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SYSTEM AND METHOD FOR REDUCING INTERFERENCE 
GENERATED BY A DIGITAL COMMUNICATION DEVICE 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

The present invention relates generally to wireless communications 

systems. More particularly, the present invention is directed to a novel 
10 system and method for reducing interference generated by digital 

communications devices. 

II. Description of the Related Art 

15 In time-division multiple access (TOMA) cellular communication 
systems which are well known in the art, the available frequency spectrum 
is subdivided into a predetermined number of radio frequency channels, 
each of a given bandwidth. Each radio frequency channel is time-divided 
into a cycle of TOMA frames and each frame is further time-divided into a 

20 cycle of a predetermined number of time intervals, called "slots." Thus, one 
slot represents a finite time period on a predetetmined radio frequency 
channel. Communication over the radio interface occurs during these slots 
in groups of modulated bits, called 1'bursts," with one burst per slot. A 
1'normal burst" contains a packet of bits of useful information which is 

25 preceded and followed by a brief uguard period" during which no useful 
information is nominally transmitted. This guard period allows for power 

ramping of the transmitter as it turns on prior to transmission of the 
information bits and turns off after transmission of the information bits. 

Although the word 11 channel" as used above corresponds to a 
30 particular fixed radio frequency bandwidth, it should be noted that in the 

more general case, i.e. in a frequency agile system such as the TOMA based 
Global System for Mobile Communications (GSM) system, a "channel" may 

also have a temporal component. That is to say that a "channel" which .. is 

dedicated to a single function (i.e. a traffic channel), would be a succession of 

35 slots which may occupy different frequencies at different times. It is in this 

more general, functional sense that the word "channel" will be used below. 
When a given subscriber station in the communication system enters 

a dedicated mode, such as during a call set-up or when performing location 
upclating to the base station, it is typically assigned to a particular slot of a 

.::. ... 
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transmit channel for transmission of its info~~tion, which has been 

pack~ged into a sequence of normal bursts. Thus, ·~JtJlough many subscriber 
stations in a given cell may transmit over a singlt? ~hannel (limited at least 

by the number of slots in a frame), the individualj:lormal bursts from each 

5 user are time-division multiplexed into t}teir :. cqrresponding slots. For 
example, a subscriber station assigned to the first sl9t' in a frame of a given 
transmit channel will nominally transmit only d~ling the first slot of each 
frame, and otherwise remains with its transmitter· turned off so as to avoid 
interfering with the burst transmissions · ol · the subscriber stations 

10 respectively assigned to the remainder of the slots of that transmit channel 

frame. Thus, the subscriber station assigned to the first slot will tum on its 
transmitter during the guard period at the. beginning of the first slot, 
transmit a package of useful information bits durlng that first slot, turn off 
its transmitter during the guard period at the end of the first slot, and 

15 remain with its transmitter turned off during an·· ()ther slots of the frame. 
Likewise, the subscriber station assigned to the secol\d slot of the frame will 

tum on its transmitter during the guard period at the beginning of the 
second slot, transmit a package useful information bits during that second 
slot, tum off its transmitter during the guard perioq at the end of the second 

20 slot, and remain with its transmitter turned off during all other slots of the 
frame. 

This periodic on/off switching of the subscnoer station's transmitter 

produces a transmitted signal which is especially capable of interfering with 
the operation of nearby electronic equipment. Because this on/ off switching 

25 modulates the amplitude of the RF energy transmitted, we will refer to 
interference which is caused by such on/off &Witching as "amplitude 
modulation interference", or simply "AM interference." For example, in 

the pan-European GSM cellular system, each frame has a duration of 4.615 
ms, and is divided into eight slots, with each slot.being 577 µsin duration. 

30 Transmission during the same slot of each frai]\E! results in a subscnber 

station burst repetition rate of 216.6 Hz (i.e., 1/4.6iS ms). Since this burst 

repetition rate is within the audio frequency rang~;Jt may be undesirable in 
the presence of other electronic equipment which contains circuitry which 
may act as an AM detector. For example, if a GSM subscriber station is 

35 operated in the vicinity of a stereo system, the burst repetition rate may be 

heard as a buzz emanating from the speakers. 
It should be noted that other TOMA-based digital communication 

systems use different frame lengths and a diff~rent number of slots per 
frame. For example, the U.S. TOMA cellular :communication system 
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descn1>ed in Telecommunications Industry Association (TIA)/Electronic 
Industries Association (EIA) Interim Standard,· 54-B (IS-.54-B) uses cyclical 
TOMA frame lengths of 20 ms, each subdivided iJlto six slots. Also, it should 

be noted that for higher-bandwidth signals, th~- TOMA system may assign 

5 more than one slot per frame to a single subscnber station in order to 

accommodate the higher rate signal. However, these systems still use a burst 

repetition rate in the audio frequency range w~ch may produce substantial 
interference in sµrrounding electronic equipment 

Many electronic devices, such as hearing aids and cardiac pacemakers, 
10 are also susceptible to interference from such .. pulsed transmissions. In 

particular, hearing aids have been found to be s~itive AM detectors, and 
. .-·~ 

are designed to provide considerable audio ~ain. As such, significant 
interference may be incurred when hearing aids -~re operated in the vicinity 
of GSM and other TOMA-type user communj¢ation devices. In fact, the 

15 level of audio in~rference or '1>uzz" in the hearing aid wearer's ear may be 
enough to drown out the sound of the caller's voi4=e, precluding effective use 
of a TOMA subscriber station by the hearing aid wearer. 

Accordingly, it is an object of the present. invention to provide a 
transmission scheme for a multiple access COJil;munication system which 

20 minimizes the potential for AM interference with surrounding electronic 
devices. 

SUMMARY OF THE I~NTION 

25 The present invention is directed to ~- system and method for 
reducing the undesirable AM interference arising in connection with 
periodic transmissions in digital wireless co~unication systems. The 
invention finds -particular application in a time-division multiple access 
communication··system, such as GSM. 

