
A Simple Sub-Optimal Combining System for Multiple Antenna Arrays

 The HVAC channel has some degree of frequency selectivity. The peak-to-peak variation in the channel response can be as high as 35 dB in realistic environments (like NREC HVAC network).  Multiple antenna arrays are being used to flatten the channel response and provide a reliable channel. In this report, we discuss a simple circuit that allows to combine the channel responses from different antennas and to provide a relatively flat channel (i.e. reduce peak-to-peak variation across the channel response). We can use simple transmission lines (i.e. microstrip lines) to introduce phase shift. Fig. 1 shows the schematic diagram of the concept. Each antenna is passed through different transmission lines (L1, L2, L3, L4) that correspond to different phase shifts (0, 
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). The optimum path is found in Matlab. The channel responses passing through different transmission lines are added to form the final flat channel.
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Fig.1: Schematic circuit diagram of sub-optimal combining system

Theory

The transmission line causes a phase shift given by:
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is the propagation constant in the medium, and L is the path length of the transmission line (e.g. a microstrip line).
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where vp is the speed of the wave in the material. Vp depends on the dielectric constant of the medium.
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where 
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 is the relative dielectric constant of the medium (typical value is 2.2).

The phase values (0, 
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) are computed for fc=2.45 GHz, and the corresponding transmission line lengths are 0, 2, 4, 6 cm. The phase values are not constant across 100 MHz band. They have some variations. Fig. 2 shows the variation of phase values across the channel. The phase shift is adjusted to be 
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 at 2.45 GHz. The phase change across 100 MHz band is less than 3.6 degrees.
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Fig 2. Phase change as a function of frequency

Results:

Fig. 3 shows one example of the above method. There are three receive antennas, and we have three separate sub-channels. Each one of these passes through different transmission lines (4 options) and they’re added. The black curve shows the optimum channel.
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Figure 3: Multiple antennas && sub-optimum combining with system shown in Fig. 1

The system is tried with different channel combinations (3 receive antennas are used in all cases.). Fig. 4,5,6,7 show some statistical information about the results. Table I gives the summary of the results.

	
	2.4-2.425 GHz
	2.425-2.45 GHz
	2.450-2.475 GHz
	2.475-2.5 GHz

	Single receive antenna
	19 dB
	31.7 dB
	22.87 dB
	16.3 dB

	3 receive antennas summed uniformly
	26 dB
	30.6 dB
	22 dB
	17.9 dB

	3 receive antennas summed with Complex Coeff.
	11.5 dB
	15.7 dB
	9.9 dB
	8.5 dB


Table I. Peak-to-peak variations (dB) for different scenarios.
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Figure 4:  Peak-to-peak variation (dB) for different trials for the first band ( 2.4-2.425 GHz)
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Figure 5:  Peak-to-peak variation (dB) for different trials for the second band ( 2.425-2.450 GHz)
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Figure 6:  Peak-to-peak variation (dB) for different trials for the third band ( 2.450-2.475 GHz)
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Figure 6:  Peak-to-peak variation (dB) for different trials for the fourth band ( 2.475-2.500 GHz)

Comparison with Optimum Combining techniques

The following figures compares optimum combining method (with the help of I/Q modulators or DSP board) with the sub-optimal combining technique (with microstrip lines).

Optimal combining uses much more points to evaluate the best coefficients while suboptimal one uses only 4 values to find the correct coefficient for each channel.

Figure 7: Optimal & Sub-optimal combining: possible complex coefficients
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H_final= c1*H1+c2*H2+c3*H3

In the optimal combining technique, one has 49 possible points for c1, c2, and c3. The algorithm finds the coefficients that give the minimum peak-to-peak variation.

In the sub-optimal combining technique, there are 4 possible values for c1, c2 and c3. We find the minimum peak-to-peak variation. 

Figure 8,9,10,11 show some comparisons between these two techniques.

Figure 8 and 9 show the results for the same set of channels with two techniques (one with optimal, one with sub-optimal technique)

The average peak-to-peak variations are 8.9 dB for the sub-optimal combining technique and 7.4 dB for the optimal combining technique. This corresponds to 17% decrease in the peak-to-peak variation.

As for the other example (Fig. 10, 11), the optimal combining technique provides 10% improvement over sub-optimal method. (12.6 dB for optimal one, 13.9 dB for sub-optimal case).

