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DEVI CE BACKGROUND OF THE INVENTION 5 1. Field of the Invention The present

i nvention relates generally to conmuni cations systens in which data is
transmitted byoewesssxommuni cations devi ces. .More 10 parti cul RGWYSI7AH
present invention is directed to a novel sy%tem and net hod for reducing

i nterference generated by a code division nultiple access (CDVA)
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variable rate eﬁ?UWHﬁ’ém in a code division multiple access (CDVA)

system provides the ability to reduce the anount of information used to
represent speech or other data as conpared with fixed rate encodi ng

techni ques. For exanple, byBACKGROUNDCOFITHEINVENITON echni ques
fewer bits ofginformation may be transm tted when speech levels are low In
a CDVA commur cation system as described in the Tel ecomuni cations I|ndustry
Associ ation (TI laftlée%/thmmyemeast ries Association (EIA) Interim Standard
| S-95A entitled "Mobile Station - Base Station Conpatibility Standard for
Dual - Mode W deband SFheapresmmddnvention wlates igenemsilyttoncommunicationsy gystems
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(CDMA) communications device.

IL. Description of the Related Art

The use of variable rate encoding techniques in a code division
multiple access (CDMA) system provides the ability to reduce the amount of
information used to represent speech or other data as compared with fixed
rate encoding techniques. For example, by using variable rate vocoding

20 techniques fewer bits of information may be transmitted when speech levels
are low. In a CDMA communication system as described in the
Telecommunications Industry Association (TIA)/Electronic Industries
Association (EIA) Interim Standard IS-95A entitled “Mobile Station - Base
Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum

25 Cellular System”, variable rate encoded speech or data is transmitted by the
communication unit using frames of a fixed time duration. For data rates
which are less than the maximum rate, the extra space available in the
frame may carry signaling bits, if available, or secondary traffic bits if the
communication unit is utilizing, for example, simultaneous voice and data

30 service options. However, if there are not enough bits between primary
traffic and signaling or secondary traffic to fill up an entire frame, the
remaining blank space in the frame may be distributed among the
transmitted bits in a pseudo-random manner, resulting in “bursts” of data
being transmitted intermittently throughout the frame. During this blank

35 space, the transmitter is gated off.

Alternatively, for low rate encoded speech or other data, the
information bits may be repeated as necessary to fill the frame instead of
turning off the transmitter. In such a case, the power of the transmitter is
nonetheless typically reduced to conserve battery life and system capacity,



comuni cation unit is utilizing, for exanple, sinultaneous voice and data
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is referred to herein as “amplitude modulation interference,” or simply
“AM interference.” It has been found that many electronic devices, such as
hearing aids, tend to act as AM detectors, leading to interference being

15 incurred during operation in the presence of transmitters which vary the
amplitude of the transmitted signal.

Accordingly, what is needed is a transmission scheme for a CDMA
communication system which minimizes the potential for interference
with electronic devices. '

20
SUMMARY OF THE INVENTION

The present invention is directed to a system and method for

reducing the interference experienced by sensitive electronic devices, such as

25 hearing aids, operative in the vicinity of CDMA user communication

devices. As mentioned previously, in CDMA communication systems the

transmission of data at variable rates may yield a certain level of AM

interference. The various embodiments of the present invention are

designed to substantially reduce or eliminate such interference. The present

30 invention is particularly suitable for implementation in a CDMA

communication system, such as cellular, mobile, wireless local loop, PCS,

and satellite applications, in which system users nominally transmit data at
variable rates.

In the present invention, a reduced interference mode signal is

35 provided to the controller of a CDMA communication device associated

with an authorized hearing-impaired user. Such authorization will typically

be extended to, for example, hearing-impaired users equipped with an

electronic hearing aid or the like. In response to the reduced interference

mode signal, a transmitter of the communications device is configured to



transmtted, interference which is caused by such transmt power variation
is referred to herein as "anplitude nodul ation interference,” or sinply "AM
interference.” It has been found that many el ectroni c devices, such as
hearing aids, tend to act as AM detectors, leading to interference being 15
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with an performing continuous rate vocoding, the vVarlable rate vocoder
generates sufficient bits to fill each frame, resulting in the continuous
transmission of full-rate frames. By continuously transmitting full-rate
15 frames, the communication device avoids the generation of the AM
interference normally associated with the transmission of variable rate
vocoded speech. |
In a second embodiment of the present invention applicable to both
variable rate encoded speech and non-speech data, a controller within the
20 transmitter generates only full frames. When non-full rate data is provided
to the controller, it generates full frames consisting of repeated versions of
the non-full rate data. However, each of the frames containing repeated data
is transmitted at a full rate power level. The transmit power level is not
reduced in response to the amount of data redundancy in the frame. By
25 continuously transmitting full frames at a full rate power level, the
communication device avoids the generation of the AM interference
normally associated with the transmission of variable rate vocoded speech
and non-vocoded data.
In a third embodiment of the present invention applicable to both
30 variable rate encoded speech and non-speech data, a controller in the
communication device builds only full-rate frames of data for transmission.
If there are not enough bits to fill the frame between primary traffic,
signaling and secondary traffic, the controller pads the frame with signaling
traffic of a unique pattern to fill the full rate frame. In this embodiment, the
35 Dbase station recognizes the unique pattern of signaling traffic, and discards it
upon reception. By continuously transmitting full-rate frames, the
communication device avoids the generation of the AM interference
normally associated with the transmission .of variable rate vocoded speech
and non-vocoded data. ' :
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within the selected eligible users (e.g., hearing impaired users) are permitted to engage

in the type of reduced interference transmission contemplated by the

invention. For example, only eligible hearing impaired users could be

allowed to purchase CDMA communication units pre-authorized for

15 operation in a reduced interference mode. Alternately, eligible hearing

impaired users could obtain authorization from their cellular service

_ provider after purchase of a CDMA communication unit capable of reduced

interference mode operation. Additionally, reduced interference mode

operation, once authorized, could be activated either by dataport

20 programming of the communication device or by over-the-air service
programming.

as

BRIEF DESCRIPTION OF THE DRAWINGS

25 The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein: ,

FIG. 1 is a block diagram illustrating an exemplary transmitter portion

30 of a CDMA transceiver disposed for reduced interference mode operation in
accordance with the invention;

FIGs. 2a - 2h are a series of diagrams illustrating frame multiplex
option formats for the various data rates and types;
FIG. 3 is a diagram illustrating an exemplary circuit implementation

35 of the CRC and Tail Bit generator of FIG. 1;

FIGs. 4a - 4e are a series of flow charts illustrating the process of
formatting the data frames;



20 transmtter generates only full franmes. Wen non-full rate data is
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should be noted that Fid's 995 N 1oh yaea 989&%5’8&%&:?@%8539&&%@ ‘positioning
within the frames for the various data rates while FIG. 10e is a diagram
illustrating the data used in determining data position within the frame;

and _
15 FIG. 11 is an illustration, in block diagram, of selected portions of a
communication system capable of operation in the reduced interference

mode of the present invention.

20 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

I. Overview of Exemplary CDMA Transmission System
Referring now to the .drawings, FIG. 1 illustrates an exemplary
25 embodiment of a transmit portion 10 of a CDMA communication unit
transceiver. The operation of the CDMA transceiver in accordance with the
reduced interference modes contemplated by the invention is described
below in section II. It should be noted that the present invention is
applicable to CDMA transceivers in non-cellular applications such as
30 wireless local loop, PCS, and satellite systems. However, for purposes of
illustration, it will suffice to refer to a cellular mobile station transceiver.

In a CDMA cellular communication system a forward CDMA channel
is used to transmit information from a cell base station to the mobile
station. Conversely, a reverse CDMA channel is wused to transmit

35 information from the mobile station to the cell base station. The
~ communication of signals from the mobile station may be characterized in
the form of an access channel or a traffic channel communication. The
access channel is used for short signaling messages such as call originations,
responses to pages, and registrations. The traffic channel is used to



the present inventionis not l[imted to a particular frame |ength or

mul tiplex format. For exanple, the teachings of the present invention are
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~one of 64 Walsh symbols for transmission, the Walsh symbol transmission
15 rate shall be fixed at 4800 Walsh symbols per second which results in a fixed

Walsh chip rate of 307.2 keps.

All data that is transmitied on the reverse CDMA channel is
convolutional encoded, block interleaved, modulated by 64-ary orthogonal
modulation, and direct-sequence PN spread prior to transmission. Table I

20 further defines the relationships and rates for data and symbols for the
various transmission rates on the reverse traffic channel. The numerology
is identical for the access channel except that the transmission rate is fixed at
4.8 kbps, and the duty cycle is 100%. As described later herein each bit
transmitted on the reverse CDMA channel is convolutional encoded using

25 arate 1/3 code. Therefore, the code symbol rate is always three times the
data rate. The rate of the direct-sequence spreading functions shall be fixed
at 1.2288 Mhz, so that each Walsh chip is spread by precisely four PN chips.

TABLE I

30
Bit Rate (kbps) 96 | 48 | 24 | 12
PN Chip Rate (Mcps) 1.2288 | 1.2288 | 1.2288 | 1.2288
Code Rate (bits/code symbol) 1/3 |- 1/3 1/3 1/3
TX Duty Cycle (%) | 1000 | 50.0 | 250 | 125
Code Symbol Rate (sps) - 28800 | 28800 | 28800 | 28800
Modulation (code symbol/Walsh symbol) 6 6 6 6
Walsh Symbol Rate (sps) .| 4800 | 4800 | 4800 | 4800
Walsh Chip Rate (kcps) - 307.20 | 307.20 | 307.20 | 307.20



30 of a CDMA transceiver disposed for reduced interference node operation
I n accordance with the invention; FIGs. 2a - 2h are a series of diagrans

illustrating frame multiplex option formats for the various data rates and
types; FIG 3 is a diagramillustrating an exenplary circuit inplenentation
35 of the CRwo&awdtéxni | Bit generator of FIG 1; FIGs. 4a - PeIussaNaIseri es

of flow charts illustrating the process of formatting the data franes;
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position w thi tbatkgrotthdndise, as digital signals over the transmission medium. To
5 facilitate the digital communication of acoustical signals, these signals are
sampled and digitized by well known techniques. For example, in FIG. 1,
sound is converted by microphone 12 to an analog signal which is then
converted to a digital signal by CODEC 14. CODEC 14 typically performs an
analog to digital conversion process using a standard 8 bit/mlaw format. In
10 the alternative, the analog signal may be directly converted to digital form
in a uniform pulse code modulation (PCM) format. In an exeniplary
embodiment, CODEC 14 uses 8 kHz sampling and provides an output of 8
bit samples at the sampling rate, so as to realize a 64 kbps data rate.
The 8-bit samples are output from CODEC 14 to vocoder 16 where a
15 mlaw/uniform code conversion process is performed. In vocoder 16, the
' samples are organized into frames of input data wherein each frame is
comprised of a predetermined number of samples. In a preferred
implementation of vocoder 16 each frame is comprised of 160 samples or of
20 msec. of speech at the 8 kHz sampling rate. It should be understood that
20 other sampling rates and frame sizes may be used. Each frame of speech
samples is variable rate encoded by vocoder 16 with the resultant parameter
data formatted into a corresponding data packet. The vocoder data packets
are then output to microprocessor 18 and associated circuitry for
transmission formatting. Microprocessor 18 generically includes program
25 instructions contained with a program instruction memory, a data memory,
and appropriate interface and related circuitry as is known in the art.
A preferred implementation of vocoder 16 utilizes a form of the Code
Excited Linear Predictive (CELP) coding techniques so as to provide a
variable rate in coded speech data. A Linear Predictive Coder (LPC) analysis
30 is performed upon a constant number of samples, and the pitch and
codebook searches are performed on varying numbers of samples depending
upon the transmission rate. A variable rate vocoder of this type is described
in further detail in U.S. Patent No. 5,414,796, entitled “VARIABLE RATE
VOCODER” and assigned to the assignee of the present invention. Vocoder




and 15 FIG 11 is an illustration, in block diagram of selected
portions of a conmunication system capabl e of operation in the reduced

i nterference node of the present invention. 20 DETAI LED
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The full rate data frame also includes a parity check of 11 bits thus resulting
in a full rate frame being comprised of a total of 171 bits. In the full rate data
frame, the transmission rate between the vocoder 16 and the microprocessor
18 absent the parity check bits would be 8 kbps.

15 At half rate, also referred to as rate 1/2, data transmission between the
vocoder and the microprocessor is at a 4 kbps rate with the parameters
encoded for each frame using 80 bits. At quarter rate, also referred to as rate
1/4, data transmission between the vocoder 16 and the microprocessor 18 is
at a 2 kbps rate with the parameters encoded for each frame using 40 bits. At

20 eighth rate, also referred to as rate 1/8, data transmission between the
vocoder 16 and the microprocessor 18 is slightly less than a 1 kbps rate with
the parameters encoded for each frame using 16 bits.

In addition, no information may be sent in a frame between the
vocoder 16 and the microprocessor 18. This frame type, referred to as a

25 blank frame, may be used for signaling or other non-vocoder data.

The vocoder data packets are then output to microprocessor 18 and
then to CRC and Tail Bit generator 20 for completing the transmission
formatting. Microprocessor 18 receives packets of parameter data every 20
msec. along with a rate indication for the rate the frame of speech samples

30 was encoded. Microprocessor 18 also receives, if present, an input of
secondary traffic data for output to generator 20. Microprocessor 18 also
internally generates signaling data for output to generator 20. Data whether
it is primary traffic, secondary traffic or signaling traffic matter, if present, is
output from microprocessor 18 to generator 20 every 20 msec. frame.

35 Generator 20 generates and appends at the end of all full and half rate
frames a set of parity check bits or cyclic redundancy check bits (CRC Bits)
which are used at the receiver as a frame quality indicator. For a full rate
frame, regardless of whether the data is a full rate primary, secondary or
signaling traffic, or a combination of half rate primary and secondary traffic,
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comuni cate (1) primary traffic, typically user speech data, or (2)
secondary traffic, typically user non-speech data, or (3) signaling
traffic, such as command and control signals, or (4) a conbination of
primary trafwbemnssess secondary traffic or (5) a conbinati on BETHFYHAILH
traffic and signaling traffic. 5 Transmt portion 10 enables data to
be transmitted on the reverse CDVA channel at data rates of 9.6 kbps, 4.8
kbps, 2.4 kbps ogra ¢ombldetion Ofdmwdfiiratd prisnany ahd signaling traffitf generatonn20
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15 non—vocoder or combination thereof, at the 9.6 kbps data rate. FIGs. 2f - 2h
illustrate the data formatting for vocoder data at rates 4.8, 2.4 and 1.2 kbps,
respectively. In FIGs. 2a - 2h in addition to the primary traffic bits and/or
signaling/secondary traffic bits, additional control bits are transmitted in the
frame. The following notation applies to the control bits in FIGs. 2a - 2h and
20 the bit values:
Mixed Mode Bit (MM):
‘0" - Primary Traffic Only
'1' - Primary Traffic and/or Signaling Traffic or Secondary
Traffic |
25 Traffic type Bit (TT):
‘0’ - Signaling Traffic
- Secondary Traffic
Traffic Mode Bits (TM):
'00’ - 80 Primary Traffic Bits and either 88 Signaling Traffic or
30 88 Secondary Traffic Bits
'01' - 40 Primary Traffic Bits and either 128 ngnalmg Traffic or
128 Secondary Traffic Bits
'10' - 16 Primary Traffic Bits and either 152 Signaling Traffic or
152 Secondary Traffic Bits
35 '11' - 168 Signaling Traffic Bits or 168 Secondary Traffic Bits
Frame Quality Indicator Bits - CRC (F); and
Encoder Tail Bits (T)
Reverse traffic channel frames provided from generator 20 at the 9.6
kbps rate are 192 bits in length and span the 20 msec. frame. These frames




25 a rate 1/3 code. Therefore, the code synbol rate is always three tines
the data rate. The rate of the direct-sequence spreading functions shall be
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10 frame contains secondary or signaling traffic. If the Traffic Type Bit is a '0’,
the frame contains signaling traffic, and if a 'l', the frame contains
secondary traffic. FIGs. 2b - through 2e illustrate the use of the Traffic Type
Bit, with the Traffic Type Bit set to ‘0’ for signaling traffic.

