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10 The followi ng invention relates to the esent appk/cation: A

Met hod for Conpensating for Capacity Overload in a Spread Spectrum

Communi cation System Serial No. US 07/783,751 filed on 10/28/91 and
assigned to Motorola Inc. 15 Field of the Invention The present invention
rel ates, in general, to conmunication systens and, nore particularly, to a
met hod 20 for controlling transm ssion power in a comrunicati en system
Background of the Invention 25 In a cellular communi catEoans9Kst em
usi ng spread spectrum technol ogy, such as Code Division Miltiple Access
(CDVR), the spectrumis divided into 40 frequency bands. The 40 bands are
di vided between wireline and non-wireline applications, generally assigning
20 bands to each. TheMEBHAD FOR eNERAL LG Fa TRANGMISEEANWPOWEROIRaAdS used
for forwarg conmunication, wth tdenaassiion @ysirge transmtter, and 10
bands used for reverse conmmunication, with the nobile as the transmtter
Each band is typically 1.2288 Miz wide and will handle nultiple users

si mul t aneousl y. '

Related Inventions

10 The following invention relates to the present
application:
A Method for Compensating for Capacity Overload in a
Spread Spectrum Communication System, Serial No. US
07/783,751 filed on 10/28/91 and assigned to Motorola Inc.
15 -
Field of the Invention

The present invention relates, in general, to
communication systems and, more particularly, to a method
20 for controlling transmission power in a communication

system.
Background of the Invention

25 In a cellular communication system using spread
spectrum technology, such as Code Division Multiple Access
(CDMA), the spectrum is divided into 40 frequency bands.
The 40 bands are divided between wireline and non-wireline
applications, generally assigning 20 bands to each. The 20

30 bands are equally divided with 10 bands used for forward
communication, with the base site as the transmitter, and
10 bands used for reverse communication, with the mobile as
the transmitter. Each band is typically 1.2288 MHz wide
and will handle multiple users simultaneously.

35 In this description, calls and users are used
interchangeably. A band that supports X users supports X

calls. The capacity of a band in number of users refers to



35 , In this description, calls and users are used interchangeably. A
bandl that supports X users supports X calls. The capacity of a band in
nunber of users refers to 2 full rate (9600 baud) users unl ess otherw se
stated. A band that supports X full rate (9600 baud) users, w'll support 2X
hal f rate (4800 baud) users, or 4X quarter rate (2400 baud) users. The band
will also support a certain 5 nunber of variable rate users (9600, 4800,
2400, or 1200) with the exact number of us@&rs dependent on the anmount of
time spent at each baud rate. In operating at system capacity, accurate
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In operating at system capacity, accurate mobile
transmit power control is very important. Mobile power is
10 controlled from the base station by transmitting power
control data to the transmitting mobiles. The base station
can direct each mobile to increase or decrease its
transmitting power, typically in preset increments (e.g.
‘0.5 dB), through use of a Frame Error Rate (FER)
15 measurement and an Ep/Ny (signal to noise measurement).
While measuring the amount of noise present in the
system and adjusting the system accordingly is an important
aspect of maintaining good quality communications, it is
also important that the entire system not be manipulated to
20 compensate for problems being experienced by individual
subscriber units. _
Therefore, it is important to not only determine the
noise level of a particular system, but to monitor the
communication quality of individual subscriber units and

25 determine if system wide adjustments are warranted.
Summary of the Invention

The present invention provides a method for
30 controlling transmission power in a communication system
having a threshold transmit power margin initially set to a
first threshold. A signal characteristic, such as power
margin or frame error rate, for each subscriber in the
system is measured to determine if any "bad" subscribers,
35 those subscribers whose signal characteristic dose not meet

a threshold, are in the system.



20 conpensate for problens being experienced by individual subscriber
units. Therefore, it is inportant to not only deternm ne the noise |evel of
a particular system but to nonitor the comunication quality of individual
subscriber units and 25 determne if systemw de adjustnents are

war ranted. Summary of the Invention The present invention provides a nethod
for 30 controlling transm ssion power in a comuni cation system having a
threshold transmt power nmargin initially et to a first threshold. A
signal characteristic, such as power margin or frame error rate, for each
subscriber in the §9§?eﬁ¥?§ghe5§%¢ oS whos ek kanf ﬁéelPraﬁ?ntbaﬁhesﬁb§é¢mbers,

35 those subsgiibenskdhessy St &Rk idd H Bfltidedit].C daﬁeeegélﬁpeifatﬁ@reshol d,
are in the system 3 Wen, enough " pad" subscrlgg g are t he
I

res
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first threshobdsthead %ﬁeu@ﬁghﬂaﬂiﬁmsélhﬁatthGISQOld level is set to a
first threshold and the signal-to-noise ratio is
incremented. If the system is at marginal capacity, the
threshold transmit power margin is set to a second
10 threshold and the system may be closed to new calls. If
the system is over capacity, the threshold transmit power
margin is set to a third threshold; the system is closed to

new calls; and the signal-to-noise ratio is decremented.
15 Brief Description of the Drawings

FIGS. 1-3 are abstract representations of power use by
user within a communication system;
FIG. 4 is a graph illustrating the power level of the
20 signals of FIG. 1;
FIG. 5 is a graph illustrating the power level of the
signals of FIG. 3;
FIG. 6 is a chart of the signal-to-thermal noise ratio
vs. the number of users for set signal-to-noise ratios;
25 - FIG. 7 is a graph illustrating the power level of
another communication system;
FIG. 8 is a block diagram of a process embodying the
present invention;
FIG. 9 is a system diagram of a communication system
30 utilizing the present invention; |
FIG. 10 is a block diagram of a subprocess of FIG. 8;
and
FIG. 11 is a graph of an alternative signal
characteristic which may be utilized by the present

35 invention.



incremented. If the systemis at marginal capacity, the threshold transmt
power margin is set to a second 10 threshold and the system nay be cl osed

to newcalls. |If the systemis over capacity, the threshold transmt power
margin is set to a third threshold; the systemis closed to new calls; and
the signal-to-noise ratio is decrerrented 15 Bri ef
Description of the Drawings FIGS. 1-3 are abstract representations of power
use by user within a com‘rum catlon system?FIG 4 is a graph i [lustrating

t he power |evel of the 20 nals of FIG, 1; FIG 5 is raph

illustrating the power Ié?ﬁ’&la q PesSsTgREASNPIFHES %ra‘f—“’r 6 is a chart of
the signal-to-thermal noise ratio vs. the nunber of users for set
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invention. - 1.2288 MHz bandwidth. For example, KTB is the power of the
thermal noise signal where: K is Boltzmans constant; T is
the temperature in degrees'absolute (Kelvin); and B is the
10 signal bandwidth in hertz (Hz). The power of the KTB
signal is constant in each of FIGS. 1-3. For purposes of
this discussion, we will use a KTB of -113 dBm.

When a single user is on the system, FIG. 1, the power
of the user's signal must be -127 dBm (14 dBm below KTB) in

15 order to provide an Energy per bit to total Noise ratio
(Ep/Ng) of 7 dB. The 7 dB number was selected as a ratio
which will provide a preferred audio signal quality. This
figure will vary for each system depending upon the

~particular environment of the system and is used herein

20 only for illustrative purposes.

The calculation of the -127 dBm figure for the single
user signal of FIG. 1 is demonstrated with use of the graph
of FIG. 4. Here, noise (N,) for the 1.2288 MHz Bandwidth
is shown as ~113 dBm. When the noise signal is processed

25 from a 1.2288 MHz bandwidth signal to a 9.6 KHz bandwidth,
a 21 dB reduction is achieved as shown in equation 1.

