42E-03		3.62E-03				6.47E-03				2.04E-02

		PC-TxAA,FS1		2.36E-03		3.00E-03		6.20E-03				2.16E-02				4.26E-02

		PC-TxAA,FS2		2.36E-03		2.35E-03		2.82E-03				4.40E-03				7.30E-03

		TxAA,FS1		6.02E-03		6.42E-03		9.53E-03				2.03E-02				3.30E-02

		TxAA,FS2		6.02E-03		5.66E-03		6.46E-03				7.95E-03				1.07E-02

		Single Tx Ant.		3.38E-02		3.38E-02		3.38E-02				3.38E-02				3.38E-02

		PC-S. Tx Ant.,FS1		3.12E-02		3.26E-02		3.78E-02				4.81E-02				5.70E-02

		PC-S. Tx Ant.,FS2		3.12E-02		3.06E-02		3.20E-02				3.44E-02				3.72E-02

		IB, K=8; DL 8dB, UL 6dB; 4 taps

				0		5		10		15		20		25		30

		JP,FS1		3.08E-03		4.37E-03		1.21E-02				8.25E-02				2.18E-01

		JP,FS2		3.08E-03		3.14E-03		3.94E-03				6.67E-03				1.73E-02

		PC-TxAA,FS1		4.75E-03		5.40E-03		8.11E-03				2.14E-02				4.10E-02

		PC-TxAA,FS2		4.75E-03		4.79E-03		5.24E-03				6.66E-03				9.09E-03

		TxAA,FS1		7.23E-03		7.75E-03		1.02E-02				2.07E-02				3.40E-02

		TxAA,FS2		7.23E-03		7.10E-03		7.42E-03				8.97E-03				1.14E-02

		Single Tx Ant.		2.38E-02		2.38E-02		2.38E-02				2.38E-02				2.38E-02

		PC-S. Tx Ant.,FS1		1.84E-02		1.92E-02		2.23E-02				2.95E-02				3.59E-02

		PC-S. Tx Ant.,FS2		1.84E-02		1.82E-02		1.89E-02				2.04E-02				2.21E-02

				11		12		13		14		15		16		17

		Single Tx Ant.				1.36E-02				8.55E-03				5.44E-03

		PC-S. Tx Ant.				7.70E-03				3.92E-03				2.28E-03





resJD_ke1_ia5_long

		

				3		4		5		6		7		8		9		10		11

		JD				7.84E-02				5.27E-02				3.41E-02				2.11E-02

		JP Ke=1				1.17E-01				7.55E-02				4.40E-02				2.33E-02

		JP Ke=1, 2				1.27E-01				8.67E-02				5.55E-02				3.37E-02

		JP Ke=2				1.37E-02				4.17E-03				9.83E-04				1.99E-04

		TxAA Ke=2				2.37E-02				1.15E-02				5.15E-03				2.33E-03

		STD Ke=2				3.84E-02				2.02E-02				1.00E-02				4.69E-03

		Indoor, Ke=1:

