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Figure A-2. Hourly Band Usage (percent of time and total Erlangs) during the
course of the measurements for all 1113 channels in the
406-420 MHz band (excluding HOCs).
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A.2 Percent Band Usage for the 162—174 MHz Band

Tables A-1 through A-4 contain the Percent Band Usage data for the 162—174 MHz band for
the entire week, weekdays only, weekends only and Election Day only. As described in greater
detail in Section 5.6, the data is presented in terms of a 24 hour period and a period of 8 AM
to 5 PM for each table for that measurement time. Note that for the entire week and weekdays
only tables, data is included for the Average of Busiest Usage by Hour. That information is not
relevant to the weekend only and Election Day tables and is not included for those
measurement times since the busiest times happen during the weekdays.

Table A-1. Percent Band Usage and Average of Busiest Usage by Hour During the Entire
Week for All 934 Channels in the 162-174 MHz Band (Excluding HOCs)

All Days Mean Detection Threshold

Threshold (Bm) 113 100 90 s | -0
Threshold (dBuV/m) looos o 31 : a . 51
Timescale Percent Band Usage

Percent Band Usage (24 hours) 1.08+0.01" 0.63 0.5 0.27 0.21
Average of Busiest Usage by Hour || 2.72+0.08" Not applicable

Percent Band Usage (8am—5pm) 1.4220.02" 0.76 0.6 0.37 0.3

Note: Erlangs can be calculated by multiplying the Percent Band Usage for any threshold by the number of
channels. For example, Mean Erlangs for a threshold of -113 dBm is 10.09 ((1.08 / 100) * 934).

17999 confidence level - assuming an average message length of no greater than 5 seconds.
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Table A-2. Percent Band Usage and Average of Busiest Usage by Hour During Weekdays Only
for All 934 Channels in the 162-174 MHz Band (Excluding HOCs)

Weekdays Only

Mean Detection Threshold

Threshold (dBm) -113 -100 -90 -80 -70
Threshold (dBuV/m) g 21 31 41 51
Timescale Percent Band Usage

Percent Band Usage (24 hours) 1.11£0.01' 0.63 0.52 0.29 0.22
Average of Busiest Usage by Hour 3.14+0.10'% Not applicable

Percent Band Usage (8am-5pm) 1.53£0.02'° 0.79 0.66 0.4 0.32

Note: Erlangs can be calculated by multiplying the Percent Band Usage for any threshold by the number of
channels. For example, Mean Erlangs for a threshold of -113 dBm is 10.37 ((1.11 / 100) * 934).

8999 confidence level - assuming an average message length of no greater than 5 seconds.
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Table A-3. Percent Band Usage During Weekend Days for All 934 Channels in the
162-174 MHz Band (Excluding HOCs)

Weekend Days : Mean Detection Threshold

Threshold (dBm) -113 -100 | -90 -80 -70
Threshold (dB uV/m) E 8 21 31 41 51
Time Scale Percent Band Usage

Percent Band Usage (24 hrs) 1.160.02" 0.59 0.49 0.2 0.16
Percent Band Usage (8am—5pm) 1.62+0.04"° 0.64 0.53 0.24 0.2
Note: Erlangs can be calculated by multiplying the Percent Band Usage for any threshold by the number of
channels. For example, Mean Erlangs for a threshold of -113 dBm is 10.83 ((1.16 / 100) * 934).

Table A-4. Percent Band Usage During Election Day for All 934 Channels in the 162—174 MHz
Band (Excluding HOCs)

Election Day Mean Detection Threshold

Threshold @Bm) ~ ~  f a3 | 00 | w0 | 0 | 0
Threshold (dBpV/m) 8 | o2 L e
Percent Band Usage (24 hours) 0.90+0.02"° 0.56 0.45 0.25 0.22
Percent Band Usage(8am—5pm) 1.10+0.04"° 0.72 0.62 0.37 0.33
Note: Erlangs can be calculated by multiplying the Percent Band Usage for any threshold by the number of
channels. For example, Mean Erlangs for a threshold of -113 dBm is 8.41 ((0.9 / 100) * 934).