30 In a first _embodiment of the present inyention, a first subscriber 

station operating in a reduced interference mode-is nominally assigned all of 

the slots of each ~e of a first transmit channel._JJy transmitting RF energy 

substantially continuously, even throughout the;'guard periods of each slot, 
... ......'· 

the subscriber station substantially eliminates tll.e AM interference arising 
35 from pulsed transmission. A second subscriber station may be similarly 

disposed to operate in the reduced interfer:ex:ice mode of the first 
embodiment. h) particular, the second subsqiber station is nominally 
assigned all of the -slots of each frame of a second: transmit channel. 
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In a second embodiment of the present inv~tion the first subscriber 

station is nominally assigned one or more slots of each frame of the first 

transmit channel, which shall be referred to as the "primary" channel, for 

conventional transmission of useful information. However, in contrast to 

5 the prior art, the first subscriber station is also ·iJ:ls~cted to continuously 

transmit RF energy over an "auxiliary" channel ~(:ti.Ines other than during 

the assigned primary channel slots. The first sub$~tjber station does not tum 

off its transmitter while re-tuning to the auxiliatjr ¢hannet frequency or back 
to the primary channel frequency. In this way tb,~'.:1~vel of AM interference 

10 generated in the vicinity of the first subscn"ber station is reduced due to the 

substantially continuous transmission of RF enei:gy by the first subscriber 

station, even throughout the guard periods of each.slot. A second subscriber 

station may be similarly disposed to operate in the reduced interference 

mode of the second embodiment. In particular, the second subscriber station 

15 may be nominally assigned one or more slots of ea(:h frame of the primary 
channel for conventional transmission of useful· iriformation, and is also 

instructed to continuously transmit RF energy ove~ 'the auxiliary channel at 

times other than during the assigned primary channel slots. Likewise, the 

second subscriber station does not tum off its tranSmitter while re-tuning to 

20 the auxiliary channel frequency or back to the p~ar,y channel frequency. 
As can be seen in the second embodiment,· :more than one subscriber 

station may simultaneously utilize the auxiliary channel during reduced 

interference mode operation. If many such ·· subscriber stations are 

simultaneously operating in the reduced interference mode, it is 

25 immediately dear that the auxiliary channel will be flooded with interfering 

transmissions. For this reason, the auxiliary channel is chosen such that 

these "junk" transmissions do not interfere with the information being 

transmitted on the other channels. 
It should be noted that the present invention contemplates 

30 transmission of RF energy by the subscriber stati~ri '.in each slot of a frame 

only while the subscriber station is still in a ded!~ted mode (i.e. while a call 

is in progress, or when performing location up~~ting), and not when the 

mobile station is otherwise in an idle mode (i.e):#\erely monitoring control 

channels for broadcast information). However,· t}i,islimitation in not strictly 

35 required for the reduction of AM interference. 

BRIEF:DESCRIPTION OFTHE,DRAWINGS . . . . ~·: : 
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The featul'.es, objects, and advantag~ . of: ~e present invention will 

become more apparent from the detailed deseription set forth below when 
taken in conjunction with the drawings in whlch like reference characters 
identify correspondingly throughout and wher¢in: 

5 FIG. 1 provides an illustration of three CE?lls, respectively identified as 
A, Band C, of an exemplary cellular mobile raclio,system; 

FIG. 2 provides an illustration hf an exemplary TDMA 
time/frequency allocation scheme for the cellulat radio system of FIG. 1; 

FIG. 3 is a block diagram subscril>er station disposed for 
10 communication over digital communication channels in a reduced 

interference mode of operation; and 

15 

FIG. 4 illustrates a base station designed· fc;>r operation in the cellular 
mobile radio system of FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS'. 

FIG. l provides an illustration of three. cells, respectively identified as 
A, B and C, of an exemplary cellular mobile radio system 10. For each cell A, 

20 B and C there is respectively associated a base station BA, B8, and Be. For 
illustrative purposes, base station BA is shown t~ be in communication with 
three subscriber stations, MA01 MA11 and MA.21 each disposed within a cell 
boundary of base station BA. Base station BB is shown to be in 
communication with one subscriber station, lv,180, disposed within a cell 

25 boundary of base station B8 • Similarly, base station Be is shown to be in 
communication with one subscriber station, .Meo, disposed within a cell 
boundary of base station Be. Also depictecl in FIG. 1 is a base station 
controller (BSC). The BSC of FIG. 1 is connected~<:) all three base stations BA, 
Be and Be by <;ables 11-13. In addition, the BSC .is connected by cables (not 

30 shown} to a mobile switching center (MSC} wh~ch serves as an access point 
to the public switched telephone network (~STN) or the equivalent. It 
should be not~d that the present invention ~:applicable to non-cellular 
TOMA communication systems as well, such -8$ PCS or wireless local loop 
systems. As such, the subscriber stations 1Il~y be any type of remote 

35 communication device, either fixed, mobile(::Or portable. However, for 
purposes of explanation it will be sufficient to Irtctke reference to the cellular 
system of the three cells A, B, and C, with .ntobile units configured for 
cellular operation. 
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The cellular radio system 10 of FIG. 1 is designed to accommodate 

communication over a plurality of radio frequencies. An exemplary TDMA 

time/frequency allocation scheme for one of the base stations, BA, B8, or Be, 
is shown in FIG. 2. In FIG. 2, four reverse link (mobile to base station) carrier 

5 frequencies, R, and four forward link (base station to mobile) carrier 

frequencies, F, are illustrated, each with a 200 Khz carrier spacing. The 

reverse link carrier frequencies are 890.2 - 890.8 Milz, whereas the forward 

link carrier frequencies are 935.2 - 935.8 Mhz, respectively. Along the time 
axis, the cycle of TDMA frames is represented by FRAME 0 and FRAME 1, 

10 wherein each time interval of duration 577 µs is further defined by its time 
interval number (TN), from TNO to TN7. The cyc.le of slots on the reverse 

link defined by the carrier frequency 890.2 Mhz and the time intervals TNO­

TN7 are labeled as Ro,o to Ro,1, respectively. Likewise, the cycle of slots on the 

forward link defined by the carrier frequency 935.2 Mhz and the time 
15 intervals TNO-TN7 are labeled as F0,0 to F0,7, respectively. It should be noted 

that although the exemplary TOMA time/frequency allocation of FIG. 2 

closely resembles that of a GSM system, its teachings are applicable to other 
TDMA systems with more or fewer slots per frame, and a different carrier 
frequency spacing. For example, the U.S. IDMA system described in 