The two auxiliary format bits following the Traffic Type Bit are Traffic

15 Mode Bits. These bits indicate the number of bits that are used for primary
traffic information and the number of bits that shall be used for either
signaling or secondary traffic information within that frame. Referring to
FIG. 2b, in the exemplary and preferred embodiment, 80 bits are used for
primary traffic (half rate vocoder data packet) while 88 bits are used for

20 signaling or secondary traffic.

In the preferred implementation only primary traffic is transmitted in
frames at the 4.8 kbps, 2.4 kbps, and 1.2 kbps rates. Mixed mode operation is
generally not supported at rates other than the 9.6 kbps rate, although it may
be readily configured. The frame formats for these particular rates are

25 shown in FIGs. 2f - 2h. For the 4.8 kbps rate, the frame is 96 bits in length
with the bits spaced over the 20 msec. time period of the frame as described
later herein. The 4.8 kbps rate frame contains 80 primary traffic bits, an 8-bit
frame quality indicator (CRC), and 8 Encoder Tail Bits. For the 2.4 kbps rate,
the frame is 48 bits in length with the bits spaced over the 20 msec. time

30 period of the frame as also described later herein. The 2.4 kbps rate frame
contains 40 primary traffic bits and 8 Encoder Tail Bits. For the 1.2 kbps rate,
the frame is 24 bits in length with the bits spaced over the 20 msec. time
period of the frame as also described later herein. The 1.2 kbps rate frame
contains 16 primary traffic bits and 8 encoder tail bits.

35 In a preferred embodiment the access channel data is generated by
microprocessor 18 for transmission at a rate of 4.8 kbps. As such the data is
prepared in a manner identical to that of 4.8 kbps frame format data, such as
encoding, interleaving and Walsh encoding. In the encoding scheme
implemented for the 4.8 kbps data, whether reverse traffic channel data or



sanpled and digitized by well known techni ques. For exanple, in FIG 1,
sound is converted by m crophone 12 to an anal og signal which is then
converted to a digital signal by CODEC 14. CODEC 14 typically perforns an
analog to digital conversion process using a standard 8 bit/maw format. In
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Each frame of the traffic channel mcludes a frame quality indicator.

For the 9.6 kbps and 4.8 kbps transmission rates, the frame quality indicator
~ is the CRC. For the 2.4 kbps and 1.2 kbps transmission rates, the frame
quality indicator is implied, in that no extra frame quality bits are

20 transmitted. The frame quality indicator supports two functions at the
receiver. The first function is to determine the transmission rate of the
frame, while the second function is to determine whether the frame is in
error. At the receiver these determinations are made by a combination of
the decoder information and the CRC checks.

25 For the 9.6 kbps and 4.8 kbps rates, the frame quality indicator (CRC) is
calculated on all bits within the frame, except the frame quality indicator
(CRC) itself and the Encoder Tail Bits. Logic 60 provides the 9.6 kbps and 4.8
kbps rate data respectively to CRC circuits 62 and 64. Circuits 62 and 64 are

typically constructed as a sequence of shift registers, modulo-2 adders

30 (typically exclusive-OR gates), and switches as illustrated.

The 9.6 kbps transmission rate data uses a 12-bit frame quality
indicator (CRC), which is to be transmitted within the 192-bit long frame as
discussed with reference to FIGs. 2a - 2e. As illustrated in FIG. 3 for CRC
circuit 62, the generator polynomial for the 9.6 kbps rate is as follows:

12, N, 10, 9
g) =X+ X +X +X+X +x +x+ 1. 1)

The 4.8 kbps transmission rate data uses an 8-bit CRC, which is
transmitted within the 96-bit long frame as discussed with reference to FIG.



upon the transm ssion rate. A variable rate vocoder of this type is
described in further detail in U S Patent No. 5,414,796, entitled
"VARI ABLE RATE VOCODER' and assigned to the assignee of the present
i nvention. Vocoder WD 97/ 41653

PCT/ US97/ 07 Wd 924168 ney be i nplenented in an application spectisenerizs
integrated circuit (ASIC) or in a digital di#gnal processor. In the variable
rate vocoder just nentioned, the speech analysis frames are 20 nsec. in

llength, inplyirnd AsatlustiatedXdn FIG.c3l fPOCROtie st 84,5he gePietdtod pobmomial for
m cr opr ocessor tﬂi§418rkﬁs%{esi£a§(}ﬂfléﬁg:s per second. Furthernore the rate of

data output is varie rromT oug kbps to 4 kbps to 2 kbps, and to 1
kbps. At full rate, also referred to as rate 1, data transm ssion between
the vocoder 16 and the ni cg@p&q@eﬁiﬁ—xﬁ&i"'&-ih BN 8.55 kbps rate. For @he
full rate 1 data the paraneters are encoded for each frame and
represented by 160 bits. The full rate data franme al so includes a parity
check of 11 bits thimitiallyunll shifi megisten| ¢elements fof nixcuitsi 62 andng¥ asedeboto a

total of 171 bi | | . . ) S RLSa] o
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bits woul d be SORfH0se W‘Q&‘e@/ﬁcfr‘ﬁ%r“(ﬂ?‘%%}t"é‘,d é‘f gﬁ&ﬁ%ﬁ;@ﬁoﬁgr :atsyr ;th 205/ 2,
data transmi ssi on bFonddnkbpscrate dath therdgisters of ciropit di2eamothens clatked 27X bps
rate with t{e RfhedRhe FRAMECH Hs cta_r&;&mfyﬁ& Qbdohdaf tABRE bET
rate, also referred to.as rate 1/4 da gplransm,ssi‘on . et’maen t Ife _vocoder
16 and the ni crsﬁﬁﬂ"g’&ﬁsstl} PF & mikxture thereof along wi e corresponding
mode/format indicator bits as input to circuit 62. After 172 bits are clocked
through circuit 62, logic 60 then sets the switches of circuit 62 in the down
position with the registers of circuit 62 then being clocked an additional 12
15 times. As aresult of the 12 additional clockings of circuit 62, 12 additional
output bits are generated which are the CRC bits. The CRC bits, in the order
calculated, are appended to the end of the 172 bits as output from circuit 62.
It should be noted that the 172 bits output from logic 60 which pass through
circuit 62 are undisturbed by the computation of the CRC bits and are thus
20 output from circuit 62 in the same order and at the same value at which
they entered. '

For 9.6 kbps rate data bits are input to circuit 62 from logic 60 in the
following order. For the case of primary traffic only, the bits are input to
circuit 62 from logic 60 in the order of the single mixed mode (MM) bit

25 followed by the 171 primary traffic bits. For the case of 'dim and burst' with
rate one-half primary and signaling traffic as shown in FIG. 2b, the bits are
input to circuit 62 from logic 60 in the order of the single MM bit, a traffic
type (TT) bit, a pair of traffic mode (TM) bits, 80 primary traffic bits, and 88
signaling traffic bits. For the case of 'blank and burst' data format with

30 signaling traffic only as shown in FIG. 2e, the bits are input to circuit 62 from
logic 60 in the order of the single MM bit, the TT bit, a pair of traffic mode
(TM) bits and 168 signaling traffic bits.

Similarly for 4.8 kbps rate data, the registers of circuit 64 are clocked 80
times for the 80 bits of primary traffic data, or for the 80 bits of access channel

35 data, as input to circuit 64 from logic 60. After the 80 bits are clocked
through circuit 64, logic 60 then sets the switches of circuit 64 in the down
position with the registers of circuit 64 then being clocked an additional 8
times. As a result of the 8 additional clockings of circuit 64, 8 additional
output bits are generated which are the CRC bits. The CRC bits, in the order



at a 2 kbps rate with the paraneters encoded for each franme using 40 bits.
At 20 eighth rate, also referred to as rate 1/8, data transm ssion between
t he vocoder 16 and the m croprocessor 18 is slightly less than a 1 kbps
rate with the paraneters encoded for each frame using 16 bits. In addition,
no i nformati woomassde sent in a frame betwegh the vocoder 1cRGHESHTRBT4

m croprocessor 18. This frame type, referretto as a 25 blank frame, may
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generator 20 20 to encoder 22 (FIG. 1). For the 9.6 kbps and 4.8 kbps frame data, after the

CRC bits are clocked through switch 66, logic 60 sets the switch to the down
15 position for 8 clock cycles so as to generate 8 all zero tail bits. Thus for 9.6
kbps and 4.8 kbps data frames, the data as output to the encoder for the
frame includes appended after the CRC bits, the 8 tail bits. Similarly for the
2.4 kbps and 1.2 kbps frame data, after the primary traffic bits are clocked
from logic 60 through switch 66, logic 60 sets the switch to the down position
20 for 8 clock cycles so as to again generate 8 all zero tail bits. Thus for 2.4 kbps
and 1.2 kbps data frames, the data as output to the encoder for the frame
includes appended after the primary traffic bits, the 8 tail bits.
FIGs. 4a - 4e illustrate in a series of flow charts the operation of
microprocessor 18, and generator 20 in assembling the data into the
25 disclosed frame format. It should be noted that various schemes may be
implemented for giving the various traffic types and rates priority for
transmission. In an exemplary implementation, when a signaling traffic
message is to be sent when there is vocoder data present a 'dim and burst’
format may be selected. Microprocessor 18 may generate a command to
30 vocoder 16 for the vocoder to encode speech sample frames at the half rate,
regardless of the rate at which the vocoder would have otherwise normally
encoded the sample frame. Microprocessor 18 then assembles the half rate
vocoder data with the signaling traffic into the 9.6 kbps frame as illustrated
in FIG. 2b. In this case, a limit may be placed on the number of speech
35. frames encoded at the half rate to avoid degradation in the speech quality.
In the alternative, microprocessor 18 may wait until a half rate frame of
vocoder data is received before assembling the data into the 'dim and burst’
format. In this case, in order to ensure timely transmission of the signaling
data, a maximum limit on the number of consecutive frames at other than



preferably generates a set of CRC Bits according to a first polynom al. For
a half rate data frane, generator 20 al so generates a set of CRC Bits
preferably according to a second polynom al. Generator 20 further generates
for all 5 frames, regardless of the frane data rate, a set of Encoder Tail
Bits. The bBmoowemwssTail Bits follow the CRC bits, if presengcrngsorearg if the
CRC bits are not present, but in either cddse the Encoder Tail Bits are

pl aced at the end of the frame. Further details of the operation on
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type Bit (TT)and 3z kbpg dataare fhus guipyt fram gengratox 20 {0 epepder22. In the
exemplary embodiment encoder 22 is preferably a convolutional encoder, a
type of encoder well known in the art. Encoder 22 preferably encodes the
data using a rate 1/3 , constraint length k = 9 convolutional code. As an
15 example encoder 22 is constructed with generator functions of gy =
557(octal),.g, = 663(octal) and g, = 711(octal). As is well known in the art,
convolutional encoding involves the modulo-2 addition of selected taps of a
serially time-shifted delayed data sequence. The length of the data sequence
delay is equal to k-1, where k is the code constraint length. Since in the
20 preferred embodiment a rate 1/3 code is used, three code symbols, the code
symbols (co), (c;) and (cy), are generated for each data bit input to the encoder.
The code symbols (cg), (c;) and (c;) are respectively generated by the
generatof functions g, g; and g;. The code symbols are output from encoder
22 to block interleaver 24. The output code symbol are provided to
25 interleaver 24 in the order of the code symbol (cj) being first, the code
symbol (c,) being second and the code symbol (c;) being last. The state of the
encoder 22, upon initialization, is the all-zero state. Furthermore the use of
tail bits at the end of each frame provides' a resetting of encoder 22 to an all-
zero state.
30 The symbols output from encoder 22 are provided to block
" interleaver 24 which under the control of microprocessor 18 provides a code
symbol repetition. Using a conventional random access memory (RAM)
with the symbols stored therein as addressed by microprocessor 18, code
symbols may be stored in a manner to achieve a code symbol repetition rate
35 that varies with the data channel.

In a more expedient and preferred implementation the
microprocessor 18 need not be burdened with data interleaver control
responsibility. In the preferred implementation microprocessor 18 merely
need only provide the rate information signals along with the frame data to



Traffic Mbde Bits (TM: '00" - 80 Primary Traffic Bits and either 88
Signaling Traffic or 30 88 Secondary Traffic Bits '0l1" -
40 Primary Traffic Bits and either 128 Signaling Traffic or 128 Secondary
Traffic Bits "10' - 16 Primary Traffic Bits and either 152 Signaling
Traffic or 192BEESAdary Traffic Bits 35 ‘11" PCTRSOM7YMal i ng
Traffic Bits or 168 Secondary Traffic Bits Erame Quality Indicator Bits -
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from generat or gocagertRe Ysingthe matg dnfprmation, penceden 22ceanitrolarthesrde athe

%g_l_/rf’fgg ) B;?gfl Mlq entd bol¥@n|.9§é1§/lélt§€e?. Inéerleax{[er 24 in_clh_ldes logic wf;ich_ t
consi st .of a singl e MXx e Bi auxiliary for its

if present, mes¥HGED) tg%ldrérsief-%\et PO Eﬁﬁ*\{g?sy aFﬁo‘?oé‘QFatW )E‘iﬁgg" 33

Encoder Tail Bi escastesghasanat lessithas. fudl ratedat. a Sloaver! ratel stvdhl cthBt tthe heridodbd

set to '0" dwiBEmBAN dreatrelInWAURIpIE NSciRRS 3 Snfdtledvérsa Primary traffic
the franme Sgﬁ'l

Consi St of the. Vi xod VBHRSTETPICS AN Dhe 94 PRFPPE 4ieinot epeated fortthe 2 8
Encoggr r Tai Ir Bi kbps duta ratex @a_cl_vnqde gymbokatsthe 4.8 kbps damrrate istrmep_e?mdtllatimg)%
i .
he Mixed ode Bt o prmeLpy(ies FAE TacRie Ryl 4 fhe Potbs ol g 00
speci fy whet her T¢RG8 , ch symbol occurs 4 times. Each code symbol at the 1.2
10 kbps data rate is repeated 7 times, i.e. each symbol occurs 8 times. For all
data rates (9.6, 4.8, 2.4 and 1.2 kbps), the code repetition results in a constant
code symbol rate of 28,800 code symbols per second for the data as output
from interleaver 24. On the reverse traffic channel the repeated code
symbols are not transmitted multiple times with all but one of the code
15 symbol repetitions deleted prior to actual transmission due to the variable
transmission duty cycle as discussed in further detail below. It should be
understood that the use of code symbol repetition is an expedient method
for describing the operation of the interleaver and a data burst randomizer
as discussed in further detail below. It should be further understood that
20 implementations other than those that use code symbol repetition may be
‘readily devised to achieve the same result and remain within the teaching
of the present invention. _
All code symbols to be transmitted on the reverse traffic channel and
the access channel are interleaved prior to modulation and transmission.
25 Block interleaver 24, constructed as is well known in the art, provides an
output of the code symbols over a time period spanning 20 msec. The
interleaver structure is typically a rectangular ‘array with 32 rows and 18
columns, ie. 576 cells. Code symbols are written into the interleaver 24 by
columns, with repetition for data at the 4.8, 2.4 and 1.2 kbps rate, so as to
30 completely fill the 32 by 18 matrix. FIGs. 5a - 5d illustrate the ordering of
write operations of original and repeated code symbols into the interleaver
array for transmission data rates of 9.6, 4.8, 2.4 and 1.2 kbps, respectively.
Reverse traffic channel code symbols are output from the interleaver
by rows. Microprocessor 18 also controls the addressing of the interleaver
35 memory for outputting the symbols in the appropriate order. Again, in an
alternate and preferred implementation microprocessor 18 is relieved from
interleaver addressing responsibilities. In this implementation the
interleaver 24 again uses the internal addressing logic to provide an output




10 frame contains secondary or signaling traffic. If the Traffic Type Bit
is a'0, the frame contains signaling traffic, and if a '1', the frane
contains secondary traffic. FIGs. 2b - through 2e illustrate the use of the
Traffic Type Bit, with the Traffic Type Bit set to '0" for signaling
traffic. Thwoonaiesaxiliary format bits follow ng the TraffixcThygowoRrd are
Traffic 15 Mde Bits. These bits indicatelfhe nunber of bits that are used
for primary traffic informati on and the nunber of bits that shall be used
for either sigoflthagtoredssymbdlr in tthef dpproprfate matteon Thé Hnterldaver f stored

Ref to Ff | di t, 80 bit
e used for ?#agga*}f’%f‘%(ﬁeﬂf‘?"k’?‘é?%ﬁﬁ%%%féﬁ‘ﬁéata SR bi

are used for ry tr ‘et) Wmle 88 bits
are used for 20 signaling or secondary traffic. In the preferred
i npl enent ati onAt9lgkps: mary traffic is transmtted in franes at the 4.8

uppor ted a1 APAR 3BTRS IR LR DAL A B ARIRO I

configured. The franme formats for these particular rates are 25 shown in
FI Gs. 2f - 2h.AEqr3kHs}g;4.8 kbps rate, the frane is 96 bits in length with

the bits space V t I t G

| at er herein. $ﬁ?§ég6{£9p§91§?§i? 1§r}eﬁgg‘2tlgol%sﬁ %%%%e@%ﬁ& an
8-bit frame quality indicator (CRC), and 8 Encoder Tail Bits. For the 2.4
kbps rate, ImeAttlzapg,;ss 48 bits in length with the bits spaced over the 20

thps rat o 1 ramd SAedeio 1o A0S P R oA o B G L.

