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PRESENTATION OVERVIEW

» Correlating Best Source Selectors
« Data Quality Estimation is the Key
« Combing Gain
* Availability Gain
« Two Main DQE Methods
* Bit-By-Bit, Signhal Quality Based
 Frame-By-Frame, Bit Error Probability Based
* Performance Comparison
* Overhead, Combing Gain ,Availability Gain, Dynamics
« Other Applications
* Diversity Combining
« Antenna Control
e SUMmMary
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CORRELATING BEST SOURCE SELECTOR

* Improves Signal Integrity using Spatial Diversity
Processes Signals from Multiple Antennas/Receivers
« After demodulation, bit synchronization, trellis processing,
and error correction
A BSS
* Time Aligns Input Signals
 Weights Alignhed Signals by a Metric
« Combines the Weighted, Aligned Signals
Distinctions are
 what metric, how often, how many bits.

- A Proper Data Quality Estimate is the Key
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CORRELATING BEST SOURCE SELECTOR (cont)

* Without a BSS — Must Rerun the Test
* Signal Lost During a Maneuver
 With a BSS — Don’t Need to Rerun the Test
* Saves Time — Days
« Saves $$ - Beaucoup
« Saves Environment - 6,350 kg less CO,

- BSS Improves Signal Integrity using Spatial Diversity
-« Combining Gain - Improved BER
- Availability Gain - Fewer Outages
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BSS BENEFITS — Combining Gain

« Combing Gain
. ! BER versus Eb/No for PCM/FM
* Double the number of signals || ESes= |
¢ +3dB Iﬂ SNR 1.00E-01 b—i_#
M ‘ l o |$‘,T‘$"‘L
 6dB improvement HIER NSRS N | NEESY
. 1.00E-03 | —1
« Doubles the antenna diameter L] e N
1.00E-04 | 53 5HR
. —4—PCM/FM Theory
° |ﬂCreaSGS the tra ﬂsmlt pOWGF @ 100E05 ] » 2-Way Theory
from 5W to 20W B s REERECECAN sty Trony
: ] A 4-Way Theory
. Doubles range 100ET W ”'E"H»\\ ! 2yl
.. . . 1.00E-08 " 3-WayMeas
- Combining implementation loss o ey ess
* Matching of the signals 1 00EAO | .
. . 0 2 4 § 3 10 12 14 16
* Quantization and frequency of EbiNo in dB

DQ bits

Measured Quad Combiner Combining Gain
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BSS BENEFITS — Availability Gain

* Availability Gain depends on
 Statistics of the signal outages

1.00E+00

» Correlation between outages
* The figure shows the improvement in 100E0f
mission Bit-Error-Rate (BER) as the (ED
number of signals is increased N
« Defining link availability as a BER MO ‘

greater than 10-5 1 00E-4

* One received signal has a mission link
availability of zero regardless of the
received SNR

- Two signals the composite link is E ] —
available for high SNRs . Ei

* Three signals it's available for all =L =e=ICHN ==dCHIL
reasonable SNRs

. 00E-03

. 00E-6

Bit Error Rate
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BSS BENEFITS

* An actual automated report
generated from a BSS
Illustrates the Availability Gain

Figure shows BER of the Best
Source
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Table shows how often a
sighal is Present (On-Deck),
Time Aligned (Correlated), the
Best Source, and Available
(BER >10-5)

Bit Error Rate - BEST SOURCE

BER Threshpld

o = o oo

1514 1520 15H0 1550 1604 1620 1644 1658 1714 1720 T4 1750 1814 1829

. Group Summary / GRP1
It shows, on the right, that DT Best Source Correlated On-Deck Link Availability
link availability increases from &l 301% 601% 100.00% 334
84% for the best individual ST /5 17% __ 2100 __
: o R 1555 35.11% 97.86% 38.09%
signal to better then 96% for  5m 31.18% 46.04% 100.00% 15.00%
the composite signal Bestsouce B i B 96.53%



THE DATA QUALITY ADVANTAGE

» Historical weighting metric
* Signal level (AGC) or SNR

- Biggest signal is not always the best signal

* DQ the preferred weighting metric.
* Includes signal distortion, interference and SNR

