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(76) Inventor FRANKLIN P ANTONIO DEL Amethod and apparatus for transmitting voice and data in a 
code division multiple access (CDMA) Wireless telecom 
munications systems is described. In an exemplary embodi 
ment of the invention, a base station transmits voice infor 
mation at voice transmit poWer and data at a data transmit 
poWer that is equal to a maximum transmit poWer minus the 
voice transmit poWer. In a preferred embodiment of the 
invention, each base station reports the voice transmit poWer 
to a base station controller in 20 ms intervals. The base 
station controller responds by calculating an available data 
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INCREASED CAPACITY DATA TRANSMISSION IN 
A CDMA WIRELESS COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] I. Field of the Invention 

[0002] The present invention relates to Wireless commu 
nications. More particularly, the present invention relates to 
a novel and improved method and apparatus for transmitting 
voice and data in a code division multiple access (CDMA) 
Wireless telecommunications system. 

[0003] II. Description of the Related Art 

[0004] One measure of the usefulness of a Wireless com 
munication system is the ef?ciency With Which it uses the 
available RF bandWidth. In some instances, efficiency is 
de?ned as the sustainable data transmission rate of a system 
over a given amount of RF bandWidth. In other instances, 
ef?ciency is characteriZed as the total number of communi 
cations (such as telephone calls) that can be simultaneously 
conducted using a given amount of bandWidth. Whatever the 
measure, increasing ef?ciency generally increases the use 
fulness of a Wireless communication system. 

[0005] An eXample of an especially ef?cient, and therefore 
especially useful, Wireless communication system is shoWn 
in FIG. 1, Which is a highly simpli?ed illustration of a 
Wireless cellular telephone system con?gured in accordance 
With the IS-95 over-the-air interface standard adopted by the 
Telecommunications Industry Association (TIA). The IS-95 
standard and its derivatives such as IS-95-A etc. (referred to 
herein collectively as the IS-95 standard) de?ne a set of code 
division multiple access (CDMA) signal processing tech 
niques for implementing a cellular telephone system. A 
cellular telephone system con?gured substantially in accor 
dance With the IS-95 standard is described in US. Pat. No. 
5,103,459 entitled “SYSTEM AND METHOD FOR GEN 
ERATING SIGNAL WAVEFORMS IN A CDMA CELLU 
LAR TELEPHONE SYSTEM” assigned to the assignee of 
the present invention and incorporated herein by reference. 

[0006] In accordance With the IS-95 standard, subscriber 
units 10a-c (usually cellular telephones) conduct telephone 
calls and other communications by interfacing With one or 
more base stations 12 using the CDMA modulated RF 
signals. Each interface is comprised of a forWard link signal 
transmitted from the base station 12 to the subscriber unit 
10, and a reverse link signal transmitted from the subscriber 
unit 10 to the base station 12. 

[0007] Base station controllers (BSC) 14 perform various 
functions that alloW mobile communication to take place 
including orchestrating the handoff of a subscriber unit 10 
betWeen tWo base stations 12. Mobile sWitching center 
(MSC) 16 provides call processing and routing functionality 
to alloW communication With public sWitched telephone 
netWork (PSTN) 18. 

[0008] The use of CDMA modulation techniques as speci 
?ed by the IS-95 standard makes each RF signal appear as 
background noise during the processing of any particular RF 
signal. Making other signals appear as background noise 
alloWs transmission of multiple RF signals over the same RF 
bandWidth. Transmitting multiple signals over the same RF 
bandWidth increases the frequency reuse of the cellular 
telephone system, Which in turn increases the overall capac 
ity. 
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[0009] To further increase overall system capacity, IS-95 
varies the average transmit poWer of a signal in response to 
changes in voice activity. The average transmit poWer is 
varied in 20 ms increments, either by a reduction in the 
transmit duty cycle, or an actual transmit poWer reduction. 
By varying the average transmit poWer in response to voice 
activity, the average total poWer used by the RF signal to 
conduct communication is reduced. 