20 TIA/EIA/IS-54-B uses six slots per TOMA frame, and a 30 Khz carrier 
frequency spacing. 

In the prior art IDMA systems, a given mobile unit, for example MAo 

(see FIG. 1), transmits normal bursts of information·.to its corresponding base 

station, BA, in one or more assigned slots of each frame of a reverse link 

25 channel. For example, in a TDMA system wherein -reverse link channels are 

fixed in frequency, mobile unit MAo may be assigned to transmit normal 
:bursts in each slot indexed Ro,o when MAO is in a dedicated mode. Similarly, a 
second mobile unit, MAv in communication with base station BA may be 
assigned to transmit normal bursts in each slot indexed Ro.1 when MA1 is in a 

30 dedicated mode. A third mobile unit, MA2, maY .. :be assigned to transmit 

normal bursts in slots associated with a differen(·~arrier frequency, such as 

each slot indexed Ri.o· Correlatively, MAo woul~ ~ ·'85igned to receive bursts 
transmitted by base station BA in each forward channel slot indexed F0•0• 

Likewise, MA1 would be assigned to receive burstS fyansmitted by ·base station 

35 BA in each forward channel slot indexed F0•11 an~1'AA2 would be assigned to 
receive bursts transmitted by:base station BA on a-separate carrier frequency, 

in each forward channel slot indexed F1.o· 

In the more general case of a frequency-agile TOMA system such as 
GSM, mobile unit MAo would still transmit normal bursts of information to 
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its corresponding base station, BA' in one assigned slot of each frame of a 
reverse link channel. Ho~ever, since the reverse link channel would not be 

fixed in frequency, MAo would be assigned ·to transmit normal bursts in each 

slot indexed RH.0, where H corresponds to the hopping sequence number of 
5 the frequency hopping scheme of the partic_ular; reverse link channel. Thus, 

for an exemplary 4-frame cyclical hopping sequence of {O, 1, 2, 3}, MAo would 

transmit normal bursts in slot R0.o of FRAME 9, slot Ri.o of FRAME 1, slot 
~.o of FRAME 2, and slot Ra,o of FRAME 3. ·Mobile unit MA1 would similarly 
transmit normal bursts in siot Ru of FR.J\¥E 0, slot R1.1 of FRAME l, slot 

10 R2,1 of FRAME 2, and slot R,,1 of FRAME 3. The reverse link channel being 

used by mobile unit MA2 would have a d~ffereI\t hopping sequence of, for 
example {1, 2, 3, 0}. In such a case, MA2 would transmit normal bursts in slot 

R1,0 of FRAME 0, slot Ru of FRAME 1, slot R3.o _of FRAME 2, and slot R0,0 of 
FRAME 3. 

15 In the conventional prior art TOMA system descnbed above, mobile 

units MA0t MA1, and MA2' would remain with their transmitters off during 
the brief guard periods of each assigned slot, and during all other time 
intervals TNO-TN7 of each frame in order to avoid interfering with traffic 
on other channels. As previously mentioned, it is this pulsed transmission 

20 of periodic bUl"Sts which gives rise to undesir~ble AM interference. In the 
present invention, such A~ interference is ·eliminated by substantially 

continuous transmission of RF energy. 
In a first embodiment of the present invention, one or more of the 

mobile units MAo• MA11 and MA2 is configured, as described below, to operate 
25 in a reduced interference mode in which it is assigned to continuously 

transmit RF energy throughout each slot of each frame of a given reverse 
link channel That is to say, it is assigned a dedicated channel for exclusive 
use during operation in reduced interference .mode. For example, suppose 

MAo has been configured to operate in a reduced interference mode. In the 

30 fixed-frequency channel TDMA system descri~d above, MAo is directed to 
transmit continuously in each slot Ro.o to R0.-7 of each frame. In such a fixed­

frequency channel system, neither MA1 nor ·MA2 would be able to effectively 
communicate with base station BA in slots indexed Ro.x because of 
interference caused by simultaneous transmi~~ion on the same carrier 

35 frequency by MAO. As such, all other mobile · µnits in cell A would be 

restricted to transmitting in respective assigned ~lots of one of the remaining 
carrier frequencies, here 890.4 Mhz - 890.8 Mhz. 

If a second mobile unit, MAv were also assigned to operate in a 
reduced interference mode at the same time as MA0, then MA1 would be 
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directed to transmit continuously in all slots of ¢ach frame of a separate 
carrier frequency than that of MA0, for example, in_ each slot R1.o to R1,7 of 
each· frame. The remainder of the mobile units .fu cell A would thus be 

restricted to transmitting in respective assigned slots of one of the remaining 
5 carrier frequencies, here 890.6 Mhz - 890.8 Mhz. 

In a TOMA system having frequency-agile reverse link channels, the 
first embodiment of the present invention may be implemented in at least 
two ways. A first in which the (.i.edicated channel ~fixed in frequency while 
the rest of the channels remain frequency agile, an,d a second in which the 

10 dedicated channel is also frequ~ agile. 
If the dedicated channel is fixed in freqll:ency, each mobile unit 

operating in the reduced interference mode woul~ be assigned a dedicated 
carrier frequency as in the fixed-frequency chai\nel TOMA system just 
described, with all other mobile units in that cell continuing to frequency 

15 hop on a per-frame basis among the remainder of :tite carrier frequencies. In 
this first frequency-agile implementation, the hopping sequence for a given · 
reverse link channel would be altered to elim~te hops to the dedicated 
carrier frequency of the mobile unit operating in l'E!~uced interference mode. 
For example, if reverse link carrier frequency R0 (_890.2 Mhz) were dedicated 

20 to mobile unit M>.o .operating. in reduced interfere:rt?e mode and transmitting 
in each slot slots Ro,o - R0,7 of each frame, then niobile units MA1 and MA2 

could be assigned to reverse link channels having a 3-frame cyclical hopping 
sequence of, for example {1, 2, 3}, thus eliminating hops to frequency R0 

while it is dedicated to mobile unit MAD. 
25 If the dedicated channel is frequency-agile, each mobile unit operating 

in the reduced interference mode would transmit continuously in each slot 
of a given frame on an assigned frequency as b~fpte. However, the mobile 
unit . operating in the reduced interference rilocie would continue to 
frequency hop on a per-frame :basis along with th~;;:rest of the mobile units 