* The DQE should track signal dynamics

7
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TWO MAIN DATA QUALITY ESTIMATION METHODS
- Bit-by-Bit (BBB) - PAX/GDP
* DQ bit for each data bit
 DQE is a direct measure of Sighal Quality
* 100% OH
« Frame-by-Frame (FBF) - RCC/IRIG
* One 16 bit DQ word per 1k to 16k bit frame
* DQE is a derived Bit Error Probability (BEP) estimate
* DQE is average BEP estimate for the frame
« <5% OH
* Interconnect Overhead
« A concern for legacy cabled infrastructure
* Not a factor for modern Ethernet infrastructure
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COMBINING GAIN - Technigues

* Optimal Ratio Combining (ORC)
 BBB with Soft (multi-bit) DQE
* Majority Vote (MV) - No DQE
* if two of signals say a data bit isa ‘O’ and the third signhal says
the data bit is a T, the majority decides that the data bitisa ‘O’
 Weighted Majority Vote (WMV)
* sighals are weighted by their DQ so the votes from low DQ
sighals don't count
- BBB WMV uses 1-bit DQ per Data Bit
* FBF WMV uses the average DQ for the frame

* Two sighal Combining Gain — Only BBB
 More than two signhals — BBB or FBF

GDP | ADELTA GDPSPACE.COM | SALES@GDPSPACE.COM
Propriety In i i




COMBINING GAIN — Performance Comparison
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COMBINING GAIN — Performance Comparison (cont)

* For 2 signals, one with a 3dB worse EbNo
 ORC provides over 1.5dB
- BBB WMV provides nearly 1.5dB
« FBF WMV is equal to the BS
* For 3 signals with equal power
 ORC provides over 4.5dB
- BBB WMV provides 4dB
- FBF WMV is equal to MV providing about 3.5dB gain over the BS
* For 3 signals, two with 4.5dB worse EbNo
 ORC provides around 2dB
- BBB WMV provides around 1dB
- FBF WMV is equal to and provides no gain over the BS
« MV is worse than the BS

- BBB WMV is best, followed by FBF WMV, MV, and last straight BS
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COMBINING GAIN — Measured Performance

* Measured BSS performance
« BBB WMV provides the

expected gain of about 5+dB

for 4 signals, 4dB for 3 signals

and 2+dB for 2 signals

 Straight MV provides 3.5dB

for 3 signals

BER

e Although not shown in the

figure MV provides no gain for

2 signals

* MV provides no improvement

for 4 signals over 3 signals.
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SIGNAL DYNAMICS

* A BSS aligns signals with differential delays

« When a signal is added or dropped, relative delays are recalculated and

readjusted

« Realignment negatively affects the BSS response time
BSS Break Frequency (wo realignment)

- BBB > 33kHz

 FBF < 5kHz, 1k frame @5Mbps.
BSS Realignment

* Acquisition ~ 1.25kHz + DQ update rate

* Hold, DQ update rate

« Realignment, search dependent

For 2 Signals, acquisition is limiting factor
For More than 2 Signals, Break Frequency dominates
- For Dynamics BBB is Superior to FBF
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DIVERSITY COMBING

* Historically Diversity Combiners have used
- Signal level (AGC) or SNR as the weighting metric

- Biggest signal is not always the best signal

* DQ is a Superior weighting metric.
* Includes signal distortion, interference and SNR

* DQE should track signal dynamics
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DIVERSITY COMBINING - The DQ Advantage (cont)

- -ﬂ
Receiver 99 @ 192.168.0.40 : 2000 [Ref: Internal]
20I8 0594 03:29:39 [Time: Internal]
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BEDEP sPACE SYSTEMS

= VRF-P. L/S/C Receiver 2 =
J o J @ 9 J J @ J J J J ® ’) &) J . y
L0SS 5C1 B5-1 FS-1 F$ 85 F5 LOSS [ 852
M Level HC Level Viesght MC Level MC
quency (MH 10 Level (dBe Hode: Optimal "'E';‘ 1o Frequency (MH2) 10 {cBem)
Demoduiabon: Dev (Hr): Demodulation BOMEM Ha)
ata Mbos) I Data Rate (Mbps): 5.000 HC
85 Dev: 4 ]' BS Dev
Eb/hio (dB) 100 Weight (%) 0 / EbNo (8
BER: BER
Decoder: Level 71 : ] / Decoder:
APC: 0 o APC:
Loss Count: 255 X M lessCont: 255X
evel (dBm):
Data Rate (Mops): Dev (2

GDP | A DELTA INFORMATION SYSTEMS COMPANY
Propriety Information of Delta Information System

GDPSPACE.COM | SALES@GDPSPACE.COM




DIVERSITY COMBINING - The DQ Advantage (cont)
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ANTENNA TRACKING