10log1g(9.6/1.2288) = -21 dB (1)

30 This places the noise signal at -134 dBm at a 9.6 KHz
bandwidth. Therefore, to achieve an Ep/N, of 7 dB, a -127

dBm (-134+7) signal (Ep) must be_provided at the 1.2288 MH=z
bandwidth. To achieve the -~-127 dBm after processing, a
-148 dBm signal (-127-21) is needed before adding 21 dB of

35 processing gain. This works out to the receive power of
the user being 14 dB below KTB.



4 Detailed Description of the Drawi ngs Referring initially to FIGS. 1-3,
abstract representations of power usage by user within a 5 comuni cation
systemis illustrated. Wthin these figures, the areas represent the power
of various signals over the 1.2288 MHz bandwi dth. For exanple, KTB is the
power of the thermal noise signal where: Kis Boltzmans constant; T is the
tenperature in degrees absolute (Kelvin); and Bis the 10 signal bandw dth
in hertz (Hz). The power of the KTB S|gnal |s constant in each of FIGS.

1-3. For purposes of this discussion, se a KTB of -113 dBm Wen a
single user is on {hE SYIPESE PEGEhE. 7tﬁ§ 5196\%‘? Jo?"?]helsuﬁpr BEFIGRaR nust’
be -127 dBm (BésdBmdbahawOKaB;liﬂy15n0t1dersigham.ovmietaié BEpongy offiea bit to
total Noise ratio %Eb/No 7 dB. The 7 dB nunber was selected as a ratio
which will pr&¢rge alﬁFeﬁéﬁPéa aﬁa%ds?ﬁ?salbﬁ%ﬁ WBTRE ceddr 81Gf1 1 vary
for each SyStmdﬂp&bdkngouhand{-hﬁfpﬁhélCall.'BJ‘ eFad Iioyren thaakd-blfe, syreem and

I s used he gel ?’g%?e?‘nb‘ﬁ Qérh%%ér@ﬁé\’g pyir poses. The cal cul ation of the

-127 dBm fTgu e uSer Signal "of FIG 1 is denonstrated with
use of the graph ofInFFEG. 4.2 Her sepnessptatlienrdf 4 osystam hapdgy REz

Bandwi dt h additional 19 users is illustrated. With respect to user
1, the 19 new users provide additional noise. While KTB is
a smaller proportion of the circle, as compared with FIG.

10 1, the overall area of KTB is the same. However, because
of the added noise from the additional users, the area
(power) of user 1 has increased. The dashed spiral line in
FIG. 2 starts at the user power level for a single user
system and moves outward as additional users are added;

15 until reaching the current radius of the circle with 20
users.

In FIG. 3, the system has reached 25.5 users, the
point where KTB has the same power as one user. Adding
24.5 users to KTB provides an equivalence of 25.5 users;

20 each of which are contributing noise to the call of the
remaining users. Again, the area of KTB has remained the
same throughout the addition of users; while the power of
user 1 has increased to compensate for the additional
noise.

25 In FIG. 5, a graph of the KTB, Noise, and User 1 power
levels is showrn. As illustrated, the power level of KTB
has not changed. However, the total interference (Ng),
including KTB, has increased from -113 dBm to —99 dBm at
1.2288 MHz. Reducing the power level by 21 dB when the

30 interference is process to a 9.6 KHz signal (see equation
(1) above), results in a power level of -120 dBm. To
provide an Ep/N, of 7 dB, the user signal must be -113 dBm
(=120 + 7) at 1.2288 MHz. Therefore, as the number of
additional users increase, the signal level of the target

35 user must increase from a level 14 dBm below KTB, to a
level equal to KTB.



I's showmn as -113 dBm Wen the noise signal is processed 25 froma 1.2288
MHz = bandwi dth signal to a 9.6 KHz bandwi dth, a 21 dB reduction is achieved
as shown in equation 1. 10log[err](9.6/1.2288) = -21 dB (1) 30
This places the noise signal at -134 dBmat a 9.6 KHz bandw dth. Therefore,
to achieve an E[err]/Nerr] of 7 dB, a -127 dBm (-134+7) signal (Eb) nust
be provided at the 1.2288 MHz bandwi dth. To achieve the -127 dBm after
processing, a -148 dBm signal (-127-21) i ® needed before addi ng 21 dB of 35
processing gain. This works out to the receive power of he user being 14
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to infinity. This is demonstrated in the graph of FIG. 6.

In this graph, the abscissa is the number of users in the
10 system and the ordinate is Ep/KTB. At a constant Ep/Ng of

7 dB, the Ep/KTB increases from around 33 dB for 26 users

to infinity for 27 users. As shown by the column labeled
"KTB Equivalence in Number of Users", the constant KTB
power is fit into the equivalent of 0.1 users at 26 users.

15 1In relation to FIGS. 2 and 3, as the number of users
increases, the constant KTB is forced into narrower slices
of the pie tending toward zero. This in turn, since the
KTB power is constant, increases the radius of the pie
toward infinity.

20 As the subscribers hit their maximum power levels,
shown as 6.3 watts for mobiles and 300 milliwatts for
portables, the effective range of the cell shrinks, tending
toward zero. This results in calls being dropped until the
system can again be brought undéf cbntrol. The system

25 would be brought under control by dropping the calls having
an Ep/N, below 7 dB.

This problem is compounded by the fact that the
internal interference of one cell is the external
interference of another cell. 1In the graph of FIG. 7, a

30 system is shown having a primary user; 16 additional users:;
KTB; and 8.5 users worth of interference from outside the
cell. If the interference were to increase, the power
output of the 17 users would have to increase to keep the
interference segment from forcing out one of the users. As

35 the interference increases toward infinity, as in the
example above, the power output by the resident users of

this cell would also increase toward infinity. This



(power.) of user 1 has increased. The dashed spiral line in FIG 2 starts at
t he*user power |level for a single user systemand noves outward as
additional users are added; ‘15 wuntil reaching the current radius of the
circle with 20 users. In FIG 3, the systemhas reached 25.5 users, the
poi nt where KTB has the same power as one user. Adding 24.5 users to KTB
provi des an equi val ence of 25.5 users; 20 each of which are contributing
noise to the call of the remaining users. 7Again, the area of KTB has

remai ned the same t hroughout the addition of users; while the power of user
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the number of resident users is not at its maglmum, the

10 power levels will escalate out of control as described
above with FIG. 6. One possible solution would be to set
‘the maximum number of users to 17, or some number less than
full capacity. Since the interference will vary anywhere
from 0 users to more than 8.5 users, the maximum capacity

15 would have to be chosen based upon the worst case of
interference anticipated. This would waste system capacity
by restricting new users even when the interference is less
than the worst case design.

A solution to this problem is to permit the Ep/Ng

20 1level to float depending upon the circumstances. Returning
to FIG. 6 and the above example, the addition of the 27th
user when Ep/Ny is set at 7 dB caused the power in the
system to escalate out of control. In the present
invention, the system is permitted to reduce the Ep/N,

25 level. 1If the Ep/N, is reduced from 7 dB to 6 dB, the
EL/KTB value drops from infinity to around 14 dB. This
will also cause all of the subscribers in the system to
reduce their power to match a 6 dB Eb/No level. It should
be noted here that the Ep/N, reduction does not need to be

30 a full decibel but could be a fraction of a decibel. In
addition, the system need not attempt to totally compensate
for the additional user all in one step. The Ey /N, may be
reduced in incremental steps until a level is reached where
all of the calls may be accommodated.

