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ECE 5325 Wireless Communications


Shannon Capacity

Q1: Reformulate (7.83) to obtain Eb/No in terms of Rb/B at the Shannon limit.  Hint: Rb = C at the Shannon limit.

Q2: Plot Rb/B vs Eb/No (dB) from Eb/No = [ -2 … 4 ] dB.

Q3: Compute the following values for uncoded, 1 Mbps BPSK and add the data point to your plot in Q2:

(a) At what Eb/No is the BER = 10-6?

(b) Assuming root raised cosine filtering with alpha = 0.2, what is B?

(c) Add this point ( Eb/Nouncoded_BPSK, Rb/Buncoded_BPSK ) to your plot in Q2.

(d) How many dB away from capacity is this modulation (for a fixed Rb/B)?

Q4: Compute the following values for uncoded, 1 Mbps QPSK and add the data point to your plot in Q2:

(a) At what Eb/No is the BER = 10-6?

(b) Assuming root raised cosine filtering with alpha = 0.2, what is B?

(c) Add this point ( Eb/Nouncoded_QPSK, Rb/Buncoded_QPSK ) to your plot in Q2.

(d) How many dB away from capacity is this modulation (for a fixed Rb/B)?

Q5: Compute the following values for uncoded, 1 Mbps 8-PSK and add the data point to your plot in Q2:

(a) At what Eb/No is the BER = 10-6?

(b) Assuming root raised cosine filtering with alpha = 0.2, what is B?

(c) Add this point ( Eb/Nouncoded_8-PSK, Rb/Buncoded_8-PSK ) to your plot in Q2?

(d) How many dB away from capacity is this modulation (for a fixed Rb/B)?

Q6: Compute the following values for (7, 4)-Hamming encoded, 1 Mbps QPSK and add the data point to your plot in Q2:

To achieve BER = 10-6, this code requires Eb/No = 10 dB.

(a) Assuming root raised cosine filtering with alpha = 0.2, what is B?

(b) Add this point ( Eb/No(7, 4)_QPSK, Rb/B(7, 4)_QPSK ) to your plot in Q2.

(c) How many dB away from capacity is this modulation (for a fixed Rb/B)?

Q7: Compute the following values for (31, 26)-Hamming encoded, 1 Mbps QPSK and add the data point to your plot in Q2:

To achieve BER = 10-6, this code requires Eb/No ~ 9 dB.

(a) Assuming root raised cosine filtering with alpha = 0.2, what is B?

(b) Add this point ( Eb/No(31, 26)_QPSK, Rb/B(31, 26)_QPSK ) to your plot in Q2.

(c) How many dB away from capacity is this modulation (for a fixed Rb/B)?

Q8: Compute the following values for (127, 64)-BCH, 1 Mbps QPSK and add the data point to your plot in Q2:

To achieve BER = 10-6, this code requires Eb/No ~ 6.5 dB.

(a) Assuming root raised cosine filtering with alpha = 0.2, what is B?

(b) Add this point ( Eb/NoBCH_QPSK, Rb/BBCH_QPSK ) to your plot in Q2.

(c) How many dB away from capacity is this modulation (for a fixed Rb/B)?

Q9: Which of these codes/modulations is closest to the Shannon capacity bound?

Now, open the following simulink demo:

Blocksets -> Communications -> Application-Specific Examples -> DVB-S.2 Link, Including LDPC Coding

Right-click the orange “Settings” block and select “Edit Mask.”

Q10: What function gets called during initialization?

At the matlab command prompt, type:
edit <answer to Q10>

You’ll find the following line:

LDPCParityCheckMatrix = dvbs2ldpc(str2num(codeRate));

Execute a similar line: 


H = dvbs2ldpc( 1/2 );
Q11: Describe this code:

(a) How big is H?   (Use size(H))

(b) How many LDPC iterations will the decoder make?  (double-click the settings box in Simulink.)

(c) Is this code likely to outperform the Hamming or BCH codes considered above?  At what cost?

Q12: Run the simulation with the default settings.  Then fill in the following chart.  Assume the Since the BCH rate is always between 0.98 and 1 in DVB-S2, assume it’s 1.  Then select the various modulation/LDPC coding rate pairs listed in the table.

(a) Run the simulation at various Eb/No levels in steps of 0.5 dB to determine the lowest Es/No level for which the simulation runs error free.  

(b) Compute the remaining values in the table, but save the last column until after (c).

(c) Add these Rb/B vs Eb/No values to your plot in Q2.

(d) Using (c), determine how far this codec is from Shannon capacity.

(e) How much better is this code than the code you chose in Q9?

(f) Why do you think DVB-S2 has so many rate choices?

	Mod
	Code rate
	Es/No req’d for BER = 0,

0.5 dB resolution
	Eb/No
	B (Mbps) given Rb = 1 Mbps, alpha = 0.2
	Rb/B
	“distance” to Shannon capacity curve in dB

	QPSK
	1/4
	
	
	
	
	

	QPSK
	1/3
	
	
	
	
	

	QPSK
	1/2
	1
	1
	1.2
	0.83
	~1

	QPSK
	3/4
	
	
	
	
	

	QPSK
	9/10
	
	
	
	
	

	8-PSK
	3/5
	
	
	0.67
	
	

	8-PSK
	9/10
	
	
	
	
	


Q13: Which data point achieved the highest spectral efficiency (Rb/B)?  How much more energy (Eb/No) does this choice require than un-coded QPSK?  

Q14: Which data point achieved the best power efficiency (lowest Eb/No)?  How much more bandwidth does it require than un-coded QPSK?
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