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CHANNELIZATION AND CHANNEL MONITORING IN
FDMA COMMUNICATIONS

R. M. GAGLIARDI
Department of Electrical Engineering

University of Southern California

Summary   In this paper the concept of spacecraft self regulation of downlink power
output is investigated for a hypothetical frequency division multiple access (FDMA)
communication net. In this operation channels are filtered off (channelization) and
monitored to determine those channels that are inactive; i.e., not transmitting. The results
of the activity survey are then used to control channel gain in the spacecraft and regulate
the drive power into the output amplifier. In this way, available repeater power normally
not used during periods of low activity can be redistributed over the active channels to
improve their performance. For maximum improvement, this requires not only adjustment
of the individual channel gains, but removal of the inactive channels from the limiter.
Equations are developed which are useful for system design and aid in the evaluation of
resulting system performance and assessment of feasibility of implementation.

Introduction   In frequency division multiple access (FDMA) satellite repeaters, using
hard limiting power amplifiers, downlink power allocated to each access channel is
proportional to the uplink power of that channel. Thus, stronger uplink channels receive
larger power allocations, and the power output of the repeater amplifier must be increased
to handle the weaker stations. By using channelization (i.e., filtering off each channel and
controlling its drive power into the limiter-amplifier) the repeater output power can be
subdivided more equitably among the various access channels. However, the use of
channelization also introduces the possibility of spacecraft control to improve overall
system performance. This control can be obtained by monitoring each channel for activity,
and self-regulating the repeater operation in accordance with the total activity of the
complete system. In this paper an analytical study of channelizing and regulating FDMA
repeaters is investigated, with the prime objective of assessing possible performance
improvement. The principle assumption is that the ground system and spacecraft
parameters are completely fixed, and only the effects of spacecraft self-regulation are
investigated.

We consider a hypothetical ground communication net in which each ground station is
composed of one or more data or voice sources angle modulated onto a station carrier to
form an access channel. Each such access channel is preassigned a frequency slot, and we



assume that when no information is being transmitted, the channel is inactive; i.e., no
station carrier is transmitted. We further assume that the pertinent ground station
parameters, such as transmitting ERP, space losses, illumination angles, bandwidths,
carrier frequencies, etc., are completely fixed and known, and confine our analyses only to
improvements in spacecraft performance; i.e., higher downlink ERP per channel. We
assume the existence of a channelized satellite repeater, with known parameters and a
common limiter-output amplifier for all access channels. In the subsequent analyses we
assume this repeater has the capability to monitor channel activity periodically and
accordingly adapt the repeater operation. The particular adaptive feature examined here
consists of adjusting the gain level of each channel (or group of channels) thereby
controlling the input power level of the repeater amplifier. In this way the limiter power
input can be adapted so that it will improve operation for the all active channels. As will be
shown the primary advantage obtained from this type of self-regulation stems from the fact
that with individual channel control, non-active channels can be removed from the limiter,
thereby preventing thier uplink noise from power robbing the downlink transmissions. If
the uplink noise is negligible then the effects of adaptive operations are no different than
that afforded by any type of standard power control operation (e.g., AGC loops). A
monitoring scheme is suggested that measures the power in each channel, or perhaps in a
group of channels for accomplishing the activity survey. This power measurement can then
be stored, or a subsequent decision on whether the channel is active or not, can be made.

The overall repeater would have the block diagram shown in Figure 1. The stack of
channels represent RF bandpass filters tuned to the necessary channel(s), and the output of
each is gain adjusted before being fed into the power amplifier. The monitor examines
each channel filter output in sequence for an activity measurement. The results of the
measurements are fed into a computer from which a subsequent adjustment of input gain is
made. In particular, channels found inactive are given a gain of zero, i.e., removed from
the limiter. This survey of channel activity is repeated periodically (e.g., every few
minutes) in order to maintain regulation over a changing activity pattern. The actual design
of the monitor and regulator will depend to a large extent on the channelizing or grouping
procedure used.