35 However, it has been found that maintaining a set
Ep/No for the entire system will result in differing frame

error rates (FER) between individual mobiles. As a result,



6 In the present communication systens, the maxi num nunber of users, here
26. 5 (which would be rounded to 26 full rate users), are predeterm ned
based upon a set E[err]/Nerr], here 7 dB. This nmeans that a 27th user
woul d be prevented 5 from obtaining access to the system If the 27th user
was not prevented fromentering the system the power needed by each
subscriber to overcome the interference would escalate to infinity. This is
denmonstrated in the graph of FIG 6. In thBs graph, the abscissa is the
nunber of users in the 10 systemand the ordinate is Eb/KIB. At a
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threshold level is established. Once the minimum Ep/Ng is

10 reached, subscribers that are unable to operate at that
minimum level would be handed-off, if possible.
As calls are completed and the number of users begins
to drop, the Ep/Ny would increase incrementally to the

original threshold value.

15 ' As the system continues to add users, the ELp/N, of the
system will continue to be reduced until a minimum
threshold level is reached. For example, if the minimum
threshold were set to 6 dB, only 32 users would be -
permitted on the system. Any additional users would either

20 be prevented from entering the system, or be handed off to
another cell. Alternatively, the system could be
constructed to look to hand-off and existing user to make
room for a new user.

While this method permits the addition of users, the

25 power control problems still remain. Once the Ep/Ngy hits
its minimum, the next user could push the system over the
edge. A solution to this problem is through the use of a
pilot signal as described in copending patent application
"A Method for Controlling Transmission Power in a

30 Communication System" cited above.

However, tHe above described procedure effects the
system in general and could be triggered by a single
subscriber unit. Therefore, a method is needed to
determine when an adjustment to the system performance is

35 desirable. Such a process, generally designated 60, is
illustrated in the flow chart of EIG; 8. rocess 60
commences at step 61 by setting a threshold (TH) transmit



system can agai n be brought under control. The system 25 would be brought
undet control by dropping the calls having an Eb/No below 7 dB. This
probl emis conmpounded by the fact that the internal interference of one

cell is the external interference of another cell. In the graph of FIG 7,
a 30 systemis shown having a primary user; 16 additional users; KTB; and
8.5 users worth of interference fromoutside the cell. If the interference

were to increase, the power output of the $7 users would have to increase
to keep the interference, segnment_fromiforcing out one of the users.
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Table 1

Threshold Transmit Power Margin

Process 60 then proceeds to step 62 where the margin

10 for each subscriber unit is measured. Optionally, the
distance from the base site to the subscriber may also be
measured. Also, as will be explained below in the
description of FIG. 11, FER (Frame Error Rate) may also be
used. It is then determined if there are any "Bad"“

15 subscribers, subprocess 63. Subérocess 63 is described in
more detail below in in conjunction with FIG. 10. A Bad
subscriber is one whose margin is below the threshold
level. Whether a subscriber is Bad can also be based upon
a combination of transmit margin with other factors such as

20 distance or the number of Bad units.

When Bad subscribers exist, the action to be taken is
dependent upon the state of the system. The system may be
under capacity, at marginal capacity, or over capacity. An
example of this is described below in conjunction with

25 Table 2 and a cellular system, generally designated 75,
FIG. 9.



the nunber of resident users is not at its maxinum the 10 power |evels
wiil‘escalate out of control as described above with FIG 6. One possible
solution would be to set the maxi num nunber of users to 17, or some number
| ess . than full capacity. Since the interference wll vary anywhere fromoO
users to nore than 8.5 users, the maxi num capacity 15 would have to be
chosen based upon the worst case of interference anticipated. This woul d
wast e system capacity by restricting new dfers even when the interference
is less than the worst case design. A solution to this problemis to permt
the Eb/ No 20 prevet—t-o—itte ng to

E[err]/Nerr]l is set at B caused the power in the systemto escal pte out
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Table 2
accomodat ed.

H

rlaoN errf] mayige refpuced
r Il

Subscriber Transmit Power Margin (dB) at a 7 dB Ep/N,.

5 In FIG. 9, three cells are illustrated, cells 76, 77,
and 78, with cell 76 being the one of interest. Cell 76 is
currently serving four subscribers 79-82. Subscriber S1
(79) is illustrated as being at a distance of 1.6 times the
normal cell radius. If the system were under capacity, the

10 power margin would be 20 dB; at marginal capacity, 11 dB;
and at over capacity, 0 dB. Therefore, with the Level 1
threshold set at 10 dB, subscriber 79 would be good if the
System were either under capacity or marginal capacity.

The same would be true for subscribers 2-4. If the current

15 threshold level was 14 dB, Level 3, then subscriber Si1 (79)
would be considered bad at either marginal capacity or over
capacity. '

Returning to process 60, once the subscribers have
been reviewed to find Bad subscribers, subprocess 63, it is

20 then determined if the system is under- capacity, decision
step 64. If the system is under capacity, the threshold
level, Table 1, is set to Level 1, step 65. The subscriber
power requirement will then be modified by incrementing the
system Ep/Ny, not to exceed a maximum value, step 66.

25 Optionally, if the system was prohibited from receiving new
calls, this prohibition is lifted, step 67. Process 60
then loops back to step 62.

If, at decision step 64, it was determined that the

system was not under capacity, process 60 would proceed to



35 . However, it has been found that maintaining a set E[err]/Nerr]
for*the entire systenlmﬁll result in differing frane error rates (FER)

bet ween i ndi vi dual nobiles. As a result, 8 an alternative to the above
Is to set a constant system FER, such as 1% and have different Eb/No rates
set for each nobile. This alternative is discussed with in the description
of FIG 11 below. 5 A drawback to thIS process is that when the
Eb/No level is reduced, the quality of allYof the calls in the systemis

reduced sligh I n ord 0 kee t he qual of the caIIs fron1b i ng
degraded t oo ﬁﬁ¥ﬁrménﬁ1ﬁ$nﬁﬁ?EF¥? FPNFRIFY T?#%&ﬂﬁﬁ FAPBGEYirs §§P§6Ppshed
Once the m ni suepEpeLr | LK ehe] systdfl is eac heakgindls capberisyt hahear e unabl e

to operate at fpaLyfhl FuGLL eVELLYRULD e Dandsdale) of Beasl Bbe. s calls

are conpl et ed "an nunbér’ of Useérs’ begins to ro
i ncrease |ncréhéﬁt§Pnyttotbﬁepéﬁtg$ﬁamayrﬁﬁﬁﬂﬂﬂ&ihManéveﬁs new CalA§ t he

SySte”100ﬁ§'n¥§§mtBe§HQ Hé@ééte&héné[gfié%@{‘ﬂ&]thade% §M§tgﬁb§hkhbers
continue to be reduced until t hreshol d IeveI i s reached. For

exanple, if tHBlﬁPnFﬂuﬂPFhW%%HoFBemk?%e%e3 thyeshpdd gRrgiss - -users woul d be
permtted on the systetisAsYtaddibhpnahe UBRFSsiveld Ghaididelis increased

to prevent a form of ping-ponging. If the margin were left
at level 1, a Bad subscriber would be handed-off. However,

10 once handed-off, the system, due to the extra capacity,
would be able to accept another call and the Bad subscriber
would be returned to the first cell. The process would
then repeat itself, ping-ponging. By increasing the
threshold level, this can be prevented.

15 Returning to decision step 68, if the system is not at
marginal capacity (i.e. is over capacity), the threshold
margin is set to Level 3, step 70, and the Ep/Ny value is
decremented, not to exceed a minimum value, step 71. This
reduction in system Ep/N, allows each of the subscribers to

20 reduce their power, thereby increasing the power margin.

This is illustrated in Table 3.