For the 1.2 kbps rate, the frame is 24 bits in length with the bits spaced
over the 20 msmlzk .period of the frame as al so described | ater herein.

bits. 35 r‘1‘5?iﬁ%ﬁ#@?%Eiﬁﬁ%{ﬁ%%ﬁé%&é?ﬂﬁafﬁqif%ﬁéﬂ%?dﬁ 24!

gener at ed HAp

Access channel code symbols are also output from interleaver 24 by
rows in the appropriate order using the techniques discussed above. The
interleaver stored symbols are output in the following row order at the 4.8

20 kbps rate for the access channel code symbols:

117925521132931911277231531 218 10 26 6 22 14 30 4 20 12 28 8 24 16
32.

25 It should be noted that other encoding rates, such as a rate 1/2
convolutional code used on the forward transmission channel, along with
various other symbol interleaving formats may be readily devised using the
basic teaching of the present invention.

Referring again to FIG. 1, the interleaved code symbols are output

30 from interleaver 24 to modulator 26. In the preferred embodiment,
modulation for the Reverse CDMA Channel uses 64-ary orthogonal
signaling. That is, one of 64 possible modulation symbols is transmitted for
each six code symbols. The 64-ary modulation symbol is one of 64
orthogonal waveforms generated preferably using Walsh functions. These

35 modulation symbols are given in FIGs. 6a, 6b, and 6c, and are numbered 0
through 63. The modulation symbols are selected according to the following
formula:

Modulation symbol number = ¢j + 2¢; + 4c; + 8cz + 16¢, + 32¢5 (3)



m croprocessor 18 for transmssion at a rate of 4.8 kbps. As such the data
is prepared in a manner identical to that of 4.8 kbps frame format data,
such as encoding, interleaving and Wal sh encoding. In the encodi ng schene

i mpl enented for the 4.8 kbps data, whether reverse traffic channel data or
WO 97/ 41653 WO 97/41653 PRCT/USSHINY 174
access channel data, redundant data is genéphted. Unli ke the reverse
traffic channel where the redundant data is elimnated in the transm ssion,
in the access channel all data including redundant data is transmtted.

Details on the whensej SH&ID&?@@&& the flash GBS rectnt nd E(?ﬂ{m‘ﬂrstdaf dldést
provi ded | ater herel@?fiﬂ 3 | ement ati1 on of
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FIG 3 data is thatfiom ta mddfitadionrisymbpl.o ThesperidBof Bnt rdduitedd genansindy a20.
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M cr.opr ocessor W’&xﬂT%gcﬂﬂ?Lﬁgééﬁ%msi perigd of type @sspciatgd avith one-
transferred forsistyefouzth ofsthe mhodulatibnayntbivd isrefenrpd a0@820'Walkh! ipC aff is

wher e terrporari%};bra;(ﬂﬁﬂglg érzﬂqj::a%gﬁghsgim%_].o%p 60 may count the nunber of
Q

bits transmtte Focessor, or 1n the alternative use the

from [ )
rate conmand and a &ﬁfi’ftmﬁ‘ﬁ“lf‘s"mt Re Whalshy symbpbis putpwr fram imedulatora?é tof
data. Each floaneneinputeofta afddulo-chadder, ekﬂﬁbwéGISRaztéQ&E THeAWAI¥h | SYABAEOT -
P

o oty SRS 26400 L R0 R o 1,1
frame Walsh chip rate of 307.2 keps. The other input to gate 28 is provided from
" long code generator 30 which generates a pseudo-noise or pseudo-random
(PN) code, referred to as the long code sequence, in cooperation with mask
15 circuit 32. The long code sequence provided from generator 30 is at a chip
rate four times the Walsh chip rate of modulator 26, i.e. a PN chip rate
1.2288 Mcps. Gate 28 combines the two input signals to provide an output of
spread data at the chip rate of 1.2288 Mcps. ,
The long code sequence is a time shift of a sequence of length 221
20 chips and is generated by a linear generator well known in the art using the
following polynomial: -

31 27 26 25 2 1

42 35 33 :
PR=x"+X +x +X +X +x +X + X2 4 P 4 B
17,16, 10, 7 6 5 3

2
X XX X + X+ + X+ +x +1. 4

FIG. 7 illustrates generator 30 in further detail. Generator 30 is

comprised of sequence generator section 70 and masking section 72. Section

70 is comprised of a sequence of shift registers and modulo-2 adders

(typically exclusive-OR gates) coupled together to generate a 42-bit state

30 variables according to equation 4. The 42-bit state variables output from

section 70 are provided to section 72 along with a 42-bit wide mask provided
from mask circuit 32.

| Section 72 is comprised of a series of input AND gates 74; - 74,,

having one input for receiving a respective one of the 42 state variable bits.

35 The other input of each of AND gates 74, - 74, receives a respective one of

the 42 mask bits. The output of AND gates 74, - 74,, are then modulo-2

added by adder 76 so as to form a single bit output from section 72 for each

1.2288 Mhz clocking of the shift registers of section 70. Adder 76 is typically

constructed as a cascaded arrangement of exclusive-OR gates as is well



quality indicator is inplied, in that no extra frame quality bits are 20
transmtted. The franme quality indicator supports tw functions at the

receiver. The first function is to deternine the transm ssion rate of the
frame, while the second function is to determ ne whether the frane is in

error. At tReobpsigsver these determ nations are nmade by a aeaisoméman of
t he decoder information and the CRC checks1825 For the 9.6 kbps and

4.8 kbps rates, the frame quality indicator (CRC) is calculated on all bits
wi thin the frarﬁ\oﬁﬁeme hhte TheiGrell YRE iakblial DRSS PN £§3@mé tseiN_srgl ishe
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J poLY communication channel type. FIGs. 8a - 8c provide an exemplary definition

of the masking bits for each channel type.
Specifically, when communicating on the access channel, the mask is
defined as illustrated in FIG. 8a. In the access channel mask, mask bits Myg
15 through My, are mask header bits; mask bits My, through M,; are bits
indicative of the access channel number (ACN); mask bits M,; through M;;
are bits indicative of the code channel for the associated paging channel, i.e,
paging channel number (PCN), with the range typically being 1 through 7;
mask bits Mg through M,, are bits indicative of the registration zone
20 (REG_ZONE); and mask bits My through M, are bits indicative of the pilot
PN offset (PILOT_PN) for the current base station.

" When communicating on the reverse traffic channel, the mask is
defined as illustrated in FIGs. 8b and 8c. The mobile station uses one of two
long codes unique to that mobile station: a public long code which is a

25 function of the mobile station’s electronic serial number (ESN); and a
private long code unique for each mobile identification number (MIN)
which is typically the telephone number of the mobile station.

In the public long code, FIG. 8b, mask bits My, through My, are header
bits; and mask bits M, through M3, are bits set as a one-to-one function of

30 the mobile station ESN. Thus these bits may either directly correspond to
the ESN or a permuted version thereof. In the private long code the mask
bits M,y through My, are header bits; and mask bits My through Mj,
correspond to bits set according to a predetermined assignment scherme.

It is envisioned that the private long code be implemented as

35 illustrated in FIG. 8, although other masking codes may be generated. The
private long code will provide additional security to the data transmissions
in that it will only be known to the base station and the mobile station. The
private long code preferably will not be transmitted over the transmission
medium.



the 4.8 kbps rate is as follows: 8 7 4 3 g(x)=x[err] +X[err] +Xerr]
+xferri +X +1. (2) 5 1Initially, all shift
regi ster elenments of circuits 62 and 64 are set to logical one ('1') by an
initialization signal fromlogic 60. Furthernore |ogic 60 set the switches
of circuits owoan@diedd in the up position. For 9.6 kbps rate ®ETAISIVITE™4
registers of circuit 62 are then cl ocked 1722910 times for the 172 bits in
t he sequence of primary traffic, secondary traffic or signaling bits or a
m xture thereof al ongRefetring backctorFIGs pdhei gpobaé/ghte 2fhis respeativelyr plotideds
I nput to circuit @ﬁ;‘ﬂr ' (=% &Eﬁﬂl [ Q4dk}s Gd i \ '
60 then sets the;:%/\n%‘%c ?;;gizé‘rggﬁi%fggglf%pt e (%%J\%nigﬁglﬁ%ﬁﬁwefﬁﬁt ﬁé@gw
registers of ciraf ésd epdnpRt £ gaqheaf gates 34iandy A6 are sespschiyelgsecond
result of the 12aradidihitdoriZN sér?{tmsl aindci@Qcdhani@?, 'shortidebdes’hnedspectivaly
en

bits are genegat ' i 1.1 St af N r

cal cul at ed, a]ge g%ﬁ%%g} )f‘l:)ﬁ?(% C%? ?ﬁe%{%a%sﬁa@oﬂ' pg{.‘pﬁ' Fg%%ggc;iarcﬁelflst
62. It shoul d bechasnelandseverse traffic ghannel is toereforg affseyauadratumi Rhasp shift

through circuit ke (DQPSKYisptanddptiobyo tareualomanimissivh. of Thiscoff&dE qiddrafiiie

are thus 20 outp | reuit [ a t ~t ) val ue
at which they en%jérre é‘é&‘@ﬁ%‘r‘ t§g6‘l eﬁgég %étggi%(l:la a. bthIF %%’F%T%ﬁ‘gu ?‘g ﬁ%&?ta’&
from | ogi ¢ 60 i nuseseim dtheogalhyase station-¢e migbileastation gemmunication;,f i€ dhey,
the bits arejonptfrwa@dcdhagrel 62 fromlogic 60 in the order of the single

m x i follo he 171 prinmar raf fJ |ts. F h
casgdo;m 'dgi %Nx]dbghr ?fhe @P‘&“ﬁ&g{“gyﬁ%%ﬁﬁ?‘?‘f‘? %ﬁée%fﬁ%ssj{% ?ﬁﬁr‘f f%ihtﬂ has
shown in FIG 218, and ap preferably mege-tinge coffseyiqodes with mespret doothei formaed
order of the singhshridl For putpbsaféf further understanding, on the forward channel a
| pilot signal is generated for each base station. Each base station pilot channel
15 signal is spread by the I and Q PN codes as described with respect to the
mobile station. The I and Q PN codes of a base station are together offset
from those of another base station. By shifting both code sequences
transmissions by different base stations may be distinguished. The
generating functions for the I and Q short PN codes are be as follows:
20 o
PI(x)=x15+x13+x9+x8+x7+x5+ 1 | &)
and

Po(x) = e et {6)

25 Generators 38 and 40 may be constructed so as to provide an output
sequence in accordance with equations (5) and (6).
The I and Q waveforms are output from gates 34 and 36 and provided
as inputs to finite impulse response (FIR) filters 42 and 44. FIR filters 42 and
44 are digital filters which bandlimit the resulting [ and Q waveforms.
30 These digital filters shape the I and Q waveforms such that the resulting
spectrum is contained within a given frequency spectrum. The digital filters
preferably have the impulse response shown in Table II below.
Filters 42 and 44 may be constructed according to well known digital
filter techniques and preferably provide a frequency response as illustrated
35 in FIG. 9. However exemplary preferred implementations of filters 42 and
44 are described later herein. '



type (TT) bit, a pair of traffic node (TM bits, 80 primary traffic bits,
and 88 signaling traffic bits. For the case of 'blank and burst' data
format with 30 signaling traffic only as showmn in FIG 2e, the bits are
input to circuit 62 fromlogic 60 in the order of the single MMbit, the TT
bit, a pai rwomMe3dfic node (TM bits and 168 signaling tr @drnsohetass
Similarly for 4.8 kbps rate data, the regi?fters of circuit 64 are cl ocked
80 tines for the 80 bits of primary traffic data, or for the 80 bits of
access channel 35 data, as input to circuit 64 fromlogic 60. After the 80
bits are clocked through circuit 64, IogAﬁqu then sets the sw tches of
circuit 64 in the down position with the're igters of circuit 64 then being
clocked an additional 8 tines. As a result of the 8 additional clockings of

circuit 64, 8ia@idi omei25288318t bi t s apg7ygnel g8 =Whh 66787 Ne it s.
The CRC bits, ]fmt_ne d@ﬂgﬂm%ﬁ_ {2y 8 %SP

PCT/ US97/ 0717 = Blare agAt BAG den(BH3) 5 19,084368728  reh@4) it s
as out put fro?ﬁrh(ﬂ)mui’&().(B&?SZ&Bshoul d -aheis) |be| AQupd tha2686930630 mﬁ(gg,p t put
fromlogic 60 ch N Clircu afg,-unars —oy—the

conput atgi on o R e- &Wﬁ%ﬂy@ Jtp lhug?ﬁm ' miﬁé& @Bk | same
order and at {h&)sane0.02160854 5 whi<h(43)dy th(16) ed.-0T12835665 Owil@l) #rom

gio';][lre(r)l oLfc:(r):H'(g); 620.2.@3@87are proggﬁﬁ)tg ﬁMbaﬂ%&% S T he
primary. traffgﬂ&%é Q031002137 om | ogiTh@d) flor [ (18) £bpO.21R829088 kiss(28h{a
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frames. Switchh@g=sel @osmsobgarcen pravhdiond alh@yfBut-oQloslHizs = h(28)

h(8) =  0.037071157 =h(39) h(20) = 0.094601918 =h(27)
h(9) =  -0.021998074 =h(38) h(21) = 0.441387140  =h(26)
h(10) = -0.060716277 = h(37) h(22) = 0.785875640 = h(25)
h(11) = -0.051178658 = h(36) h(23)= 1.0 = h(24)
5 The binary '0' and '1' inputs to digital filters 42 and 44, generated by

the PN spreading functions, are mapped into +1 and -1, respectively. The
sampling frequency of the digital filter is 4.9152 Mhz = 4 x 1.2288 Mhz. An
additional binary '0' and '1' input sequence synchronous with the I and Q
digital waveforms are provided to each of digital filters 42 and 44. This
10 particular sequence, referred to as a masking sequence, is the output
generated by a data burst randomizer. The masking sequence multiplies the
I and Q binary waveforms to produce a ternary inpht of (-1, 0, and +1) to
digital filters 42 and 44.
As discussed previously the data rate for transmission on the reverse
15 traffic channel is at one of the rates of 9.6, 4.8, 2.4, or 1.2 kbps and varies on a
frame-by-frame basis. Since the frames are of a fixed 20 msec. length for both
the access channel and- the reverse traffic channel, the number of
information bits per frame shall be 192, 96, 48, or 24 for transmission at data
rates of 9.6, 4.8, 2.4, or 1.2 kbps, respectively. As described previously, the
20 information is encoded using a rate 1/3 convolutional encoder. The code
symbols are repeated to provide a constant code symbol rate of 28,800
symbols per second (sps). This 28,800 sps stream is block interleaved as
previously described. :
Prior to transmission, the Reverse Traffic Channel interleaver output
25 stream is gated with a time filter that allows transmission of certain
interleaver output symbols and deletion of others. The duty cycle of the



