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Introduction 

 The communication problems: interference, 

cooperation, and feedback. 

 Examples: computer networks, satellite 

networks, and the phone system.  

 Multiple-access channel: m stations 

communicate with a common satellite. 

 How do the various senders cooperate with 

the receiver? 

 What limitations does interference among 

the senders put on the total rate of 

communication? 
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Introduction 

 One TV station sending information to m TV 

receivers. 

 How does the sender encode information 

meant for different receivers in common 

signal? 

 What are the rates at which information can 

be sent to the different receivers? 
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Gaussian channels (Chapter 9) 

 With input signal X, output Y and Gaussian noise N: 

 

 Power constraint: 

 

 The Shannon capacity C: 

 

 Choose a rate                          to fix a good           codebook of power P. 

Choose an index w in the set. Send the wth codeword X(w) from the 

codebook, the receiver observes:  
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Gaussian multiple-access channels 

with m user 
 We consider m transmitters, each with a power P. Let: 

 

 

 The capacity of a single-user Gaussian channel with signal-to-noise ratio 

P/N: 

 

 The achievable rate region for the Gaussian channel: 
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Gaussian multiple-access channels 

with m user 
 We need m codebooks, the ith code having         codewords of power P.  

 Each of the independent transmitters chooses a codeword from its own 

codebook. 

 The users send these vectors simultaneously. 

 The receiver sees these codewords added together with the Gaussian 

noise Z. 

 Optimal decoding consists of looking for the m codewords such that the 

vector sum is closest to Y in Euclidean distance. 
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Gaussian Broadcast Channel 

 We have a sender of power P and two distant receivers, one with 

Gaussian noise power N1 and the other with Gaussian noise power N2.  

 Without loss of generality, assume that N1 < N2. Thus, receiver Y1 is 

less noisy than receiver Y2. 

 The model for the channel is Y1 = X + Z1 and Y2 = X + Z2, where Z1 

and Z2 are arbitrarily correlated Gaussian random variables with 

variances N1 and N2, respectively.  

 The sender wishes to send independent messages at rates R1 and R2 to 

receivers Y1 and Y2, respectively.  
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Gaussian Broadcast Channel 

 The Gaussian broadcast channel is  
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where α may be arbitrarily chosen (0 ≤ α ≤ 1) to trade off rate R1 for rate R2 

as the transmitter wishes. 

 The transmitter generates two codebooks, one with power αP at rate R1, 

and another codebook with power (1-α)P at rate R2. 

 First consider the bad receiver Y2. He merely looks through the second 

codebook to find the closest codeword to the received vector Y2.     
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Gaussian Broadcast channel 

 The Gaussian broadcast channel is  
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 Y1’s message acts as noise to Y2. 

 The good receiver Y1 first decodes Y2’s codeword, which he can 

accomplish because of his lower noise N1. 

 He then looks for the codeword in the first codebook closest to 

 The better receiver Y1 always knows the message intended for receiver  

Y2 in addition to the message intended for himself. 
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Gaussian Relay channel 

 We have a sender X and an ultimate intended receiver Y. 

 Also present is the relay channel, intended solely to help the receiver. 

2010-05-03 

where Z1 and Z2 are independent zero-mean Gaussian random variables 

with variance N1 and N2, respectively. 
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Gaussian Relay channel 

 Sender X has power P and sender X1 has power P1. 

 Let R1 < C(αP/N1). Two codebooks are needed. The first codebook has  

…… words of power αP. The second has         codewords of power      

(1- α)P 
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 X and X1 send the same designated codeword simultaneously. 

 The cooperative information sent by the relay and the transmitter is sent 

coherently. So the power of the sum as seen by the receiver Y is 
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Gaussian Interference Channel 

 The interference channel has two senders and two receivers.  

 Sender 1 wishes to send information to receiver 1. He does not care 

what receiver 2 receives or understands; similarly with sender 2 and 

receiver 2. 

 Each channel interferes with the other. 
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Gaussian Interference Channel 

 Generate two codebooks, each with power P and rate C(P/N).  

 Each sender independently chooses a word from his book and sends it. 

 Now, if the interference a satisfies                                         the first 

transmitter understands perfectly the index of the second transmitter.  

 He finds it by the usual technique of looking for the closest codeword to 

his received signal.  

 Once he finds this signal, he subtracts it from his waveform received.  