[0010] Because voice activity is essentially random, hoW 
ever, the total transmit poWer of an IS-95 compliant base 
station varies over time in response to changes in voice 
activity. Thus, When voice activity is loW, or feW conversa 
tions are being conducted, the base station Will transmit data 
at much less than its maXimum rate, leaving valuable 
bandWidth unused. 

[0011] Furthermore, varying transmit poWer With voice 
activity creates a degree of uncertainty as to the total 
transmit poWer that Will be used at any particular instant. To 
account for this uncertainty, IS-95 compliant base stations 
typically transmit at less than the maXimum rate to establish 
reserve transmit poWer for handling bursts of increased 
speech activity. Maintaining this reserve, hoWever, also 
causes the average transmission rate to be less than the 
maXimum transmission rate of Which base station is capable. 

[0012] In any case, transmitting at an average rate that is 
less than the maXimum rate is undesirable, as it does not 
utiliZe the available RF bandWidth as efficiently as possible. 
To increase the usefulness of a CDMA Wireless communi 
cation system, the present invention is directed toWards 
alloWing the average data transmission rate to more closely 
equal the maXimum transmission capacity of a base station 
12, and therefore toWards increasing the efficiency With 
Which the allocated RF bandWidth is used. 

SUMMARY OF THE INVENTION 

[0013] The present invention is a novel method and appa 
ratus for transmitting voice and data in a code division 
multiple access (CDMA) Wireless telecommunications sys 
tem. In an exemplary embodiment of the invention 
described herein, a base station transmits voice information 
at voice transmit poWer and data at a data transmit poWer 
that is equal to a maXimum transmit poWer minus the voice 
transmit poWer. In a preferred embodiment of the invention, 
each base station reports the voice transmit poWer to a base 
station controller in 20 ms intervals. The base station con 
troller responds by calculating an available data transmit 
capacity, and by forWarding data to each base station equal 
to the available data transmit capacity. Each base station 
then transmits all voice data at the current voice transmit 
poWer, and data at the current data transmission poWer. If the 
amount of data received exceeds the capacity provided by 
the current data transmission poWer, some data is not trans 
mitted. The base station then noti?es the base station con 
troller if data Was not transmitted, and the base station 
controller attempts to retransmit the data at a later time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 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: 
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[0015] FIG. 1 is block diagram of a cellular telephone 
system; 

[0016] FIG. 2 is a block diagram of a cellular telephone 
system con?gured in accordance With one embodiment of 
the invention; and 

[0017] FIG. 3 is a How diagram illustrating the operation 
of a cellular telephone system con?gured in accordance With 
one embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] FIG. 2 is a block diagram of a portion of a cellular 
telephone system including a base station controller (BSC) 
34, a pair of base stations 32, and a set of subscriber units 
30 con?gured in accordance With one embodiment of the 
invention. Subscriber units 30 conduct telephone calls by 
establishing bidirectional RF links With base stations 32. The 
bidirectional links are comprised of a forWard link signal 
transmitted from each base station 32, and a reverse link 
signal transmitted from each subscriber unit 30. 

[0019] In a preferred embodiment of the invention, the 
forWard and reverse link signals are processed in accordance 
With the IS-95 over-the-air interface standard, Which calls 
for the use of CDMA signal processing. CDMA signal 
processing alloWs multiple spread spectrum RF signals to be 
transmitted at the same RF frequency range via modulation 
and demodulation With a set of pseudorandom noise (PN) 
codes. 

[0020] Each base station 32 conducts communications 
With multiple subscriber units 30 by generating a set of 
forWard link signals. (The term “forWard link signal” is also 
used to describe a set of forWard link signals transmitted 
from a base station 32, hoWever, for the purpose of describ 
ing the present invention, forWard link signal refers to a 
forWard link transmission used for a single traf?c channel.) 
Additionally, each base station 32 receives a set of reverse 
link signals from a set of subscriber units 30. 

