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Pick any three (3) questions. Each question you pick counts for 33 points. Everyone gets 1 free point. 

1. A digital cellular system operator has purchased a license for 10 MHz of spectrum. The geographical region covered by this license is metropolitan Philadelphia. The operator’s business plan calls for 125,000 customers to be supported by June 30, 2001, when the system will be at maximum utilization for its first phase of operation (i.e., when the forecasted 125,000 customers have been “signed up” for the service). The efficiency of the modulation scheme employed by the equipment that is used by this system operator is: 2.25 bits per second/Hz

Scenario A: All of the customers use the service only to make wireless telephone calls. During the busy hour, each customer will originate an average of 2.5 calls; and an average call will last for 243 seconds.  When active, a two-way telephone call uses 16 kilobits per second of communication capacity.   

What frequency re-use factor is required to provide enough total system capacity to support Scenario A in the first phase of operation?

Solution: 

The number of bits per second that can be supported by each use of the 10 MHz of available spectrum is 10 MHz x 2.25 bits per second/Hz = 22,500,000 bits per second

The required number of bits per second during the busy hour is 125,000 users x 2.5 calls per user per hour x 16 kbps x 243 seconds per call / 3600 seconds per hour = 337,500,000 bits per second.

Thus the required frequency reuse factor is 337,500,000/22,500,500 = 15

Scenario B:  In addition to the usage described in scenario A, above, 25% of the users utilize the system to send and receive E-mail, and 15 % of the users utilize the system to access information from the World Wide Web. An average E-mail user downloads 10 E-mail messages during the busy hour, each of which contains an average of 10,000 bytes of information. An average E-mail user uploads 10 E-mail messages during the busy hour, each of which contains an average of 500 bytes of information. An average WWW user downloads 1,000,000 bytes of information during the busy hour. 

How much additional, total (aggregate) traffic (% increase) is generated by the data users?

Solution: 

The total number of bits transmitted in the busy hour for voice calls is 337,500,000 bits per second x 3600 seconds = 1.215 x 10**12 bits 

The total number of bits associated with the other applications is

{E-mail:  [125,000 users x 0.25 x (10 messages per user x 10,000 bytes  + 10 messages per user x 500 bytes) x 8 bits per byte = 2.625 x 10**10 bits}

+

{Web page downloads:  125,000 users x 0.15 x 1,000,000 bytes per user x 8 bits per byte = 1.5 x 10**11 bits}

=  1.7625 x 10**11 bits

Thus, the extra load presented by the non-voice applications is 1.7625/12.15 ~ .145;  i.e., ~14.5%

2.  A free space digital optical LAN uses an LED transmitter mounted on the ceiling of a room. The room measures 8 meters wide x 5 meters long x 3 meters high. The LED transmitter emits light uniformly over a circular cone of half angle 1 radian (centered on the line pointing vertically down from the ceiling). A receiver placed on a table in the room, directly under the transmitter contains an optical detector that captures all light that falls on its aperture. The aperture has a diameter of 3 mm, and is facing up toward the transmitter. The aperture of the detector is 1 meter above the floor. The LED is modulated using binary on-off modulation. The detector must capture 100,000 photons per received pulse in order for the receiver to operate with a low bit error rate. The LED transmitter’s total optical output power is 1 mW. The photon energy at this wavelength is 2 x 10**-19 J. 


A. How high a data rate can the LAN operate at (in the direction from the LED transmitter on the ceiling to the receiver on the table)…neglecting any effects of reflections from the walls of the room?

Solution:

The total power emitted by the LED will be spread over an area of approximately that of a circle with radius 2 meters, by the time it reaches the table (2 meters below). 

Thus the power density at the height of the detector is .001 watts / [ pi x (2 meters)**2] ~ .00008 watts per square meter. [assuming a series of all “1”s is being transmitted, and that the duty cycle is 100%]

The area of the detector is  {pi x ( .003 meters)**2} / 4 ~ .000007 square meters

Thus the power captured by the detector is ~ .00008 x .000007 watts = 5.6 x 10**-10 watts. 

The power required at the receiver is 100,000 photons per received pulse x 2 x 10**-19 J per photon x B bits per second (where B is the bit rate, assuming one bit per pulse)

Solving for B…  we get B = 5.6 x 10**-10 / [ 2 x 10**-14] =  28,000 bits per second

B. If we were using a wireless radio frequency LAN in this room, and we were worried about a delayed signal… caused by a single reflection from a wall, the floor, or objects in the room… interfering with the straight path signal between a ceiling mounted transmitter and a receiver on a table, 1 meter above the floor, somewhere in the room… how high a symbol rate could we use? [Assume the transmitter is in the center of the ceiling, as measured by the distances to the walls. Assume that the most delayed signal must not incur a delay, relative to the direct path signal, of more than half the spacing between symbols]

Solution:

We need to calculate the position in the room (at table height) where there is the maximum difference in the delay associated the direct path and the reflected path.