30 communicating in that cell. For example, mobi)e unit MAIJI operating in 
reduced interference mode, is -assigned to transfu#'. ~ontinuously in each slot 
of each frame of a given reverse link channel<having a 4-frame cyclical 
hopping sequence of to, 1, 2, 3l. MAo would tran~~it continuously in slots 

R0.o - Ru.7 of FRAME 0, slots R1,0 - Rv of FRAME.: 1j;slots R2,0 - R2,7 of FRAME 
35 2, and slots Rs.o - R3,7 of FRAME 3: Th~'· second frequency-agile 

implementation would elimin~te the need t(> al~etthe hopping sequence for 
any of the channels. Thus, mobile units MA.1 ari.di MA2 could be assigned to 
reverse link channels having a 4-frame cyclical '.~opping sequence of, for 
example (1, 2, 3, O}. It should be noted that if .the dedicated channel is 
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frequency-agile, the mobile unit would continu¢ftp transmit RF energy as it 

re-tuned its transmitter to the next frequency in Jfii!: bopping sequence. 
In all implementations of this first embo·d~ent, the mobile unit is 

assigned an exclusive dedicated transmit channel while it is operating in 
5 reduced interference mode. However, in an implementation which retains 

the conventional, cyclical timing scheme of a roM:A system, only a subset of 
the slots of each frame of the dedicated chan:hel need contain useful 

information. For instance, the mobile unit ~y transmit meaningful 
information during its assigned slots, and. otherwise transmit an 

10 unmodulated carrier throughout the remain:der 9.!. the slots of the dedicated 
channel. In such an implementation, the base station would only need to 
tune a receiver to the dedicated channel during the slots which contain 

useful information. Alternatively, the mobile UI\it may transmit repeated 
versions of the same information, one in each: slot of the frame. In yet 

15 another example, the mobile unit may even tr•n&mit non-repeated useful 
information in each slot of each frame of the dedicated transmit channel. 
Note that in each of the above examples, the mol?ile unit operating in the 
reduced interference mode is continuously transmitting RF energy, even 
during the guard periods nominally surrounding each burst. 

20 In a second embodiment of the present inveiltion, one or more of the 

mobile units MA0, MAv and MA2 is configured' .to operate in a reduced 
interference mode in which it is directed to transmit meaningful 
information in one or more slots of each frame of a given reverse link 
channel. With respect to this "primary'' channel, operation of the reduced 

25 interference mode mobile unit is similar to a conventional mobile unit of a 
prior art TDMA system. However, in contrast to the conventional prior art 
TOMA system, a mobile unit operating in a ·reduced interference mode of 
this second embodiment also transmits . over'.· .an "auxiliary" channel 
throughout all time intervals TNO-TN7 which a~e·not associated with slots 

30 it has been assigned on its primary channel. Additionally, in contrast to the 
first embodiment of the present invention :~ which each reduced 
interference mode mobile unit' is assigned an exclusive, dedicated transmit 
channel on whiCh to transmit, the auxiliary ch~~t may be simultaneously 
shared by more than one reduced interference m~d.e mobile unit. 

35 For example, both MAO and MA1 may be #>nfigured to operate in a 
reduced interference mode, and a fixed-frequei\<:y reverse link channel 

defined by all slots R0,o - R0•1 of each frame' of carrier frequency R0 may be 

,reserved as the auxiliary channel. In this case, ¥.Ao .'and :MA1 may be assigned 
a primary channel resident among the slots, ;<:,£ the remaining carrier 

. :·-·. 
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frequencies. In a fixed-frequency channel TOMA 8-Y~tern, for example, M,.0 

may be assigned to transmit useful information in'.~~ch slot indexed R1,0 of 
each frame, and MA1 may be assigned to transmit usE?ful information in each 
slot indexed R1,1 of each frame. In such a case, M:~ would also re-tune its 

5 transmitter to continuously transmit in each slot i:i\dexed R0,1 - R0,, of the 
auxiliary channel. Likewise, MA1 would also re,:;fune its transmitter to 
continuously transmit in each slot indexed Ro.o and ~.2 - Ro,, of the auxiliary 
channel. Note that both MAo and MA1 are now· siD1.tjlt;aneously transmitting 
in each slot indexed Ra.2 - Ra,,. Each mobile unit wo#Jd continue to transmit 

10 RF energy as it re-tuned its transmitter to the ~uxilianr channel frequency or 
back to the primary channel frequency. 

In a TOMA system having frequency-agile r~verse link channels, the 
second embodiment of the present invention ~Y; be implemented in at 
least two ways, similarly to that of the first embod.ili\ent. Namely, a first in 

15 which the auxiliary channel is fixed in frequencr: while the rest of the 
channels remain frequency agile, and a second In. which the_ auxiliary 
channel is also frequency agile. 

If the auxiliary channel is fixed in frequency, a fixed-frequency reverse 
link channel defined by all slots R0.o - R0,1 of each fr~me of carrier frequency 

20 Ro may be reserved as the auxiliary channel Mobile ·imit MA01 operating in a 
reduced interference mode, may be assigned to:·,~ansmit on a primary 
channel defined by time interval TNO and a 3'7ftame cyclical hopping 
sequence of fl, 2, 3). Likewise, mobile unit MA1, als.q-operating in a reduced 
interference mode, may be assigned to transmit on a primary channel 

25 defined by time interval TNl and a 3-frame cyclicafhopping sequence of {1, 
2, 3}. However, both MAo and MA1 would continll:c)usly transmit on the 
auxiliary channel throughout all time intervals l\Q~ associated with their 
respective primary channels. In detail, mobile unit l\.{Ao would continuously 
transmit in slot R1.o and slots R0,1 - Ro,, of FRAME ()~ slot Rz,0 and slots R0,1 -

30 R0,1 of FRAME 1, and slot R3,0 and slots R0,1 - R0;.; 9£ FRAME 2. Likewise, 
mobile unit MA1 would continuously transmit -in slc:>.ts Ro.G' Ri.1 and Ro.2 - Ro,7 

of FRAME 0, slots Ro.G' ~.1 and Rc,2 - Ro,7 of FRAME -1,: and slots Ro.o• R3,1 and 
R0,2 - R0,7 of FRAME 2. Again, note that both .·:lv{Ao and MA1 are now 
simultaneously transmitting in each slot indexed Ro.~r Ro.1• 