10 input data (up position) and tail bits at a logical zero ('0") value
(down position). Switch 66 is normally set in the up position to permt
data fromlogic 60, and fromcircuits 62 and 64 if present, to be output
fromgenerator 20 to encoder 22 (FIG 1). For the 9.6 kbps and 4.8 kbps
frame data, PP¥16Ehe CRC bits are clocked,}hrough switch e¥TVEIPEH0 sets
the switch to the down 15 position for 8 clock cycles so as to generate 8
all zero tail bits. Thus for 9.6 kbps and 4.8 kbps data franes, _the data as
output to the SFRTEHRISSIOR BRI H195, Yarien Wit sh S ENIRY dnBcFatene Wien pthes,
the 8 tail bit drarSinnit|dath yateois 2.6&bps,Athebyransmibsibn? ghtepalléwarat] ﬁ&éﬂeaﬁtliﬂ er
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not transmit energy, thus reducing the mterference to other mobile stations
operating on the same reverse CDMA channel. This symbol gating occurs
‘prior to transmission filtering.
The transmission gating process is not used when the moblle station
20 transmits on the access channel. When transmitting on the access channel,
the code symbols are repeated once (each symbol occurs twice) prior to
transmission.
In the implementation of the data burst randomizer function, data
burst randomizer logic 46 generates a masking stream of 0's and 1's that
25 randomly masks out the redundant data generated by the code repetition.
The masking stream pattern is determined by the frame data rate and by a
block of 14 bits taken from the long code sequence generated by generator 30.
These mask bits are synchronized with the data flow and the data is
selectively masked by these bits through the operation of the digital filters 42
30 and 44. Within logic 46 the last 14 bits occurring in the next-to-last power
control group of each reverse traffic channel frame boundary are stored.
Logic 46 uses this data along with the rate input from microprocessor 18, to
determine, according to a predetermined algorithm, the particular power
control groups in which the data is to be allowed to pass through filters 42
35 and 44 for transmission. Logic 46 thus outputs for each power control group
a'l’ or'0" for the entire power control group depending on whether the
data is to be filtered out or passed through. At the corresponding receiver,
which also uses the same long code sequence and a corresponding rate



In the alternative, mcroprocessor 18 may wait until a half rate frane of
vocoder data is received before assenbling the data into the 'dimand
burst' format. In this case, in order to ensure tinely transm ssion of the
signaling data, a maximnumlimt on the nunber of consecutive franes at

ot her than wo 188141653 PCT/US97/07174

PCT/ US97/ 07174 14 half rate may be inposed2Before a command is sent to the
vocoder to encode at half rate. Secondary traffic nay be transferred in the

fdl mt ﬁnd B:Jr SL deie&mmd &d ( EertPBCIralnmea logivi lier provided - which | alé:tlegméﬁdseﬁﬁse
or the ank _an e e
vocoder may be ?E8 Drlilacfgd) to%nc(;% g?éépfﬁlwpl&\ng\ aﬁia‘?gé R Q%arrpl es or the
vocoder data is i gng'hédl'bﬁlfﬁlﬂf Fhec @Pﬁd@é@s@ﬂumc%éf@ﬂuﬂ Hogic 146c uged 4
frame. PrioritidetdiniBit ?ﬁw ratbRgtol I @it Ptgon{ra%mf ddth "R Yrédeat f f& at
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various rat di m.an f | ank and burst' traffic is
open to nan?p(g H}‘?ﬁ‘?’i‘é‘%‘&%‘é daai f&%‘ggrrl ng back to FIG 1, 20 nsec.
frames of 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps data are thus output
fromgenerator 20 tg euqqgldps[bgz, B¢ b4 bgngﬁgrblnabl\é gbodl nent encoder 22 is

preferably a convol utional encoder, a type of encoder well known in the
art. Encoder 22 preferably encodes the data u5|ngea rate 1/3 , constraint
length k = 9 covivaseihyitepaésentsithe aldestgarsratedabiine then dddit seymenee, and by

ggg?; ruet )edaqlw d&gaﬁg&%%emsmé@a Gleritartii xwﬂé&lﬁnﬂs&@f@mgéc er C] = ol
encodi ng i nvol ves tﬁé&‘r&ﬁtﬂ‘ﬁe TeYEhTS “c')th’éﬁ‘T\gnfréH‘et é?péweﬁ%mto equal’

length (i.e., 1.25 msec.) power control groups numbered from 0 to 15 as
shown in FIGs. 10a - 10d. Data burst randomizer logic 46 implements an
algorithm which permits data to be transmitted for the various power
15 control groups for the various rates. It should be noted that in order to
randomize the position of the data within the transmission frame that only
8 bits are necessary; However as disclosed herein, 14 bits are used to assure
that the slot position within the frame (power control group) for data
transmission at quarter rate is a subset of the slots (power control groups)
20 wused at the half rate, and that the slots used for data transmission at eighth
rate is a subset of the slots used at the quarter rate.
FIG. 10e illustrates that the 14 bits from the masked long code that are
stored correspond to the last 14 bits of the 15th power control group (PCG 14)
of the 16 power control group of the preceding frame. The 15th power
25 control group is used to provide sufficient time to determine the power
control groups which data is transmitted in the following frame. However
it should be understood that any predetermined bits of PN data could be
used in determining the power control groups of the current frame for data
transmission. Although it is desirable to use the long code sequence in
30 determining the power control groups in which data transmission is to
occur, since this sequence is also used at the receiver for PN, other
deterministic sequences may be wused for power control group
determination. In this instance any other deterministic sequence may be
used which is also know by the receiver. Thus the sequence used in
35 computing the power control groups may be independent of the sequence
used to PN spread the user data.
As illustrated in FIGs. 10a - 10d within the 1.25 msec. time period of
each transmitted power control group within the frame there are 12 data bits
encoded as 36 code symbols which are in turn encoded as 6 Walsh symbols.




serially time-shifted del ayed data sequence. The length of the data
sequence delay is equal to k-1, where k is the code constraint |ength.
Since in the 20 preferred enbodinent a rate 1/3 code is used, three code
symbol s, theygQdgiessynbols (c[err]), (c[err]) and (c2), are gRARfAIIHEE4 OF
each data bit input to the encoder. The cod®3 synbols (c[err]), (c[err]) and
(c2) are respectively generated by the generator functions g[err], g[err]

and g2. The codmmyésaalwaﬁh ggm Fiés@mwsg@rw%%ht g& m&elﬂa%ﬁ%%é{ﬁger
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upon initiali Z%beﬁll,até @ﬁ@ﬂq— state. Furthernore the use of tail
bits at the nd rame es a resetting of encoder 22 to an all-
zero state. ansspitted,ih gach Powerccontenli graup.t o
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synbol s may be 1319&%9# ¢preralgrAups used fon éﬁ?@smlm for e Variops trates e at e
35 that variedollows: t he data channel. In a nore expedient and
preferred jgplementation the m croprocessor 18 need not be burdened with
data interleaver control responsibility. In the preferred inplementation

mi cropr ocessor BafaRatePsleetedd Bl Rate ovi de the rate information signals

al ong wi th t he Transmisgivinoshall occuard poWwke Tdntrol groups numbered:
PCT/ US97/ 07174 0,1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15.

15 Data Rate Selected - Half Rate

Transmission shall occur on eight power control groups numbered:
bg, 2+by, 4+b,, 6+b;, 84by, 10+bs , 12+b, and 14+b,.

Data Rate Selected - Quarter Rate
20 Transmission shall occur on four power control groups numbered:
boifbg=0 or 2+b;ifbg=1;
4+b, if bg =0 or 6+bsifby=1;
8+by if by =0 or 104+bs if byg=1; and
12+bgif by =0 or 144byifby; = 1.

Data Rate Selected - One-Eighth Rate
Transmission shall occur on two power control groups numbered:

bo if (bs =0 and b12 = 0), or 2+bl if (ba =1 and blZ = 0) or
4+b2 if (bg =0 and blz -'—'1), or 6+b3 if (bg =1and b12 =1); and

30 8+b4 if_(bIO =0and b13 =0), or 10+b5 if (b'lO =1and b13 = 0)
' = 12+b6 if (bn =0and b13 = 1), or 14+b7 if (bn =1and b13 = 1).

FIGs. 10a - 10d, in conjunction with FIG. 10e, illustrate by example the

power control groups selected for the various rates for an exemplary by - by

35 bit sequence. It should be understood that since data for each frame is
transmitted at only one rate in the actual implementation, data would be
transmitted according to only one of FIGs. 10a - 10d for the particular frame.

In the example illustrated in FIGs. 10a - 10e, an exemplary b, - by bit
sequence of (0,0,1,0,1,1,0,1,1,0,0, 1, 0, 0) is used. Using the algorithms set



15 encoder 22. Using the rate information, encoder 22 controls the rate at
whi ch encoder synbols are generated. Interleaver 24 includes |ogic which
internally addresses the nmenory | ocations at a constant rate. Encoder 22
encodes data at less than full rate at a slower rate such that the encoded
5 synbol s woe781683 ed in nultiple |ocations in interl eaver PGHUSYINTEML her

I npl enment ati on, code synbols are not repea?t4ed for the 9.6 kbps data rate.
Each code synbol at the 4.8 kbps data rate is repeated 1 tine, i.e. each
synmbol occurs forth mbeve Hat feach ddats yrabe| data wheld? bé tksh’rmxthdam athe poewer

repeated 3 ti C 'ﬁﬁﬁﬂs he
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ea
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repeat ed code Sy are ransmt i mes Wt
of the code 15at®ynbhol repetitions deleted pri or to actual transm ssion due

to the variable tramgat%l QEod nerateel enaéuwcwx_BUNmrfsargthrtodﬁi@IRF
bel ow. It should be.

t us f ) ition is an
expedi ent net hoa"$d }tyed'e | ngIrF% si glr gtvﬁsoe% tgf rﬁﬁo #r t|tt “TaR8YS dat a
bur st random z@ﬂphﬁeﬂlf%m qomtralr gresips dhatjare bebngranqrmswdulaudb@ffffmrt her
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W Lhi n tho 1 oxRRPHGCRPTPkutes, & SERpdtiar O ufoifer SfsiiEo o e g
transnmitted onwhigh u%%rmlaﬂhﬂmwrmnﬁepomblet writs c Fugtherndetails ofrdata
interleaved prp@dst E&\d@ﬂiﬂeﬁtlbgﬂ £edrd pi‘@ﬁ&b&%hoéb eAdingSiUtGted Bidtéd pavait 24,
constructed as i s;wel || KNOMud. B8Y551, 241 enBhSY - A AbURST RANDOMIZER?,
15 which is assigned to the assignee of the present invention and which is
incorporated herein by reference.

I1. Interference Reduction Techniques
In the data burst randomizer described above, the gated-on power
20 control groups are pseudo-randomized in their positions within the frame,
spreading the burst-induced AM interference over a relatively wide
bandwidth. The present invention contemplates a number of technigues
for reducing the interference experienced by users of CDMA communication
devices. In the present invention, interference arising from variable-rate
25 transmission is effectively eliminated by configuring the transmitter of an
authorized CDMA communication unit to transmit RF energy substantially
continuously at a full-rate power level, irrespective of the instantaneous
level of user speech or data activity. This continuous transmission is
accomplished by the communication unit transmitting only full rate frames.
30 As a consequence, the type of AM interference nominally accompanying the
transmission of variable-rate data by a CDMA transmitter is substantially
eliminated. '
FIG. 11 illustrates selected portions of a CDMA communication
system capable of operating in the reduced interference mode of the present
35 invention. Communication unit 1101 is shown to be in communication
with base station 1104, which is controlled by base station controller (BSC)
1100. BSC 1100 contains a home location register (HLR) database containing
the account profiles of all subscribers in the service area controlled by BSC
1100. Base station 1104 radiates RF signals through antenna 1106 to



out put of the code synbols over a tinme period spanning 20 msec. The

I nterl eaver structure is typically a rectangular array with 32 rows and 18
colums, i.e. 576 cells. Code synbols are witten into the interleaver 24
by columms, with repetition for data at the 4.8, 2.4 and 1.2 kbps rate, so
as to 30 coMPE¥4EE fill the 32 by 18 matr%; FIGs. 5a - S5PATUSE¥HE e the
ordering of wite operations of original repeat ed code synbols into the
interleaver array for transm ssion data rates of 9.6, 4.8, 2.4 and 1.2
kbps, respecti vspy\mmetxgé tmﬁfnm; Oclhthm&:tm@addll’éyﬂblﬂ §aaeesta:tlmpu104‘ alsm

the interleaver r§¢5é1‘l?éSVRF s Rhﬂﬁ@hS&iteﬁﬁa 21198, ﬁﬁi&;ﬁ%ﬁe ?Egn ggg?g%t??d‘at
E)?gelr " %Lﬁﬁver ﬁ°%§ﬁ%‘ét“é“&%’8?‘é‘? ?&&Feiwgﬁﬁﬂ ation m croprocessor
18 is relieved from iTheeprasentrinveitiars sisneliesgbnei be |oft particuldmn behélits to
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to provide an out,
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order: At 9.6 k

1213141516171813@8‘212223%52?% %% ﬁaréngxta“}t%’eﬁabm“ In order t:’ manage
132457689111012 F3S8A4%APRFHY A3DY MB%%M@%%@ZHW beninsfitutedpass a
15263748913 1101 4 Miebimb 2 b6 lenduting 2 Hot 3aARA Thase? RIONAS IetIdvhunication units 1101

associated with selected eligible users (e.g., hearing impaired users) are
permitted to engage in the type of reduced interference transmission
contemplated by the invention.
For example, only eligible hearing impaired users could be allowed to
. 15 purchase CDMA communication units 1101 pre-authorized for operation in
a reduced interference mode. Alternately, eligible hearing impaired users
could obtain authorization from their cellular service provider after
purchase of a CDMA communication unit 1101 capable of reduced
interference mode operation. The authorization information may
20 conveniently reside with the rest of the subscriber’s account profile in the
subscriber’s home location register (HLR) 1102.
Once authorized, the reduced interference mode could be activated in
a number of ways. For example, the user may activate the reduced
interference mode through user interface 1120, which may comprise a
25 keypad and associated circuitry as is known in the art. In such a case, the
user would enter a predetermined activation sequence through user
interface 1120, which would provide a reduced interference mode activation
signal to microprocessor 18. In response, microprocessor 18 would then
configure communication wunit 1101 for operation in the reduced
30 interference mode. Deacti_vation of the reduced interference mode could be
accomplished in a similar fashion. In this example, the user would be able to
activate and deactivate the reduced interference mode at will.
For even greater security, the reduced interference mode may be
activated and deactivated through dataport 1122 by the subscriber’s service
35 provider. Typically, this would involve connecting the communication unit
1101 to a programming station, such as a computer (not shown). In such a
case, the reduced interference mode activation signal generated by the
computer would be passed from dataport 1122 to microprocessor 18 over
transmission line 310, 'and microprocessor 18 would then configure



