
a) Maninum SIR 
In order to compute the minirnun SIR at  the mobile, we need to determine the 
number of interfering base stations in each possible configuration, which can be 
done by inspecting Figures1 and 2. Table 1 shows the number of interfering base 
stations in the first tier, when 3 sectors (BW = 120") and 6 sectors (BW = 60") 
are used, for cluster sizes N = 3 and 4. 

Using expression (I), we determine the minimum SIR (approximation) in each 
configuration (path loss exponent n = 4). Results are shown in Table 2. 

Therefore, cluster size N = 3 cannot be used, since the minimum SIR achieved 
is below SIR  = 18.7 dB. On the other hand, both configurations using cluster 
size N = 4 are feasible, regarding co-channel interference (assuming that a 
difference of 0.1 dB is negligible). 

b) Mazimum cnm'ed tmBc per cell 
Let us now computer the carried t r d c  per cell, when sectoring is used. As we 
know, each sector is assigned a subset of the set of channels assigned to the cell.. 

For example, for cluster size N = 3, each cell is assigned 30013 = 100 channels. 
If six sectors are employed, each sector is asfigned 10016 w 16 channels. Using 
Erlang B formula, we find that each sector carries a maximum traffic of 9.83 
Erlangs a t  a blocking probability of 0.02. Therefore, the maximum traffic carried 
by each cell is 9.83 x 6 = 58.97 Erltings. Repeating this procedure, we can 
compute the maximum carried traffic per cell for other beamwidths and cluster 
sizes. Table 3 presents the resulte. 

Table 1: Number of interfering base stations in the first tier ( a o )  when 3 sectors 
(BW = 120") and 6 sectors (BW = 60") are used. 

Table 2: Minimum SIR achieved when sectoring is used, for cluster sizes N = 3 and 
4. 

Table 3: Maximum carried traffic per cell (in Erlangs) when sectoring is used, for 
cluster sizes N = 3 and 4. 300 channels available in the system, Pb = 2% 
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(Note: Bi in this cquation refw to the angle between the direction of incident 
wave and the surface.) 

Surface roughness depends on wawlength (carrier hquency) and incident 
angle. Surface appears "rougher" with the increrse of frequency or d- of 
incident angle (the angle between the direction of wave propagation and the 
surface normal). 
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a A general design rule for microwave links is 55% clearance of the first Frennel 
zone. For a 1 km link at 2.5 GHz, what is the maximum first Ftesnel zone 
radius? What clearance is required for this system ? 

For the first Resnel zone: n=l. The maximum Fresnel zone radius occurs for dl = 
dz = 500m. Using Equation (4.56), the Fresnel zone radius is found to be 

Thus,55% first b n e l  zone clearance would require a t  least 5.48 x 55% = 3.01m 
above the obstruction to the LOS path as shown in the ~$IJ& below. 

Fresnel Zone Clearance 1 

Ftesnel zone clearance. 
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Figure 1: Difbcted power vs. frequency. 
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a) Haadoff two independent events: Pr,1 < P r , ~ 0  and Pr,2 > Pr,min. Therefore, 
the probability that a handoff occurs is given by 

Pr[ handoff] = Pr[Pr,~ < e , ~ ~ )  X PrIPr,2 > Pr,min], (2) 

where PrV1 and Pr,l are the received signals at BSl and BS2, respectively. 
Pr,l is given by 

Likewise for PrW2 

Therefore, for a given distance dl ,  Pr,l and Pr,2 are Gaussian variables with 
standard deviation a and means ml and m2, respectively, 

Thus, the probability Pr[Pr,l < P~,Ho] 

where Q(x) is the Q-function: 

Likewise 

Substituting (3)-(7) into (2), we have the probability that a handoff occurs as 
a function of the distance d l .  Figure 2 shows the received area average power 
at both base stations (ml and mz) (Not required in the homework!). Figure 
3 shows the probability that a handoff occurs, along with the probabilities 
Pr[Pr,l < P,Ho] and Pf[Pr,2 > Pr,min). 

b) Rom the plot in Figure 3, the distance db, such that the probability that a 
handoff occurs is equal to 80%, is db = 1000 m. 
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Figure 2: Received area average power levels at the mobile, from both base stations. 
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Figure 3: Probability that a handoff occurs, Pr[Pr,I < Prso] and Pr[Pr,2 > Pr,,in] 
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(a) Find the minimum mean souare error MMSEI estimate for the ~ a t b  loss exmnent. n. 
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(b) Calculate the standard deviation of shadowing about the mean value. 

Estimate the nce&ea power at d = 2 km using the resultiig model. 

(d) P d c t  the likelihood that the received signal levcl at 2 km will be greater than -35 dBm. 
Express your answer as a Qfunction. 


