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Total Score
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PLEASE NOTE THAT THE PROBLEMS ARE NOT NECESSARILY

ORDERED IN DIFFICULTY.

Good luck!
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1. Consider transmission of equally likely independent bits with pulse-amplitude modulation
over an AWGN channel with noise power spectral density Ny/2, where Ny = 1.10 x
1072 W/Hz. Let the transmit pulse be

A 0<t<«l1
=40 o
0, otherwise

The receiver is a matched-filter minimum distance receiver, and the symbol rate is chosen
to be the maximum possible for ISI-free transmission.

(a) Consider the symbol alphabet A; = {—1,1}. What is the data rate? (2p)

(b) Suppose the bit error probability is 107*, what is the frame error rate if the frame
length is 20 byte? What is the frame error rate for a 2000 byte frame? (2p)

(c) What is the required signal power to reach bit error probability 107 if we use the
symbol alphabet A;? (4p)

(d) What is required transmit power to reach bit error probability 10~* if we use the
symbol alphabet Ay = {0,2}? (4p)

2. (a) Explain the difference between CSMA with collision detection (CD) and CSMA
with collision avoidance (CA). Which method gives the best performance on a wired
medium? Which method would you recommend to be used in wireless systems?
Motivate. (4p)

(b) What is the purpose of the transport layer in the OSI reference model? Give an
example of a TCP/IP transport layer protocol. (2p)

(¢) What is the purpose of the modulator block in Shannon’s model for digital commu-
nications? (2p)

(d) Explain the purpose of the domain name system (DNS). (2p)

(e) Why is a hierarchical addressing scheme preferable to a flat addressing scheme for
routing? (2p)

3. Consider a single-parity check code with 7 information bits dy, dy, ..., ds and one parity
The codeword ¢ = [dod; - - - dgp] is transmitted over a channel with error pattern e =

[egeq - - - e7]. That is, the received word is y = ¢ @ e. Assume that the information bits
are equally likely and independent.

(a) Suppose bit errors occur independent of each other with probability 10=*. Compute
the frame error probability Py = Pr{y # c}. (4p)

(b) Suppose the parity check code is used for error detection. What is the probability
of undetected error? (4p)

(¢) Now suppose the channel is such that all nonzero error patterns are equally likely,
i.e., Pr{e = u} = p, where p is a constant, for all u # [0000000]. For the same frame
error probability as in part (a), what is the probability of undetected error? (4p)



4. Consider transmission of IP-packets (i.e., IP PDUs) over an 802.11 WLAN with DCF
(distributed coordinating function). Hence, the protocol stack below IP is 802.2 logical
link control (LLC), 802.11 medium access control (MAC) using DCF, 802.11 physical
(PHY) layer convergence procedure (PLCP), and a 802.11 PHY layer.

The LLC PDU consist of a 3-byte header followed by the LLC SDU.

A 802.11 MAC PDU that carries higher layer data consists of a 30-byte header followed
by the MAC SDU and a 4-byte CRC check sum field. The MAC SDU can have length
from 0 to 2312 byte. The 802.11 MAC control PDUs have the following lengths: RTS
frame is 20 byte long; CTS and ACK frames are 14 byte long. A DCF interframe space
(DIFS) is 25 us and a short interframe space (SIFS) is 16 yus.

The PLCP PDU consist of a PLCP preamble and header that combined have duration
20 ps followed by the PLCP SDU.

The PHY layer data rate is 54 Mbit/s.

We assume that there is only one transmitter (i.e., there is no channel contention or packet
collisions) and that there are no frame errors on the wireless medium. The propagation
delay is assumed to be negligible.

(a) What is the maximum length of an IP packet that can be transmitted in a single

802.11 MAC PDU? (2p)

(b) What is the highest data rate that the IP layer can experience if RTS/CTS is not
used? (6p)

(c) What is the highest data rate that the IP layer can experience if RT'S/CTS is used?
(4p)
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