Subscriber | DISTANCE CAPACITY (dB)
OVER CORRECTED
S1 1.6 0 12
S2 1.2 4 16
S3 0.8 9 21
S4 0.4 18 30
Table 3

Power Margin (dB) at a 7 dB and 6.8 dB Ep/No
25 _
Subscriber S1 (79) has gone from a margin of 0 at an Ep/No
of 7 dB to a margin of 12 at an Ep/Ny of 6.8 dB. However,
while the margins have been increased, the decrease in
Ep/Ng will result in a slight degradation in signal

30 gquality. To offset this degradation, the threshold margin



20 be prevented fromentering the system or be handed off to another
cell*. Alternatively, the systemcould be constructed to | ook to hand-of f
and existing user to nake roomfor a new user. Wile this nethod permts
the addition of users, the 25 power control problens still remain. Once
the E[err]/Nerr] hits its mninum the next user could push the system
over the edge. A solution to this problem.is through the use of a pilot
signal as described in copending patent ar};‘f’l ication "A Method for

Control ling Transm ssion Power .in a 30 Oom‘runi(fat i on Systemi) ci t,gd above.
However, the aifov@FEEEF pedPHiBEEdEPE BY PRI LI HP /AN S PHPFEREPEFSand
could be triggare3 puddshagkebsahsconbidened tBad ey afher éevelnat hod i s

needed to det iy en -annsagdirust t S e, kS
desi rabl e. S&crpegﬁg\rygcggs?oggﬁér aﬁFggﬁeg?%E%/g% %ghlggﬁ%ﬂ:’g%??a?%dt?% t he
fl ow chart of smbScrdbepsoeassedOtheonhenedsl avabiop Bt pptsahei hgvel 3

threshol d ¢ THeHilea®Tt of 19 BBV uABED! Phi® Brdddsy, SRRl 1@ dB), as
illustrated belowin Table 1. It should be noted here that other signal

charact eri sti @ulguskidd §GarrPyidfrgdnBadsed in inpl enenting the present
i nvention. At this point, the system may optionally stop

accepting new calls and/or attempt to hand-off the Bad
subscribers, step 72. Following step 72, the process
10 returns to step 62.

In additién to the above, the distance information can
be utilized to determine if the above procedure should be
used to adjust the entire system or if some individual
action should be taken with regard to a particular

15 subscriber. For example, subscriber unit S1 (79) is at a
distance of 1.6 times the normal cell radius. If the only
Bad subscriber unit is determined to be subscriber S1 (79),
it may be more beneficial to hand-off, ignore, or drop this
call rather than adjust the entire system. Therefore, if a

20 particular call was below the power margin threshold, but
beyond a predetermined distance, the call could be removed
from the Bad list.

In another particular embodiment, a table can be used
to determine if the number of subscriber units which do not

25 meet the threshold is large enough to warrant adjustment to

the entire system. 2An example of this is shown in Table 4.

MAX. SUBSCRIBERS TH MARGIN
(UNITS) ___(dB)
1 < 1.
10 < 5
20 < 10
Table 4

Maximum Subscribers Below Threshold (TH) Margin

30 Over Capacity



5 TH LEVEL MARG N (dB) 1 10 2 _

12 3 14 Table 1 Threshold Transmt Power Margin Process
60 then proceeds to step 62 where the margin 10 for each subscriber unit
is neasured. Optionally, the distance fromthe base site to the subscriber
may al so be nmeasured. Also, as will be explained belowin the description
of FIG 11, FER (Frame Error Rate) may also be used. It is then determ ned
if there are any "Bad" 15 subscribers, s#&Bprocess 63. Subprocess 33 S
described in nore detail belowin in conjunction with FIG 10. A Ba
subscriber is one %ﬁgg& ﬁaFﬁPﬁeF§nB%l%ﬁ$t4H@9%Fé#h@“@spévéﬁrsvwbgﬂbr a
subscri ber i swBadldchaval 80 beibases uﬂ&&bﬁblﬁﬂn@vﬁﬁgbaﬁosé ég?née%ioﬁe&gln
with other fa c 0 .distance or nunber o ad units, en
Bad subscri ber%sjgfetéi §¥9‘f\ﬁ§ é%tff%% 0" vety akllﬁah?r&eb'&ﬁﬁe_ﬁﬁ ipohS t¥Ethtat e
of the systemle¥HetBgateani ndy beansiey myACiargial, whegi nhe sppaenty, or
over capacitywofdgexasnke Pésdhis 'ﬁhéﬁéﬁgggf%dQQEoggée §§2§Hgﬁéééﬁ'¥%th 25

Table 2 and a cellul ar system general nat ed
: tgere were Xen unlég at less than?S dB or one unit at less

than 1 dB. An example of the functioning of this process
is demonstrated using Table 5.

SUBSCRIBERS TH MARGIN RANGE
(UNITS) ~ (dB)
0 0-1
5 2-5
16 6-10
X 11-Y
10 Table 5

SAMPLE MEASUREMENT

The first row shows that there are no Bad units with less
than 1 dB of power margin. Therefore, this would not

15 trigger a system adjustment. The second row shows that
there are five Bad units with 2-5 dB of margin. This gives
a total of five Bad units below 5 dB and would also not
trigger a system adjustment. The third row shows 16 Bad
units with 6-10 dB of power margin. While these 16 Bad

20 units alone would not trigger a system adjustment, when
combined with the 5 Bad units from the previous row, there
are a total of 21 Bad units with power margins less than 10
dB. This is enough, from Table 4,.to trigger a system wide
adjustment.

25 Taking this concept a step further, different tables,
such as Table 4, can be established for the different
capacity levels. Tables 6 and 7 below are examples of

Maximum Subscriber Tables for Under and Marginal capacity.



10 Subscriber DI STANCE CAPACI TY (radi us)

(dB)" UNDER MARG N OVER S1 1.6 20 11
0 S2 1.2 24 19 4 S3 0.8

30 . 25 9 S 0.4 45 40

18 Table 2 Subscriber Transmt Power Margin (dB) at a 7 dB E[err]/Nerr] 5
In FIG 9, three cells are illustrated, cells 76, 77, and 78, wth cell 76
being the one of interest. Cell 76 is currléntly serving four subscribers
79-82. Subscriber Sl (ASdmmims—illustrated as heing at a distance of 1.6

tinmes the normal cell ragAgs sts¢RERENSt M ver eunfel rgapaci tly, the 10
power margi n woul d be 20 dB; (at mar gi nal dapacity, 11) dB; and at over

capacity, 0 dB. Ther effore—wi®NITRd | oval 0 dB,
subscri ber 79 would bgq good if the system|were eitherg under cgpacity or
mar gi nal capacity. Thg sane woul d be truae |t or subscripers 2=41 If the
current 15 threshol dlevel was214 dB_ledel 3 th&nl@uhscribdr S1 (79)
woul d be considered bgd at eithgr narginall capacity p§ over cgpacity.
Returning to process 60, once tne SUDSC':I.Ea{bleer 56 nave

Maximum Subscribers Below Threshold (TH) Margin

Under Capacity System

MAX. SUBSCRIBERS TH MARGIN
(UNITS) (dB)
1 < 3
3 <6
5 < 10
5 Table 7

Maximum Subscribers Below Threshold (TH) Margin

Marginal Capacity System

Comparing Table 6 with Table 4 shows that the number
10 of Max. Subscribers has been reduced at each level and the
margin has been raised. This provides the result that when
a system is under capacity, the. system is more likely to
undertake a system wide adjustment than when it is over
capacity. Likewise, the numbers for Marginal Cabacity,
15 Table 7, fall between those of over and under capacity.
Again, the idea of Bad units may be adjusted for the
distance the unit is from the center of the cell, as |
described above. |
Referring to FIG. 10, a process flow diagram of
20 subprocess 63, FIG. 8, is presented which illustrates the
use of the comparison tables above. Subprocess 63 first
creates a list of Bad units, step 100. If the distance
information and procedure are to be useq, then optional
step 101 will remove any units from the Bad list which