Bottomline: With optimal combining technique, one can play with the precision of the complex-coefficients and adjust the flatness of the channel response. This is a complicated system (in terms of finding correct coefficients and applying them with I/Q modulators or dsp chips). On the other hand, sub-optimal combining technique is relatively easy to implement (just microstrip lines and a switch) and provide good flatness across the channel.
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Figure 10
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Figure 11
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				DR2		32.7491		26.7782		26.4826		15.1563
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Average Values= 20.4 dB, 13.2 dB, 15.4 dB
Sum=17.9 dB
Complex coeff= 8.5 dB
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Sum=22 dB
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				DR2		15.7395		55.571		33.4264		43.3885																								12		93		16.7834		32.1675		14.0426		17.1653				14.0204		27.3058		31.7844		8.4672				24.9307		27.8205		12.5849		17.7573				38.4298		22.8705		33.179		19.3098				17.4466		10.5884		11.5785		7.0673

				DR3		14.0204		27.3058		31.7844		8.4672																7.3785		26.3147		7.0645		7.0358		13		100		14.0204		27.3058		31.7844		8.4672				26.9458		24.0325		10.5921		9.5621				27.0442		35.6209		15.679		11.5526				38.2117		15.6548		40.1421		11.3814				9.628		15.6548		8.5638		6.3461

				DRs		27.0442		35.6209		15.679		11.5526																								14		107		14.0204		27.3058		31.7844		8.4672				10.9473		23.1308		41.3837		15.6936				24.9307		27.8205		12.5849		17.7573				18.4515		40.2852		16.508		15.0466				8.7516		17.6522		10.5548		5.9066

				-------------------------------------------		20.2518		36.3547		15.1909		7.9115																15.7395		55.571		33.4264		43.3885		15		114		14.0204		27.3058		31.7844		8.4672				6.5632		35.7365		31.6579		11.2413				24.9307		27.8205		12.5849		17.7573				37.6953		26.2496		10.4968		24.3967				7.0336		13.4455		8.4813		6.0473

				DRf																								16.7834		32.1675		14.0426		17.1653		16		121		6.5632		35.7365		31.6579		11.2413				26.9458		24.0325		10.5921		9.5621				24.9307		27.8205		12.5849		17.7573				32.0979		43.5928		11.2288		20.5689				6.7911		11.223		9.6137		8.0669

				%%%%%%%%%%%%%%%%%%%%%%		8.4839		17.0679		12.0823		5.787																10.9473		23.1308		41.3837		15.6936		17		128		6.5632		35.7365		31.6579		11.2413				10.9473		23.1308		41.3837		15.6936				24.9307		27.8205		12.5849		17.7573				16.0792		32.5606		26.2794		13.5336				8.0762		12.2262		13.6296		9.0898

				DR1																								27.2502		31.0493		13.2721		22.0616		18		135		26.9458		24.0325		10.5921		9.5621				10.9473		23.1308		41.3837		15.6936				27.0442		35.6209		15.679		11.5526				37.8015		33.1495		11.7115		19.1764				8.6996		15.1064		9.552		6.9439

				DR2		15.7395		55.571		33.4264		43.3885																								19		142		26.9458		24.0325		10.5921		9.5621				27.0442		35.6209		15.679		11.5526				24.9307		27.8205		12.5849		17.7573				17.5685		29.494		11.8996		12.1818				16.5195		15.4636		8.3279		6.2377

				DR3		6.5632		35.7365		31.6579		11.2413																8.5041		24.4802		8.3095		12.641		20		149		10.9473		23.1308		41.3837		15.6936				27.0442		35.6209		15.679		11.5526				24.9307		27.8205		12.5849		17.7573				36.7121		18.4895		16.5168		21.3653				12.0097		9.2668		8.6524		9.8768

				DRs		24.9307		27.8205		12.5849		17.7573																								21		156		10.9473		23.1308		41.3837		15.6936				27.0442		35.6209		15.679		11.5526				24.9307		27.8205		12.5849		17.7573				36.7121		18.4895		16.5168		21.3653				12.0097		9.2668		8.6524		12.0841

				-------------------------------------------		12.4734		37.009		25.5544		15.9934																15.7395		55.571		33.4264		43.3885