Channelization and Grouping Procedures   The principal objective of channelization in
FDMA repeaters is to filter off each access channel and control its gain level into the
output limiter amplifier. If this gain is properly adjusted, according to uplink and desired
downlink power levels, the repeater output power is always at its maximum and can be
subdivided equitably among the various access channels. This can result in efficient power
economy when there is a large disparity in downlink power requirements. The maximum
power level of the repeater output amplifier can be calculated as follows. Let the i-th
channel have an uplink power at the repeater of Pui watts. Assuming channelization, this
power level will be adjusted by a factor xi, the gain level of the amplifier input signal. Let



(1)

be the total uplink signal power into the repeater amplifier, where the summation is taken
over all channels. Then the amount of downlink power Pdi allocated to the i-th channel at
the repeater output is given by

(2)

where ' = PT + Nu, Nu is the total uplink noise power, and PR(') is the output power of the
repeater amplifier when its input is driven at a power level '. The function PR(') is the
operating characteristic of the limiter-amplifier. Typically, as the input drive power ' is
increased, the repeater changes from linear to nonlinear behavior, accompanied by an
increase in intermodulation and suppression in the downlink channels. Thus, the selection
of a desired operating point for ' is basically a tradeoff of output power level, PR('),
versus intermodulation distortion. For low (8-12db) values of desired downlink carrier to
distortion ratios, the typical repeater is generally operated “backed-off” from full
saturation, closer to the linear range.

Assume ' = '0 has been selected as the desired operating point of the repeater drive
power at all times, selected from a suitable compromise of downlink power and
intermodulation distortion. Operating with drive power below '0 decreases downlink
channel power, while operating above '0 increases distortion. The design procedures for
selecting '0 need not concern us here, but will depend upon experimentally measured
characteristics of the limiter and output power amplifier. Let the i-th channel have a
downlink power requirement of Pri. Then xi must be such that Pdi = Pri. That is

(3)

If this proper xi is used, then Pdi in (2) can be replaced by Pri. Then summing over all i on
both sides of (2), and using (1), yields

(4)

where ( = (PT + Nu)/PT. The above equation therefore indicates the maximum required
output power level of the repeater amplifier in order to satisfy downlink power
requirements for all channels simultaneously. Eq. (4) basically indicates the size of the
repeater amplifier. The parameter ( represents the power increase that must be made to
overcome the power “robbing” capability of the uplink noise.



The above result is, of course, valid only if there is complete channelization (i.e., every
channel is filtered and gain adjusted). However, when the number of signals to be
accommodated becomes very large, the concept of channelizing becomes difficult to
implement. The maximum power savings achievable by the channelization may not be
practically realizable. It is possible, however, to make a form of signal groupings that
retain to a large degree of the power savings of complete channelization without the
excessive equipment complication of individual channelization. In the grouping concept,
the totality of all signals is subdivided into individual groups in accordance to their uplink
power requirements. Each of the signals in a group are placed in adjacent locations of the
frequency spectrum. A bandpass filter at the repeater can then be used to filter off the
whole group, and each channel of the group will be adjusted to have the same drive level
into the power amplifier (i.e., the group gain is uniform over the group bandwidth). The
gain level of a group must be chosen so as to maintain the weakest signals of the group, in
terms of its required ground signal to noise ratio. Thus the gain factor of the group
containing the i-th channel is then

(5)

where the maximum is taken over the entire group that contains the i-th signal. Again
assume operation is desired at a drive power level of '0, Then the actual downlink power
proportioned to the i-th channel is

(6)

instead of (1). Again summing over i, and using (1) and (3), yields

(7)

The above equation gives the total repeater power required in order to maintain all
channels simultaneously when channel grouping is used. Note that the term (x̂i /xi) is
always greater than one so that PR('0) in (7) always exceeds PR('0) in (4). Thus, the
channel grouping procedure can never be as efficient as complete channelization.

Equation (7) is particularly significant in that the unique grouping scheme that minimizes
PR can be determined when the number of groups is fixed. Let there be N total channels to
be placed into k groups. Let the N channels be relabeled according to the necessary xi, in 



the following way: Let x11 be the largest xi and let x12, x13...x1v1 be labeling of all other xi

equal to x11 (i.e., the set {x1j}, j = 1,2,...,v1, is the set of maximum xi’s). Similarly, label
{x2j}, j = 1...v2, the set of next largest (and equal) xi’s, etc. Then the following inequality
for (7) can be developed (see Appendix I)

(8)

where Prij and Puij are the required and uplink power corresponding to the channel labeled
xij. The right hand side represents the minimal value of PR achievable with k groups.
Furthermore, this lower bound is achieved only if the groupings are as follows: The
channel set {x1j} is placed in one group, the channel set {x2j} is placed in another group,
etc., through the channel set {xk-1,j}j being placed in the k-1st group.