				3		4		5		6		7		8		9		10		11		12		13

		JD,IA				7.73E-02								3.14E-02								1.10E-02

		JD,IB				6.84E-02								2.47E-02								7.67E-03

		MF,IA				1.05E-01								6.43E-02								4.41E-02

		MF,IB				1.50E-01								1.12E-01								9.25E-02

		RAKE,IA				8.65E-02								4.41E-02								2.37E-02

		RAKE,IB				8.77E-02								4.84E-02								3.00E-02

		JP,IA				1.09E-01								3.79E-02								9.13E-03

		JP,IB				9.98E-02								3.09E-02								6.17E-03

				3		4		5		6		7		8		9		10		11		12		13

		JD,IA,TH				7.91E-02								3.39E-02								1.29E-02

		JD,IB,TH				7.10E-02								2.75E-02								9.34E-03

		MF,IA,TH				1.05E-01								6.47E-02								4.46E-02

		MF,IB,TH				1.53E-01								1.15E-01								9.56E-02

		RAKE,IA,TH				8.53E-02								4.36E-02								2.38E-02

		RAKE,IB,TH				8.71E-02								4.78E-02								2.91E-02

		JP,IA,TH				1.19E-01								4.99E-02								1.84E-02

		JP,IB,TH				1.08E-01								4.06E-02								1.33E-02

				3		4		5		6		7		8		9		10		11		12		13

		JP,IA,4T,FS1,5 km/h				1.47E-01								6.84E-02								2.70E-02

		JP,IB,4T,FS1,5 km/h				1.40E-01								5.80E-02								1.82E-02

		JP,IA,4T,FS2,5 km/h				1.38E-01								5.52E-02								1.51E-02

		JP,IB,4T,FS2,5 km/h				1.31E-01								4.65E-02								9.27E-03
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		Single Tx Ant.,IB		2.47E-02		2.47E-02		2.47E-02				2.47E-02				2.47E-02

		K=4

				0		5		10		15		20		25		30

		JP,FS1,IA		1.76E-03		4.02E-03		1.45E-02				9.49E-02				2.29E-01

		JP,FS2,IA		1.76E-03		2.13E-03		2.77E-03				7.55E-03				2.23E-02

		TxAA,FS1,IA		5.06E-03		5.80E-03		7.51E-03				1.70E-02				2.70E-02

		TxAA,FS2,IA				5.02E-03		5.19E-03				6.03E-03				8.66E-03
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		25		25		25		25		25		25		25		25		25

		30		30		30		30		30		30		30		30		30



&F

JP,FS1

JP,FS2

PC-TxAA,FS1

PC-TxAA,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

PC-S. Tx Ant.,FS1

PC-S. Tx Ant.,FS2

User velocity  [km/h]

raw BER

0.0023407945

0.0023407945

0.0023636507

0.0023636507

0.0060214376

0.0060214376

0.033826

0.031187

0.031187

0.0037846784

0.0024219735

0.0029973203

0.0023510404

0.0064162989

0.0056565259

0.033826

0.032644231

0.030553279

0.01377128

0.003615227

0.0062042875

0.0028247163

0.0095318411

0.0064635876

0.033826

0.03784442

0.031982188

0.09238966

0.0064675284

0.021568411

0.0043970681

0.020308165

0.0079476671

0.033826

0.048050914

0.034356084

0.22704839

0.020352301

0.042622163

0.0072990227

0.032979193

0.010665984

0.033826

0.057012926

0.037192623



Diagramm16

		0		0		0		0		0		0		0		0		0

		5		5		5		5		5		5		5		5		5

		10		10		10		10		10		10		10		10		10

		15		15		15		15		15		15		15		15		15

		20		20		20		20		20		20		20		20		20

		25		25		25		25		25		25		25		25		25

		30		30		30		30		30		30		30		30		30



&F

JP,FS1

JP,FS2

PC-TxAA,FS1

PC-TxAA,FS2

TxAA,FS1

TxAA,FS2

Single Tx Ant.

PC-S. Tx Ant.,FS1

PC-S. Tx Ant.,FS2

User velocity  [km/h]

raw BER

Indoor channels, 8 Users per slot

0.0030848045

0.0030848045

0.0047501576

0.0047501576

0.0072257251

0.0072257251

0.02383

0.018397

0.018397

0.0043686948

0.0031407629

0.0054035309

0.0047856242

0.0077514187

0.0070964691

0.02383

0.019165353

0.018236917

0.012098045

0.0039367907

0.0081076608

0.0052443253

0.01019152

0.0074211854

0.02383

0.022292718

0.018893443

0.082451923

0.0066669294

0.021374527

0.0066558953

0.020703815

0.0089746217

0.02383

0.029522383

0.020401955

0.21829603

0.017309269

0.041035624

0.0090936318

0.033991961

0.011422604

0.02383

0.035940259

0.022086223



Tabelle1

		