				DRf																								14.0204		27.3058		31.7844		8.4672						18.6199		34.7232047619		27.5148		20.3552				16.6558619048		30.1249619048		24.792952381		13.3066095238				21.9649095238		30.1920047619		17.9502238095		15.4346857143				26.5785761905		29.8043380952		21.8486714286		17.9657095238				10.4515190476		15.7566952381		9.8716857143		8.4783619048

				%%%%%%%%%%%%%%%%%%%%%%		9.5454		13.1728		11.6439		13.4962																27.0442		35.6209		15.679		11.5526

				DR1																								20.2518		36.3547		15.1909		7.9115

				DR2		32.7491		26.7782		26.4826		15.1563

				DR3		16.7834		32.1675		14.0426		17.1653																8.4839		17.0679		12.0823		5.787

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		16.248		21.9509		23.4908		17.5666																15.7395		55.571		33.4264		43.3885

				DRf																								6.5632		35.7365		31.6579		11.2413

				%%%%%%%%%%%%%%%%%%%%%%		15.1008		14.7159		8.1941		11.9846																24.9307		27.8205		12.5849		17.7573

				DR1																								12.4734		37.009		25.5544		15.9934

				DR2		32.7491		26.7782		26.4826		15.1563

				DR3		16.7834		32.1675		14.0426		17.1653																9.5454		13.1728		11.6439		13.4962

				DRs		6.5632		35.7365		31.6579		11.2413

				-------------------------------------------		20.75		43.9128		24.71		13.7328																32.7491		26.7782		26.4826		15.1563

				DRf																								16.7834		32.1675		14.0426		17.1653

				%%%%%%%%%%%%%%%%%%%%%%		8.2209		19.1206		9.9076		7.0853																24.9307		27.8205		12.5849		17.7573

				DR1																								16.248		21.9509		23.4908		17.5666

				DR2		32.7491		26.7782		26.4826		15.1563

				DR3		16.7834		32.1675		14.0426		17.1653																15.1008		14.7159		8.1941		11.9846

				DRs		27.0442		35.6209		15.679		11.5526

				-------------------------------------------		46.2642		32.0097		19.1564		22.1803																32.7491		26.7782		26.4826		15.1563

				DRf																								16.7834		32.1675		14.0426		17.1653

				%%%%%%%%%%%%%%%%%%%%%%		15.1192		21.3941		8.2792		10.5803																6.5632		35.7365		31.6579		11.2413

				DR1																								20.75		43.9128		24.71		13.7328

				DR2		32.7491		26.7782		26.4826		15.1563

				DR3		6.5632		35.7365		31.6579		11.2413																8.2209		19.1206		9.9076		7.0853

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		12.6191		15.1559		29.2126		7.6636																32.7491		26.7782		26.4826		15.1563

				DRf																								16.7834		32.1675		14.0426		17.1653

				%%%%%%%%%%%%%%%%%%%%%%		7.6298		15.1559		13.6462		7.6636																27.0442		35.6209		15.679		11.5526

				DR1																								46.2642		32.0097		19.1564		22.1803

				DR2		16.7834		32.1675		14.0426		17.1653

				DR3		6.5632		35.7365		31.6579		11.2413																15.1192		21.3941		8.2792		10.5803

				DRs		10.9473		23.1308		41.3837		15.6936

				-------------------------------------------		16.9543		33.8688		39.2603		14.0518																32.7491		26.7782		26.4826		15.1563

				DRf																								6.5632		35.7365		31.6579		11.2413

				%%%%%%%%%%%%%%%%%%%%%%		6.4412		22.0694		9.7424		6.2053																24.9307		27.8205		12.5849		17.7573

				DR1																								12.6191		15.1559		29.2126		7.6636

				DR2		16.7834		32.1675		14.0426		17.1653

				DR3		10.9473		23.1308		41.3837		15.6936																7.6298		15.1559		13.6462		7.6636

				DRs		27.0442		35.6209		15.679		11.5526

				-------------------------------------------		27.0662		17.7932		22.5561		22.1489																16.7834		32.1675		14.0426		17.1653

				DRf																								6.5632		35.7365		31.6579		11.2413

				%%%%%%%%%%%%%%%%%%%%%%		12.2743		9.4561		12.0008		9.9218																10.9473		23.1308		41.3837		15.6936

				DR1																								16.9543		33.8688		39.2603		14.0518

				DR2		16.7834		32.1675		14.0426		17.1653

				DR3		14.0204		27.3058		31.7844		8.4672																6.4412		22.0694		9.7424		6.2053

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		38.4298		22.8705		33.179		19.3098																16.7834		32.1675		14.0426		17.1653