At 1.2 kbps: 19210311412 513614715816172518261927202821292230233124 15 32.
Access channel code synbols are also output frominterleaver 24 by rows in
t he appropriate order using the techni qgues di scussed above. The interl eaver
stored synbols are output in the following row order at the 4.8 20 kbps
rate for thwoawyewss channel code synbols: 1 179 25 5 2113 2eTRISIBWIR7 7
2315 31 2 18 10 26 6 22 14 30 4 20 12 28 8624 16 32. 25 It should be
noted that other encoding rates, such as a rate 1/2 convol utional code used
on the forwar dotrimanaivatisnonunibanael , fal aedueed hintedferemge Otnhede Sygiﬁtion.
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modul ation sygbmlice pisvidey 8Petdtiny BSC 1100. GR. thiyehsBCthedlisbrafBultl BREIC4h O
t hrough 63. The_nodul.ation s

ul, L nbolus %r-e.stel ected .accpr di é{o It he foll ow ng
for mul a: NbduPEPRATAS nSeuskt  Beshiencs i) Uses  iflfpiace’ Mpd, In' response) s
16c[err] + 32ofigroprocesgpr 18 would generate appropriate signaling bits, multiplex
10 them into a frame, and pass the frame to transmitter 1118 for transmission
over reverse link 1112 to base station 1104. Base station 1104 would then
pass the request to BSC 1100 which would verify authorization in the
subscriber's HLR 1102. Upon appropriate authorization, base station 1104
would then transmit a reduced interference mode activation signal to
15 communication unit 1101. The reduced interference mode activation signal
transmitted by base station 1104 would be received by antenna 60, and passed
to receiver 1116 by duplexer 1114. Receiver 1116 would demodulate and
decode the activation signal and pass it to microprocessor 18. In response,
microprocessor 18 would then configure communication unit 1101 for
20 operation in the reduced interference mode. Additionally, when "roving"
outside of a home service area, the communication unit 1101 could be
permitted several unauthorized uses (e.g., calls) in the visited service area
pending receipt of authorization from the home service area HLR 1102.
Communication unit 1101 may be configured for reduced interference
25 mode operation by microprocessor 18 in response to the reduced
interference mode activation signal generated by any of the above
techniques. It should be noted that the. above described techniques are
merely exemplary, and other activation techniques may be used.
Once the reduced interference mode is activated, communication
30 unit 1101 is ready to operate in reduced interference mode. To do so,
microprocessor 18 generates a signaling message which is transmitted to
base station 1104 indicating the communication unit’s 1101 intention to
transmit in a reduced interference mode. This message may be transmitted,
for example, during initial registration with base station 1104, or in an
35 origination message from the communication unit 1101 indicating its
attempt fo originate a call, or alternatively in a page response message from
the communication unit 1101, responding to an incoming page from base
station 1104. Specifically, this message indicates the intent of -
communication unit 1101 to transmit only full rate frames. Assuming
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where c5 shall represent the last or nost recent and c[err] the first or
ol dest binary valued ('0'" and '1') code synbol of each group of six code
synbol s that forma nodul ati on synbol. The period of time required to
transmit a 5 worsgkesshodul ati on synbol is refgrred to as a ' VEACEHS¥{PIE '
interval and is approximately equal to 208. 333 ns. The period of tinme
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data assembled by the microprocessor 18. The encoder 22 then encodes the
15 9.6 kbps data frames from the generator 20 into code symbols without
repetition. These code symbols are then interleaved in interleaver 24 and
modulated in modulator 26 in the manner described above with reference
to FIG. 1.
When the transmit data rate is 9.6 kbps (rate 1), all 16 power control
20 groups within each frame are gated on (i.e., transmitted). As a result of this
continuous signal transmission at a full rate, the AM interference
nominally associated with transmission of variable rate vocoded speech is
substantially eliminated. Optionally, this technique of forcing the vocoder 16
to full-rate operation could be invoked only when the transmit power
25 transmitter 56 exceeded a predetermined threshold, for example 50 mW. In
a CDMA system with power control, such a case would normally only occur
when the user is near the edge of a base stafion’s cell. As sué:h, the forced
full-rate method would have a negligible impact on system capacity due to
the relatively infrequency that it would be invoked. Furthermore, invoking
30 the forced full-rate only above a predetermined transmit power level would
also preserve battery life in portable communication devices employing the
present invention.
In a second embodiment of the present invention, repetitions of non-
full rate encoded speech or other data are generated in order to fill the full-
35 rate frame. In the case of voice data, vocoder 16 continues to operate at a
variable rate, and microprocessor 18 continues to provide repetition of the
power control groups for the half, quarter, and eighth rates as described
above. However, the microprocessor 18 instructs data burst randomizer
logic 46 to refrain from masking out the redundant power control groups,




conprised of sequence generator section 70 and masking section 72. Section
70 is conprised of a sequence of shift registers and nodul o-2 adders
(typically exclusive-OR gates) coupled together to generate a 42-bit state
30 variables according to equation 4. The 42-bit state variabl es out put
fromsecti Qpdfisgése provided to section 72 along W th a 42piisetoedirs mask
provided frommask circuit 32. Section 7228s conprised of a series of input
AND gates 74[err] - 74[err] having one input for receiving a respective one
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transmission of variable rate encoded speech and other data.
In a third and preferred embodiment of the present invention, full-
rate frames are generated by microprocessor 18 by “padding” the frame as
15 necessary with a predetermined sequence of bits. In the case of speech data,
vocoder 16 continues to generate variable rate speech data packets as
determined by the level of user speech activify. However, microprocessor 18
builds only full-rate frames by adding signaling traffic bits consisting of a
predetermined bit sequence as necessary to pad the frame to a full-rate
20 format. Alternatively, microprocessor 18 could use a predetermined
sequence of secondary traffic bits as necessary to pad the frame to a full rate
format. As in the case of the previously described embodiments, the
microprocessor 18 may be configured to enter this constant full-rate mode
only when the transmit power of transmitter 56 exceeds a predetermined
25 threshold, for example, 50 mW.

In this third embodiment, during traffic channel operation the
microprocessor 18 ensures that only full-rate frames are transmitted. When
building each reverse traffic channel frame, if sufficient bits are not available
either from the active service option(s), such as speech or data, or the

30 signaling layer, or both, then the microprocessor 18 generates filler signaling
traffic consisting of a predetermined pattern of bits in order to pad out the
full rate frame. The preferred predetermined pattern of bits is all zero bits.
However, the predetermined pattern of bits could also either be all “ones”,
or an alternating pattern of ones and zeros, or even a random sequence of

35 bits.

As an example, if only the 8 kbps speech service option is active (i.e.
there is no secondary data traffic being passed to microprocessor 18 over
transmission line 310), and the level of speech activity is low enough that
the vocoder 16 produces a half-rate speech packet, microprocessor 18 would



provided by circuit 32 to generator 30. As such, mask circuit 32 may be 10
conftgured as a nenory which contains a 42-bit mask for each

comuni cation channel type. FIGs. 8a - 8c provide an exenplary definition
of the masking bits for each channel type. Specifically, when comrunicating
on the accessvobangsy , the mask is defined %ﬁ il lustrated i nPCIGS9783174| n
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15 Multiple Access (CDMA) Personal Commumcatxons Systems.”

During traffic channel operation, if base station 1104 (See FIG. 11)
receives a reverse traffic channel frame containing signaling traffic which
consists of all zero bits and which does not form any part of a signaling
message, the base station 1104 recognizes that the communication unit 1101

20 is operating in reduced interference mode and discards the signaling traffic.

. So in the rate 1/2 example above, when the base station 1104 receives the
frame transmitted by the communication unit 1101, the base station 1104
extracts the 80 bits of primary traffic (i.e., the half-rate speech and/or data
packet), and processes them normally. However, then the base station 1104

25 examines the remaining bits of signaling traffic and, because they are all
zero, discards them without further processing. Alternatively, the base
station 1104, instead of examining each bit of the signaling traffic to
determine if they are all zero, could examine the first N bits of the signaling
traffic, where N is the minimum number of bits required to determine

30 whether the signaling traffic is the start of a new signaling message. If these
N bits were all zero, and the frame is not part of a reverse traffic channel
message that began in an earlier frame, then the base station 1104 would
discard the signaling bits as padding. In a system according to IS-95, N would
equal eight bits.

35 An advantage to this third embodiment is that altering the
multiplexing scheme in order to produce full-rate frames accommodates
both vocoder and non-vocoder data as primary traffic. As such, this third
embodiment supports data, fax, packet, and simultaneous voice and data
service options. Additionally, this third embodiment allows the base station




35 illustrated in FIG 8c, although other masking codes nmay be generated.
The private long code wll provide additional security to the data
transmissions in that it will only be known to the base station and the
nobil e station. The private |ong code preferably will not be transmtted
over the twaypeimiessi on nedi um WO 97/ 41653 PCT/US97/07174
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applied to other embodiments withou e Inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
* with the principles and novel features disclosed herein.
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from those of another base station. By shifting both code sequences
transm ssions by different base stations nmay be distinguished. The
generating functions for the I and Q short PN codes are be as follows: 20
Plerr](X) = x[err]+ x[err] + x[err] + x[err] +x[err] + x[err]+1 and

Plerr] (x)=x[wowfarssx[err] + x[err] + x[er_r%é+x[err] +X[ er r ] PEXUSIVYTI T8y [ er r ]
+x[err] +1. (6) 25 Generators and 40 may be constructed so
as to provide an output sequence in accordance with equations (5) and (6).
The | and Q waveforns are output from gQEAIR4Sand 36 and provi ded as
inputs to finite inpulse response (FIR) filters 42 and 44. FIRfilters 42
and 44 are digital filters which bandlimt the resulting I and Q waveforns.
30 These digital fiMtersAshspetermhe for oreducingy einjerferencen gengratede by a

& _esult t: ng_ ffﬁc%ﬁ%\hﬁi&g&haﬁ@iie\tﬂgmw r@lrﬂ'mnp ’Erhﬁﬁtﬁﬁ@ﬁ&at& ReC yramelahﬁte
igital filters prefera JDaye the | response wni.n

below. Filters &'M&‘M& MGl ?Eag}sé?}t aﬁ:‘%‘g?rgﬁlégﬁpgm&%lt? ?(aggv‘m% o |bg5?t al
filter technd quete, anid systsne camipyisingivi de a frequency response as

illustrated 35 in Flyfaadd f60WMMRAnSX S| 86 mMaRicalioRd deiRbe i NcHtiritusly
ereln

PCT] USo7/ 07 194 s iemergiost a Tail gt sl loyel Tredpitiivg 7ot said yarizble
0. 007874526  ate;abjl
8 means, in said communication device and responsive to said means
for directing, for transmitting RF energy continuously at said full rate power
10 level irrespective of said variable rate, whereby said interference is reduced
proximate said communication device due to continuous transmission
12 thereby at said full rate power level.

2. The system of claim 1 wherein said means for directing directs
2 said communication device to continuously transmit RF energy at said full
rate power level irrespective of said variable rate only when said full rate

4 power level exceeds a predetermined threshold.

3. The system of claim 1 wherein said means for transmitting
2 comprises:
a variable rate vocoder;

4 a controller for instructing said variable rate vocoder to encode voice
data at a full rate irrespective of said variable rate; and
6 a transmitter for transmitting said full rate encoded data at said full-

rate power level.

4, The system of claim 1 wherein said means for transmitting
2 comprises: |
a controller having an input for receiving variable rate data, said
4 controller for generating full rate frames of data comprising repeated
versions of said variable rate data; and
6 a transmitter for transmitting said full rate frames at said full rate
power level. '

5. The system of claim 1 wherein said communication device
2 nominally transmits non-full frames of data containing a variable number

* [+ L M s *



h(1) = -0.034167931 = h(46) h(13) = 0.084368728 = h(34) h(2) =
- 0. 035752323 = h(45) h(14) = 0.126869306 = h(33) h(3) =

-0. 016733702 = h(44) h(15) = 0.094528345 = h(32) h(4) =

0. 021602514 = h(43) - h(16) = -0.012839661 = h(31) h(5) =

0. 064938487wo 97141655 h(42) h(17) = -0.143477028 = h( 3@crnss)on74

0. 091002137 = h(41) h(18) = -0.821829088 = h(29) h(7) =

0. 081894974 = h( 40) h(19) = -0.140513128 = h(28) h(8) =
0.037071157  of bits in( 3&ponse h(OZG%id= vafiaBR4 689 khd v&éﬁ%&?gsaﬁu(i 9rh)ea_ms for
-0. 02199807 = h( 38 0(21) = 0.441387140 = h(26) h(10) =
-0.06071627% “anmnﬁaﬁ 3%?np (22) = 0.785875640 = h(25) h(11) =

-0. 051 178658 2 gengpller fay generating full frames of -dajg xpptaining "a fixee

binary '0' @ndnurhbet 8Pbits irr@spdeavé af sdidl v#iablé ZateNshd!4, generated by the PN
spreadi ng functions

frequency of the dla‘? B emﬂ?"t f il ag%%gmﬁs{gectéé%%{fa@iﬂﬁ? ! "0
€

addi tional Bi reewenlevghd ' 1' input sequence synchronous with the | and Q
digital wavefornms are provided to each of di'gital filters 42 and 44. This

10 particul ar sequence,.referred a I g seguence, JjsS.the oufput
generated by a dat ;geburs-rrhr YRIem ?t la‘?h§ @55 S%@EG%WE&“%P?% F'ngFhe I
and Q bi nar 2 veonsiradlysdistrilprtes said mm&laalwnberpof bit$ psetﬂclo-fhndnmiwﬁl) sdid

digital fil terﬁoﬁ-?ul@rﬁiaxﬁés ofafl, %ﬁﬁ%@r&ﬁ%‘x&‘fﬁhﬁr&&%s s ! dath YeRebal by
t ransni ssi on reverse I5. ‘traffic channe t ehrates of
9.6, 4.8, 244 nf“ﬁ%ﬁ CORERIY o 7] §“6h €3 Y % oRits hayingcai e

franes are of predeterthiféd patternl ength for both the access channel and the
reverse traffic channel, the nunmber of information bits per frame shall be

192, 96, 48, or 24 for cL]lg_gensm SSi 0 at da%a Lftes ofd ? 2.4, or 1.2
kbps, respectively.”As c FYHER Of YPBRIs Hen sai eontroller generates a
2 reduced interference mode intention sxgnal and wherein said transmitter

transmits said reduced interference mode intention signal to a base station
4 associated with said communication device.

8. The system of claim 6 wherein each of said padding bits has a
2 logical zero value.

9. A method for reducing interference generated by a
2 communication device which nominally transmits data at a variable rate
and which nominally varies transmit power in response to said variable
4 rate, said method comprising the steps of:
directing said communication device to contmuously transmit RF
6 energy at a full rate power level irrespective of said variable rate; and
transmitting, from said communication device and in response to
8 said directing step, RF energy continuously at said full rate power level
irrespective of said variable ‘rate, whereby said interference is reduced
10 proximate said communication device due to continuous transmission
thereby at said full rate power level.

10. The method of claim 9 wherein said directing step further
2 comprises directing said communication device to continuously transmit
RF energy at said full rate power level irrespective of said variable rate only

4 when said full rate power level exceeds a predetermined threshold.

AW



20 information is encoded using a rate 1/3 convol uti onal encoder. The code
synbol s are repeated to provide a constant code synbol rate of 28, 800
synbol s per second (sps). This 28,800 sps streamis block interleaved as
previ ously described. Prior to transm ssion, the Reverse Traffic Channel
interl eaver WOIWM6eRd5 streamis gated with g time filter thRCTAISPHIRTS
transm ssion of certain interl eaver out put nbol s and del eti on of others.
The duty cycle of the WO 97/ 41653 _

PCT/ US97/ 07174 21 trihsmi Bl oethod eoftdain farheximishid transmittingnstep darther

rate. Wien the Eéﬁpﬁggﬂ.g?%%qsr@ge Is 9.6 kbps, the transm ssion gate all ows
ut put sy s t

all interleaver o 0 lie transmtted. en the trgnsm,t data
rate is 4.8 kbps, thEstRicHBE 2 ¥aniable fpte vaqoger 1p faid, spmmppnication hdeyice A0
out put synbolds encdde vmice datasatiat hickatenivcespective ohsaid ivarighlei nate; andcess

operates by dividi ”gn-éﬂﬁnﬁﬁng‘éﬁf& mﬁﬂrﬁ@eﬁfg&dga}t?%.’@gid ﬁﬂﬂ:{%‘e ﬁbweer ieve] 22

nsec.) periods, called power®control groups. aln power control groups
are gated on (i.e., transmtted), while other groups are gated off (i.e.,
not transmtted). The2.assTie muthodfofgddiat 9owhartin gaid tranbmi $tep ifarther

referred to as go&\%risg@gﬁe_;rggé]ssaf:_random zer function. The gated-on power

control groups are*pseudo-random zed in their positions within the frame so
that the actual trafgererping fol rate framesy of defaromepEising repeatede varpiens of
assum ng a randeaiddvaiabldtieé aataphnd he franes for each duty cycle. The

gated-on power cont rﬁr'gpg:%ﬂHRE sAlPadt' flle HiRtes®Hald £ PR PRy PRV O thE

repetition process s

13. The method of claim 9 wherein said communication device
2 nominally transmits non-full frames of data containing a variable number
of bits in response to said variable rate, and wherein said transmitting step
4 further comprises the steps of: |
~ generating full frames of data containing a fixed number of bits
6 irrespective of said variable rate; and
transmitting said full frames of data at said full-rate power level.