35 In the case where the auxiliary channel is frequency-agile, it may be 
•.('···. 

defined by all time intervals TNO-TN7 and the *frame cyclical hopping 
sequence of to, 1, 2, 3). Mobile unit MACY operating .it\ a reduced interference 
mode, may be assigned to transmit on a primary ·channel defined by time 
interval TNO and a 4-frame cyclical hopping sequen# of (1, 2, 3, 0). Likewise, 
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mobile unit MA1, also operating in a reduced if'~erference mode, may be 
assigned to transmit on a primary channel defined by time interval TNl and 
a 4-frame cyclical hopping sequence of (1, 2, 3, OJ. In detail, mobile unit MAo 

would transmit in slot Ri.o and slots Ro.1 - Ro.1 of FRAME 0, slot R2,0 and slots 
5 Ru - Ri.7 of FRAME 1, slot R3,0 and slots Ru - R2,;. of FRAME 2, and slot R0,0 

and slots R3,1 - R37 of FRAME 3. Likewise, mobile unit MA1 would transmit 

in slots R0.o, Ru and R0..z - R0.7 of FRAME 0, slots R1.o, Ru and Ru - Rv of 
FRAME 1, slots ~.I>' R3,1 and Ru - R2,7 of FRAMB 2, and slots R3.0, R0,1 and 
R3..2 - R3,7 of FRAME 3. Again, note that both MAo and ·MA1 are now 

10 simultaneously transmitting on the auxiliary channel throughout time 
intervals TN2-TN7. Again, the mobile unit woulq continue to transmit RF 
energy as it re-tuned its transmitter to the next frequency in the hopping 
sequence. 

This second embodiment leads to more efficient use of the frequency 
15 spectrum because of the sharing of the auxiliary channel by multiple mobile 

units. However, it should be noted that even in the case where there is only 
one mobile unit which is operating in a reduced interference mode in a cell 
(i.e. the auxiliary channel is not yet being shared), the second embodiment 
differs from the first embodiment in an important aspect. Specifically, in the 

20 first embodiment, at least one slot of the dedicated· channel contains useful 
information for appropriate demodulation by the base station. However, in 
the second embodiment, no slots of the auxiliary channel need contain 
useful information. As such, the base station need not tune a receiver to the 
auxiliary channel at any time. Thus, the auxiliary channel need not be 

25 resident among the carrier frequencies nominally assigned to that base 
station as reverse link traffic channels. In fact, one auxiliary channel may 
even be shared by several base stations. 

The present invention is believed to be of particular benefit to hearing 
impaired users of digital communications devices~.- That is, since such users 

30 will often be reliant upon electronic hearing aids, the reduced interference 
levels associated with operation in accordance with the invention minimize 

the impact upon hearing aid operation. A variety .of authorization schemes 
could be instituted as a means of ensuring that only those mobile units 
associated with selecte4 eligible users (e.g., hearing impaired users) are 

35 permitted to engage in the type of reduced ll;iterference transmission 
contemplated by the invention. For example, only eligible hearing 
impaired users could be allowed to purchase mobile units (e.g., cellular 
phones) pre-authorized for operation in a reduced interference mode. 
Alternately, eligible hearing impaired users could qbtain authorization from 
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their ceUular service provider after purchase of a mobile unit capable of 
reduced interference mode operation, and subsequ:~tly receive over-the-air 
activation of a reduced interference mode service.· option from a cellular 

service provider during call set-up. 
5 FIG. 3 is a block diagram of a mobile unit 300 disposed for 

communication . over digital communication . channels in a reduced 
interference mode of the present invention. In m,,obile unit 300, speech is 
digitized by A/D-D I A converter 302 and encoded in speech codec 304 as is 
known in the art. Channel codec 306 introduces redundancy into the data 

10 flow, increasing its rate by adding information calcttlated by the source data, 
in order to allow the detection and correction of signal errors introduced 
during transmission. In burst generator 308, the flow of coded words 
generated by channel codec 306 is multiplexed with signaling bits from 
microprocessor 324 as necessary, interleaved, and then formatted into 

15 separate bursts by adding training sequence bits and tail bits as necessary. 
Mobile unit 300 signals its intention to operate iri a reduced interference 
mode to the base station by the use of signaling gel).~ted by microprocessor 
324. The bursts generated by burst generator 308, .are modulated onto an 
intermediate frequency by modulator 310. The resulting analog waveform is 

20 upconverted to a carrier frequency by transmitter 312, and routed to antenna 
316 by duplexer 314, where it is radiated to the base station. When mobile 
unit 300 is operating in a reduced interference mode as described above, 
microprocessor 324 instructs transmitter 312 to continue to transmit RF 
energl, irrespective of whether meaningful information is being provided 

25 to modulator 310 by burst generator 308. In a system having frequency-agile 
reverse link channels, microprocessor 324 also instructs transmitter 312 to 
re-tune to the next frequency in the hopping sequence. 

Signals received by antenna 316 are routed to: receiver 318 by duplexer 
314. Receiver 318 bandpass filters the signals Cilptured by antenna 316, 

30 selecting the appropriate signal and downconvertiJ\g it to an intermediate 
frequency. Demodulator 320 extracts the received bursts from the 
modulating frequency signal, and passes the resulting digital signal to 
demultiplexer 322. Demult~plexer 322 de-interlE~aves the demodulated 
signal, sorts the received information from the @ferent slots and frames 

35 into their appropriate logical channels, and pas# the reconstructed code 
words to channel codec 306. Channel codec 306 then reconstructs the source 
information from the code words generated by dem'Ultiplexer 322, using any 
added redundancy to detect and correct possible errors. Instructions for the 
mobile unit 300, assigning it to a primary chatjnel and, in the second 
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embodiment, an auxiliary channel, are provided to mobile unit 300 via 
signaling messages from the base station, and are passed to microprocessor 
324 by channel codec 306. Coded digital speech is sent by channel codec 306 to 
speech codec 304 where it is decoded and converted to an analog speech 

5 waveform in converter 302 as is well known in the art. 