%999 confidence level - assuming an average message length of no greater than 5 seconds.
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A.3 Percent Band Usage for the 406—420 MHz Band

Tables A-5 through A-8 contain the Percent Band Usage data for the 406-420 MHz band for the
entire week, weekdays only, weekends only and Election Day only. As described in greater detail
in Section 5.6, the data is presented in terms of a 24 hour period and a period of 8 AM to 5 PM
for each table for that measurement time. Note that for the entire week and weekdays only tables,
data is included for the Average of Busiest Usage by Hour. That information is not relevant to
the weekend only and Election Day tables and is not included for those measurement times since
the busiest times happen during the weekdays.

Table A-5. Percent Band Usage and Average of Busiest Usage by Hour During the Entire Week
for All 1113 Channels in the 406-420 MHz Band (Excluding HOCs)

All Days Mean Detection Threshold I

Threshold (Bm) || 7 2100 290 - -80 270 I
127 29 39 49 . 59 |

Timescale Percent Usage

Percent Band Usage (24 hours) 2.00+0.01% 1.3 1.1 0.84 0.6

Average of Busiest Usage by Hour || 3.79+0.04” Not applicable

Percent Band Usage (8am—5pm) 2.55+0.01% 1.6 1.41 1.04 0.75

Note: Erlangs can be calculated by multiplying the Percent Band Usage for any threshold by the number of

channels. For example, Mean Erlangs for a threshold of -113 dBm is 22.26 ((2.0 / 100) * 1113).

29999 confidence level - assuming an average message length of no greater than 5 seconds.
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Table A-6. Percent Band Usage and Average of Busiest Usage by Hour During Weekdays for
All 1113 Channels in the 406-420 MHz Band (Excluding HOCs)

Weekdays Only Mean Detection Threshold

Threshold (dBm) 117 100 90 80 70
| Threshold (dBpV/m) | 12 29 39 49 59
Timescale Percent Usage

Percent Band Usage (24 hours) 2.08+0.01* 1.3 1.14 0.89 0.63
Average of Busiest Usage by Hour || 4.29+0.05%' Not applicable

Percent Band Usage (8am—5pm) 2.67+0.01%' 1.7 1.49 1.1 0.79

Note: Erlangs can be calculated by multiplying the Percent Band Usage for any threshold by the .number of
channels. For example, Mean Erlangs for a threshold of -113 dBm is 23.15 ((2.08 / 100) * 1113).

21999 confidence level - assuming an average message length of no greater than 5 seconds.
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Table A-7. Percent Band Usage During Weekend Days for All 1113 Channels in the
406-420 MHz Band (Excluding HOCs)

Weekend Days Mean Detection Threshold

‘Threshold (dBm) -117 -100 -90 -80 -70
Threshold (dBpV/m) ' 12 29 39 49 59
Time Scale Percent Band Usage

Percent Band Usage (24 hours) 1.76+0.01% 1.11 0.96 0.72 0.52
Percent Band Usage (8am—5pm) 2.1920.02% 1.37 1.18 0.87 0.63
Note: Erlangs can be calculated by multiplying the Percent Band Usage for any threshold by the number of
channels. For example, Mean Erlangs for a threshold of -113 dBm is 19.59 ((1.76 / 100) * 1113).

Table A-8. Percent Band Usage During Election Day for All 1113 Channels in the
406-420 MHz Band (Excluding HOCs)

Election Day Mean Detection Threshold

Threshold (dBm) r 117 100 | w0 %0 | 70
iThreshold, (dBuV/m) | 12 29 | e b a o | ose
Time Scale Percent Band Usage

Percent Band Usage (24 hours) 2.17£0.02% 1.3 1.15 0.88 0.59
Percent Band Usage (8am—5pm) 2.92+0.03% 1.79 1.59 1.21 0.79
Note: Erlangs can be calculated by multiplying the Percent Band Usage for any threshold by the number of

channels. For example, Mean Erlangs for a threshold of -113 dBm is 24.15 ((2.17 / 100) * 1113).

22999, confidence level - assuming an average message length of no greater than 5 seconds.
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APPENDIX B: CONFIDENCE INTERVALS FOR OCCUPANCY MEASUREMENTS
B.1 Introduction

This appendix describes a method for calculating confidence intervals for channel occupancy
measurements. Typically, a channel occupancy measurement involves random samples of the
signal strength. The channel is deemed occupied if a predetermined threshold is exceeded and
hence each measurement is a realization of a binary random variable. The probability of
exceeding the threshold gives the fraction of time the channel is occupied.