[0021] The number of forWard link signals that can be 
transmitted simultaneously by a base station 32 is typically 
limited by the maXimum transmit poWer capability (Pmax) of 
the particular base station 32, the amount of multipath 
generated, or a predetermined limit set in response to a 
netWork plan. The number of reverse link signals is typically 
limited by the bit energy to noise ratio (Eb/NO) required by 
a base station 32 to properly process a particular reverse link 
signal. 
[0022] The IS-95 standard also calls for the data transmit 
ted over the forWard and reverse link signals to be processed 
in 20 ms increments that correspond to frames. Within BSC 
34 and base stations 32, the various subsystems shoWn 
eXchange the frames, as Well as control information such as 
signaling messages, via the use of packets. The packets 
contain an address that indicates the subsystem to Which 
they are directed, so that they may be properly routed by 
CDMA interconnect subsystem (CIS) 40. Management sys 
tem 44 controls the con?guration and operation of the other 
systems that make up BSC 34 via signaling messages also 
transmitted using packets using information stored in sub 
scriber database 46. 

[0023] In accordance With the IS-95 standard, a subscriber 
unit 30 can enter soft handoff, as shoWn in FIG. 2, Whereby 
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tWo or more bidirectional RF links are simultaneously 
established With tWo or more corresponding base stations 
32. Soft handoff alloWs a subscriber unit 30 to move from 
the coverage area of one base station 32 to the coverage area 
of another base station 32 While maintaining at least one 
bidirectional link at all times. Soft handoff can be contrasted 
With hard handoff during Which the ?rst bidirectional inter 
face is terminated before the second bidirectional interface 
is established. 

[0024] To conduct soft handoff, a set of selectors (not 
shoWn) Within selector bank 42 perform various functions 
including and performing call distribution and call selection 
functions used for conducting soft handoff, as Well as 
tracking the base station or stations 32 With Which a sub 
scriber unit 30 is interfacing at any given time. The selectors 
are preferably comprised of a set of softWare instructions 
running on one or more microprocessors. 

[0025] Call distribution involves generating copies of each 
frame directed to the subscriber unit 30 in soft handoff 
(usually received from MSC 16), and forWarding one copy 
of the frame to each base station 32 interfacing With that 
subscriber unit 30. Thus, one copy of the frame is transmit 
ted from each base station 32. 

[0026] Call selection involves receiving a set of frames 
from the set of base stations 32 interfacing With the sub 
scriber unit 30 during the soft handoff, and selecting one 
frame for further processing based on the integrity or quality 
of the frames. The selected frame is generally forWarded to 
the MSC 16 for introduction into PSTN 18. 

[0027] In accordance With the preferred embodiment of 
the invention, base stations 32 receive tWo types of frames 
from BSC 34 during the processing of a set of voice phone 
calls and data communications: frames containing voice 
information (voice frames) and frames containing data infor 
mation (data frames). Each base station 32 responds to the 
tWo types of frames by transmitting all the voice frames 
received at a total transmit poWer Pvoice, and by transmitting 
a set of data frame at a total transmit poWer Pdata that is less 
than or equal to PmaX—P 

[0028] By transmitting data frames in addition to voice 
frames, the average poWer at Which the base station trans 
mits is increased With respect to a base station transmitting 
only voice frames. In particular, the base station 32 transmits 
more closely to its maXimum transmit poWer PrnaX at any 
given instant. This increases the average transmit poWer and 
therefore increases the total amount of information that is 
transmitted by the base station 32. Increasing the total 
amount of information transmitted, in turn, increases the 
ef?ciency With Which the base station 32 uses the available 
RF bandWidth. Furthermore, by transmitting data frames at 
a transmit poWer that is less than or equal to PmaX—PVOiCe, the 
average transmit poWer of a base station 32 is increased 
Without interfering With the set of voice communications 
already being conducted. 