 Now there is a clean channel between him and his sender. 
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Gaussian Two-way Channel 

 The two-way channel is very similar to the interference channel, but in 

this case, sender 1 is attached to receiver 2 and sender 2 is attached to 

receiver 1. 

 Sender 1 can use information from previous received symbols of receiver 

2 to decide what to send next.  
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Gaussian Two-way channel 

 Let P1 and P2 be the powers of transmitters 1 and 2, respectively, and 

let N1 and N2 be the noise variances of the two channels. 

  We generate two codebooks of rates R1 and R2. Sender 1 sends a 

codeword from the first codebook. Receiver 2 receives the sum of the 

codewords sent by the two senders plus some noise. 

 He simply subtracts out the codeword of sender 2 and he has a clean 

channel from sender 1 (with only the noise of variance N1). 
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Jointly Typical Sequences 

 Let                           denote a finite collection of discrete random 

variables with some fixed joint distribution,  

 

  Let S denote an ordered subset of these random variables and consider 

n independent copies of S. Thus, 
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Jointly Typical Sequences 

 By the law of large numbers, for any subset S of random variables, 
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Jointly Typical Sequences 
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Jointly Typical Sequences 
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Jointly Typical Sequences 
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Jointly Typical Sequences 
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Jointly Typical Sequences 

2010-05-03 



24 

Multiple-Access Channel 

 Two (or more) senders send information to a common receiver.  

 A common example of this channel is a satellite receiver with many 

independent ground stations, or a set of cell phones communicating with 

a base station.  

 We see that the senders must contend not only with the receiver noise 

but with interference from each other as well. 
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Multiple-Access Channel 
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Multiple-Access Channel 
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 We define the average probability of error for the                              code 

as follows:  
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Multiple-Access Channel 
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Multiple-Access Channel 
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Multiple-Access Channel 
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 Assume that we have two independent 

binary symmetric channels, one from 

sender 1 and the other from sender 2. 

 From the results of Chapter 7 that we 

can send at rate 1 − H(p1) over the first 

channel and at rate 1 − H(p2) over the 

second channel. 

 Since the channels are independent, 

there is no interference between the 

senders. 
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Multiple-Access Channel 
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 Consider a multiple-access channel with 

binary inputs and output 

 Setting X2 = 1, we can send at a rate of 1 

bit per transmission from sender 1 to the 

receiver. 

 Similarly, setting X1 = 1, we can achieve  

R2 = 1. 

 By timesharing, we can achieve any 

combination of rates such that R1 + R2 = 1. 
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Multiple-Access Channel 
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 This multiple-access channel has binary 

inputs, X1 = X2 = {0, 1}, and a ternary 

output, Y = X1 + X2. 

 There is no ambiguity in (X1,X2) if Y = 0 or 

Y = 2 is received; but Y = 1 can result from 

either (0,1) or (1,0). 

 Setting X2 = 0, we can send at a rate of 1 

bit per transmission from sender 1. 

 Recalling the results from chapter 7, the 

capacity of this channel is 1/2 bit per 

transmission. 
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Achievability of the Capacity Region 

for the Multiple-Access Channel 
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 Without loss of generality, we can assume that (i, j ) = (1, 1) was sent. 

 Then by the union of events bound, 

 where P is the conditional probability given that (1, 1) was sent. 
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Achievability of the Capacity Region 

for the Multiple-Access Channel 
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 From the AEP,                       (Asymptotic Equipartition Property)  

 By Theorems 15.2.1 and 15.2.3, for i = 1, we have 



34 

Achievability of the Capacity Region 

for the Multiple-Access Channel 
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 Similarly, for j = 1, 
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Comments on the Capacity Region 

for the Multiple-Access Channel 

2010-05-03 

 Point A corresponds to the 

maximum rate achievable 

from sender 1 to the 

receiver when sender 2 is 

not sending any information. 

This is 
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Comments on the Capacity Region 

for the Multiple-Access Channel 
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 The point B corresponds to 

the maximum rate at which 

sender 2 can send as long 

as sender 1 sends at his 

maximum rate. 
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Comments on the Capacity Region 

for the Multiple-Access Channel 
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 Points C and D correspond 

to B and A, respectively, 

with the roles of the senders 

reversed. 
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Convexity of the Capacity Region for 

the Multiple-Access Channel 
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Convexity of the Capacity Region for 

the Multiple-Access Channel 
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Convexity of the Capacity Region for 

the Multiple-Access Channel 
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Thank you for your attention 
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