Wireless Multimedia System
Professor Hsiao-kuang Wu (hsiao@csie.ncu.edu.tw)

Homework 3: (Due Nov 28  9:00 AM, 2007)
(Bluetooth Technology)
1. In the last decades, progress in microelectronics and VLSI technology has fostered the widespread use of computing and communication applications in portable electronic devices. A new universal radio interface called Bluetooth has been developed enabling electronic devices to connect and communicate via short range radio connections. What particular group of companies proposed the Bluetooth technology? How does Bluetooth radio system coexist with cellular system and Wireless LAN system? Why dynamic slot allocation scheme could reach better performance? What is the slot time for Bluetooth system? What is the maximum user rate for Bluetooth? Does CDMA scheme be applied in one particular piconet? Does CDMA scheme be applied in one scatternet? 

(Cellular Concept)
2. (A)  If a total of 25 MHz of bandwidth is allocated total particular FDD cellular telephone system which uses two 25 kHz simplex channels to provide full duplex voice and control channels, compute the number of channels available per cell if a system uses (1) 3-cell reuse (2) 7-cell reuse. (3) 12-cell reuse. (B) If a signal to interference ratio of 15 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 (a) n = 4, (b) n = 6 ? 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 3, 7, 12, 13).

(Channel Assignment & Handoff)
3. (A) A given radio spectrum (or bandwidth) can be divided into a set of disjoint or non-interfering radio channel. All such channels can be used simultaneously while maintaining an acceptable received radio signal. Channel allocation schemes can be divided into a number of different categories depending on the comparison basis. Describe FCA (Fixed Channel Allocation), DCA (Dynamic Channel Allocation) and HCA (Hybrid Channel Allocation). (B) Describe what is the meaning of Handoffs, intra-cell handoff, inter-cell handoff? In order to determine handoff initiations, several strategies have been proposed: Relative signal strength, Relative signal strength with threshold, Relative signal strength with hysteresis (plus optionally dwell timer). Explain the approaches. 

(802.11 Power Saving Mode)

4. The IEEE 802.11 [23] standard recommends the following technique for power conservation. A mobile that wishes to conserve power may switch to sleep mode and inform the base station of this decision. The base station buffers packets received from the network that are destined for the sleeping mobile. The base station periodically transmits a beacon that contains information about such buffered packets. When the mobile wakes up, it listens for this beacon, and responds to the base station which then forwards the packets. This approach conserves power but results in additional delays at the mobile that may affect the quality of service (QoS). 

 (a) Decribe the difference between Active Mode and Power Saving Mode.
  (b) How does Power Saving Mode Station know when to wait up to get the TIM (Traffic Indication Map)? 
(c) Decribe is the purpose of TIM (Traffic Indication Map).
  (d) How does Power Saving Mode Station to inform AP that he is ready to accept the buffered data?

  (e) For BSS multicast services, how does AP transmit multicast or broadcast to all of the Stations if at least one of the stations are in power saving mode? (hint DTIM)
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Order Information Notes

T Timestamp

2 Beacon interval

3 ‘Capability information

@ SSID.

5 Supported rates

3 FH Parameter Set The FH Parameter Set information element is present within Beacon
frames generated by STAs using frequency-hopping PHY.

7 DS Parameter Set The DS Parameter Set information element is present within Beacon
frames generated by STAs using direct sequence PHYs

¥ CF Parameter Set The CF Parameter Set information element is only present within
Beacon frames generated by APs supporting a PCF

9 TBSS Parameter Set The IBSS Parameter Set information element is only present within
Beacon frames generated by STAs in an [BSS.

0 ™M The TIM information clement is only present within Beacon frames

‘sencrated by APs.
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Figure 40—TIM element format




(Direct Sequence Spread Spectrum)

5. (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? (B) If W=1.25 MHz, R=9600 bps, and a minimum acceptable E/N is found to be 10 dB, determine the maximum number of users that can be supported in a single-cell CDMA system using omni-directional base station antennas and voice activity factor α = 3/8, K = 1/2, suppose the background noise is approximately neglected, where W/R is called the processing gain, (C) Explain why reverse link is vulnerable to the “near far” problem, and what is solution to maximize the system capacity? (d) Explain soft handoff and softer handoff?
Trunking and Grade of Service:

Example: a radio channel is occupied for thirty minutes during an hour carries 0.5 Erlangs of traffic.

Capacity of an Erlang B System

  Pr[blocking]=
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=GOS (Grade of Service)

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


Problem 6

How many users can be supported for 0.2% blocking probability for the following number of trunked channels in a blocked calls cleared system? (A) 2, (b) 5, (c) 10, (d) 20, (e) 100. Assume each user generate 0.1 Erlangs of traffic.

Problem 7

An urban area has a population of two million residents. Three competing trunked mobile networks (systems A, B, and C) provide cellular service in this area. System A has 394 cells with 19 channels each, system B has 98 cells with 57 channels each, and system C has 49 cells, each with 100 channels. Find the number of users that can be supported at 2% blocking if each user averages two calls per hour at an average call duration of three minutes. Assuming that all three trunked systems are operated at maximum capacity, compute the percentage market penetration of each cellular provider.

(GOS= 0.02, C = 19, A = 12, GOS=0.02, C=57, A = 45, GOS= 0.02, C= 100, A = 88.)
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