25 exceed some predetermined range. The subprocess then



been reviewed to find Bad subscribers, subprocess 63, it is 20 then
detefmned if the systemis under capacity, decision step 64. If the system
i s under capacity, the threshold level, Table 1, is set to Level 1, step

65. The subscriber power requirement will then be nodified by incrementing
the systemE[err]/Nerr], not to exceed a nmaxi mum val ue, step 66. 25
Optionally, if the systemwas prohibited fromreceiving new calls, this
prohibition is lifted, step 67. Process 601Phen | oops back to step 62. If,
at decision step 64, it was determ ned that the system was not under
capacity, processups ubel Bagreedls i® rangfs.ershsre 102 - thghéﬁsﬁén?FQléfr

mar gi nal CapaCtBYthéegkéhﬁﬂnéée@h@ﬁn id tdwi syt emn step ﬂﬂBglﬂﬁhscapaCIty,
the threshold | evel

to Level 2, ste pnt,
the process na?rBBPFBﬁaFFy %?%v%ﬂ?pﬁﬂﬁgé%ﬁﬁQs%91%3554§§ﬁﬁ§eaéce tea gnd
at t enpt to handaphtiapy sabiefi becls a&nTﬂbIE)4unIMhémethembevebfzbaﬂreshold

margine. | thiasakt uabhafle LNGaLinSANabbaPIsl e dyatkargedubaspr event 2

form of ping- angl I'n were 1, a Bad subscri ber
woul d be hande@apﬁbltybméeenSlQO Sbﬁ@el%ﬁndéuﬂbﬁﬂmfﬁﬁ@c§?§t§#ﬂ dasofrgetne

extra capacitynaukd @@ éhhelhﬁléﬁéﬁ@ta%ﬂﬁﬁ &fjustareitt.he 1Badnsubscri ber
woul d be returned to'the first cell. The process. woul d
number of Bad units does not exceed a maximum number, the

process loops back to step 62 and a system wide adjustment
10 is not made.
Therefore, a means has been shown which helps
eliminate power control run away in a communication system.
As will be understood by those skilled in the art, the
power measurements are just one signal characteristic which
15 can be used to judge the gquality of the communication.
There are other signal characteristics which may be used in
place of power measurements which can be utilized in the
same manner set forth above.
An example of another signal characteristic which may
20 be used for controlling the subscribers transmit power is
illustrated in graph 120 of FIG. 11. This method utilizes
the FER (Frame Error Rate) to establish the Ep/Ngy value
desired for each subscriber in an under capacity system.
In a preferred embodiment, the subscriber will first be set
25 to a designated maximum Ep/Ng, 10 dB. The Ep/Ny will then
be gradually reduced over time, as represented by line 121,
until a frame error occurs. In this example, a frame error
has occurred at time T;. This frame error results in the
system raising the Ep/N, for the unit, as illustrated by
30 line 122. After the Ep/Ny has been raised due to the frame
error, the Ep/Ng will again be tapered. This time, the
tapering of the Ep/N, value continues until a minimum Ep/Ng
is reached. This is illustrated by line 123 and the
minimum Ep/Ng of 4.5 dB is reached at T;. Once reaching

35 the minimum Ep/Ny, the subscriber will remain at this

level, line 124, until another frame error is reached, at



then repeat itself, ping-ponging. By increasing the threshold level, this
can-be prevented. 15 Returning to decision step 68, if the systemis
not at margi nal capacity (i.e. is over capacity), the threshold margin is
set to Level 3, step 70, and the E[err]/Nerr] value is decrenented, not to
exceed a mninmumvalue, step 71. This reduction in systemEerr]/Nerr]

all ows each of the subscribers to 20 reduce their power, thereby

i ncreasing the power margin. This is illudfrated in Table 3. Subscriber
?IZS-SFQNCE T3. SAFI‘f\glpTgoéedsB% t e%R repeacfg?R %I;Eghgll:lt Bhe dur%tgon of) a 0

21 $4 cia. 30 Table 3 Power Margin (dB) at a 7

18
dB and 6.8 dB Eferc]/ 4 5, Subscriber SL (7 has _gone froma i n of
0 at.an E[err]/N er&%l] Qll(%&“;l%% 3 4 ?raa}%?‘ﬁe'ofléztgl)a mear?‘%f’é?r PFRPEr F’?E%gn& 8
dB. However, @hPresehetie ginervals Rerdpraseased, bekwedacTeaged ity or
E[err]/ N e r] Ty ahd reguldhdm ches|jugipt ide@pafgt (0dnks $2Ynad B qual ity.
To offset this degradation, the threshol d margin .
greater than if the frame errors are spaced at an interval

more than the preset time interval.

. The parameters for an FER regulated system are
provided in Table 8 below.

10

PARAMETER CAPACITY

UNDER MARGINAL OVER
Ep/No UPPER LIMIT 10 dB 9 dB - 8 dB
Ep/No LOWER LIMIT 4.5 dB 4 dB 3.5 dB
Ep/No SLEW RATE 0.5 dB/sec | 1.0 dB/sec | 2.0 dB/sec
Ep/No STEP UP 2_dB 1 dB 0.5 dB
STEP AFTER 1 FE 2 FE 3 FE
FER 1% 2% 4%

Table 8

FER Parameters

As illustrated, the various parameters for a system which
15 is under capacity have been set to have an Ep/N, upper

limit of 10 4B,
0.5 dB/sec.

after the occurrence of 1 frame error.

a lower limit of 4.5 dB, and a slew rate of

In this case, a step up of 2 dB would occur
This would maintain.
the 1% FER for the under capacity case.

20 the rate at which the Ep/Ng

The slew rate is
is permitted to adjust
123 of FIG. 11. The step up is

125 of FIG. 11 and is the
which will be executed at any

downward, see lines 121 and

illustrated by steps 122 or
amount of increase in Ep/Ng
one time.

25 However, as with the Ep /Ny adjusting system,
additional users may be added to the system causing the
system to move from an under capacity case to a marginal

capacity case. When this occurs, the parameters



12 is -i ncreased. Before the system adj ustnents, subscribers S1-S3 would
havé been considered Bad at the Level 1 threshold of 10 dB. After the Eb/No
adj ustnment all of the subscribers exceed the Level 1 value, but not the
Level 3 5 threshold of 14 dB. Under this process, subscriber S1 would
still be considered Bad. At this point, the systemmay optionally stop
accepting new calls and/or attenpt to hana of f the Bad subscribers, step
72. Following step 72, the process 10 drns to step 62. In addition to

t he above, th | n |nfo ti can ut.i | 0 determ ne i e
above proceduﬁeqs%E% ggge us%geto?g ﬂ%ta 4F3te4|re S iier i £ s%ﬁ%ge
i ndi vi dual ac§|onI§hBEFHlEBl?5ke%P%MY?P?%xﬁ%@fq(f9¥[ﬁ%ﬁlﬂbﬁN@rl§50h3nged

subscriber. EQbneXgngheroSybas!i bete ! dnatlodd O lchetlysdnlbs LRG0 n L. 6

tinmes the normal cell radius. If the only Bad subscri unit t&rni ned
to be subscri 588 8ECepbeblet FERyIFN nbt £ pedfefdldions thenaddisirnaignore, or

drop this sal hseakhes bbéﬁa@d]ﬂﬁttﬁ@esﬁéﬂélﬁ eo;ﬁxe%@ntlph%@m&ﬁg tﬁea 20
particul ar call ,was bel ow E $f mar gi n_t hreshol d, beyond
a

predetern1nedV83§Faﬁ88 lFHe B e TEHOV VF?&FPWWe tB3g. 1 £oF.aIn
anot her parti chkhageefiboni hento a%tabIH:R,ara o fits ek graddeti ennine vbiickhe

nunber  of subaagu% yggaft%m Chndo 0l S5 TG rddi s 88hokdy Bel2h 98

enough to warrant a ust nen
g the resultlng degradatlon is typlcally not enough for a

10 normal system user to identify. _
As in the case with Ep/N, adjustments, above, this

system may also add enough users to be over capacity. 1In

this case, the Ep/N, parameters are again adjusted to

permit the additional users and resetting the FER to 4%, as
15 shown in Table 8. .