[0029] FIG. 3 is a How chart illustrating the steps per 
formed by BSC 34 and base stations 32 during the process 
ing of voice and data frames in accordance With one embodi 
ment of the invention. The processing begins at step 70, and 
at step 72 a set of selectors Within selector bank 42 noti?es 
the base stations 32 When they have data queued for trans 
missions via the use of signaling messages transmitted to 
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subscriber unit 30. The data frames are received from MSC 
16 and are directed to a subscriber unit 30. In one embodi 
ment of the invention, the data frames are distinguished from 
voice data ?les via the use of one or more status bit 
contained in each frame. 

[0030] At a time To, each base station 32 receives a set of 
the signaling messages from the selectors, and calculates a 
value N equal to the number of selectors having a data frame 
queued for transmission. Additionally, each base station 32 
calculates a value EbX equal to the average energy used to 
transmit a bit of data, as Well as a value P(TO)Voice equal to 
the transmit poWer used at time T0 to transmit all the voice 
frames being processed. 

[0031] At step 74, each base station transmits the values 
N, EbX and P(TO)Voice to each selector having data frames 
queued for transmission. At step 76, each selector calculates 
a value Brnin as the minimum of a set of values B(1)b5 . . . 

B(n)bs Where B(n)bs=(PmaX—P(T0)VOice)/(N~EbX) for a base 
station 32, n being used to conduct the associated telephone 
call. That is, if the subscriber unit involved in the telephone 
call is in a soft handoff involving tWo base stations 32, tWo 
values B(1)b5 and B(2)b5 are calculated, and Brnin is set to the 
loWer of B(1)b5 and B(2)bs. In an alternative embodiment of 
the invention, Brnin is set to the higher of B(1)b5 and B(2)bs. 

[0032] Once Brnin 
mits a data frame having Brnin 
station 32 involved in the call. 

has been calculated, the selector trans 
bits of data to each base 

[0033] At step 77 occurring at a time T1 Which is after time 
To, each base station 32 receives a set of data frames and a 
set of voice frames from the selectors, and calculates a value 
P(T1)data equal to the poWer necessary to transmit the data 
frames received, as Well as a value P(T1)Voice equal to the 
poWer necessary to transmit the voice frames received. 
Using P(T1)data and P(Tl)voice, each base station 32 deter 
mines if P(T1)data+P(T1)Voice is less than or equal to the 
maXimum transmit poWer PrnaX of the base station 32 at step 
78. That is, each base station 32 determines if P(T1)data+ 
P(T1)VOice<=PmaX. If so, all the data frames are transmitted 
along With the voice frames at step 80, and then the base 
station 32 returns to step 72. While the use of PrnaX is 
preferred, the use of other thresholds less than PrnaX is 
consistent With the use of the present invention. 

[0034] If a base station determines at step 78 that 
P(T1)data+P(T1)Voice is greater than the maXimum transmit 
poWer Pmax, the base station 32 transmits a set of randomly 
selected data frames having (Pmax—P(T1)VOioe)/EbX bits of 
data at step 82. Then, at step 84 the base station 32 noti?es 
the selectors Which did not have their data frames transmit 
ted. These selectors can then attempt to retransmit the data 
contain in these data frames at a later time. 

[0035] Generally, most or all of the data frames received 
by a base station 32 Will be transmitted at time T1 because 
the transmit poWer used to transmit the voice frames at time 
T0 Will differ little from the necessary voice frame transmit 
poWer at time T1. Thus, if any demand to transmit data 
eXists, base station 32 Will transmit, on average, more 
closely to the maXimum poWer level. This alloWs the cellular 
telephone system to more ef?ciently use the available RF 
bandWidth. 

[0036] When the transmit poWer necessary at time T1 to 
transmit all the voice frames increases relative to the trans 
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mit poWer necessary at T0, the present invention limits the 
transmission of data frames to that Which Will cause PrnaX 
poWer to be used, While alloWing all voice frames to be 
transmitted. This ensures that all the telephone calls being 
conducted Will continue Without interruption, While also 
alloWing the maXimum number of data frames to be trans 
mitted given the maXimum transmit poWer PrnaX of a base 
station 32. 