» Historically Antenna Control Units have used
« Signal level (AGC) or SNR to select the signal to track
* Biggest signal is not always the best signal to track
- DQ is a Superior Tracking Metric.
* Includes signal distortion, interference and SNR
« Avoids tracking multipath or interference
* For multiple signals from a single target
* True Signhal Quality Based DQE
* Not Derived DQE like BEP
« A Signal Quality Based DQE selects an ACU Control that is
* Less prone to Dropouts
- Has a Superior SNR
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ANTENNA TRACKING(cont)

 Signal1, R1/2 LDPC Encoded o
QPSK “
* Signal 2, Uncoded QPSK e
. At EbNo = 3dB the RCC BEP = 0 =SS
for the encoded signal e .
—~_ ——PSK Theory
- At EbNo = 7dB the RCC BEP = e S
4x107 for the uncoded signal ) \\\ —
 The encoded sighal has a better : | \\
BEP but a worse signal quality ~
and is much closer to its loss 1atE0n
threshold . \
+ An RCC BEP based DQE \
incorrectly declares the encoded " I
signal as the best signal BEPBER = 0shownas U0ER
- A Signal Quality Based DQE Encoded and Uncoded BER & BEP vs EbNo

Selects the Better-Quality
Signal for ACU Control
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				GDP BER vs EbNo





				Eb/No in dB		PSK Theory								Eb/No in dB		Viterbi 1/2				Eb/No in dB		Concat (I=5) 				Eb/No in dB		LDPC 1/2 (4K)				Eb/No in dB		RS (255,223), ~7/8				Eb/No in dB		Turbo 1/2 (8920)						Eb/No in dB		Capacity 1/2						FEC Type		Coding Gain 
@ BER = 1e-5 (dB)

				0		7.86E-02								0.00		5.00E-01				0		6.40E-02				0		1.90E-01				0.00		6.38E-02				0								0.00		2.90E-03						RS (255,223), ~7/8		2.79						Eb/No in dB		LDPC 1/2 (4K)

				0.5		6.71E-02								0.50		2.24E-01				0.5		5.70E-02				0.1		1.85E-01				0.50		5.71E-02				0.5		9.00E-02						0.02		2.60E-03						Viterbi 1/2		5.44						0		1.90E-01

				1		5.63E-02								1.00		7.84E-02				1		5.00E-02				0.2		1.80E-01				1.00		5.02E-02				0.6		6.20E-02						0.04		2.40E-03						Concat (I=5) 		7.26						0.1		1.85E-01

				1.5		4.64E-02								1.50		2.48E-02				1.4		5.00E-02				0.3		1.75E-01				1.50		4.34E-02				0.7		2.80E-02						0.06		2.00E-03						LDPC 1/2 (4K)		8.41						0.2		1.80E-01

				2		3.75E-02								2.00		7.10E-03				1.6		4.00E-02				0.4		1.60E-01				2.00		3.66E-02				0.8		6.00E-03						0.08		1.70E-03						Turbo 1/2 (8920)		8.58						0.3		1.75E-01

				2.5		2.97E-02								2.50		1.83E-03				1.8		2.10E-02				0.5		1.50E-01				2.50		3.02E-02				0.9		5.00E-04						0.10		1.20E-03														0.4		1.70E-01

				3		2.29E-02								3.00		4.29E-04				2		3.00E-03				0.6		1.30E-01				3.00		2.42E-02				1.01		1.00E-05						0.12		9.10E-04														0.5		1.60E-01

				3.5		1.72E-02								3.50		9.09E-05				2.2		1.50E-04				0.7		9.00E-02				3.50		1.89E-02				1.1		1.80E-07						0.14		6.00E-04														0.6		1.40E-01

				4		1.25E-02								4.00		1.74E-05				2.33		1.00E-05				0.8		5.00E-02				4.00		1.42E-02				1.2		1.30E-08						0.16		2.50E-04														0.7		1.00E-01

				4.5		8.79E-03								4.15		1.00E-05				2.4		2.50E-06				0.9		1.50E-02				4.50		1.04E-02				1.3		1.00E-08						0.18		1.00E-04														0.8		6.00E-02

				5		5.95E-03								4.50		2.97E-06				2.6		2.00E-08				1		1.50E-03				5.00		7.13E-03				1.4		5.00E-09						0.19		1.00E-07														0.9		2.50E-02