Returning to FIG. 8, some modifications are made to
process 60 when using FER. At step 62, in addition to
measuring margin, the FER for the subscriber units is also
measured. At step 66, when the system is under capacity,

20 the Ep/N, parameters are changed to those for the under

capacity case. 1In step 71, when the system is over
capacity, the Ep/N, parameters are changed to those for the

over capacity case. 1In the case of marginal capacity, an
additional step, step 73, is added in which the Ep/Ng
25 parameters are set to those for the marginal capacity case.

Thus, it will be apparent to one skilled in the art
that there_has been provided in accordance with the
invention, a method for compensating fbr capacity overload
in a spread spectrum communication system that fully

30 satisfies the objects, aims, and advantages set forth
above.

While the invention has been described in conjunction
with specific embodiments thereof, it is evident that many
alterations, modifications, and variations will be apparent

35 to those skilled in the art in light of the foregoing

description. Accordingly, it is intended to embrace all



the entire system An exanple of this is shown in Table 4. MAX. SUBSCRI BERS

TH MARG N (UNI TS) (dB) 1 < 110
< 520 < 10 Tabl e 4 Maxi mum Subscri bers Bel ow Threshol d
(TH. Margin 30 Over Capacity 13 Table 4

represents the nunber of subscribers which would have to fail the threshold
| evel before any action would be take by the system If there were 20 units
with less than a 1 dB transmt power margilrf’, then the system5 would

adj ust itself. he system woul d gl.so be,adjusted if there were ten units
o less than S GrEETatTre /aoRd R G AR RAAR IS O (e
functioni ng ofappersiepr @dedmsi.s denonstrated using Tabl e 5. SUBSCRI BERS

TH MARG N RANGE (UNITS) (dB) 0 0-15
2-5 16 6- 10



X i ‘ 11-Y 10 Table 5 SAMPLE
MEASUREMENT The first row shows that there are no Bad units with I ess than
1 dB of power margin. Therefore, this would not 15 trigger a system

adj ustment. The second row shows that there are five Bad units with 2-5 dB
of margin. This gives a total of five Bad units below 5 dB and would al so
not trigger a system adjustment. The thlrd row shows 16 Bad units with 6-10
dB of power nmargin. Wile these 16 Bad 20 1%nits al one woul d not trigger a
system adj ust nent, when conbined with t 5 Bad units fromthe previous
row, there are a total of 21 Bad units withPower nargins |ess than 10 dB.
This is enough, from Table 4, to trigger a system w de adj ustnent.

Taking this concept; a stenndiiddifor Udhierattnkablionolslon dJ@@%%[ 4o Can

be established for the erent capacity |eve are
exanpl es of hkﬁﬁ@ﬁHﬁ%ﬁﬁiﬁﬂq @QﬁtFﬁbPéglFSraLhHE@SQﬁkFP&ﬁﬂﬂ | capacity.

14 MAX. SUBSCRiIRRFRZteristic BidVARGiYnaWUNtdShoise level, said @Bhok
<6 comprising the steps of:
determining a signal characteristic for each of a
plurality of subscriber units in said communication system;
determining if said signal characteristic of any of

10 said plurality of subscriber units is below said threshold
signal'characteristic;

setting said threshold signal characteristic to a
first threshold if a capacity of said communication system
is an under capacity;

15 setting said threshold signal characteiistic to a
second threshold if said capacity of said communication
system is a marginal capacity; and

setting said threshold signal characteristic to a
third threshold if said capacity of said communication

20 system is not said under capacity or said marginal

capacity.

R
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2 . < 10 3 < 13 Table 6 Maxi mum

Subscri bers Bel ow Threshold (TH) Margi n Under Capacity System MAX

SUBSCRI BERS TH MARG N (UNI TS) (dB) 1

<33 <65 <10 5

Tabl e 7 Maxi'mum Subscri bers Bel ow Threshold (TH) Margin Margi nal Capacity
System Conparing Table 6 with Table 4 sho%that t he nunber 10 of Max.
Subscri bers has been reduced at each | evel“*and the nmargi n has been rai sed.

This provides the result,that syst.emi s upder capacity, the system
is nore likely to t}ﬁdertfrﬂeeméat\sg??g]g% \ﬁ\i&émg]éj %gfrgrgﬁf TRV %rhgi'{}“?s over
capacity. Likewiepeoft hecmembatsngosalbir gigadl Capardise leyelTdlfl eaid f al |
bet ween those (9fr Q¥eh 4234 gHAYCERGRRBEE Y st 931 8, 5418 #1468 %fm%%@xoliq.ts may
be adjusted for the distance the unit Iis fromthe center of the cell, as
descri bed above. Referring to FIG 10, a process flow di agram of 20
subprocesss563, FlG3.8, iThddmRadiedrmdlahm bl BakthéeSihdBudiSey Gfhd Ntep

conpari son tth?%e%?%%%ht%%Epégg SgiggaRLEginoise level if said

threshold signal characteristic is said third threshold.

) ) 1



creates a list of Bad units, step 100. | f t he di stance information and

procedure are to be used, then optional step 101 will renove any units from
the Bad list which 25 exceed sone predeterm ned range. The subprocess
t hen. 15 groups the Bad units in ranges, step 102. This is sinmlar to the

groupi ngs shown in Table 5. In step 103, this grouping is then conpared

Wi th an appropriate (e.g. Over Capacity) table, such as Table 4. If the
nunber of bad 5 units exceeds a maxi num nékber or the systemis under
capacity, decision step 104, then_the process, will proceed to step 64 and

i npl enent a system adj usf‘n’BﬁF}.‘O‘ﬁf f?’flec‘g%‘h{)%]rl’&g %r’ﬁ’ﬁ‘i"@l&BeBoHS? &RcBed a
maxi mum nunber corunen peachss 3 0aEsn becking asttepreSRodndt aasysi enpowele

adj ustment 10 _J t .<sTherefore . ha e | ps
elimnate pomelpég%%?r%‘f@?aﬁns%%}é&{/l ith gjoclgsrﬁn*rﬁl%q%e}t’ [ %ﬁ@y@?éﬁ&i\m@%‘f#%@
under st ood by thessteks |¢®d in the art, the power neasurenents are just one

signal charqcteristigcdbhehide LardesiSebdrd wiegihheoaguabbhYopfathe
comuni cation. There are other signal characteristics which npy be used in
pl ace of powerPheE_L} etk SSW%% We-G# i1 $849 ROTMRN3GRHEL AR NTETt &Rt

forth above. creating a list of said plurality of subscriber units
whose transmit power margin fails to meet said threshold
transmit power margin;
10 assigning each of said plurality of subscribers on
said list to one of a plurality of transmit power ranges;
comparing a number of subscriber units in each of said
plurality of transmit power ranges with a limit on each of
said plurality of transmit power ranges until either a
15 maximum number within one of said transmit power ranges is
exceeded or all of said plurality of transmit power ranges
are comparéd;
settiﬁg said threshold transmit power margin to a
first threshold if a capacity of said communication system
20 is an under capacity and said maximum number within one of
said transmit power ranges is exceeded;
setting said threshold transmit power margin to a
second threshold if said capacity of said communication
system is a marginal capacity and said maximum number
25 within one of said transmit power ranges is exceeded;
setting said threshold transmit power margin to a
third threshold if said capacity of said communication
system is not said under capacity or said marginal capacity
and said maximum number within one of said transmit power

30 ranges is exceeded.