FIG. 4 illustrates a base station 400 designed for operation in the 

cellular mobile radio system of FIG. 1, and capable of supporting mobile unit 
300 operating in a reduce,j interference mode. In many ways, the speech· 
processing operations of base station 400 are similar to that of mobile station 

10 300. Although a base station 400 may contain many transmitter 412 and 
receiver 418 resources, it will be sufficient to explain the operation of base 

station 400 with reference to a single transmitter 412 and single receiver 418. 
Receiver 418 contains the bandpass filters which select the desired carrier 
frequency from the all of the signals received by antenna 416. Receiver 418 

15 also downconverts the desired signal to an intermediate frequency. 
Demodulator 420 extracts the bit stream from the downconverted signal and 
passes the resultant digital signal to demultiplexer 422. Demultiplexer 422 
de-interleaves the demodulated signal, sorts the received information from 
the different slots and frames into their appropriate logical channels, and 

20 passes the reconstructed code words to channel codec 406. Channel codec 406 
then reconstructs the source information from the code words generated by 
demultiplexer 422, using any added redundancy to detect and correct possible 
errors. Channel codec 406 also separates out any signaling intended for the 
base station 400 and passes it to controller 424. 

25 The BSC interface 402 is the logical interface for both digitized speech 
and control messages between the BSC and base station 400. Many of the 
control messages are transparent to base station 400 and are simply passed on 
via channel codec 406. For example, when mobile unit 300 signals that it 
intends to operate in a reduced interference mode, this message is passed by 

30 base station 400 to the BSC where it may be further passed to a subscriber 
database for authentication. Any control messages from the BSC that are 

intended for the base station 400 itself are passed by channel codec 406 to 

controller 424. For example, based on cell loading conditions, the BSC may 
allow mobile unit 300 to operate in reduced interference mode, and may 

35 instruct base station 400 to direct mobile unit 300 to transmit on a particular 

dedicated channel (as in the first embodiment) or primary channel and 

auxiliary channel (as in the second embodiment). Messages intended for 
mobile unit 300 are passed to burst generator 408 where they are interleaved, 
multiplexed with signaling messages generated by controller 424 as 
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neces~ary, and .formatted into bursts. Modulator 410 modulates the bursts 
onto an intermediate frequency, and transmitter 412 upconverts and 
transmits the signal over antenna 414. 

The previous description of the preferred embodiments is provided to 
5 enable any person skilled in the art to make or use the present invention. 

The various modification$ to these embodiments will be readily apparent to 
those skilled in the art, and the generic principles defined herein may be 
applied to other embodiments without the use of the inventive faculty. 

Thus, the present invention is not intended to be limited to the 
10 embodiments shown herein but is to be accorded the widest scope consistent 

with the principles and novel features disclosed herein. 

WE CLAIM: 
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1. A system for reducing interference in a time-division multiple 

2 access communication system having a plurality of communication devices 

and in which a plurality of communication channels are divided into a cycle 

4 of time intervals, said system comprising: 
means for directing a_first of said plurality of communication devices 

6 to transmit an information signal over a first of said plurality of 
communication channels continuous1y throughout a predetermined at least 

8 one of said time intervals and to transmit RF energy continuously 
throughout a remainder of said time intervals; and 

10 means, in said first communication device and responsive to said 
means for directing, for transmitting said information signal over said first 

12 communication channel continuously throughout said predetermined at 
least one of said time intervals and for transmitting RF energy continuously 

14 throughout said remainder of said time intervals~ whereby said interference 
is reduced proximate said first communication device due to continuous 

16 transmission thereby. 

2. The system of claim 1 wherein said ~eans for directing directs 
2 said first communication device to transmit RF energy over said first 

communication channel continuously throughout said remainder of said 
4 time intervals1 and wherein said means for transmitting transmits RF 

energy over said first communication channel continuously throughout 
6 said remainder of said time intervals. 

3. The system of claim 1 wherein said. means for directing directs 

2 said first communication device to transmit RF energy over a second of said 

communication .· cha~~ls continuously. through~ut said remainder of said 

4 time intervals and wherein said means for transmitting transmits RF 
energy over said second communication clumnel. continuously throughout 

6 said remainder of said of said time intervals. 

4. The system of claim 2 further comprising: 

2 means for directing a second of said plurality of communication 

devices to trans1Jlit an irifonnation signal ;over a second of said plurality of 

4 communication channels continuously throughotit a predetermined at least 
one of said time intervals and to transmit RF energy over said second 

l \111111\\llll llll\·\ll\l•\l-1111· 
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6 communication channel continuously throughout a remainder of said time 

intervals; and 
8 means, in said second communication device and responsive to said 

means for directing, for transmitting said infonn~tion signal over said 
10 second communication channel continuo~ly throughout said 

predetermined at least one of said time intervals :iltld for transmitting RF 
12 energy over said second communication channel c:ontinuously throughout 

said remainder of said time intervals, whereby sai~ interference is reduced 
14 proximate said second communication devicf! due to continuous 

transmission thereby. 

5. The system of claim 3 further comprising: 
2 means for directing a second of said plurality of communication 

devices to transmit an information signal over one of said plurality of 
4 communication channels continuously throughout.a predetermined at least 

one of said time intervals and to transmit RF energy over said second 
6 communication channel continuously throughout l\\ remainder of said time 

intervals; and 
8 means, in said second communication device -and responsive to said 

means for directing, for transmitting said information signal over said one 
10 of said communication channels continuously throughout said 

predetermined at least one of said time intervals . and for transmitting RF 
12 energy over said second communication channel cQntinuously throughout 

said remainder of said time intervals, whereby said interference is reduced 
14 proximate said second communication device due to continuous 

transmission thereby. 

6. A method for reducing interference in a time-division 
2 multiple access communication system having a plurality of 

communication devices and in which a plurality of communication 
4 channels are divided into a cycle of time intervals, said method comprising 

the steps of: , 
6 directing a first of said plurality of co~m:unication devices to 

transmit an information signal over a first of said plurality of 
8 communication channels continuously throughout a predetermined at least 

one of said time intervals and to transmit ~ energy continuously 
10 throughout a remainder of said time intervals; and 

transmitting, from said first communication device and in response 
12 to said directing step, said information signal over said first communication 

----·-· -------------------,.,-----------
·' ! . .. 
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channel continuously throughout said predetermined at least one of said 

14 time intervals and RF energy continuously throughout said remainder of 

said time intervals, whereby said interference is reduced proximate said first 

16 communication device due to continuous transmission thereby. 