				5.5		3.86E-03								5.00		4.40E-07				5.5						1.1		1.40E-04				5.50		3.78E-03																												1		4.00E-03

				6		2.39E-03								5.50		5.51E-08				6						1.18		1.00E-05				6.00		9.39E-04																												1.1		3.00E-04

				6.5		1.40E-03								6.00		5.61E-09				6.5						1.2		6.00E-06				6.50		7.77E-05																												1.2		2.00E-05

				7		7.73E-04								6.50		4.48E-10										1.3		2.00E-07				6.80		1.00E-05																												1.3		6.00E-07

				7.5		3.99E-04																				1.4		4.00E-09				7.00		2.04E-06																												1.4		3.00E-08

				8		1.91E-04																										7.50		1.81E-08																												1.5		1.00E-08

				8.5		8.40E-05																										8.00		5.90E-11																												2		1.00E-08

				9		3.36E-05																																																								2.5		1.00E-08

				9.5		1.21E-05																																																								3		1.00E-08

				9.59		1.00E-05																																																								3.5		1.00E-08

				10		3.87E-06																																																								4		1.00E-08

				11		2.61E-07																																																								4.5		1.00E-08

																																																														5		1.00E-08

																																																														5.5		1.00E-08

																																																														6		1.00E-08

																																																														6.5		1.00E-08

																																																														7		1.00E-08

																																																														7.5		1.00E-08

																																																														8		1.00E-08

																																																														8.5		1.00E-08

																																																														9		1.00E-08

																																																														9.5		1.00E-08

																																																														10		1.00E-08

																																																														11		1.00E-08









										0.0433529476



				BER Theory Curve generated by Matlab BER Analysis Tool for Reed Solomon																																BER Theory Curve generated by Matlab BER Analysis Tool for Convolutional ½ k=7,

				Red = PSK Theory																																RED = Uncoded PSK Theory

				Green = Reed Solomon(255,239), E=8																																BLUE = Hard Bit Viterbi

				Blue = Reed Solomon(255,223), E=16																																Green = Soft Bit Viterbi









																																																																																								0.4		1.40E-01

																																																																																								0.5		1.00E-01

																																				1.4		5.00E-02																																																		0.6		7.00E-02

																																				1.6		4.00E-02																																																		0.7		3.00E-02

																																				1.8		2.10E-02																																																		0.8		1.10E-02

																																				2		3.00E-03																																																		0.9		1.00E-03

																																				2.2		1.50E-04																																																		1		3.50E-05

																																				2.3		1.00E-05																																																		1.04		1.00E-05

																																				2.4		2.50E-06																																																		1.1		1.40E-06

																																				2.6		2.00E-08																																																		1.12		1.00E-06

																																														0		1.90E-01

																																														0.1		1.85E-01

																																														0.2		1.80E-01

																																														0.3		1.75E-01

																																														0.4		1.60E-01

																																														0.5		1.50E-01

																																														0.6		1.40E-01

																																														0.7		9.00E-02

																																														0.8		5.00E-02

																																														0.9		1.50E-02

																																														1		1.50E-03

																																														1.1		1.40E-04

																																														1.2		6.00E-06

																																														1.3		2.00E-07

																																														1.4		4.00E-09

																																																																																						Rate 1/2

																																																																																						Eb/No		BER

																																																																																						0		2.90E-03

																																																																																						0.02		2.60E-03

																																																																																						0.04		2.40E-03

																																																																																						0.06		2.00E-03

																																																																																						0.08		1.70E-03

																																																																																						0.1		1.20E-03

																																																																																						0.12		9.10E-04

																																																																																						0.14		6.00E-04

																																																																																						0.16		2.50E-04

																																																																																						0.18		1.00E-04

																																																																																						0.19		1.00E-08

																																						Eb/No in dB		Turbo 1/2 (8920)

																																						0

																																						0.5		9.00E-02

																																						0.6		6.20E-02

																																						0.7		2.80E-02

																																						0.8		6.00E-03

																																						0.9		5.00E-04

																																						1.01		1.00E-05

																																						1.1		1.80E-07

																																						1.2		1.30E-08

																																						1.3		1.00E-08

																																						1.4		5.00E-09
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BER and RCC BEP vs Eb/No 