It is clear that this grouping, when substituted into (7), yields the right side of (8). This
result indicates that in the special case where every xi is distinct, (none equal) then the
proper grouping is to place the largest xi in a group by itself, the next largest in another
group by itself, etc. After forming k-l groups in this way all the remaining channels should
be placed in the last group. Hence, the result is k-1 groups with a single channel in each,
and one group with N-k+1 channels.

Equation (8) is also of interest since the reduction of the minimal value as a function of the
number of groups k can be determined. For example, in extending from k to k+1 groups
the minimal PR is reduced by an amount

(9)

This factor can be calculated when assessing the possibility of increasing the number of
groupings. In other words the number of groups of k should be selected such that (9) is
“small” with respect to the first term on the right of (8).

Power Regulation and Channel Monitoring   Equations (4) and (7) were derived under
the condition that all channels were active and the drive power to the limiter-amplifier was
'0. If not all channels are active, however, the drive power falls below '0. This means the
repeater operates at an output power level less than its full capability. Each active channel
still has a downlink power level of



(10)

which is approximately Pri, the desired value. (The quantity in brackets is exactly unity if
the repeater characteristic was in fact linear. ) However, if the active uplink power ' had
been known, then every channel power gain could be increased by the factor

(11)

before the amplifier. This would then yield

(12)

Thus, the output power from each active channel is increased by the factor G over the
power level it would have if no correction was made. In essence, the available repeater
power not used by the inactive channels is redistributed over the active channels to
improve their performance.

The above discussion suggests the possibility of adaptive repeater operation in which the
drive power level ' is measured, and the result used to gain control of the channels [see
Figure 1] through Eq. (11). Note that G will attain its largest value if ' does not include
the input noise power of the nonactive channels. This implies that in the process of gain
controlling for drive of the active channels, the inactive channels are removed from the
limiter. This means the monitoring system, in addition to measuring ', must make a
decision concerning the activity of each channel.

One way to accomplish the channel monitoring is by attempting to estimate the power in a
given channel, and using a threshold comparison test to conclude whether the channel is
active or not. If there are relatively few channels (1-100) one can envision monitoring
every channel in sequence in this way. In the case of excessively large number of channels
(100-1000) perhaps only a selected set need be examined for adequate adaptability. For
implementation, this channel power monitoring can be achieved by heterodyning each
channel down to a low pass narrow band filter (B hz) followed by a power measuring



circuit (i.e., squarer and integrator). This power is measured for fixed amount of time, after
which a threshold decision is made. The next channel is then heterodyned down, and the
process is repeated. In fact, since the input power level of each channel is known to some
degree a priori; the results of the activity survey will determiner ', obviating a total power
measurement. That is, the determination of ' requires only a mapping from the set of
activity decisions onto the set of all possible ' values.

Power Regulation with Complete Channelization   The results of the channel activity
monitoring can be used to regulate the drive power of the active channels to the desired
level. In addition, if a channel is found inactive, it is removed from the limiter, thereby
removing the channel noise that would otherwise tend to power rob the downlink. For a
completely channelized repeater the regulation in uplink power is made according to the
equation

(13)

where Puixi is the drive power in the i-th link, Nui is the channel noise power and di

represents the monitor decision as to whether the i-th channel is active or not. That is,

(14)

If only a subset of the channels were monitored, then the summation in (13) should be
interpreted as being only over that subset, and a constant power level must be added to
(13) to allow for the non-monitored channels. In the subsequent analysis all channels are
assumed to be monitored. Note that since Pui, xi, and Nui are known, the computation in
(13) is actually only a mapping from the set of decisions (d1, d2,...) onto the set of all
possible ' values, an operation easily performed by logic circuitry.