AN A 1



An exanpl e of another signal characteristic which may 20 be used for
confrolling the subscribers transmt power is illustrated in graph 120 of
FIG 11. This nmethod utilizes the FER (Frane Error Rate) to establish the
E[err]/ N err] value desired for each subscriber in an under capacity
system In a preferred enbodi nent, the subscriber will first be set 25 to a
designated maximum E[err]/N err], 10 dB. The E[err]/Nerr] will then be
gradual |y reduced over tine, as represent@ by {ine 121, until a frame
error occurs. Int |s exanp franme errfL has occurred at tinme Tl. This

frame error result fhge§§§9eﬁPFaFg?F§° PEFRPFUS T0R ROWEr 42
illustrated b¢oﬁﬁuhhnatiaa spsten némndﬁﬂa«rﬂnﬁsﬂmaﬂnttansadtdpewéﬁ t he

frame error, hﬂggg?keg H\’F‘[ g{?},aj{"' il L ;?@f%é‘ 1e%e1apes §% miPhiql Egﬁ%f%’%g

tapering of t efri ¥al Ue ‘Conti nues UntiT ca m nrmum
reached. Thisths skepste8ted by line 123 and the minimumE[err]/Nerr] of

4.5 dB is geached @btlZmithRg aeafgh&glé’ﬁﬁ)é‘k@r rﬂamgmmf%fi/ uacht Be aubscri ber
|

will remain at this level, |ine 124, unt anot her frane error is reached,
at 16 T3. PAETAISE¥SST!RERSFEHREY SMHbUghRLY RETBUPACREAOBT SYSESRT . | n
addition to the abdeeerhfinfihgnefessdd st catshii tVgduer amaiiganebft bag bmt er val ,
as representegaggt uraI%t?ngLTghﬁgcrlber units fails to meet said
threshold transmit power margin;
10 setting said threshold transmit power margin to a
first threshold and incrementing said signal-to-noise level
if a capacity of said communication system is an under
capacity;
setting said threshold transmit power margin to a
15 second threshold if said capacity of said communication
system is a marginal capacity;
setting said threshold transmit power margin to a
third threshold if said capacity of said communication
~system is not said under capacity or said marginal
20 capacity; and
decrementing said signal-to-noise level if said

threshold transmit power margin is said third threshold.
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5 T[err] and T[err], then the junp in Eerr]/Nerr] (lines 127 or 129) is
gredter than if the frane errors are spaced at an interval nore than the
preset tine interval. The paranmeters for an FER regul ated system are
provided in Table 8 bel ow. 10 PARAMETER

CAPACI TY UNDER MARG NAL OVER E[err]/Nerr] UPPER LIMT

10 dB 9 dB 8 dB E[err]/gerr] LONER LIMT 4.5 dB
4 dB 3.5 dB Eb/ No SLEW RATE 30. 5 dB/ sec 1.0 dB/'sec 2.0
g\E{FSEeRC Eb/No STEP LéP l.:[i?e method o% EI]:'alm 5 whé‘rgulm__l_:sa'géh ste% 2 de STEP
1% dz:%ermlnmg if sedJFabrensniFRPewgnmargin &F anvuofr atéd, the
vari ous para 1%&5&1“1‘&5( 6fsx§5§e}méfhu&§tslﬁweao GRRACIskY dh@neeBRE N Set
to have an Eb/No upper Iimt of 10 dB, a lower limt of 4.5 dB, and a slew

rate of 0.5 dBS@SMift,POWPE EéEglnaC%'f‘%f)l%?)s dih® sHEBRRBoPfd occur after the
occurrencesof 1 frmaetrlrn@ra ks wulsdmapnﬁmmtg hes IR iber hetgnder

perm 11 ed 1o MG SOBNAMAFaroEE PRHRL (AT bhd I P60 Srd IO RRMstep up
is illustrat ed:lianpSMpswoilEZ parg?28;of FIG 11 and is the anpunt of increase
in Eb/No which V“llaggig%&%%uggghagfaQXid plurality of subscriber units
on said list to one of a plurality of transmit power
10 ranges; and
comparing a number of subscriber units in each of said
plurality of transmit power ranges with a limit on each of
said plurality of transmit power rénges until either said
limit of one of said transmit power ranges is exceeded or
15 all of said plurality of transmit power ranges are

compared.
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one tine. 25 However, as with the Eb/No adjusting system additional
usefs may be added to the system causing the systemto nove from an under
capacity case to a margi nal capacity case. Wen this occurs, the paraneters
17 illustrated in FIG 11 are adjusted to those shown in Table 8. In
particular, the upper Iimt for the Eb/No is changed from 10 dB to 9 dB.
These changes, along with a change in the acceptable FER from 1%to 2%
al'lows the additional 5 users to operate iZf t he system by slightly reducing
the voice quality all_users. Tests haveihown that, .for a change, from 1%

to 2% in FER a soft- dedt &% 54 FOPESOGGAPPt T RBSTH PEIOFTROTEY ML 6t t
degradati on i scarsethilvatddse siylseemehaivihggadeyrasiabidnsigndlypi cal |y not

enough for a . t user, . i dent | i C it
E[err]/Nerr] ]cglcﬁ%g{trfeﬁf?ﬁaggi\(}e? %ﬁ%ga%ygge%%%?/ﬁ?%%“%%?’eg%ﬁg m&?&Pg to
be over capaciaomPHysing $heassepshefEb/ No paraneters are again adjusted to

permt thesadditionfdeUs@iSindNd 838001 BlatBet EERSE Oc 408 r aSadp oShoWN i N
Table 8. Returning to FIG 8,” sone nodifications,are made, t o process 60
when usi ng FEFEl%a]s‘tté(p OéZ,S“PﬁCé&HFFi BRiE® 1in said communication system;

determining if said signal characteristic of any of
said plurality of subscriber units is below said threshold
signal éharacteristic;
10 setting said threshold signal characteristic to a
first threshold if a capacity of said communication system
is an under capacity; .
setting said threshold signal characteristic to a
second threshold if said capacity of said communication
15 sYstem is a marginal capacity; and
setting said threshold signal characteristic to a
third threshold if said capacity of said communication
system is not said under capacity or said marginal
capacity.
20
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measuring margin, the FER for the subscriber units is also neasured. At
step 66, when the systemis under capacity, 20 the E[err]/Nerr]
paranmeters are changed to those for the under capacity case. In step 71,
when the systemis over capacity, the Eb/No paraneters are changed to those
for the over capacity case. In the case of margi nal capacity, an additional
step, step 73, is added in which the Eb/ Ng 25 paraneters are set to those
for the marginal capacity case Thus, it WPl be apparent to one Skl I I ed in
the art that therez{t b{h Vi deg 3 accz dgnce W|th \4}

met hod for conpensating §YBHR0Ad AT B2 pR RS @b’%ﬁﬁ

conmuni cati on samtaémcmna'actathytses sanpsises drie abjeedthseshiols], pandr
advant ages setmafIQJrltnh abgvgubg\gté get:he I‘EH llftcP.LQi has e desgiijhed in
conjunction wth specific enbodi nent ereo I's evident that many

al terations, PyASCrdReroN8itaha Qapﬁﬁ?l%h%ewqft l?etd’;ﬁﬁérhé’ﬁ-td $zapmg exseE
skilled instheattt. in [ight of the foregoing description. Accordingly, it

is intended to enbrace all 18 such alterations, nodifications, and
variations in the appended cl ai ns. .
9. The method of claim 7 further comprising the