		Phase:

				0		10		20		30		40		50

		JP		5.90E-04		6.42E-04				1.43E-03				4.96E-02

		TxAA		7.28E-03		7.10E-03				7.79E-03				9.12E-03

		Single Tx Ant.		3.12E-02		3.12E-02		3.12E-02		3.12E-02		3.12E-02		3.12E-02

		IA, K=8; 8dB; 2 taps

				0		5		10		15		20		25		30

		JP,FS1		2.11E-03		3.08E-03		1.24E-02				9.19E-02				2.28E-01

		JP,FS2		2.11E-03				2.88E-03				6.27E-03				1.78E-02

		TxAA,FS1		6.32E-03		6.24E-03		9.36E-03				2.04E-02				3.16E-02

		TxAA,FS2		6.32E-03				6.39E-03				7.82E-03				1.05E-02

		Single Tx Ant.		3.40E-02		3.40E-02		3.40E-02				3.40E-02				3.40E-02

		IA, K=8; 6dB; 2 taps

				0		5		10		15		20		25		30

		JP,FS1		7.63E-03		1.11E-02		2.91E-02				1.18E-01				2.46E-01

		JP,FS2		7.63E-03		7.67E-03		1.01E-02				1.84E-02				3.67E-02

		TxAA,FS1		1.33E-02				1.80E-02				3.34E-02				4.87E-02

		TxAA,FS2		1.33E-02				1.36E-02				1.54E-02				1.92E-02

		Single Tx Ant.		5.21E-02		5.21E-02		5.21E-02				5.21E-02				5.21E-02

		IB, K=8; 8dB; 4 taps

				0		5		10		15		20		25		30

		JP,FS1		2.14E-03		3.23E-03		1.01E-02				7.97E-02				2.19E-01

		JP,FS2		2.14E-03				2.88E-03				5.31E-03				1.41E-02

		TxAA,FS1		7.89E-03		7.61E-03		1.01E-02				2.03E-02				3.38E-02

		TxAA,FS2		7.89E-03				7.26E-03				8.63E-03				1.13E-02

		Single Tx Ant.		2.36E-02		2.36E-02		2.36E-02				2.36E-02				2.36E-02

		IA, K=8; DL 8dB, UL 6dB; 2 taps

				0		5		10		15		20		25		30

		JP,FS1		2.34E-03		3.78E-03		1.38E-02				9.24E-02				2.27E-01

		JP,FS2		2.34E-03		2.42E-03		3.62E-03				6.47E-03				2.04E-02

		PC-TxAA,FS1		2.36E-03		3.00E-03		6.20E-03				2.16E-02				4.26E-02

		PC-TxAA,FS2		2.36E-03		2.35E-03		2.82E-03				4.40E-03				7.30E-03

		TxAA,FS1		6.02E-03		6.42E-03		9.53E-03				2.03E-02				3.30E-02

		TxAA,FS2		6.02E-03		5.66E-03		6.46E-03				7.95E-03				1.07E-02

		Single Tx Ant.		3.38E-02		3.38E-02		3.38E-02				3.38E-02				3.38E-02

		PC-S. Tx Ant.,FS1		3.12E-02		3.26E-02		3.78E-02				4.81E-02				5.70E-02

		PC-S. Tx Ant.,FS2		3.12E-02		3.06E-02		3.20E-02				3.44E-02				3.72E-02

		IB, K=8; DL 8dB, UL 6dB; 4 taps

				0		5		10		15		20		25		30

		JP,FS1		3.08E-03		4.37E-03		1.21E-02				8.25E-02				2.18E-01

		JP,FS2		3.08E-03		3.14E-03		3.94E-03				6.67E-03				1.73E-02

		PC-TxAA,FS1		4.75E-03		5.40E-03		8.11E-03				2.14E-02				4.10E-02

		PC-TxAA,FS2		4.75E-03		4.79E-03		5.24E-03				6.66E-03				9.09E-03

		TxAA,FS1		7.23E-03		7.75E-03		1.02E-02				2.07E-02				3.40E-02

		TxAA,FS2		7.23E-03		7.10E-03		7.42E-03				8.97E-03				1.14E-02

		Single Tx Ant.		2.38E-02		2.38E-02		2.38E-02				2.38E-02				2.38E-02

		PC-S. Tx Ant.,FS1		1.84E-02		1.92E-02		2.23E-02				2.95E-02				3.59E-02

		PC-S. Tx Ant.,FS2		1.84E-02		1.82E-02		1.89E-02				2.04E-02				2.21E-02





resJD_ke1_ia5_long

		

				3		4		5		6		7		8		9		10		11

		JD				7.84E-02				5.27E-02				3.41E-02				2.11E-02

		JP Ke=1				1.17E-01				7.55E-02				4.40E-02				2.33E-02

		JP Ke=1, 2				1.27E-01				8.67E-02				5.55E-02				3.37E-02

		JP Ke=2				1.37E-02				4.17E-03				9.83E-04				1.99E-04

		TxAA Ke=2				2.37E-02				1.15E-02				5.15E-03				2.33E-03

		STD Ke=2				3.84E-02				2.02E-02				1.00E-02				4.69E-03

		Indoor, Ke=1:

				3		4		5		6		7		8		9		10		11		12		13

		JD,IA				7.73E-02								3.14E-02								1.10E-02

		JD,IB				6.84E-02								2.47E-02								7.67E-03

		MF,IA				1.05E-01								6.43E-02								4.41E-02

		MF,IB				1.50E-01								1.12E-01								9.25E-02

		RAKE,IA				8.65E-02								4.41E-02								2.37E-02

		RAKE,IB				8.77E-02								4.84E-02								3.00E-02

		JP,IA				1.09E-01								3.79E-02								9.13E-03

		JP,IB				9.98E-02								3.09E-02								6.17E-03

				3		4		5		6		7		8		9		10		11		12		13

		JD,IA,TH				7.91E-02								3.39E-02								1.29E-02

		JD,IB,TH				7.10E-02								2.75E-02								9.34E-03

		MF,IA,TH				1.05E-01								6.47E-02								4.46E-02

		MF,IB,TH				1.53E-01								1.15E-01								9.56E-02

		RAKE,IA,TH				8.53E-02								4.36E-02								2.38E-02

		RAKE,IB,TH				8.71E-02								4.78E-02								2.91E-02

		JP,IA,TH				1.19E-01								4.99E-02								1.84E-02

		JP,IB,TH				1.08E-01								4.06E-02								1.33E-02

				3		4		5		6		7		8		9		10		11		12		13

		JP,IA,4T,FS1,5 km/h				1.47E-01								6.84E-02								2.70E-02

		JP,IB,4T,FS1,5 km/h				1.40E-01								5.80E-02								1.82E-02

		JP,IA,4T,FS2,5 km/h				1.38E-01								5.52E-02								1.51E-02

		JP,IB,4T,FS2,5 km/h				1.31E-01								4.65E-02								9.27E-03

		JP,IA,4T,ideal				1.09E-01								3.79E-02								9.13E-03

		JP,IB,4T,ideal				9.98E-02								3.09E-02								6.17E-03

		JD,IA,4T				7.73E-02								3.14E-02								1.10E-02

		JD,IB,4T				6.84E-02								2.47E-02								7.67E-03

				3		4		5		6		7		8		9		10		11		12		13

		TxAA_MMSE,IA				3.07E-02								7.62E-03								1.66E-03

		TxAA_MMSE,IB				3.22E-02								7.49E-03								1.68E-03

		TxAA_MF,IA				3.38E-02								1.48E-02								8.52E-03

		TxAA_MF,IB				7.46E-02								4.95E-02								3.93E-02

		TxAA_RAKE,IA				3.36E-02								1.07E-02								4.14E-03

		TxAA_RAKE,IB				4.32E-02								1.82E-02								1.00E-02

		JP,IA				1.19E-02								5.90E-04								1.58E-05

		JP,IB				9.34E-03								2.88E-04								2.63E-06

		JD,IA				7.59E-02								3.12E-02								1.09E-02

				3		4		5		6		7		8		9		10		11		12		13

		STD_MMSE,IA				4.67E-02								1.32E-02								3.07E-03

		STD_MMSE,IB				4.84E-02								1.28E-02								2.89E-03