				DRf																								10.9473		23.1308		41.3837		15.6936

				%%%%%%%%%%%%%%%%%%%%%%		17.4466		10.5884		11.5785		7.0673																27.0442		35.6209		15.679		11.5526

				DR1																								27.0662		17.7932		22.5561		22.1489

				DR2		14.0204		27.3058		31.7844		8.4672

				DR3		26.9458		24.0325		10.5921		9.5621																12.2743		9.4561		12.0008		9.9218

				DRs		27.0442		35.6209		15.679		11.5526

				-------------------------------------------		38.2117		15.6548		40.1421		11.3814																16.7834		32.1675		14.0426		17.1653

				DRf																								14.0204		27.3058		31.7844		8.4672

				%%%%%%%%%%%%%%%%%%%%%%		9.628		15.6548		8.5638		6.3461																24.9307		27.8205		12.5849		17.7573

				DR1																								38.4298		22.8705		33.179		19.3098

				DR2		14.0204		27.3058		31.7844		8.4672

				DR3		10.9473		23.1308		41.3837		15.6936																17.4466		10.5884		11.5785		7.0673

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		18.4515		40.2852		16.508		15.0466																14.0204		27.3058		31.7844		8.4672

				DRf																								26.9458		24.0325		10.5921		9.5621

				%%%%%%%%%%%%%%%%%%%%%%		8.7516		17.6522		10.5548		5.9066																27.0442		35.6209		15.679		11.5526

				DR1																								38.2117		15.6548		40.1421		11.3814

				DR2		14.0204		27.3058		31.7844		8.4672

				DR3		6.5632		35.7365		31.6579		11.2413																9.628		15.6548		8.5638		6.3461

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		37.6953		26.2496		10.4968		24.3967																14.0204		27.3058		31.7844		8.4672

				DRf																								10.9473		23.1308		41.3837		15.6936

				%%%%%%%%%%%%%%%%%%%%%%		7.0336		13.4455		8.4813		6.0473																24.9307		27.8205		12.5849		17.7573

				DR1																								18.4515		40.2852		16.508		15.0466

				DR2		6.5632		35.7365		31.6579		11.2413

				DR3		26.9458		24.0325		10.5921		9.5621																8.7516		17.6522		10.5548		5.9066

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		32.0979		43.5928		11.2288		20.5689																14.0204		27.3058		31.7844		8.4672

				DRf																								6.5632		35.7365		31.6579		11.2413

				%%%%%%%%%%%%%%%%%%%%%%		6.7911		11.223		9.6137		8.0669																24.9307		27.8205		12.5849		17.7573

				DR1																								37.6953		26.2496		10.4968		24.3967

				DR2		6.5632		35.7365		31.6579		11.2413

				DR3		10.9473		23.1308		41.3837		15.6936																7.0336		13.4455		8.4813		6.0473

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		16.0792		32.5606		26.2794		13.5336																6.5632		35.7365		31.6579		11.2413

				DRf																								26.9458		24.0325		10.5921		9.5621

				%%%%%%%%%%%%%%%%%%%%%%		8.0762		12.2262		13.6296		9.0898																24.9307		27.8205		12.5849		17.7573

				DR1																								32.0979		43.5928		11.2288		20.5689

				DR2		26.9458		24.0325		10.5921		9.5621

				DR3		10.9473		23.1308		41.3837		15.6936																6.7911		11.223		9.6137		8.0669

				DRs		27.0442		35.6209		15.679		11.5526

				-------------------------------------------		37.8015		33.1495		11.7115		19.1764																6.5632		35.7365		31.6579		11.2413

				DRf																								10.9473		23.1308		41.3837		15.6936

				%%%%%%%%%%%%%%%%%%%%%%		8.6996		15.1064		9.552		6.9439																24.9307		27.8205		12.5849		17.7573

				DR1																								16.0792		32.5606		26.2794		13.5336

				DR2		26.9458		24.0325		10.5921		9.5621

				DR3		27.0442		35.6209		15.679		11.5526																8.0762		12.2262		13.6296		9.0898

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		17.5685		29.494		11.8996		12.1818																26.9458		24.0325		10.5921		9.5621