7. The method of claim 6 wherein said directing step further 
2 comprises the step of directing said first communication device to transmit 

RF energy over said first communication channel continuously throughout 

4 said remainder of said time intervals, and wherein said transmitting step 
further comprises the step of transmitting RF energy over said first 

6 communication channel continuously throughout said remainder of said 
time intervals. 

8. The method of claim 6 wherein said directing step further 
2 comprises the step of directing said first communication device to transmit 

RF energy over a second of said communication channels continuously 
4 throughout said remainder of said of said time intervals and wherein said 

transmitting step further comprises the step of transmitting RF energy over 
6 said second communication channel continuously throughout said 

remainder of said of said time intervals. 

9. The method of claim 7 further comprising the steps of: 
2 directing a second of said plurality of communication devices to 

transmit an information signal over a second of said plurality of 
4 communication channels continuously throughout a predetermined at least 

one of said time intervals and to transmit RF energy over said second 
6 communication channel continuously throughout a remainder of said time 

intervals; and 
8 transmitting, from said second communication device and in 

response to said directing step, said information signal over said second 
10 communication channel continuously throughout said predetermined at 

least one of said time intervals and RF energy over said second 
12 communication channel continuously throughout said remainder of said 

time intervals, whereby said interference is reduced proximate said second 
14 communication device due to continuous transmission thereby. 

10. The method of claim 8 further comprising the steps of: 
2 directing a second of said plurality of communication devices to 

transmit an information signal over one of said plurality of communication 

l 1111111111111umt[~m 
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4 channels continuously throughout a predetermined :at least one of said time 

intervals and to transmit RF energy over s~d :second communication 

6 channel continuously throughout a remainder of saicl time intervals; and 

transmitting, from said second communie~tion device and in 

8 response to said directing step, said information signal over said one of said 

communication channels continuously throughout said predetermined at 

10 least one of said time intervals and RF energy over said second 

communication channel continuously throughout said remainder of said 

12 time intervals, whereby said interference is reduced·: proximate said second 

communication device due to continuous transmission thereby. 

11. A communication device operating in·· time-division multiple 
2 access communication system in which a plurality of communication 

channels are divided into a cycle of time intervals, said communication 
4 device comprising: 

a transmitter; and 

6 a controller for directing said transmitter to ttansmit an information 
signal over a first of said plurality of communicatiorl channels continuously 

8 throughout a predetermined at least one of said;time intervals and RF 
energy continuously throughout a remainder of said time intervals, 

10 whereby interference is reduced proximate said communication device due 

to continuous transmission thereby. 

12. The communication device of claim 11 wherein said controller 

2 directs said transmitter to transmit RF energy over -~~d first communication 
channel continuously throughout said remainder of said time intervals. 

13. The communication device of claim lf wherein said controller 

2 directs said transmitter to transmit RF energy over ~, second of said plurality 

of communication channels continuously throughout said remainder of 

4 said of said time intervals. 

14. A system for reducing interference in) tj.me-division multiple 

2 access communication system having a plurality of ~ommunication devices 

and in which a plurality of communication chaI111-~i; are time and frequency 

4 divided into a cycle of slots, said system comprisin.gt: 
means for directing a first of said plurality ~icommunication devices 

6 to transmit an information signal contin9ously throughout a 
predetermined at least one of said slots of a ti,rst of said plurality of 

----··: ------- -------------·-----· 
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·8 communication channels and to transmit ·R.F energy continuously 

throughout a remainder of said slots of said firs(communication channel; 

10 and 
means, in said first communication device and responsive to said 

12 means for directing, for transmitting said informa;t~on signal continuously 
throughout said predetermined at least one slot ~~)aid first communication 

14 channel and to transmit RF energy continuously throughout said 
remainder of slots of said first communication. channel, whereby said 

16 interference is reduced proximate said first corajt\unication device due to 
continuous transmission thereby. 

15. The system of claim 14 wherein ~9- cycle of slots comprises 
2 eight slots, each of said eight slots being about 577 ~icroseconds in duration 

and about 200 kilohertz in frequency bandwidth. 

16. The system of claim 15 wherein said first communication 
2 channel is fixed in frequency, and a remainder of said plurality of 

communication channels are frequency-agile. 

17. The system of claim 15 wherein each of said plurality of 

2 communication channels are frequency-agile. 

18. The system of claim 14 wherein said cycle of slots comprises six 
2 slots, each of said six slots being about 3.33 milliseconds in duration and 

about 30 kilohertz in frequency bandwidth. 

19. The system of claim 18 wherein ·. fi;aid first communication 
2 channel is fixed in frequency. 

20. The system of claim 18 wherein each of said plurality of 
.-<;··· 

2 communications channels is fixed in frequency. 

21. The system of claim 14 further comprising: 

2 means for directing a second of said pllirality of communication 
devices to transmit an information signal cot\f,inuously throughout a 

4 predetermined at least one of said slots of a s~o:nd of said plurality of 
communication channels and to transmit RF 'eilergy over said second 

6 communication channel continuously throughout: a remainder of said slots 
of said second communication channel; and 

··::.__.:...:. -------~------~ 
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8 means, in said second communication device_ and responsive to said 

means for directing, for transmitting said infomu1tion signal continuously 
10 throughout said predetermined at least one slot of said second 

communication channel and to transmit RF energy over said second 

12 communication channel continuously throughout said remainder of said 

slots of said second communication channel, whereby said interference is 

14 reduced proximate said second communication device due to continuous 
transmission thereby. 

22. The system of claim 21 wherein said: ~cle of slots comprises 
2 eight slots, each of said eight slots being about 577 microseconds in duration 

and about 200 kilohertz in frequency bandwidth. 

23. The system of claim 22 wherein said first and second 
2 communication channels are fixed in frequency, and a remainder of said 

plurality of communication channels are frequency"."agile. 

24. The system of claim 22 wherein each of said plurality of 
2 communication channels are frequency-agile. 

25. The system of claim 21 wherein said cycle of slots comprises six 
2 slots, each of said six slots being about 3.33 milliseconds in duration and 

about 30 kilohertz in frequency bandwidth. 

26. The system of claim 25 wherein said first and second 

2 communication channels are fixed in frequency. 

