EE653: Cross-Layer Design for Wireless Networks

Fall 2007
Homework 1
Problem 1. (10 points) Last lecture in class, we have discussed the tradeoffs between the energy spent for transmission, and the achievable transmission rate for various modulation schemes. Discuss how an adaptive modulation scheme may interact with other upper layer interference management protocols, when the channel conditions depend on the level of interference in the system. Give an example of such interaction, and fit it into our cross-layer design framework. 

Problem 2. (20 points) Consider the frequency planning problem we have discussed in the classroom. For the NJ Turnpike scenario (all base stations and customers on a line), we need to design a cellular system such that we can reuse the frequencies every D meters. The radius of a cell is R, and all the mobiles transmit with power Pt. We look at the uplink design problem, and we consider only the effects of path loss, with a path loss coefficient n=2. We assume that we are going to use an adaptive modulation strategy, such that we will be able to meet a target BER of 10-2 for the worst case scenario. The modulation that can be selected is M-QAM, with M = 2, 4, 16. 

(a) Determine the target SIRs for the three values of M.

(b) Determine the achieved D/R and the achieved spectral efficiency for each value of M.

(c) Using the above results determine the decrease in the frequency reuse factor when M changes from 16 to 2. What is the tradeoff involved?

(d) For the worst case interferer, plot the variation in the spectral efficiency with the position of the mobile for a fixed value of M, M=2. 

Problem 3. (10 points) Can we measure SIR in dBm? Motivate your answer.

Problem 4.  (10 points) Consider a part of an ad hoc network with peer-to-peer transmission, as in the figure. Assume that the transmitters use the same powers, the distance between T1 and R1 (transmitter 1 and receiver 1) is 200 meters, the distance between T1 and R2 (transmitter 1 and receiver 2) is 600 meters, the distance between T2 and R2 (transmitter 2 and receiver 2) is 300 meters, and the distance between T2 and R1 (transmitter 2 and receiver 1) is 500 meters. Assume a path loss coefficient of n = 2.
Can T1 and T2 use the same frequency for transmission? Assume that the requested link quality is SIR (dB) >= T, where T = 5. 
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Figure 1 Part of an ad hoc network (Problem 4)
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