[0037] Thus, a novel and improved method and apparatus 
for transmitting voice and data in a code division multiple 
access (CDMA) Wireless telecommunications systems is 
described. The previous description of the preferred embodi 
ments is provided to enable any person skilled in the art to 
make or use the present invention. The various modi?cations 
to these embodiments Will be readily apparent to those 
skilled in the art, and the generic principles de?ned herein 
may be applied to other embodiments Without the use of the 
inventive faculty. Thus, the present invention is not intended 
to be limited to the embodiments shoWn herein but is to be 
accorded the Widest scope consistent With the principles and 
novel features disclosed herein. 

I (We) claim: 
1. A method for performing Wireless communications 

using a base station having a maXimum transmit poWer PrnaX 
comprising the steps of: 

a) transmitting voice frames received at a voice transmit 
poWer P ' and v0 ice a 

b) transmitting data frames at a data transmit poWer less 
than PmaX—PVOiCe. 

2. The method as set forth in claim 1 Wherein step b) is 
comprised of the steps of: 

b.1) receiving a set of data frames; 

b.2) calculating an amount of poWer necessary to transmit 
all of said set of data frames; 

b.3) transmitting all of said data frames if said amount of 
poWer is less than PmaX—P ' and 

b.4) transmitting a portion of said data frames if said 
amount of poWer is greater than PmaX—PVOiCe. 

3. The method as set forth in claim 1 further comprising 
the steps of: 

determining a number of queued frames; 

determining an available number of bits per frame using 
said number of queued frames, an available transmit 
poWer, and a energy per bit value; and 

providing said number of queued frames, each having 
said available number of bits per frame. 

4. A system for conducting Wireless communications 
comprising: 

a base station controller for transmitting a set of data 
frames and a set of voice frames; and 

a base station for transmitting said set of voice frames and 
for transmitting at least a portion of said data frames 
When additional capacity eXists. 

5. The system as set forth in claim 4 Wherein said 
additional capacity eXists if additional transmit poWer is 
available While said voice frames are being transmitted. 

6. The system as set forth in claim 4 Wherein said base 
station is further for indicating a ?rst time additional capac 
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ity to said base station controller, and said base station 
controller is for setting said set of data frames to have an 
amount of data equal to said ?rst time additional capacity. 

7. The system as set forth in claim 6 Wherein said base 
station transmits a portion of said set of voice frames if a 
second time additional capacity is less than an amount of 
transmit poWer necessary to transmit all of said set of data 
frames. 

8. The system as set forth in claim 7 Wherein said base 
station noti?es said base station controller of a portion of 
said set of voice frames that Were not transmitted. 

9. A system for conducting Wireless communications 
comprising: 

means for generating a set of data frames and a set of 
voice frames; and 

means for transmitting said set of voice frames and for 
transmitting at least a portion of said data frames if 
additional capacity eXists. 

10. The system as set forth in claim 9 Wherein said 
additional capacity eXists if additional transmit poWer is 
available While said voice frames are being transmitted. 
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11. The system as set forth in claim 9 Wherein said means 
for transmitting is further for indicating a ?rst time addi 
tional capacity to said means for generating, and said means 
for generating is for setting said set of data frames to have 
an amount of data equal to said ?rst time additional capacity. 

12. The system as set forth in claim Wherein said means 
for transmitting transmits a portion of said set of voice 
frames if a second time additional capacity is less than an 
amount of transmit poWer necessary to transmit all of said 
set of data frames. 

13. The system as set forth in claim 12 Wherein said 
means for transmitting noti?es said means for generating of 
a portion of said set of voice frames that Were not transmit 
ted. 

14. The system as set forth in claim 9 Wherein said means 
for transmitting and said means for generating are coupled 
via a Wireline connection. 