step of adjusting said signal-to—-noise parameter if said
 threshold signal characteristic is said first threshold.
10
10. The method of claim 9 wherein said step of
adjusting said signal-to-noise parameter performs one of
the following steps:
increasing a signal-to-noise upper limit if said
15 signal-to—-noise upper limit is below a maximum upper limit;
increasing a signal-to-noise lower limit if said
signal-to-noise lower limit is below a maximum lower limit;
reducing a slew rate of said signal-to-noise if said
slew rate is above a first threshold; and
20 increasing a step parameter if said step parameter is
below a first threshold.
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19 Cdains 1. A method for controlling transm ssion power in a

comhuni cati on system having a threshold signal 5 characteristic and a
signal -to-noi se level, said nmethod conprising the steps of: determ ning a
signal characteristic for each of a plurality of subscriber units in said
comuni cation system determning if said signal characteristic of any of
10 said plurality of subscriber units is below said threshold signal
characteristic; setting said threshold si&ﬁal characteristic to a first
threshold if a capacity of said communi cation systemis an under capacity;
15 setting said threshold signal characteristic to a second
threshold if said capacity of said comunication systemis a marginal
capacity; and setting said threshold signal characteristic to a third
threshold if said capacity of said comrunication 20 systemis not said
under capacity or sAi¥MEBECRiFRR GAFRALLING TRANSMISSION POWER IN A

5 COMMUNICATION SYSTEM

Abstract of the Disclosure
10
The transmit power margin or frame error rate for each

subscriber in the system is measured (62) to determine if
any “"bad" subscribers (63), those subscribers with transmit
power margins or frame error rates that cross a threshold,

15 are in the system. If the system is under capacity (64),
the threshold level is set to the first threshold (65) and
the signal-to-noise ratio is incremented (66). If the
system is at marginal capacity (68), the threshold transmit
power margin is set to a second threshold (69) and the

20 system is closed to new calls (72). If the system is over
capacity: the threshold tfansmit power margin is set to a
third threshold (70); the system is closed to new calls
(72); and the signal-to-noise ratio is decremented (71).

Fig. 8 accompanies this abstract.



20 2.. The method of claim1 further conprising the step of increnenting
said signal-to-noise level if said threshold signal characteristic is said

first threshold. 5 3. The nethod of claim1 further including the
step of decrenenting said signal-to-noise level if said threshold signa
characteristic is said third threshol d. 21 4.. A nethod for controlling

transm ssion power in a conmunication systemhaving a threshold transmt
power margin and a signal -to-noise | evbf® said nethod conprising the steps
of: 5 determining a transmt power margin for each of a plurality of
subscriber units in said conmunication system creating a list of said
plurality of subscriber units whose trapsggt power margin fails to neet
said threshold transmt power narginv/45y7' assigning each of said
plurality of subscribers on said Ili %4@ ofmu &y of transmt
power ranges; conparing a nunber of 4ﬁb?f' ibr tslrﬁ ¢hfof said
plurality of transmt power 'ranges 4’4&“7”it on each of said plurality
of transmt power ranges until either a~*¥5 nmaxi nrum nunber wi thin one of

said transmt power ranges is

FI¢.3



exceeded or all of said plurality of transmt power ranges are conpared,
setfing said threshold transmt power nmargin to a first threshold if a
capacity of said comruni cation system 20 is an under capacity and said
maxi.-num nunber within one of said transmt power ranges i s exceeded;
setting said threshold transmt power margin to a second threshold if said
capacity of said communication systemis a marginal capacity and said

maxi mum number 25 within one of said tyahsmt power ranges is eéxceeded;
setting said threshold transmt power rgin to a third threshold if said
capacity of said comrunication systemis not said under capacity or said
mar gi nal cagmgbél and sai d maxi nrum nunber within one of said transmt power
30 ranges is exceeded. — ~ 27 5.7 — K Wer fod T or —com ot i mg— tT arst sston
power in a c ni cati on system having a threshold transmt power margin
and a si gnarﬁgg-HWcﬂEe_ rever |~ sard merhod Ttonpr st ng—t-he steps—of —5 —-
determ ni ng. th ansmt power margin for each of a plurality of subscriber
units in sai |‘tat1i.%féa'ﬁire'nr'detamﬂ|—n-g-rf— sat & +r-apsHi-+ —pewer

' f
mar gi n of MNodBm-———— b
-120dBm- - — —— - .
21dB
=125dBm- — — — - .
f 1.2288MHz
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said plurality of subscriber units fails to neet said threshold transmt
power margin; 10 setting said threshold transmt power margin to a
first threshold and increnmenting said signal-to-noise level if a capacity
of said conmmunication systemis an under capacity; setting said threshold
transmt power margin to a 15 second threshold if said capacity of said
comruni cation systemis a narginal capdéity; setting said threshold
transmt power margin to a third threshold if said capacity of said
comuni cation systemis not said under capacity or said marginal 20
capacity; and decrenenting said signal-to-noise |evel i{f298gig t hr eshol d
transmt power margin is said third threshol d. 23 6. The met hod of
daMﬁMMN@W%mdsmpﬂ—mﬁ#mmﬁyH—wHPHaBMF-wmqmwupm
d threshol d
transmit pomddSdBm-gi-n-corpri-ses—t-he- steps—0f— 5 — — — — crdating a List. of
said plurality of subscriber units whose transmt power n#gin fails to

meet sai d t hR118dBml -d—t+ ansnd-t— ARG — - A
1.2250kHz 1.2?8‘5%

—115dBM - — — — — 4
15dBm - — — — — % -~ g == - g_él(_;‘z_____
-120dBm - — — — — — b — o __ o
| 21d8 2148
—125dBM - = — — — -} e e e = - ———-
-130dBm- — — —— b ————__} _ ———————- .




assigning each of said plurality of subscriber units on said list to one of
a-plurality of transnt power 10 ranges; and conparing a nunber of
subscriber units in each of said plurality of transmt power ranges with a
lim+t on each of said plurality of transmt power ranges until either said
limt of one of said transmt power ranges is exceeded or 15 all of said
plurality of transmt power ranges are conpared. 24 7. A net hod for
control ling transmi ssion power in a caygnication systemhaving a threshold
signal characteristic and a signal-to-noise paraneter, said method

conprising the steps of: 5 determ ning a signal characteristic for
each of a pleypality of subscriber units in said communication system
det er mi ni ng B Spi~d~ o4 LLhdraderyisyiq off apy pt [saijd prujaryt "
subscri ber unfrsfytetoy—spi-g—tHwe! ! il &
setting said fhriesfol & signpl |chireft ef | N N ) %ﬁ
capacity of spid cd ni gat} ores JNR IR Q2N ,\R\\ 'FQS§1 d
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second threshold if said capacity of said communication 15 systemis a

mar gi'nal capacity; and setting said threshold signal characteristic to a
third threshold if said capacity of said conmuni cation systemis not said
under capacity or said marginal . capacity. 20 25 8. The net hod of claim
7 wherein said threshold signal chara tgglstlcs conprises one of a

t hreshol d power margin of a subscribe a threshol d distance of 'said
subscriber unit to a base site, and a threshold frame error 5 rate. 9.

The nethod of claim?7 further copp he _step of adjusting said
si gnal -to-noi se paraneter if safd threshold sygnal charactegfstic is said
first threshold. 10 10. The netRod of claimg gfein said Step of

adj usting said signal -to-noise pa orms one of the foll ow ng

steps: increasing a si er 1imt if said 15 signal-to- n0|se
upper limt is below a gmt; increasing a signal-to-noisqg
lower Iimt if said

Fr¢.8



signal,-to-noise lower limt is belowa maximumlower |imt; reducing a slew
rat€ of said signal-to-noise if said slewrate is above a first threshold,

and 20 increasing a step paraneter if said step paraneter is below a
first threshol d.

6/6

10d8

4.5dB

FIG.77