I didn’t care what position you picked for the location of the receiver, as long as you calculated the difference of these two delays, also known as the “delay spread” 

The minimum pulse spacing is twice this difference in delays.

The maximum data rate is 1/ [the minimum pulse specing]  = 1/ [2 x the delay spread]

Note that the absolute delay of the longest reflected path is not the deciding factor in this problem. One must also take into account the delay of the corresponding direct path. 


3.    A geo-synchronous satellite broadcasts 500 Mbps to a circular area on the ground of radius 50 km. There are 1333 receiving stations on the ground in various positions within this circular area, separated by a minimum of 100 meters. How many bits per second can each of these receiving stations receive, if they are all operating simultaneously? 

Solution:
Each receiver can, independently, receive the entire broadcast bit rate…i.e., 500 Mbps. This is the definition of “broadcast”.

4.   A particular token ring network uses fiber links to connect the nodes on the ring.  There are 16 nodes, each separated by 20 km of fiber.  Each node on the ring, when it receives the token, transmits one packet  (frame) of length 512 bytes… and then passes the token to the next node. The frame header is 18 bytes long.  The token is 3 bytes long.  Each transmitted packet (frame) is addressed to exactly one node on the ring. The data rate on the ring is 16 Mbps.  How many bits per hour (not including tokens or frame headers) does each node get to transmit, taking into account that nodes do not transmit except then they have the token? Keep in mind that it takes 5 microseconds for a signal to travel through 1 km of fiber. Also remember that 1 byte= 8 bits.   

Solution:

The number of bits in a frame (including the header) is 512 bytes x 8  bits per byte = 4096 bits. Each station gets to transmit 1 packet, and then must transmit the token.  At a data rate of 16 Mbps, it takes   [4096 + 24] / 16 x 10**6 seconds = 258 microseconds to transmit the packet and the token. It takes another 5 microseconds per km x 20 km = 100 microseconds for the end of the transmitted packet to pass the next station. At that point in time, the next station can begin to transmit.  

The time it takes for all 16 stations to transmit is therefore: 16 x [258 microseconds + 100 microseconds]  = 5,728 microseconds. 

In 1 hour, each station will get 3600 seconds / [5.728 x 10**-3] seconds = 628,491  chances to transmit. 

Each time a station transmits, it sends  [512-18] x 8 bits, not including the token and the frame header. 

Thus the number of bits per hour transmitted by each station is [512-18] x 8 bits per opportunity x 628,491 opportunities per hour = 2,483,796,432 bits per hour ~ 2.5 Gb per hour.  [Note that the total number of bits per hour transmitted by all 16 stations is 2.5 Gb/hr x 16 = 40 Gb/hr. The total number of bits per hour associated with the ring data rate is 16 Mbps x 3600 seconds = 57.6 Gb/hr. Thus the efficiency of utilization of the available bits to send frame payloads is ~ 40/57.6 = 0.69 = 69%.]

5. A particular packet network, composed of many links and routers (packet switches), utilizes a layer 4 protocol to determine whether packets have arrived safely at their intended destinations. If the layer 4 protocol determines that a packet is lost or damaged, it sends a request back to the source of that packet, asking for a retransmission. Since we are already checking whether packets have been lost or damaged on an end-to-end basis, why would we use a layer 2 protocol to determine whether packets have been lost or damaged as they move across individual links in this network? Under what conditions would it not be useful to employ a layer 2 protocol to detect lost or damaged packets on a link-by-link basis? [Note that each link in the network can employ a different layer 2 protocol to detect and to attempt to repair or replace lost or damaged packets]. 

Solution:
The end-to-end path through the network consists of many links and routers. If one of these links damages or destroys a packet, and we can’t repair/recover that packet using a layer 2 protocol on that link, then the destination host will have to request a retransmission of the packet from the originating host. If the path through the network is physically long (e.g., 1000 km end-to-end) this may take many milliseconds (3.33 -5 microseconds per kilometer of speed-of-light delay + other delays associated with transmission system electronics and routers). In addition, if each link has a moderately high probability of damaging or destroying a packet, then the end-to-end probability of a successful packet transfer may be unacceptable. Lot’s of network capacity is lost due to delivery of useless (damaged) packets, out-of-sequence packets, etc. Thus it is desirable to have a layer 2 protocol to repair/recover damaged or destroyed packets on a link-by-link basis. 

If each link in the network has a very low probability of damaging or destroying packets (e.g., as is normally the case with optical fiber links), then there may be no value in using a layer 2 protocol to perform the recovery function on a link-by-link basis v. recovering from occasional lost or damaged packets on an end-to-end basis. This would be particularly true if the layer 2 protocols on each link would introduce extra layer 2 packet processing delays.  