Thus, the repeater drive power tends to regulate itself according to the uplink power of the
active channels. If the channel activity does not change appreciably during the monitoring
period, the estimated uplink power will “follow” the true uplink power and the subsequent
regulation maintains the drive power at the desired point '0,

The performance of the monitoring scheme can be determined by examining two
quantities: 1) the mean square difference between the drive power, os measured by the
monitoring system, and the true drive power, and 2) the average drive power via
monitoring. These are given by:



(15a)

(15b)

where Pi = Puixi + Nui and ai = 1 if the i-th channel is active and ai = 0 if not. The operator
E(·) represents statistical averaging. The first equation indicates how well the monitoring
measured the true power, while the second will indicate the advantage of monitoring. To
evaluate (15a), we note that (di-ai)

2 = 1 if di … ai and equals zero if di = ai. Therefore,

where PFA and PD are the false alarm and detection probability of the channel activity
decisioning. Thus, the MSD becomes

(17)

The bracketed term implicitly depends on i since the detection and false alarm probabilities
depend on the signal-to-noise ratio of the i-th channel. This performance parameter can be
determined simply from design conditions and a priori information. Note that the MSD is
reduced as PFA 6 0 and PD 6 1. This means that channels with the largest required
downlink power, Pi, should be monitored the most accurately. In addition, the result
indicates that for channels that are highly active (q . 1) the parameter PD is most
significant, while for rarely active channels, the parameter PFA is more significant. Hence,
the thresholds in the monitor should be properly biased according to the expected activity
of each channel.

By similar procedures the average drive power in (15b) is



(18)

Note that if the monitor is performing well (i.e., PD . 1 and PFA . 0) then                         
where 0 is the desired drive power in (4). Thus, on the average, the drive power will be
reduced by the “duty factor” q from the desired '0. From (11) and (12), each channel will
receive an average improvement of approximately 1/q due to the input monitoring
operation. This result is important in evaluating the feasibility of the overall monitoring
operation. For example, if q . 1 (channels are almost always active), then there is little
improvement through adaptivity as presented here. However, if q << 1 (channels seldom
active) then the implementation of the monitoring scheme may well be worth the reward in
downlink power improvement.

Appendix   Consider given N points, labeled (ai,bi),  i = 1,...,N, ai > 0, bi > 0, where some
bi may be equal. Now relabel the points with double subscript in the following way:
{a1j,b1j}, j = 1...v1, is the set of points with the largest bi (assuming there are vi equal and
largest bi); {a2j,b2j},  j = 1,2...v2, is the set of points with the next largest and equal bi, etc.
In each case, we label as aij the ai corresponding to the original bi label. Now arbitrarily
place the N points in K groups and label as group 1 the group containing b11. Now
consider the sum

(A-1)

Clearly the sum S depends on the manner in which the points are grouped. Denote as Si the
value of S corresponding to the original arbitrary grouping. The following facts can be
stated concerning rearrangement of the groups: 1) If we place into group 1 all (b1j) points
not in group 1, the value of S cannot be greater than Si since every a1j in group 1 is already
multiplied by b11; 2) In addition, place all bij, i…1, points of group 1 into the group with the
next largest bij point. Label this as group 2. (Note that in the new grouping, group 1
contains only the (b1j) points and group 2 must contain at least one of the b2j points. )
Recalculate the sum in (A-1) for this new grouping, calling the sum S1. Clearly



The inequality occurs since the aij originally in group 1 and now in group 2, are multiplied
by a smaller bij. The equality sign holds only if there were no other bij points in group 1
other than (bij) points. Thus, we have altered the original grouping into a new grouping
structure that is guaranteed not to increase, and generally decrease, the volume of Si.

Now repeat. Place into group 2 all b2j points not in group 2 and place all bij, i = 2, of group
2 into the group with the next largest bij point. Recalculate S for this new grouping, calling
it S2. Then, for the same arguments as above, S2 # S1.

Repeating in this manner trhough k steps establishes the inequality

where Sk is the sum in (A-1) corresponding to the kth grouping arrangement, which has all
(b1j) in, group 1, all (b2j) in group 2,... all (bk-1,j) in group k-1 and all remaining bij points in
group k. The value of Sk is

(A-2)

Thus, there is no grouping arrangement which gives a value of S smaller than Sk.

Now if we interpret:

then the value of S in (A-1) is precisely the value of PR in (7) of the report. Substitution
into (A-2) then yields a lower bound for PR, which is the right hand side of (8).




