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 1. (10 Points) (A) Fixed cellular wireless technology provides a means to offer broadband access to multimedia services without requiring extensive copper or fiber subscriber plant. Relatively wide unused spectrum at frequencies above 20 GHz has led to the development of fixed broadband wireless access system operating in these bands, such as LMDS (Local multipoint distribution system. Can you explain why LMDS does not turn out to be one of the major broadband solutions as ADSL? (2 Points) (B) Can you offer two major reasons (boosts) for the success of the second generation cellular wireless mobile system? (2 Points) (C) There are two types of geo-location techniques, one based on the network and the other on the handset. Describe the differences of these two solutions. (4 Points) (D) Ubiquitous Computing was described by Mark Weiser’s seminal 1991 paper. Can you give a reason why the implementation attempted by Weiser fell short?  (2 Points)
2. (10 Points) (A) If a signal to interference ratio of 10 dB is required for satisfactory forward channel performance of a cellular system, what is the frequency reuse factor  (D/R) and cluster size (N) that should be used for maximum capacity if the path loss exponent is (1) n = 4, (2) n = 2 ? Assume that there are 6 co-channels cells in the first tier, and all of them are at the same distance from the mobile. Use suitable approximations. (Candidate Cluster sizes could be 1, 3, 4, 7, 9, 12, 13). ( 6 points) (C) For a given cell, approximately how many users can be supported for 0.5% blocking probability for problem (B) Assume each user generate 0.1 Erlangs of traffic. (4 Points)
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Number of                      Capacity (Erlangs) for GOS

Channels C          = 0.01           = 0.005          = 0.002             = 0.001