14. The method of claim 13 wherein said communication device

2 nominally distributes said variable number of bits pseudo-randomly in said

non-full frames of data, and wherein said full frames of data generated by

4 said controller contain a variable number of padding bits having a
predetermined pattern.

15. - The method of claim 14 further comprising the steps of:
2 generating a reduced interference mode intention signal; and
transmitting said reduced interference mode intention signal to a base
4 station associated with said communication device.

16.  The system of claim 14 wherein each of said padding bits has a
2 logical zero value.

17. A communication device which nominally transmits data at a
2 variable rate and which nominally varies transmit power in response to
said variable rate, said system comprising:
4 a transmitter; and

* c L M S *



15 be transmtted once. During the gated-off periods, the nobile station
does not transmt energy, thus reducing the interference to other nobile
stations operating on the sanme reverse CDVA channel. This synbol gating
occurs prior to transmssion filtering. The transm ssion gating process is
not used Whggohhgsiobil e station 20 transmts on the accepsrosswomzh. Wien
transmitting on the access channel, the cd¥e synbols are repeated once
(each synbol occurs twice) prior to transmssion. In the inplenentation of

the data burst rangdogesidru et iddfectiflgt shi@ UirGhsthAfdOd 294nsn®igi RF46nergy
generates a maskl.ngpstr o out, the

eam qf and " 1's that 25 randenly, nas
redundant fat §°BER Hflgdg%ﬁ(}PHer%B(feowgpzﬁ"ie?i_I(S’f'fsp ?ﬁé"%ﬁgﬁ%%{‘;@& apﬁs{t tern
i s det er mi ned wiyereby saidaimterarence it redunetl pyoximate shicbeommuricatiaraldavider om
the 1ong cgde FAtindB0e thishiol) SREEBY Ut safd flDRRE poRRs 18dls are
synchroni z£ vc\ln%t%ﬁ%t e data ff%?v a{ndothe da%'a I's selectively masked by these
bits through the operation of the digital filters 42 30 and 44. Wthin
| ogi c 46 the | ast 18. bi The@commuhirgtion devicenek tlaim-17awhemimsaidccoritrolleryr oup

of each 1 ever Sfrdctfldid Graliafitlel 16 CBHRRHOUAYUNSNR: RE Undtly MOGid (G rdfePS

this data along w 1 (e 1nput , [romdcroprocessor T t.o determ ne,
according to Powerdevelimespertivesy said,yarp IB?EPPHUW&F“%F“@S#FRQW‘&’ oups
in which the defd dxeedds »preddiemnihetithpeshold.hr ough filters 42 35 and 44
for transm ssion. Logic 46 thus outputs for each power control group a 'l
or '0" for the entire power control group depending on whether the data is
to be filtered out 18r paﬁgmmpmﬁpnﬂeﬁl%OESW@syoﬁm GOSRISIBE:  whi ch
al so uses tde sane Jd qadgablkdgateeFoeode Forl encodingespsiveli datar at ea full rate

irrespective of said variable rate.

20. The communication device of claim 17 wherein said controller
2 has an input for receiving variable rate data, said controller for generating
full rate frames of data comprising repeated versions of said variable rate
4 data and wherein said transmitter transmits said full rate frames at said full
rate power level.

21. The communication device of claim 17 wherein said
2 communication device nominally transmits non-full frames of data
containing a variable number of bits in response to said variable rate, and
4 wherein said controller generates full frames of data containing a fixed
number of bits irrespective of said variable rate and wherein said

6 transmitter transmits said full frames of data at said full-rate power level.

22. The communication device of claim 21 wherein said

2 communication device nominally distributes said variable number of bits

pseudo-randomly in said non-full frames of data, and wherein said full

4 frames of data generated by said controller contain a variable number of
padding bits having a predetermined pattern.

23. The communication device of claim 22 wherein said controller
2 generates a reduced interference mode intention signal, and wherein said
transmitter transmits said reduced interference mode intention signal to a

4 Ybase station associated with said communication device.

' AR O D



WO 97/ 41653 PCT/ US97/ 07174 22
determined for the frame, logic is provided which determines the
appropriate power control groups in which the data is present. The 14 bits
of the I ong code sequence stored in logic 46 used in determ ning the power
control groupgotmeshi ch data is present for 5 transm ssion PEI/USHET4H | ed
as follows: b[err] b[err] b[err] b[err] b[&8Pr] b[err] b[err] b[err] b[err]
b[err] b[err] b[err] b[err] b[err], where b[err] represents the ol dest
generated bit in thtz414 tThe é@ﬁuﬁﬁﬁeatxmouéa{ieé fof cléim rX2pwhersih sedcheoferd

recently gen rat nce Each 20 nsec reverse traffic
channel fra d% gé%“f‘%?ooéé equa ength (i.e., 1.25 msec.) power

cont rol groups nunbered fromO to 15 as shown in FIGs 10a - 10d. Data

tbur st randgm zer |h09:'50 46 bagd ﬁﬁﬁﬂhsnaﬂc@hﬁﬁﬁﬁ&dtmn vhiteh pewids agrtrality be
ransmtted for e_vari oys S ¢ es.
It should be no‘f ‘E?n?’ﬁ‘é‘f‘“f 5{) d{egsnﬁe r%‘ﬁg{}ﬂ %LS%P th? ahs?f{?ﬂlquﬁ Al
within the tranwmcbsmmmallamearyrtaanmtwcaver 16\51'§§P@n$fét<é§ ajgl, yarighlexate, Siaé

di scl osed hejeighse kfatiirl Sompfisthged to assure that the slot position within

the frane ower contr ol °f or

subset of 'Eﬁe slots fﬁmeé gt‘)%%: g (ﬁi’&&Bg @@%@i@oﬁcﬂ.ﬂg\‘ﬁgt&fﬁ%@wﬁ :
that the sl oés tesmtimouskytizansmitRFE energy atta filhate pewer layeh irrespastiveroft he
the masked ?t o e "“‘?Z’Q?‘ﬁ%‘“?a T e,
15t h power c g Wﬁ?wliﬁ ugto gt \?\’5? abﬁ’%}mﬁ a&dgto ©
precedi ng frarre Themédnshfqroweeivixg scdrﬂ@nemgwﬂlsu Id rangmnisteddby said
sufficient ypmegie etufictioh deviaerer

26. The base station of claim 25 further comprising means for
2. determining whether one of said plurality of communication devices is
continuously transmitting RF energy at a full rate power level irrespective

4 of said variable rate.

27. The base station of claim 26 wherein said means for

2 determining examines a first N bits of signaling traffic of a frame

transmitted by said one of said plurality of communication devices to

4 determine whether said one of said plurality of communication devices is
continuously transmitting RF energy.

28. The base station of claim 27 wherein said means for
2 determining determines that said one of said plurality of communication
devices is continuously transmitting RF energy if said first N bits of

4 signaling traffic matches a predetermined bit pattern.

29. The base station of claim 27 wherein said predetermined bit
2 pattern is all zero bits.

30. A method for reducing interference generated by a first of a
2 plurality of communication devices which nominally transmit data at a
variable rate and which nominally vary transmit power in response to said

4 variable rate, said method comprising the steps of:
directing a first of said plurality of communication devices to
6 continuously transmit RF energy at a full rate power level irrespective of

* c L M S *




control groups which data is transmitted in the follow ng frane. However it
shoul d be understood that any predeterm ned bits of PN data could be used
in determ ning the power control groups of the current frame for data
transm ssion. Although it is desirable to use the |ong code sequence in 30
det er m ni ngwidwpésser control groups in which data transm PETAISITTITO
occur, since this sequence is also used at the receiver for PN, other
determ ni stic sequences may be used for p@ger control group determ nation.

I'n this instangg®y Wa91é1%ted%ﬁé&bﬁl iitérferenael 68 CRAMBYd Geronamstemsaizh first al so

Kk by th R
control or ipEomRrniaARA ARARe & rﬁ?ﬁs@%&%@gﬁ%%ﬂ%ﬂﬁ ﬁ%ﬁﬂ“ﬁé
user dat a As il | ugecaiving isaidrIRE  eneogy - COIGE\%WM riransanitteps hys said fisse

period of gachniAufidationdae@eer control group within the frane there are
12 data bits er?cotg g‘ aas 36 code synbols which are in turn encoded as 6

Wal sh synbol s. WO 97141653
PCT/ US97/ 07174 23 \8ilt h &hemethbdrofsslaion B0 Bysthes comptisiyg ke ¥epwf: chi ps

there are 384 Wl s . airhadlicaBonC detizes e
are 4 PN Ch|§ps for%@%ﬁm\‘% Wa\'eﬁwérflﬁ\elofzs'_hl d5AGrality '&CB ica e

each tr ntrol group
is conprised df ceatlau%%lﬂ|tmr§w1t¥y\£§§6e'\9ﬁs% ﬁ?g?ﬂhgate péwer ig(ylef)}raﬁ ng
data, data iis éfisaitbwhiihlddd rate. each power control group. However, for rates
less than full rate, the value of the selected bits b[err] - b[err] is used

to determ ne the power control roups. i ch,dat s transnmitte
P 32. The metho% f Saim %1 wi\erem said éeterm%pmg step (tiurther

2 comprises the step of examining a first N bits of signaling traffic of a frame
transmitted by said one of said plurality of communication devices to

4 determine whether said one of said plurality of communication devices is
continuously transmitting RF energy.

33. The method of claim 32 wherein said determining step further
2 comprises the step of determining that said one of said plurality of
communication devices is continuously transmitting RF energy if said first

4 N bits of signaling traffic matches a predetermined bit pattern.

34, The base station of claim 32 wherein said predetermined bit
2 pattern is all zero bits.
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The power control groups used for transm ssion for the various rates are as
follows: 10 Data Rate Selected - Full Rate Transm ssion shall occur on
power control groups nunbered: 0,1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15. 15
Data Rate Selected - Half Rate Transm ssion shall occur on eight power
control group¥OopIMHsssr ed: b[err], 2+b[err], 4+b[err], 6+b[er riCI/EIHPRT4 ]|,
10+b[err] ,12+b[err], and l1l4+b[err]. Data Rate Selected - Quarter Rate 20
Transm ssion shall occur on four power control groups nunbered:

b[err]ifb[err]=0 ~or 2+b[err%¥;b[err]=l; 4+b[err] if b[err] =0
or 6+b[err] if b[err] = 1; 8+b[err] b[err] =0 or 10+b[err] if
b[err] = 1; and +blerr]  f roferTi 61‘? Ot H+rbi B err] = 1. 25
Dat a Rate Sel ect - One-Eighth RatenTrhnsm ssi on shhljl oCedr on {wo power
control groups nunyered. |oferry i o and RA2 = d), or 2tblerr] if
(blerr] =1 and b[ @] €0 [eQ] = d Wifb12 =1 or £
g+b3 i § gb[err}a: gg%d‘:ga[ 7 2 84 |O‘L (1t2)[§ar pfarE
= - +
(L[ere;]r] =)b an bl diR] E [1) | ] %ezlr)'erj_) AN Irwriz
Q- ro © nt 3N \ 2
Dhe bower sontr Ok dreunS el o2 L oo o dF1f o e 2
b[err] - b[err] ) brF sequeﬁbe. be der ktlopd | hat [since dat
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transmtted according to only one of FIGs. 10a - 10d for the particul ar
frame. In the exanple illustrated in FIGs. 10a - 10e, an exenplary b[err] -
b[err] bit sequence of (O, O, 1, 0, 1, 1, 0, 1, 1, 0, O, 1, 0O, 0) is used.
Using the al gorithnms set WD 97/ 41653

PCT/ US97107 Wtofted30rt h above for each data rate, data woul BCHESH0IHEni t t ed
I n the power control groups shaded for the corresponding transm ssion rate.
As can be seen in FIGs. 10b - 10d, the selected power control groups of the
lower rates are subsets of selected power copppol groups of higher rates.
The use of 5 subsets provides for ease in decoding of the franme for each
of the various rates. Logic 46 al so generates an output TXUNCT signal to
the RF transmtter_circuit |g—This signal |sj9cgrrs 020 MS—er—the
transmtter power F@l 2@ ed for power control groups that are to be
transmtted and oPRIMARYIOl power control groups that are not transmtted.
This control over TRAFFIO\e Tiirer provides aq duction in powe 12 8
consunption by the ¢gNBYSm {t which is particularly inportant in bIe

units. Further de{snsKBPS) dm burst random WW provi d '
copending United States pateg application S 231, ent It I ed
"DATA BURST RANDOM ZER', 15 which is assigned to the assignee of the
present invention and which is i ncorporated herein by reference. 11.

Interference Redu%i nal)echni gques In the data burst random zer descri bed
above, the gated- (3 -~ 192 BITS - 20 MS —>
DIM AND < 168 BITS —»
BURST WITH _
RATE 12 | 1l 2 80 88 12| 8
PRIMARY AND !
SIGNALING MM TT T™M PRIMARY SIGNALING F T
TRAFFIC =1 =0 =00 TRAFFIC . TRAFFIC
(9.6 KBPS) '
FIG. 2¢ |« 192 BITS - 20 MS >
DIM AND c— 168 BITS————>
BURST WITH | |
RATE 1/4 1142 40 128 12| 8
PRIMARY AND
SIGNALING MM TTTM PRIMARY SIGNALING F T
TRAFFIC =] =0 =01 TRAFFIC TRAFFIC
(9.6 KBPS)
-20 MS —
FIG. 2d » 192 BITS B21TS
DIM AND _ 168 BITS—————>
BURST WITH
RATE1S | 1112 16 152 12 8

PRIMARY AND' \rvf 7T TM PRIMARY ~ SIGNALINGTRAFFIC  F T

SIGNALING _. _q -
o =1 =0 =10 TRAFFIC

(9.6 KBPS)

FIG. 2¢ ' 192 BITS - 20 MS —>

BLANK AND
Bstig?&l,mg 1]1}2 168 12| 8
TRAFFIC v 1T T™
F T
ONLY MM TT T™ SIGNALING TRAFFIC
(9.6 KBPS)




20 control groups are pseudo-random zed in their positions within the
frame, spreading the burst-induced AMinterference over a relatively w de
bandw dt h. The present invention contenplates a nunber of techniques for
reduci ng the interference experienced by users of CDVA conmuni cation

devi ces. |In womprpiasent invention, interference arising froPCYAISPHNE-r at e
25 transmssion is effectively elimnated by configuring the transmtter
of an authorized CDVA comunication unit to transmt RF energy
substantially continuously at a full-rate power level, irrespective of the
i nst ant aneous | evel of user speech or data activity. ThIS cont i nuous '
transmi ssion is acconplished by the comudf2@ation unit transmtting only
full rate frames. 30 As a consequence, the type of AMinterference

nom nal |y acconpanying the transm ssion of variable-rate data by a CDVA
transmtter is substantially elimnated. FIG 11 illustrates sel ected
portions of a CDMA communicati on system capable of operating in the reduced.

interference node of thkegpresent 35 ln\/pntgé)ﬁni?mpminn unit 1101 i»‘

shown to be |n}q: flc tion with base statlon ich is controlled by
base station 02 ] bbp) TTOU— BSC . 1100 8013 s & hone Tocat

regi ster (HLR) e-eSRt-a-RRg—thRe—ateothrt prc%ilcs of—at- aubob.}Jc.a

in the service roI I ed by BSC 1100. Bas®0station 1104 radi ates|BH 8
signal s througﬁ WO-O4+41-653-

PCT/ US97/ 07174 25 connunlcatlon unit 1101 ppaMARY BRAREED! 1 Nk 1110. Bas@g T
station 1104 also

48 BITS - 20 MS >

<
FIG.2g | ' 40 BITS —>
2.4 KBPS
FRAME ' : 40 8
FORMAT _
PRIMARY TRAFFIC T
w3 24 BITS - 20 MS >
FIG. 2h |
) < >
1.2 KBPS 1_6 BITS
FRAME 16 8
FORMAT