B.2 Statistical Character of Channel Occupancy Measurements

We wish to estimate the probability p that given a random observation, the signal strength
exceeds our predetermined threshold. Let the binary random variable & represent the
i™ observation, then

1 with prob, p
0 with prob, g=1-p .

To estimate channel occupancy, we make » observations and obtain a realization of the random
variable

0=)§ (1
and estimate of channel occupancy p =v/n. Note that this estimate has the desirable property of
being unbiased (i.e. £{p} =p).

To further understand the statistical nature of our estimate it is useful to determine its probability
distribution. Some simplifying assumptions are needed to make this exercise tractable as
described below.

B.2.1 Characterization of the Process

The sequence of observations is a realization of a discrete random process. We assume that in

general the samples are not independent and are reasonably characterized as a regular
first-order Markov chain as discussed in [1].



For our purposes, the regular Markov chain is characterized by a 2 x 2 transition matrix P and
the relation

(g,p)P =(g,p)- @)

In terms of p,q and the transition probability # = P{§,=0[&,_; = 1} we have
P=( 1 -nplq nplq )
n l-n

When n is large, we can use the Central Limit Theorem for Markov Chains [2], which gives the
limiting normal distribution for v

S

Pr<t® g~ L fe'lezdx 3)
np 2%

r
where nf is the limiting variance for the number of times that & = 1 and

B =pqL @)

where

h
n
e N
p—
1|+
P N
p —

and A=1-n=P{§=1|§_,=1}and p << 1.

The limiting distribution of the channel occupancy estimate is

s

A
P{r<£‘_l’<s}->_1_ fe-x2/2dx. (5)

VB/n V2n

r

B.2.2 Confidence Intervals

Since our measurement is an estimate, we would like to make some intelligent remarks about its
accuracy. A commonly used methodology is to calculate the endpoints of an interval that with
probability 1 - € contains the actual value of the population statistic. Thus, given a small

quantity € we need to calculate » and s so that
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P{p+r/Bin<p <p+s/Bin}=1-¢, (6)

where it is customary to set s = -r =y_. By writing p=pxy /pqL/n and solving for p, it can

be shown that the probability that p lies between the limits p+y ~VPqL/n is equivalent to the
probability that p lies between the limits

:l:y £

-1
2 2 2
Y| | g el | BAL Pl (7
2n ‘Al n 4n?

as described in [3]. For large n, we can use the normal distribution given in Equation 5 to
calculate y,_

1 x%/2 €
— le dx =—.
o f 5 ®
Ye

Note that the determination of L in Equation 7 requires that we know the transition probability A.
A method for estimating A is given in [1]. This method assumes that the time duration T of a
transmitted signal is random with an exponential distribution. Denoting the mean duration as ¢,
and the time between samples as 7, the following expression is used to estimate the transition
probability:

oo

Azp{Tzf}Ltl_fe"“°dr=e“”°. 9)
0

B.2.3 Example

Assume we obtain 7 =4000 samples and observe that p = 0.02 using a sample rate that is twice
the average time duration of the transmitted signal (t =#,/2). For the 90% confidence level we

have €=0.1 and using Equation 8, y_=1.64. From Equation 9, A =0.6 and L =4. Substituting
into Equation 7 gives an upper limit of 0.0286 and a lower limit of 0.0139.



B.3 Average Occupancy for a Band of Channels

Previous sections have addressed calculating the occupancy of a single channel. We now turn our
attention to calculating the average occupancy of a group or band of N channels, the calculation
of which is described as follows

I
p—_zﬁl (10)

where f)\i is the probability of occupancy of each channel as described above. When the number

of measurements for the i® channel », is large, p , is approximately normal with variance p,g.Li/n;.

Assuming the individual channels are independent, p is approximately normal with variance

Y 2

1
=— 11
N2 i1 b
Since we have sampled from several different populations, it is dlfﬁcult to obtain exact
confidence intervals. However, for large n; the observed values of the i channel statistics
(P, g,=1- D, and L , from estimates of 1,) can be used to approximate the variance
N AARD
2oLy anay (12)

We can then say with (1 - €)100% confidence that the mean probability of occupancy over a
band is between the following limits

I_):l: V.0 (13)

where y, is calculated as before and o is calculated using Equation 12.
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