27. The system of claim 25 wherein each of said plurality of 
2 communications channels is fixed in frequency. 

28. A system for reducing interference in a time-division multiple 

2 access communication system having a plurality of communication devices 

and in which a plurality of communication chann~ls are time and frequency 

4 divided into a cycle of slots, said system comprising: 
means for directing a first of said plurality of communication devices 

6 to transmit an information signal . contll\µously throughout a 
predetermined at least one of said slots of a ,p:rimary communication 

8 channel of said plurality of communication channels and to transmit RF 

-· ---------...,..-
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energy continuously throughout a remainder of said slots of an auxiliary 

10 communication channel of said plurality of communication channels; and 
means, in said first communication device and responsive to said 

12 means for directing, for transmitting said information signal continuously 
throughout said predetermined at least one of said slots of said primary 

14 communication channel and to transmit RF energy continuously 
throughout a remainder of said slots of said auxiliary communication 

16 channel, whereby said interference is reduced proximate said first 
communication device due to continuous transmission thereby. 

29. The system of claim 28 wherein said cycle of slots comprises 
2 eight slots, each of said eight slots being about 577 microseconds in duration 

and about 200 kilohertz in frequency bandwidth. 

30. The system of claim 29 wherein said auxiliary communication 
2 channel is fixed in frequency, and a remainder of said plurality of 

communication channels are frequency-agile. 

31. The system of claim 29 wherein each of said plurality of 
2 communication channels are frequency-agile. 

32. The system of claim 28 wherein said cycle of slots comprises six 
2 slots, each of said six slots being about 3.33 milliseconds in duration and 

about 30 kilohertz in frequency bandwidth. 

33. The system of claim 32 wherein said auxiliary communication 
2 channel is fixed in frequency. 

34. The system of claim 32 wherein each of said plurality of 
2 communications channels is fixed in frequency. 

35. The system of claim 28 further comprising: 
2 means for directing a second of said plurality of communication 

devices to transmit an information signal con~inuously throughout a 
4 predetermined at least one of said slots of one of said plurality of 

communication channels and to transmit ~ energy continuously 
6 throughout a remainder of said slots of said auxiliary communication 

channel; and 
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8 means, in said second communication device_: and responsive to said 

means for directing, for transmitting said informa;~ion signal continuously 

10 throughout said predetermined at least one slo~ of said one of said 

communication channels and to transmit RF energy continuously 

12 throughout said remainder of -slots of said aJJXiliary communication 

channel, whereby said interference is reduced proximate said second 

14 communication device due to continuous transmission thereby. 

36. The system of claim 35 wherein said cycle of slots comprises 

2 eight slots, each of said eight slots being about 577 microseconds in duration 

and about 200 kilohertz in frequency bandwidth. 

37. The system of claim 36 wherein said auxiliary communication 

2 channel is fixed in frequency, and a remainder of said plurality of 

communication channels are frequency-agile. 

38. The system of claim 36 wherein each of said plurality of 

2 communication channels are frequency-agile. 

39. The system of claim 35 wherein said cyde of slots comprises six 

2 slots, each of said six slots b~g about 3.33 milli~econds in duration and 

about 30 kilohertz in frequency bandwidth. 

40. The system of claim 39 wherein said auxiliary communication 

2 channel is fixed in frequency. 

41. The system of claim 39 wherein each of said plurality of 

2 communications channels is fixed in frequency. 

42. A communication device operating in a time-division 

2 multiple access communication system in which a plurality of 

communication channels are time and frequency divided into a cycle of 

4 slots, said communication device comprising: 

a transmitter; and 

6 a controller for directing said transmitter t~ transmit an information 

signal continuously throughout a predetermined at least one of said slots of 

8 a .first of said plurality of communication channels and to transmit RF 

energy continuously throughout a remainder of said slots of said first 

·1··:1111111··.1111\1·.·11111'.\llll:111111 
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10 communication channel, whereby interference is reduced proximate said 

communication device due to continuous transmission thereby. 

43. The communication device of claill,l:: 42 wherein said cycle of 
2 slots comprises eight slots, each of said eight slots being about 577 

microseconds in duration and about 200 kiloh~rt;'.in frequency bandwidth . 
. ·:.: 

44. The communication device of d~Im 43 wherein said first 
.··.,·; 

2 communication channel is fixed in frequency ,<and a remainder of said 
plurality of communication channels are frequency-agile. 

45. The communication device of claim 43 wherein each of said 
2 plurality of communication channels are frequency-agile. 

46. The communication device of claim 42 wherein said cycle of 
2 slots comprises six slots, each of said six slots beirtg about 3.33 milliseconds 

in duration and about 30 kilohertz in frequency bandwidth. 

47. The communication device of claim 46 wherein said first 
2 communication channel is fixed in frequency. 

48. The communication device of clai.Jj\ 46 wherein each of said 
2 plurality of communications channels is fixed in :frequency. 

49. A communication device operating in a time-division 
2 multiple access communication system in which a plurality of 

communication channels are time and frequ~~y divided into a cycle of 
4 slots, said communication device comprising: 

a transmitteri and 
6 a controller for directing said transmitter :t°- transmit an information 

signal continuously throughout a predeterminec( -~t least one of said slots of 
8 a primary communication channel of said p1'\l1'ality of communication 

channels and to transmit RF energy continuou8ly throughout a remainder 
10 of said slots of an auxiliary communication cli~el of said plurality of 

communication channels, whereby interference.As reduced proximate said 
12 communication device due to continuous trans1*~ssion thereby. 

:-!---------·--·-·--
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50. The communication device of claim 49 wherein said cycle of 

2 slots comprises eight slots, each of said eight slots being about 577 

microseconds in duration and about 200 kilohertz in frequency bandwidth. 

51. The communication device of claim 50 wherein said auxiliary 

2 communication channel is fixed in frequency, and a remainder of said 

plurality of communication channels are frequency-agile. 

52. The communication device of claim 50 wherein each of said 

2 plurality of communication channels are frequency-agile. 

53. The communication device of claim 49 wherein said cycle of 

2 slots comprises six slots, each of said six slots being about 3.33 milliseconds 

in duration and about 30 kilohertz in frequency bandwidth. 

54. The communication device of claim 53 wherein said auxiliary 

2 communication channel is fixed in frequency. 

; 

55. The communication device of claim 53 wherein each of said 

2 plurality of communications channels is fixed in frequency. 
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