PRIMARY TRAFFIC ' T




receives RF signals, through antenna 1108, which have been transmtted by
commruni cation unit 1101 over reverse link 1112. The present invention is
believed to be of particular benefit to 5 hearing inpaired users of digital
conmuni cations devices. Since such users will often be reliant upon

el ectroni c hswsemgssdi ds, the reduced interference | evel s asTeIVEEITWLIH t h.
operation in accordance with the invention mnimzes any inpact upon
hearing aid operation. In order togaranaggysystem capacity, a nunber of

aut hori zation schenmes may be instit#ted as a 10 neans of ensuring that
only those CDVA conmuni cation uni@ Or—associated with selected eligible
users (e.g., hearing i&paired usé&r aregperngted to engage in the type of
reduced interference transni ssion %nter’?ﬁl g by fthe.invention _Eor

exanpl e, only eldgi bl e\eari ng inpaired userq co!l d be allowed to 15
pur chase CDVA c nication units 1101 pre-apt hot4 or operation in a
reduced interfe(r%r‘ée node. Al g-erpot-ety—=—et-i-g-bt-e—hearrg—iApaired—users
coul d obtain aut ' ' riom-ttrerr—cehl ul rte g '
purchase of a CDMAjcomuni ca® on unit 1141 qapabl e of Jeduced inteff¢rence
nmode operati on. he authgy/M Z&rion= T crrrjtion ent iy
reside with the regt of the’subscyiber’g Jacqount
subscriber’'s hone locafion rggister (FLRY 1102.
reduced interference npde CodFd DE agi ated in of
exanpl e, the user y fctivatle tie re@ug¢qd ijnte ) user
I nterface 1120, whi|c <conpri a 251 keyp : ifrquijtry a$
is known in the art].¥In fuch a casep thg usdr ul : br i ned
activation sequencg }t hrough " i nf erfgge 14130, [ ; a
reduced interferendel nodg qcth '
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signal to mcroprocessor 18. In response, mcroprocessor 18 would then
conftgure comruni cation unit 1101 for operation in the reduced 30
interference node. Deactivation of the reduced interference node coul d be
acconplished in a simlar fashion. In this exanple, the user would be able
to activate awOodemsii vate the reduced interference node at widriussfemrseven
greater security, the reduced interference node may be activated and
deactivated through dataport 1122 by the subscriber's service 35 provider.
Typically, this connecting the g nication unit 1101 to a
programm ng statj onPREBMARYs & conputer (not s own). In such a case, the
reduced interfer pARAFFIMEBEES i vat i on si gnal generat ed by them %er woul d
be passed from dat apdNLY122 §#o0 m croprocessor 18 over trans 4 jne
310, and m croprocessor] 18 woul d then confi gure WO 97/ 41653

PCT/ US97/ 07174 26 co ication unit 1101 for reduced interference node
operation. Optionally ' ' '

pr event unaut hor i & TEY A
t echni que, authori zes conn
over-the-air activatio
1100. In this case, th- :
into user interfg v

=’i

esponse, m croprocessor
I tiplex

bul d generate

(MM) BIT
MM=0
Y
OUTPUT MIXED OUTPUT PRIMARY OUTPUT PRIMARY
MODE BIT AND TRAFFIC BITS TO TRAFFIC BITS TO
PRIMARY TRAFFIC CRC & TAIL BIT CRC & TAIL BIT
BITSTOCRC & GENERATOR GENERATOR
TAIL BIT - I
GENERATOR
y
COMPUTE CRC COMPUTE CRC
BITS AND BITS AND GE}II;EI?SAX%AH‘
APPEND TO END APPEND TO END APPEND TO END
OF PRIMARY OF PRIMARY OF PRIMARY
TRAFFI*C BITS | TRAFF;C BITS TRAFFIC BITS
GENERATE GENERATE
TAIL BITS AND TAIL BITS AND
APPEND TO APPEND TO
END OF CRC END OF CRC
BITS BITS
Y Y Y
OUTPUT FRAME OUTPUT FRAME OUTPUT FRAME
FORMATTED DATA FORMATTED FORMATTED
IN ORDER OF DATA IN ORDER DATA IN ORDER
MIXED MODE BIT, OF PRIMARY OF PRIMARY
PRIMARY TRAFFIC TRAFFIC BITS, TRAFFIC BITS,
BITS, CRC BITS CRC BITS AND CRC BITS AND
AND TAIL BITS TAIL BITS TAIL BITS
RETURN TO RETURN TO RETURN TO
FORMAT NEXT FORMAT NEXT FORMAT NEXT
FRAME OF FRAME OF FRAME OF
DATA DATA DATA




10 theminto a frame, and pass the frame to transmtter 1118 for

t ranstissi on over reverse link 1112 to base station 1104. Base station 1104
woul d then pass the request to BSC 1100 whi ch would verify authorization in
t he subscriber's HLR 1102. Upon appropriate authorization, base station
1104 woul d t wemotisrasasnit a reduced interference nbode acti vatPCHUSITEATHR t o
15 communication unit 1101. The reduced interference node activation
signal transmtted by base station 1104 woul d be received by antenna 60,
and passed to receiver 1116 by dupl exer 1114. Receiver 1116 woul d

denodul ate and decode the activation si and pass it to m croprocessor
18. In response, mcroprocessor 18 would then configqure comuni cation unit
1101 for 20 operatd ' duced i nt ¢rference node. Addi%i onal Iy, when
"roving" outside of PRIMARY #NDijce area, fhe conmuni cati on unf§t 1101 could

be permtted sever ¢d uses (e}g., calls)fin the visited sernvice
area pendi ng recei ptTrRAFRIC BPTS 4ati on from the home $ePUTRURIAATA R 1102,
Communi cation unit| 11gaiveayNpe donfigured|for reducefl ORDERI@FaVdEBTE, rode
operation by mi croproCgifNT)L8 ifn responsg to t he red BEBITnTEHBE,dMe [npde
activation signal any of thefabove techhni qu, PRIMARY d ke
noted that the above des¥ri bed techni ques jare nerely} TRAFFIT BITSySOM her
activation techni e G ERERRASRS d. Once the reduced {ntBIT SIGNALINGE i|s
activated, conmuni €atd D Owit 1101 is|ready to OopemRAFFIC BEUSqQEy
Q
to

i nterference node. % roprocessqr 18 gener ht eGRT & TAR. BIT
nmessage which is t ané € base statijon 1104 in icatjm?mq-o
conmmruni cation unit I ion to trgnsmt in ajreduced | nterl}erer
node. This nessage may bd transmtted, forf exanple, durrng rniftral
registration wth base stiation 1104, or i an 35 origination¥nessage from

ce

the communi cation .GENERATE .' cating it¢g COMPUTE CRC
BURST BITS AND
' - APPEND TO E
FOIIB(II\'I/‘Iggg ) OF SIGNALING
‘ TRAFFIC BITS
GENERATE
TRAFFIC TYPE TALBITS ARD
(TT) BIT TT=0
APPEND TO
. END OF CRC
BITS
GENERATE ¢ -
TRAFFIC
MODE (TM) OUTPUT FRAME
BITS TM=00 FORMATTED DATA
IN ORDER OF MM
BIT, BF BIT, TT BIT,

TM BIT, PRIMARY
TRAFFIC BITS, SOM

GENERATE BIT, SIGNALING
START OF TRAFFIC BITS, CRC
MESSAGE AND TAIL BITS
(SOM) BIT

i

RETURN TO
FIG. 4b FORMAT NEXT
- FRAME OF
DATA




attenpt to originate a call, or alternatively in a page response nessage
fremthe conmunication unit 1101, responding to an incom ng page from base
station 1104. Specifically, this nessage indicates the intent of
comuni cation unit 1101 to transmt only full rate franmes. Assum ng WO
97/ 41653 WO 97/41653 PCT/ USO T @&x7ush20074
proper authorization of comrunication unit 1101 through HLR 1102, and
sufficient systemresources avail able at base station 1104 to support

continuous full-rate transm ssion, base station 1104 will allow the
conmuni cation unit 1101 to send onl y f4gg rate frames. 5 Referring
nowto FIG 1, the generation and transm ssion Q ull rate frames by
conmmruni cation unit 1101 while in the reduced intlerference m)del will be
described. In a first _enbodi nent of the present finvention, th
m croprocessor 18 inﬁt Yogpﬁlf 16 to encodq each f|r ¢ig
sanples at full-rate (lir njreceiving thg reduc A .- nce node
10 activation si gnal ary inpl enentlati on’ df, '
techni que, rate 1 trcn’g r{esponds to aldata r4g % oder
16 to the m croprocedsor kbps. As noted jabove, : bps
are provi ded by generjat or E ring rate 1 operdgtion i ye t
franme data assenbl ed by the} m croprocessor 18. The encoder 22 [ hen encodes
the 15 9.6 kbps data fra from the generator] 20 into code pynbol s
w t hout repetition. TyE ympols are thenlinterleaved-inlinterleaver
24 and nodul ated in ﬁ I%fggﬂ h the manner descri bed abovel with
reference (MM) BIT _
MM=1 GENERATE
' TAIL BITS AND
l ' APPEND TO
- END OF CRC
GENERATE _ BITS
BURST
FORMAT (BF)
BIT BF=0
OUTPUT DATA IN
ORDER OF MM BIT,
BF BIT, TT BIT,
GENERATE PRIMARY TRAFFIC
TRAFFIC TYPE BITS, SECONDARY
(IT) BIT TT=1 TRAFFIC BITS, CRC
' _ . BITS AND TAIL
l BITS
GENERATE
TRAFFIC
MODE (TM) -
BITS TM=00 RETURN TO
' ' FORMAT NEXT
FRAME OF
DATA
OUTPUT DATAIN
ORDER OF MM BIT,
BF BIT, TT BIT,
PRIMARY TRAFFIC
BITS, SECONDARY
TRAFFIC BITS TO
CRC & TAIL BIT
GENERATOR FIG. 4c




to FIG 1. Wen the transnit data rate is 9.6 kbps (rate 1), all 16 power
control 20 groups within each franme are gated on (i.e., transmtted). As a
result of this continuous signal transmssion at a full rate, the AM
interference nomnally associated with transm ssion of variable rate
vocoded speeostobssisstbst antially elimnated. Optionally, thi sSPEBEURHIGE of
forcing the vocoder 16 to full-rate operation could be invoked only when
the transmt power 25 transmtter 56 exceeded a predeterm ned threshold,
for exanple 50 MW | n a CDVA system wi 8#0power control, such a case would
normal Iy only occur when the user is near the ¢dge of a base]station's

cell. As such, the forced fuII-rate nmet hod woulld have a negl gi bl e i npact
on system capacity [du ellatively infrequency t o] <]
i nvoked. Furthernorfe 3 I égc the forced uII-ratgéQ b lgca
predet er mi ned trangm | would al so preservg n
portabl e comuni catl o | fpl oyi ng the pgesent i second
embodi ment of the preANRB xlion, repetitiofs of ndgn¥.if EZ Gehcoded
speech or other data are ¢enerated in order to|fill t He TRA: Yale
frame. In the case of voi ¢e data, vocoder 16 c¢ntinues to opgrate at a
vari able rate, and n1crop ocessor 18 continuesjto provide repgetition of the
power control groupg—+ot = , quarter, and eighth rates|as described
above. However, the| niQGENE héggg dqr 18 instructg data burst rgndom zer |ogic
46 to refrain from He redundant pgwer control gmgoups, WO
97/ 41653 - (MM) BIT
MM=1 ' GENERATE
: TAIL BITS AND
APPEND TO
y END OF CRC
GENERATE ' BITS
BURST
FORMAT (BF)
BIT BF=1
_ OUTPUT FRAME
l ' FORMATTED DATA IN
ORDER OF MM BIT,
GENERATE | BFBIT, TT BIT, SOM
TRAFFIC TYPE BIT, SIGNALING
(TT) BIT TT=0 ' TRAFFIC BITS, CRC
l . BITS AND TAIL BITS
GENERATE -
START OF
MESSAGE
(SOM) BIT RETURN TO
FORMAT NEXT
FRAME OF
DATA
OUTPUT DATAIN -
ORDER OF MM BIT,
BF BIT, TT BIT, SOM
BIT AND
SIGNALING
TRAFFIC BITS TO
CRC & TAIL BIT
GENERATOR | FIG. 4d




28 and transmtter 56 remains gated on for all the power control
eactrfrane, in response to the reduced interference node request.
Simlarly, mcroprocessor 18 would generate repetitions of any non-ful

rate non- vocoder data provided to over data transm ssion |ine 310, and

i nstruct dat awbd9rissst random zer logic 46 to refrain from neekiUsg/IL4 t he
redundant power control groups. In each case, mcroprocessor 18 would
instruct transmtter 56 to transmt each frane at a full-rate power |evel,
irrespective of the nunber of repeated vg ions of the data. Since the CDVA
comuni cation unit thus transmts RF ene é@ substantial ly continuously at a
full rate power 10 level over the entirety of each frame, notw thstanding
the data rate, it fails to produce the type of e normally
associated with the transnlsS|on of variable rjate encoded spgech and ot her

groups of

data. In a third ane : d—enbodi nent of t ul | -
rate franes are ge eSEGﬂnHMARWb oprocessor 18 as 15
necessary with a pneTRASFICBIFSSpquence of bit In the CBEBES aiNDpeeg¢h
data, vocoder 16 cQrONI ILAN¥Eeher at e vari abl APPENDAGEMNS et s as
determined by the llewa\D URST) speech activitly. Howe @psgcgmmqe sor 18
builds only full-rate ares—By-nddi ng signal i i sfi ng of
a predeterm ned bit sequence as necessary to p rate
20 format. Alternativel m croprocessor 18 cjuld use a pr eflet er m ned
sequence of secondary tra@fic bits as necessarly to pad the ffane to a ful
rate format. As in |t hGERNEFEATE the previously [descri bed enbofi nents, the
m croprocessor 18 reyikErrMODEUf ed to enter this constant -f II-rate mode
only when the tran€n1ta@ rrof Jransmitter 56 exceeds_a ned 25
t hreshol d, for exan =W GENERATE
' TAIL BITS AND
APPEND TO
END OF CRC
GENERATE BITS
BURST
FORMAT (BF)
BIT BF=1
OUTPUT FRAME
l FORMATTED DATA
IN ORDER OF MM
GENERATE BIT, BF BIT, TT BIT,
TRAFFIC TYPE SECONDARY
(TT) BIT TT=1 TRAFFIC BITS, CRC
BITS AND TAIL BITS
Y
RETURN TO
OUTPUT DATA IN FORMAT NEXT
ORDER OF MM BIT, FRAME OF
BF BIT, TT BIT, DATA
SECONDARY
TRAFFIC BITS TO
CRC & TAIL BIT
GENERATOR

FIG. 4e



In this third enbodi nent,

m €eroprocessor

bui | di ng each reverse traffic channel
avai l abl e either fromthe active service option(s),

sivmedid168 | ayer,

or the 30

or both,

during traffic channel
18 ensures that only full-rate frames are transmtted. Wen
if sufficient bits are not
such as speech or data,
t hen the m croprocessorPCIBUS§@PB74t es

frame,

operation the

filler signaling traffic consisting of a predeterm ned pattern of bits in

order to pad out the full
zero bits.
||Onesn,

of bits is all

al so either be all
even a random sequence of 35 bits.