PSK Theory	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	9.59	10	11	7.8649603525142567E-2	6.7065198329612719E-2	5.6281951976541462E-2	4.6401275956071318E-2	3.7506128358925986E-2	2.9655287626036805E-2	2.2878407561085327E-2	1.7172541679245989E-2	1.2500818040737551E-2	8.7938105305608184E-3	5.9538671477786607E-3	3.8622316428101274E-3	2.3882907809328045E-3	1.3998048394802324E-3	7.7267481537844434E-4	3.987963351591625E-4	1.909077740759926E-4	8.3999539179010758E-5	3.3627228419617505E-5	1.2108893277033638E-5	1.0000000000000001E-5	3.8721082155220345E-6	2.6130679535751902E-7	LDPC 1/2 (4K)	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.1000000000000001	1.18	1.2	1.3	0.19	0.185	0.18	0.17499999999999999	0.16	0.15	0.13	0.09	0.05	1.4999999999999999E-2	1.5E-3	1.3999999999999999E-4	1.0000000000000001E-5	6.0000000000000002E-6	1.9999999999999999E-7	RCC BEP	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	11	0.19	0.185	0.18	0.17499999999999999	0.17	0.16	0.14000000000000001	0.1	0.06	2.5000000000000001E-2	4.0000000000000001E-3	2.9999999999999997E-4	2.0000000000000002E-5	5.9999999999999997E-7	2.9999999999999997E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	1E-8	RS (255,223), ~7/8	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	6.8	7	7.5	8	6.3841517230388695E-2	5.7127149590378602E-2	5.0248470993957399E-2	4.3400000000000001E-2	3.6604767949846802E-2	3.0173119554591999E-2	2.4217887397260801E-2	1.88746615930784E-2	1.4241463787516499E-2	1.0367121599753301E-2	7.12917625083123E-3	3.7769353193287799E-3	9.3882559667770303E-4	7.7711033846205801E-5	1.0000000000000001E-5	2.0353122032827601E-6	1.8069492533685601E-8	5.8986581638579806E-11	Viterbi 1/2	0	0.5	1	1.5	2	2.5	3	3.5	4	4.1500000000000004	4.5	5	5.5	6	6.5	0.5	0.22384575721230501	7.8389632467021297E-2	2.4839391546763699E-2	7.1047439354003199E-3	1.8349416212635401E-3	4.2894919565682698E-4	9.0912718991759494E-5	1.7402483428175299E-5	1.0000000000000001E-5	2.9680085542034202E-6	4.4033664059654198E-7	5.5077321707591198E-8	5.6080479543402697E-9	4.4801921964824699E-10	Concat (I=5) 	0	0.5	1	1.4	1.6	1.8	2	2.2000000000000002	2.33	2.4	2.6	5.5	6	6.5	6.4000000000000001E-2	5.7000000000000002E-2	0.05	0.05	0.04	2.1000000000000001E-2	3.0000000000000001E-3	1.4999999999999999E-4	1.0000000000000001E-5	2.5000000000000002E-6	2E-8	Turbo 1/2 (8920)	0	0.5	0.6	0.7	0.8	0.9	1.01	1.1000000000000001	1.2	1.3	1.4	0.09	6.2E-2	2.8000000000000001E-2	6.0000000000000001E-3	5.0000000000000001E-4	1.0000000000000001E-5	1.8E-7	1.3000000000000001E-8	1E-8	5.0000000000000001E-9	Capacity 1/2	0	0.02	0.04	0.06	0.08	0.1	0.12	0.14000000000000001	0.16	0.18	0.19	2.8999999999999998E-3	2.5999999999999999E-3	2.3999999999999998E-3	2E-3	1.6999999999999999E-3	1.1999999999999999E-3	9.1E-4	5.9999999999999995E-4	2.5000000000000001E-4	1E-4	9.9999999999999995E-8	Eb/No in dB

BEP BER = 0 shown as 1.00E-08



BER















Viterbi Rate Compare





				GDP BER vs EbNo





				Eb/No in dB		PSK Theory								Eb/No in dB		Rate 1/2				Eb/No in dB		Rate 2/3				Eb/No in dB		Rate 3/4				Eb/No in dB		Rate 7/8