		STD_MF,IA				5.06E-02								2.39E-02								1.46E-02

		STD_MF,IB				1.01E-01								6.94E-02								5.58E-02

		STD_RAKE,IA				5.30E-02								2.01E-02								8.69E-03

		STD_RAKE,IB				6.44E-02								3.16E-02								1.95E-02

		JP,IA				1.19E-02								5.90E-04								1.58E-05

		JP,IB				9.34E-03								2.88E-04								2.63E-06

		JD,IA				7.59E-02								3.12E-02								1.09E-02

				0		5		10		15		20		25		30

		JP,FS1,IA		3.20E-03		5.74E-03		2.00E-02				1.06E-01				2.38E-01

		JP,FS2,IA		3.20E-03				4.80E-03				1.08E-02				2.75E-02

		TxAA,FS1,IA		7.85E-03		7.89E-03		1.18E-02				2.53E-02				3.92E-02

		TxAA,FS2,IA		7.85E-03				8.12E-03				9.53E-03				1.28E-02

		JP,FS1,IB		1.55E-03		3.13E-03		1.31E-02				9.04E-02				2.25E-01

		JP,FS2,IB		1.55E-03				2.59E-03				6.71E-03				1.86E-02

		Single Tx Ant.,IA		3.12E-02		3.12E-02		3.12E-02				3.12E-02				3.12E-02

		Single Tx Ant.,IB		2.47E-02		2.47E-02		2.47E-02				2.47E-02				2.47E-02

		TxAA,FS1,IB

		TxAA,FS2,IB

				0		5		10		15		20		25		30		35		40

		Single Tx Ant.,VA		7.14E-02		7.14E-02		7.14E-02				7.14E-02				7.14E-02				7.14E-02

		FS1,VA		1.70E-02		2.49E-02		5.02E-02				1.52E-01								4.85E-01

		FS2,VA		1.70E-02		1.87E-02		2.13E-02				3.31E-02								9.13E-02

		K=8

				0		5		10		15		20		25		30

		JP,FS1,IA		2.22E-03		4.31E-03		1.78E-02				1.04E-01				2.36E-01

		JP,FS2,IA		2.22E-03		2.29E-03		3.58E-03				9.51E-03				2.50E-02

		TxAA,FS1,IA		6.32E-03		6.24E-03		9.36E-03				2.04E-02				3.16E-02

		TxAA,FS2,IA		6.32E-03		5.55E-03		6.39E-03				7.82E-03				1.05E-02

		Single Tx Ant.,IA		3.12E-02		3.12E-02		3.12E-02				3.12E-02				3.12E-02

		Single Tx Ant.,IB		2.47E-02		2.47E-02		2.47E-02				2.47E-02				2.47E-02

		K=4

				0		5		10		15		20		25		30

		JP,FS1,IA		1.76E-03		4.02E-03		1.45E-02				9.49E-02				2.29E-01

		JP,FS2,IA		1.76E-03		2.13E-03		2.77E-03				7.55E-03				2.23E-02

		TxAA,FS1,IA		5.06E-03		5.80E-03		7.51E-03				1.70E-02				2.70E-02

		TxAA,FS2,IA				5.02E-03		5.19E-03				6.03E-03				8.66E-03

		Single Tx Ant.,IA		3.12E-02		3.12E-02		3.12E-02				3.12E-02				3.12E-02

		Single Tx Ant.,IB		2.47E-02		2.47E-02		2.47E-02				2.47E-02				2.47E-02
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