However,

speech service option is active (i

- being passed to micropr ocessor

rate frame. The preferred predeterm ned pattern

the predeterm ned pattern of bits could

As an exanpl e,

or an alternating pattern of ones and zeros,
If only the 8 kbps
.e. therejggono secondary data traffic
18 over transni ssion Iine 310),

or

and the

| evel of speech _activi

hal f-rate speecli p% Cﬁl Oigl]%s%‘\%g% XQf 3 aiéagﬁ gﬁ
29 97 ’gs‘sp g

FIG 2b, "Dim a'id *13 %03292“ I%82 88‘9,2 @s‘i 48 548
build a full ratse 7a@) 93 rmaem 2813293t 3 35'7639@4M'4355)485r 7 549

bits conprising g hgg hag w@tlszasmreqbsmm%z 294326 F58c890. @22 459 4BE SIS 550
88 signaling traffgg bt ﬁo@assr%wqwezbﬁ 26B8295C 32150S Bo RAY3 CAZHY ABY | P1RI551

si gnal i ng,
set to zero.
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282 314 346 378
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and 16 primary traffic bits respectively, and the remai nder of unused 128
or 10 152 signaling traffic bits respectively, would be set to zero. Again,
it should be noted that the present invention is also applicable to other
mul tiplex formats using different nunbers of total bits per frame, for
exanpl e, the wdodatebps nultiplex format of ANSI J- STD 008 enPCT/DERIN07174
"Personal Station - Base Station Conpatibility Requirenents for 1.8 to 2.0
Ghz Code Division 15 Miltiple Access (CDVA) Personal Comrunications
Systens."” During traffic channel operation, if base station 1104 (See FIG
11) receives a reverse traffic channel frane containing signaling traffic
whi ch consists of all zero bits and which do Aﬁpt formany part of a
signal i ng nessage, the base station 1104 recgg' zes that the comrunication
unit 1101 20 is operating in reduced interference node and discards the

signaling traffic. possn shegsaleq 167 Pyonumy 9480958 170Meg3 40D D25 94512571 2M3

1104 receives t ang t 4eNYA1 tgiedo Py 131¢26 QUBLIAEE AF70093 M09 439241 td%7 273
base station 11 ?Zﬂ ggctggt%‘ E%ti oo 8 51 f 1ﬁg|mr Y62 riAef 194 (210:226 2H2 258 274

hal f-rate speech apgl/ gg ds(oaasacszets»s B0 130 Qd6s 163 178 194 Q2 106226/ 2421258V 274
t hen the base st3at 19n351081 25783 925110331 dddi ABBG A9 485 211s2Zh 243 P9 275

traffic and, be@aus®e BBeyShr é7al83 299 011513t ddds 16D 7O 9H a2kl 221 RAZ 259 275
processing. Al tern20i 36l y52t 168 [Bdsd00t b16 d82 1484 164 rk80=396 021222281244 20 276
bit of the signdi?2Q B6affzc o &Jeﬂ@ﬂrrﬂfelaz 148ec %r@%ﬂ?ﬁz%lr?ozz%aﬁf‘ 60 276
exam ne the firs Ribids §3 e 85 %@77

X o : H 33 AP d55

nmb f bit te2d

?Ee g[ a(r)t o:‘ Z rﬁe\?vz | al gﬁg bc ON % d278

the frame is not? p% gsr rs 1 235
53¢

earlier frane, 2‘1 b Eq £|2h it2§9
as padding. In 3t a§8°r ’ﬁztl?m' @éasﬁs‘ﬁo‘iﬁﬁ ﬁﬂt“% 0EhH153PU8- 264 280
8 40 72 04 120 136 152 1 0 216 232 248 264 280
9 25 41 57 73 89 105 121 137 153 169 185 201 217 233 249 265 281
9 25 41 57 73 89 105 121 137 153 169 185 201 217 233 249 265 281
10 26 42 58 74 90 106 122 138 154 170 186 202 218 234 250 266 282

10 26 42 58 74 90 106 122 138 154 170 186 202 218 234 250 266 282
11 27 43 59 75 91 107 123 139 155 171 187 203 219 235 251 267 283

11 27 43 59 75 91 107 123 139 155 171 187 203 219 235 251 267 283

12 28 44 60 76 92 108 124 140 156 172 188 204 220 236 252 268 284
12 28 44 60 76 92 108 124 140 156 172 188 204 220 236 252 268 284

13 29 45 61 77 93 109 125 141 157 173 189 205 221 237 253 269 285

13 29 45 61 77 93 109 125 141 157 173 189 205 221 237 253 269 285
14 30 46 62 78 94 110 126 142 158 174 190 206 222 238 254 270 286

14 30 46 62 78 94 110 126 142 158 174 190 206 222 238 254 270 286
15 31 47 63 79 95 111 127 143 159 175 191 207 223 239 255 271 287

15 31 47 63 79 95 111 127 143 159 175 191 207 223 239 255 271 287
16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 256 272 288
16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 256 272 288

FIG. 5b



35 An advantage to this third enbodinent is that altering the

mul tipl exi ng schenme in order to produce full-rate frames accommodat es both
vocoder and non-vocoder data as primary traffic. As such, this third
enbodi ment supports data, fax, packet, and sinultaneous voice and data
service optiwosmafadi tionally, this third enbodi nent all ows RARUSIIOTT4
station WO 97/ 41653 30

PCT/ US97/ 07174 1104 to easily detect when a conmunication unit 1101 is
operating in the reduced interference node by nonitoring the reverse |ink
for full rate franes that contain signaling traffic consisting of the

- predeterm ned uni que pattern of bits. If an unauthorized comruni cation unit
1101 transmts such 5 franes, the base station 1104 can take appropriate
action, such as releasing the call. The prewmppis description of the
preferred enbodi ments is provided to enable any person skilled in the art
to make or use the ppes o4 NYENt40N4g | -pusg fi 3493t
enbodi nents w || ge b il; aggar:gnt@o o\gr h?ﬁjeslfsm% afd50tf§ g %%l %%saﬁ;
the generic pri nc%pl fgswegg hefiei ;9 gy gy appl 8pd3 ¢ 0 gat 1¢5194i rponi 37
wi thout the use of tbe {7ventBye fjacadtyy @5Is73 tEE 99 €9FNL0T NYSNRINOIRY F37
not intended to bg Ijpn {gd26 034 hetenb@ds8ed6s BORM GG GigN1(8I1T 1492001302138
accorded the w degt 19coig 2ON3AstaNtSQV 58 t66c ¥ i $Ti 90 €9HBaIGH 104 AR2f k3% 188S
di scl osed herein.2130VWEI&1I26 VB4 42 S50 58 66 74 82 90 98 106 114 122 130 138
10 18 26 34 42 50 58 66 74 82 90 98 106 114 122 130 138
11 19 27 35 43 51 59 67 75 83 91 99107 115123 131 139
11 19 27 35 43 51 59 67 75 83 91 99107 115123 131 139
11 19 27 35 43 51 59 67 75 83 91 99107 115123 131 139
11 19 27 35 43 51 59 67 75 83 91 99107 115123 131 139
12 20 28 36 44 52 60 68 76 84 92 100 108 116 124 132 140
12 20 28 36 44 52 60 68 76 84 92 100 108 116 124 132 140
12 20 28 36 44 52 60 68 76 84 92 100 108 116 124 132 140
12 20 28 36 44 52 60 68 76 84 92 100 108 116124 132 140
13 21 29 37 45 53 61 69 77 85 93 101 109 117 125 133 141
13 21 29 37 45 53 61 69 77 85 93 101 109 117 125 133 141
13 21 29 37 45 53 61 69 77 85 93 101 109 117 125 133 141
13 21 29 37 45 53 61 69 77 85 93 101 109 117 125 133 141
14 22 30 38 46 54 62 70 78 86 94 102 110 118 126 134 142
14 22 30 38 46 54 62 70 78 86 94 102 110 118 126 134 142
14 22 30 38 46 54 62 70 78 86 94 102 110 118 126 134 142
14 22 30 38 46 54 62 70 78 86 94 102 110 118 126 134 142
15 23 31 39 47 55 63 71 79 87 95 103 111 119 127 135 143
15 23 31 39 47 55 63 71 79 87 95 103 111 119 127 135 143
15 23 31 39 47- 55 63 71 79 87 95 103 111 119 127 135 143
15 23 31 39 47 55 63 71 79 87 95 103 111 119 127 135 143
16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144
16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144
16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144
16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144
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WD 97141653 PCT/ US97/ 07174
31—€tA MS 1. A system for reducing interference generated by a 2
conmmuni cation device which nomnally transmts data at a variable rate and
which nomnally varies transnmt power in response to said variable 4 rate,
sai d system cwoprmMssshg neans for directing said communi cati ORCT&BINOFI40
continuously 6 transmt RF energy at a full rate power |evel irrespective
of said variable rate; and 8 means, in.said comunication device and
responsive to said neans for directing, for transmtting RF energy
continuously at said full rate power 10 level irrespective of said variable
rate, whereby said interference is reduced preyhdat e said conmmuni cation
device due to continuous transm ssion 12 thereby at said full rate pomer

| evel . 2. The sysiemsof 9cI1§| nﬂ71 ﬂneisel %qs [ cﬁ

2 said conmmuni catlonldegl cg t lnugjsgg I%'go 5

rate power | evel i rrgspect pve30fy amd yar @b g @gtg g
rate 4 povver | evel e)_[ceg 59a1;3re(£t231r ngsleég gegbol -,syg egso
claim 1 wherein saig nmgang fior 1732§n25t29'93§ 9?”14'1' s4g549a 55”5'/‘a F &5t 89
vocoder; 4 a gonisrobl g3 fir 2ns35ugdi BY 33 d1vaysi Ayl 57 ¥ E ﬂpcesies9
to encode voice datalat5a Huli3 rit ezi r2®specBavg7oisisaisd 4garsnbse 6pt s §9d
5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70
11 15 19 23 27 31 35 39 43 47 51 55 59 63 67 71
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and wherein said neans for 4
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33 11. The nethod of claim9 wherein said transmtting step further 2

conmprises the steps of: instructing a variable rate vocoder in said

comuni cation device to 4 encode voice data at a full rate irrespective of
said variable rate; and transmtting said full rate encoded data at said
full-rate powsodravess. 12. The method of claim9 wherein saiP¢TUSATEHIT4 ting
step further 2 conprises the steps of: generating full rate frames of data
conprising repeated versions of 4 sai d variable rate data; and transmitting
said full rate franes at said full rnasyeopower |evel. 13. The met hod of

claim9 wherein said comunication device 2 nomnally transmts non-full
frames of data containing a variable nunber of bits in response to said

vari able rate, and wherein said transmtting step 4 further conprises the
steps of: generating full frames of data containing a fixed nunber of bits
6 irrespective of said varlable rate and transmtting said full frames of
data at said full-3t& ,, ‘ hod of claim 13 wherein
sai d communi cat k»n BYVER Eagl %gﬁqse:s sai d vari abl e nunber of

bits pseudo-ran‘&brﬂ‘?‘?ﬁ’? EF’ nd'ﬁ"'f"‘l "TF"a’ﬁ%"é‘T"?jat a, and wherein said full
franes of data oby%g:dgcmﬂ% tai n a variabl e nunber of
paddi ng bits h m°l3 The nmethod of claim 14
further conprisi g ing a reduced interference
node intention sig ced interference node
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4 station associated with said communi cation device. 16. The system of
clat+m 14 wherein each of said padding bits has a 2 |logical zero value. 17.
A conmmuni cati on device which nomnally transmts data at a 2 variable rate
and which nomnally varies transmt power in response to said variable
rate, said sywiemesnprising: 4 atransmtter; and PCWDSI7TAMOE53
PCT/ US97/ 07174 34 a controller for directing said transmtter to transmt
RF energy 6 continuously at a full rate powﬁﬁolevel i rrespective of said
vari able rate, whereby said interference is reduced proxi mate said

conmmuni cation device 8 due to contlnuous'TrﬁﬁEn1ss:on theteby at said ful
rate power level. 18. The communi cation dgvi of\cl ai m L7 wherein said

controller 2 directs sai

pnsmtter to cﬁnpjnuou W\ w1sn1t RF energy at
said full rate power |evel o rate only when
said-full rate power 4 | threshold. 19. The
communi cati on devi ce of | a variabl e
rate vocoder for encodin becti ve of said
variable rate. 20. The vhakei n said
controller 2 has an input] for , said controller
for generating full rate d versions of
said variable rate
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4 data and wherein said transmtter transmts said full rate franes at said
full rate power level. 21. The comunication device of claim 17 wherein
said 2 communi cation device nomnally transmts non-full frames of data
containing a variable nunber of bits in response to said variable rate, and
4 wherein sambemnsssol | er generates full frames of data contBCTUSKOHT4| xed
nunber of bits irrespective of said variable rate and wherein said 6
transmitter transmts said full frames of data at said full-rate power

| evel . 22. The communi cation device of cl gigmo 21 wherein said 2 .
comuni cation device nomnally distributes said variable nunber of bits
pseudo-random y in said non-fulACCESS«SHANNEIL LONGCODE MASKai d full 4
frames of data gerated by sa|d CQ roIIe n&f‘i a vari abl unmber of

paddi ng bits havi, 3 S . :
of claim 22 wherejn sa
i ntention signal,{and b#&% said tfa rangﬁtfc's sald rje

interference node TTEMTOM STUMal—to & 4 DASE start o assoctated W i sal
communi cati on devi ce. WO 97/ 41653

. 8a
PCT/ US97/ 07174 24. The communi cati on devi cecc;)f cI aim 22 wherein each of

said 2 padding bits has a | ogical zero val ue. A base station in a
comuni cation systemin which a plu on devi ces
nomnally transmt data at a vari ablpgjﬁlafceﬁgﬁp g%xal ly vary
transmt power inddesponse to s32d3Variable rate, sal d 0
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4 base station conprising: nmeans for directing a first of said plurality of
comruni cati on devices 6 to continuously transnmit RF energy at a full rate
power |level irrespective of said variable rate, whereby interference is
reduced proximate said first 8 comuni cation device due to continuous
transm ssi onyidwisedyy; and neans for receiving said RF ener gyPCRNSITATAGS| v
transmtted by said 10 first communication device. 26. The base station
of claim 25 further conprising neans for 2 determ ning whether one of said
plurality of comunication devices is ctoe0nuously transmtting RF energy
at a full rate power |level irrespective 4 of said variable rate. 27. The
base station of claim 26 wherein said neans for 2 determ ning exam nes a
first Nbits of signaling trhffic of arfl92BITS =S5TSrCODES YIMBOIS=0 ey of
said plurality of conmuni-ca onomsceg t o S6WEARSH SYMBQLLSer sai ¢ eee—of
said-plurality of communicat]on device$ ik POWMBRICONIROLIGRQUPSti Agi RF
energy. 28. The base station of claim 25? ei ' or_2!

devices is continuously transmit
signaling traffic US
! LA v
plurality of cd@auni Si i nénmMal t Fagls a} a at
vari able rate and ch nontmal | | vary transmt power I'n e%qq%ﬁ%ﬁ%&ﬁ@hgjﬁ

.. . . = : |
det ermi ni ng det erni nes t hat?™}ai f fs it cdt i on

j S%F ner p it}'bf 4
station of cla 7 '
bits. 30. A
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directing a first of said plurality of communication devices to 6

conti nuously transmt RF energy at a full rate power |evel irrespective of
WD 97/ 41653 - PCT/ US97/ 07174 36
said variable rate, whereby interference is reduced proximate said first 8
comuni cat i owalgwndtess due to continuous transm ssion ther eby;PCHESYEUE vi ng
said RF energy continuously transmtted by said first 10 conmuni cati on
device. 31. The nethod of claim 30, further conprising the step of. 2
determ ni ng whet her one of said plurality of conmunication devices is
continuously transmtting RF energy at a fuldgjpate power |evel irrespective
4 of said variable rate. 32. The nethod of c(al m 31 wherein said
determning step further 2 conprises the step of exam ni 108 first Nbits
of signaling traffic of a franme transm said plurality
of conmmuni cation devices to 4 determ nejwhether said one of said plurality
of communi cation devices is continuously tr 1t (ewn'éf'gy0233. The
nmet hod of claim 32 wherein said determ fiing step [furl ﬁer 2| conprises the
step of determ ning that said one of saifd plurality of conjunication
devices is continuously transmttb&g RF ener gy i[ sai d first 4 N bits of
signaling traffic matches a prede mned bit pajt 4 3 The base
station of claim32 wherein said pre [ ?—e-mll@ all zero
bits F%
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(57) Abstract

bits of a predetermined pattern to pad otherwise non-full frames.

A system and method for reducing the interference experienced by sensitive electronic devices, such as hearing aids, operative in the
*vicinity of CDMA user communication devices (10). A transmitter (56) of the communications device (10) is configured to transmit signal
power substantially continuously at a full rate power level irrespective of the variable data rate at which the transmitter (56) would otherwise
be operative. In a first embodiment, a variable rate vocoder (16) within the transmitter is directed to perform full-rate vocoding, irrespective
of an instantaneous level of user speech. In a second embodiment, a microprocessor (18) builds full-rate frames using repeated versions of
code symbols generated by the vocoder (16). In a third embodiment, the microprocessor (18) builds full rate frames by generating signaling