	2
	0.153
	0.105
	0.065
	0.046

	4
	0.869
	0.701
	0.535
	0.439

	5
	1.36
	1.13
	0.900
	0.762

	10
	4.46
	3.96
	3.43
	3.09

	20
	12.0
	11.1
	10.1
	9.41

	24
	15.3
	14.2
	13.0
	12.2

	40
	29.0
	27.3
	25.7
	24.5

	70
	56.1
	53.7
	51.0
	49.2

	100
	84.1
	80.9
	77.4
	75.2


3.  (10 Points) 
 The mobile radio channel places fundamental limitations on the performance of wireless communication systems. The transmission path between the transmitter and the receiver can vary from simple line-of-sight to one that is severely obstructed by buildings, mountains, and foliage. Modeling the radio channel has historically been one of the most difficult parts of mobile radio system design, and is typically done in a statistical fashion, based on measurements made specifically for an intended communication system or spectrum allocation. (A) List the factors to determine the Link budget (SNR) (3 Points) (B) Describe the two main factors to cause the small-scale fading? (2 Points) (C) Explain the following three interference sources in the cellular mobile system: co-channel interference, adjacent channel interference, inter-symbol interference. (3 Points)(D) Explain how the intelligent antenna technique can improve the system capacity or performance. (2 Points) 
4. (10 Points) In recent years, a wide variety of mobile computing devices has emerged, including portables, palmtops, and personal digital assistants. Providing adequate network connectivity for these devices will require a new generation of wireless LAN technology. (A) Describe how CSMA protocol may cause and experience “hidden terminal” and “exposed terminal” problems? (2 Points)  (B) Karn proposed MACA (RTS/CTS/DATA without carrier sense) as an alternative to traditional CSMA scheme. Explain why MACA might solve problem (2 Points) (C). Explain the problem for MACA scheme? ( 2 Points) (D) Can CSMA/CA avoid hidden terminal problem completely? Explain. (2 Points) (E) Given the following case for 802.11 CSMA/CA: a two cell configuration where both pads are in range of their respective base stations and also in range of each other. The base stations are sending data to their respective pads. Explain the reason that S2 stream might be blocked by S2 stream. Do you have solution to address this problem? ( 2 Points)
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5. (10 Points) (A) The IEEE 802.11 protocol family provides up to 54-Mbps data rate, whereas the industry is seeking higher data rates. Recent papers (IEEE communication letter 2002) show that a theoretical throughput upper limit and a theoretical delay lower limit exist for the IEEE 802.11 protocols. The existence of such limits indicates that by simply increasing the data rate without reducing overhead, the enhanced performance, in terms of throughput and delay, is bounded even when the data rate goes into infinitely high. Can you explain why? Do you have solution for the problem (4 points).(B) Explain the large area interference problem for IEEE 802.11. (2 Points) (C) Explain the “adaptive CSMA” solution proposed by Intel Corporation (4 Points). 
6. (10 Points) Spread spectrum multiple access uses signals which have a transmission bandwidth that is several orders of magnitude greater than the minimum required RF bandwidth. There are two main types of spread spectrum multiple access techniques: frequency hopping spread spectrum (FH-SS) and Direct sequence spread spectrum (DS-SS). (A) Bluetooth adopts FH-SS or DS-SS? (2 Points) (B) Explain how Bluetooth device avoid collision with other Bluetooth devices (in the same personal area network and in the different personal area networks). (4 Points) (C) Can you explain how Bluetooth devices support real time traffic (such as Audio) and non real time traffic (such as Data)? (2 Points)  (D) Explain why Bluetooth systems require master stations? (What functions master station will offer?) (2 Points)
7. (10 Points) (A) Cellular systems are designed to operate with groups of low-power radios spread out over the geographical service area. As the traffic grows and the blocking probability is high, usually what are your possible solutions to decrease the blocking probability? (2 Points) (B) Explain what are sector (such as three-sector case) and what is cell splitting? Any corresponding benefit and disadvantage for sector and cell splitting (4 Points) (C) Usually different user might have different mobility behaviors, do you have any solutions to distinguish high speed and low speed customers and avoid unnecessary disconnections?  (4 Points)
8. (10 Points) (A) Direct Sequence Cellular system adopts universal frequency reuse policy. Explain what is universal frequency reuse policy? What is the advantage and disadvantage of this policy? (2 Points) (B) CDMA also provides a natural way to exploit the bursty nature of a source for added capacity. Can you explain how CDMA improves the capacity in the case of a two-way telephone conversation? ( 2 Points) (C) Explain why DS (Direct Sequence) waveforms can be used to either reject multipath returns that fall outside of the correlation interval of the spreading waveform, or enhance overall performance by diversity combining multipath returns in a RAKE receiver. (2 Points) (D) Explain why reverse link is vulnerable to the “near far” problem, and what is solution to maximize the system capacity? (2 Points) (E) How WCDMA could provide flexible services (flexible bit rates) for different kind of users? (2 Points)
9. (14 Points) The goal of Mobile IP is to allow a mobile host to send and receive packets addresses with its home address regardless of its current point of attachment to the internet. (A) Can you explain what are encapsulation and tunneling for Mobile IP? (B) For security reason, some router will enforce to apply source address filtering. Then what is going to impact Mobile IP? (C) Do you have solution for the security limit in (B). (D) Explain what is the disadvantage to adopt enhanced DNS approach to solve the mobility problem? (E) Describe why mobile IP adopts two-tier addressing? (F) Explain what is meaning of f and g function? (G) What is the meaning of triangle routing? How to avoid the triangle routing to optimize the route? 
10.(6 Points) In this question, we study the problem of maintaining fairness for upstream and downstream connections in wireless local area networks (WLANs) based upon the IEEE 802.11 standard. Current implementations of 802.11 use the so-called Distributed Coordination Function (DCF), which provides similar medium access priority to all stations. Although this mode of operation ensures fair access to the medium at the MAC level, it does not provide any provisions for ensuring fairness among the upstream and downstream connections. Connection unfairness may result in significant degradation of performance leading to users perceiving unsatisfactory quality of service. Can you explain why current 802.11 might produce this so-called “critical unfairness” between upstream and downstream connection as the attached Figure 2.
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