				0		7.86E-02								0		1.50E-01				0		3.00E-01				0		3.50E-01				0		4.50E-01

				0.5		6.71E-02								0.5		9.00E-02				0.5		2.50E-01				0.5		3.00E-01				1		4.10E-01

				1		5.63E-02								1		4.00E-02				1		1.50E-01				1		2.50E-01				1.5		3.80E-01

				1.5		4.64E-02								1.5		1.50E-02				1.5		6.50E-02				1.5		1.50E-01				2		3.00E-01

				2		3.75E-02								2		5.00E-03				2		2.50E-02				2		7.00E-02				2.5		2.00E-01

				2.5		2.97E-02								2.5		1.50E-03				2.5		8.00E-03				2.5		2.80E-02				3		1.00E-01

				3		2.29E-02								3		3.50E-04				3		2.00E-03				3		8.00E-03				3.5		4.50E-02

				3.5		1.72E-02								3.5		8.00E-05				3.5		4.00E-04				3.5		2.00E-03				4		1.50E-02

				4		1.25E-02								4		1.50E-05				4		7.00E-05				4		5.00E-04				4.5		5.00E-03

				4.5		8.79E-03								4.5		2.90E-06				4.5		1.30E-05				4.5		9.00E-05				5		1.20E-03

				5		5.95E-03								5		4.00E-07				5		2.50E-06				5		1.90E-05				5.5		3.00E-04

				5.5		3.86E-03								5.5		5.00E-08				5.5		3.00E-07				5.5		2.80E-06				6		5.50E-05

				6		2.39E-03								5.8		1.20E-08				6		4.50E-08				6		4.50E-07				6.5		1.20E-05

				6.5		1.40E-03														6.24		2.00E-08				6.4		1.00E-07				7		2.30E-06

				7		7.73E-04																										7.5		4.00E-07

				7.5		3.99E-04																										8		5.50E-08

				8		1.91E-04

				8.5		8.40E-05

				9		3.36E-05

				9.5		1.21E-05

				10		3.87E-06



				From document CCSDS 130.1-G-2 Comparing Conv 1/2 to punctured rates
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BER vs Eb/No Comparing Viterbi Rates

PSK Theory	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	7.8649603525142567E-2	6.7065198329612719E-2	5.6281951976541462E-2	4.6401275956071318E-2	3.7506128358925986E-2	2.9655287626036805E-2	2.2878407561085327E-2	1.7172541679245989E-2	1.2500818040737551E-2	8.7938105305608184E-3	5.9538671477786607E-3	3.8622316428101274E-3	2.3882907809328045E-3	1.3998048394802324E-3	7.7267481537844434E-4	3.987963351591625E-4	1.909077740759926E-4	8.3999539179010758E-5	3.3627228419617505E-5	1.2108893277033638E-5	3.8721082155220345E-6	Rate 1/2	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	5.8	0.15	0.09	0.04	1.4999999999999999E-2	5.0000000000000001E-3	1.5E-3	3.5E-4	8.0000000000000007E-5	1.5E-5	2.9000000000000002E-6	3.9999999999999998E-7	4.9999999999999998E-8	1.2E-8	Rate 2/3	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.24	0.3	0.25	0.15	6.5000000000000002E-2	2.5000000000000001E-2	8.0000000000000002E-3	2E-3	4.0000000000000002E-4	6.9999999999999994E-5	1.2999999999999999E-5	2.5000000000000002E-6	2.9999999999999999E-7	4.4999999999999999E-8	2E-8	Rate 3/4	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.4	0.35	0.3	0.25	0.15	7.0000000000000007E-2	2.8000000000000001E-2	8.0000000000000002E-3	2E-3	5.0000000000000001E-4	9.0000000000000006E-5	1.9000000000000001E-5	2.7999999999999999E-6	4.4999999999999998E-7	9.9999999999999995E-8	Rate 7/8	0	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	0.45	0.41	0.38	0.3	0.2	0.1	4.4999999999999998E-2	1.4999999999999999E-2	5.0000000000000001E-3	1.1999999999999999E-3	2.9999999999999997E-4	5.5000000000000002E-5	1.2E-5	2.3E-6	3.9999999999999998E-7	5.5000000000000003E-8	Eb/No in dB
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Figure 6-7: Bit Error Rate Simulated Performance of the CCSDS Concatenated
Scheme with Outer E=16 Reed-Solomon Code (255,223) and Inner Rate-

1/2 Convolutional Code as a Function of Interleaving Depth
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Figure 7-8: BER and FER Performance for Rate 1/2, 1/4, 1/3, and 1/6 Turbo Codes
with Block Size 7136 bits, Software Simulation, 10 Iterations®
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SUMMARY

BBB DQ vs FBF BEP Performance
PERFORMANCE MEASURE BBB DQ FBF BEP

Overhead 100% <5%

BSS Static Performance

Combining Gain (2 Yes No
Signals
Combining Gain (>2 Yes Limited to BS or MV
Signals) Performance
Availability Gain Yes Yes

BSS Dynamic Performance
Combining Gain Fast Limited By Frame Rate
Availability Gain Limited by Acq. Time Limited By Frame Rate
Diversity Combiner Yes Limited to BS
Antenna Control
Polarization Yes Yes

Multiple Signals Yes No
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