				DRf																								10.9473		23.1308		41.3837		15.6936

				%%%%%%%%%%%%%%%%%%%%%%		16.5195		15.4636		8.3279		6.2377																27.0442		35.6209		15.679		11.5526

				DR1																								37.8015		33.1495		11.7115		19.1764

				DR2		10.9473		23.1308		41.3837		15.6936

				DR3		27.0442		35.6209		15.679		11.5526																8.6996		15.1064		9.552		6.9439

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		36.7121		18.4895		16.5168		21.3653																26.9458		24.0325		10.5921		9.5621

				DRf																								27.0442		35.6209		15.679		11.5526

				%%%%%%%%%%%%%%%%%%%%%%		12.0097		9.2668		8.6524		9.8768																24.9307		27.8205		12.5849		17.7573
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Average Values: 18.9 dB, 16.7 dB,21.9 dB
Sumof channel responses: 26 dB
Complex coeff: 11.5 dB
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Average Values: 35.2 dB, 29.6 dB, 30.2 dB
Sum=30.6 dB
Complex coeff:15.7 dB
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Average Values: 26.2 dB, 24.5 dB, 17.9 dB
Sum=22 dB
Complex coeff:9.9 dB
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Average Values= 20.4 dB, 13.2 dB, 15.4 dB
Sum=17.9 dB
Complex coeff= 8.5 dB
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Average Values: 35.2 dB, 29.6 dB, 30.2 dB
Sum=30.6 dB
Complex coeff:15.7 dB
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				DR1																								12.6191		15.1559		29.2126		7.6636

				DR2		16.7834		32.1675		14.0426		17.1653

				DR3		10.9473		23.1308		41.3837		15.6936																7.6298		15.1559		13.6462		7.6636

				DRs		27.0442		35.6209		15.679		11.5526

				-------------------------------------------		27.0662		17.7932		22.5561		22.1489																16.7834		32.1675		14.0426		17.1653

				DRf																								6.5632		35.7365		31.6579		11.2413

				%%%%%%%%%%%%%%%%%%%%%%		12.2743		9.4561		12.0008		9.9218																10.9473		23.1308		41.3837		15.6936

				DR1																								16.9543		33.8688		39.2603		14.0518

				DR2		16.7834		32.1675		14.0426		17.1653

				DR3		14.0204		27.3058		31.7844		8.4672																6.4412		22.0694		9.7424		6.2053

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		38.4298		22.8705		33.179		19.3098																16.7834		32.1675		14.0426		17.1653

				DRf																								10.9473		23.1308		41.3837		15.6936

				%%%%%%%%%%%%%%%%%%%%%%		17.4466		10.5884		11.5785		7.0673																27.0442		35.6209		15.679		11.5526

				DR1																								27.0662		17.7932		22.5561		22.1489

				DR2		14.0204		27.3058		31.7844		8.4672

				DR3		26.9458		24.0325		10.5921		9.5621																12.2743		9.4561		12.0008		9.9218

				DRs		27.0442		35.6209		15.679		11.5526

				-------------------------------------------		38.2117		15.6548		40.1421		11.3814																16.7834		32.1675		14.0426		17.1653

				DRf																								14.0204		27.3058		31.7844		8.4672

				%%%%%%%%%%%%%%%%%%%%%%		9.628		15.6548		8.5638		6.3461																24.9307		27.8205		12.5849		17.7573

				DR1																								38.4298		22.8705		33.179		19.3098

				DR2		14.0204		27.3058		31.7844		8.4672

				DR3		10.9473		23.1308		41.3837		15.6936																17.4466		10.5884		11.5785		7.0673

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		18.4515		40.2852		16.508		15.0466																14.0204		27.3058		31.7844		8.4672

				DRf																								26.9458		24.0325		10.5921		9.5621

				%%%%%%%%%%%%%%%%%%%%%%		8.7516		17.6522		10.5548		5.9066																27.0442		35.6209		15.679		11.5526

				DR1																								38.2117		15.6548		40.1421		11.3814

				DR2		14.0204		27.3058		31.7844		8.4672

				DR3		6.5632		35.7365		31.6579		11.2413																9.628		15.6548		8.5638		6.3461

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		37.6953		26.2496		10.4968		24.3967																14.0204		27.3058		31.7844		8.4672

				DRf																								10.9473		23.1308		41.3837		15.6936

				%%%%%%%%%%%%%%%%%%%%%%		7.0336		13.4455		8.4813		6.0473																24.9307		27.8205		12.5849		17.7573

				DR1																								18.4515		40.2852		16.508		15.0466

				DR2		6.5632		35.7365		31.6579		11.2413

				DR3		26.9458		24.0325		10.5921		9.5621																8.7516		17.6522		10.5548		5.9066

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		32.0979		43.5928		11.2288		20.5689																14.0204		27.3058		31.7844		8.4672

				DRf																								6.5632		35.7365		31.6579		11.2413

				%%%%%%%%%%%%%%%%%%%%%%		6.7911		11.223		9.6137		8.0669																24.9307		27.8205		12.5849		17.7573

				DR1																								37.6953		26.2496		10.4968		24.3967

				DR2		6.5632		35.7365		31.6579		11.2413

				DR3		10.9473		23.1308		41.3837		15.6936																7.0336		13.4455		8.4813		6.0473

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		16.0792		32.5606		26.2794		13.5336																6.5632		35.7365		31.6579		11.2413

				DRf																								26.9458		24.0325		10.5921		9.5621

				%%%%%%%%%%%%%%%%%%%%%%		8.0762		12.2262		13.6296		9.0898																24.9307		27.8205		12.5849		17.7573

				DR1																								32.0979		43.5928		11.2288		20.5689

				DR2		26.9458		24.0325		10.5921		9.5621

				DR3		10.9473		23.1308		41.3837		15.6936																6.7911		11.223		9.6137		8.0669

				DRs		27.0442		35.6209		15.679		11.5526

				-------------------------------------------		37.8015		33.1495		11.7115		19.1764																6.5632		35.7365		31.6579		11.2413

				DRf																								10.9473		23.1308		41.3837		15.6936

				%%%%%%%%%%%%%%%%%%%%%%		8.6996		15.1064		9.552		6.9439																24.9307		27.8205		12.5849		17.7573

				DR1																								16.0792		32.5606		26.2794		13.5336

				DR2		26.9458		24.0325		10.5921		9.5621

				DR3		27.0442		35.6209		15.679		11.5526																8.0762		12.2262		13.6296		9.0898

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		17.5685		29.494		11.8996		12.1818																26.9458		24.0325		10.5921		9.5621

				DRf																								10.9473		23.1308		41.3837		15.6936

				%%%%%%%%%%%%%%%%%%%%%%		16.5195		15.4636		8.3279		6.2377																27.0442		35.6209		15.679		11.5526

				DR1																								37.8015		33.1495		11.7115		19.1764

				DR2		10.9473		23.1308		41.3837		15.6936

				DR3		27.0442		35.6209		15.679		11.5526																8.6996		15.1064		9.552		6.9439

				DRs		24.9307		27.8205		12.5849		17.7573

				-------------------------------------------		36.7121		18.4895		16.5168		21.3653																26.9458		24.0325		10.5921		9.5621

				DRf																								27.0442		35.6209		15.679		11.5526

				%%%%%%%%%%%%%%%%%%%%%%		12.0097		9.2668		8.6524		9.8768																24.9307		27.8205		12.5849		17.7573

				DR1																								17.5685		29.494		11.8996		12.1818

				DR2

				DR3																								16.5195		15.4636		8.3279		6.2377

				DRs

				-------------------------------------------																								10.9473		23.1308		41.3837		15.6936

				DRf																								27.0442		35.6209		15.679		11.5526

				%%%%%%%%%%%%%%%%%%%%%%																								24.9307		27.8205		12.5849		17.7573

																												36.7121		18.4895		16.5168		21.3653

																												12.0097		9.2668		8.6524		9.8768

																												10.9473		23.1308		41.3837		15.6936

																												27.0442		35.6209		15.679		11.5526

																												24.9307		27.8205		12.5849		17.7573

																												36.7121		18.4895		16.5168		21.3653

																												12.0097		9.2668		8.6524		12.0841
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Sumof channel responses: 26 dB
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Average Values: 35.2 dB, 29.6 dB, 30.2 dB
Sum=30.6 dB
Complex coeff:15.7 dB
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Average Values: 26.2 dB, 24.5 dB, 17.9 dB
Sum=22 dB
Complex coeff:9.9 dB
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Average Values= 20.4 dB, 13.2 dB, 15.4 dB
Sum=17.9 dB
Complex coeff= 8.5 dB
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