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(57) ABSTRACT 

Several methods and corresponding apparatus reduce peak 
to average power in Signals transmitted in a wireleSS com 
munications System, particularly with respect to pilot Sym 
bols transmitted from a base Station to Several user Stations. 
A large peak to average amplitude of inserted pilot Symbols 
has been found to result from a common Sign chip position 
that exists in Orthogonal codes, Such as Walsh codes. In a 
first embodiment, the Walsh codes are multiplied by a 
random value of t1. Under a Second embodiment, the 
common sign chip position is eliminated in each Walsh code. 
The user Station then inserts the missing chip position to 
regain orthogonality. In a third embodiment, the base Station 
transmits pilot Symbols, on a separate pilot channel, in only 
Symbol positions that user Stations expect to find pilot 
symbols. Under a fourth embodiment, each Walsh code is 
randomly shifted. 
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METHOD AND APPARATUS FOR REDUCING 
AMPLITUDE WARIATIONS AND INTERFERENCE 
IN COMMUNICATION SIGNALS, SUCH AS IN 
WIRELESS COMMUNICATION SIGNALS 
EMPLOYING INSERTED PILOT SYMBOLS 

CROSS REFERENCE 

0001. This application is a continuation of application 
Ser. No. 09/144,402, filed Aug. 31, 1998, entitled “Method 
and Apparatus for Reducing Amplitude Variations and Inter 
ference in Communication Signals, Such as in WireleSS 
Communication Signals Employing Inserted Pilot Symbols, 
and currently assigned to the assignee of the present inven 
tion. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The invention relates to communication systems. 
More particularly, the invention relates to methods and 
apparatus for reducing amplitude and interference in wire 
leSS communication Systems using inserted pilot Symbols. 
0004 II. Description of the Related Art 
0005. Several multiple access communication techniques 
are known in the art, Such as time division multiple acceSS 
(TDMA) and frequency division multiple access (FDMA). 
However, the spread Spectrum modulation techniques of 
code division multiple access (CDMA) provide significant 
advantages over other multiple access modulation tech 
niques. CDMA techniques in a communication System are 
disclosed in U.S. Pat. No. 4,901,307, entitled “SPREAD 
SPECTRUM MULTIPLE ACCESS COMMUNICATION 
SYSTEM USING SATELLITE OR TERRESTRIAL 
REPEATERS, and U.S. Pat. No. 5,103,459, entitled “SYS 
TEM AND METHOD FOR GENERATING SIGNAL 
WAVEFORMS IN A CDMA CELLULAR TELEPHONE 
SYSTEM,” both assigned to the assignee of the present 
invention. 

I. Field of the Invention 

0006 CDMA modulation techniques provide capacity 
improvements over other techniques based in part on 
CDMA's use of orthogonal functions. The CDMA codes are 
generated by, e.g., Walsh functions that mathematically form 
an orthogonal Set. Thus, any two Walsh functions are 
orthogonal to each other, and Signals encoded with two 
Separate Walsh functions should cause no mutual interfer 
ence if they are time aligned. An example of Walsh functions 
employed in a CDMA communication System is disclosed in 
U.S. Pat. No. 5,602,883, entitled “METHOD AND APPA 
RATUS FOR USING WALSH SHIFT KEYING IN A 
SPREAD SPECTRUM COMMUNICATION SYSTEM,” 
assigned to the assignee of the present invention. 
0007 Since CDMA employs a wideband signal, it 
Spreads the Signal energy over a wide bandwidth. Therefore, 
frequency Selective fading affects only a Small part of the 
CDMA signal bandwidth. CDMA also provides space or 
path diversity through multiple signal paths that Simulta 
neously link a mobile Station or user with two or more 
cell-sites. Furthermore, CDMA can exploit the multipath 
environment by allowing a signal arriving with different 
propagation delays to be received and processed Separately. 
Examples of path diversity are illustrated in U.S. Pat. No. 
5,101,501 entitled “METHOD AND SYSTEM FOR PRO 
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VIDING ASOFT HANDOFF IN COMMUNICATIONS IN 
A CDMA CELLULAR TELEPHONE SYSTEM,” and U.S. 
Pat. No. 5,109,390 entitled “DIVERSITY RECEIVER INA 
CDMA CELLULAR TELEPHONE SYSTEM,” both 
assigned to the assignee of the present invention. 

0008 Under one CDMA standard, described in the Tele 
communications Industry Association's TIA/EIA/IS-95-A 
Mobile Stations-Base Station Compatibility Standard for 
Dual-Mode Wideband Spread Spectrum Cellular System, 
each base Station transmits pilot, Sync, paging and forward 
traffic channels to its users. The pilot channel is an unmodu 
lated, direct-Sequence spread Spectrum Signal transmitted 
continuously by each base Station. The pilot channel allows 
each user to acquire the timing of the channels transmitted 
by the base Station, and provides a phase reference for 
coherent demodulation. The pilot channel also provides a 
means for Signal Strength comparisons between base Stations 
to determine when to hand off between base stations (such 
as when moving between cells). 
0009 CDMA modulation techniques require that all 
transmitters be under precise power control to manage 
interference in the System. If the transmission power of 
Signals transmitted by a base station to a user (the forward 
link) are too high, it can create problems Such as interfering 
with other users. As a result, most base Stations have a fixed 
amount of power at which to transmit Signals, and therefore 
can transmit to only a limited number of users. Alternatively, 
if the transmission power of signals transmitted by the base 
Station is too low, then Some users can receive multiple 
erroneous transmitted frames. Terrestrial channel fading and 
other known factors also affect the transmission power of 
Signals transmitted by the base Station. Thus, each base 
Station needs to adjust the transmission power of the Signals 
it transmits to its users. A method and apparatus for con 
trolling transmission power is disclosed in U.S. Pat. No. 
5,056,109, entitled “METHOD AND APPARATUS FOR 
CONTROLLING TRANSMISSION POWER IN A CDMA 
CELLULAR TELEPHONE SYSTEM,” assigned to the 
assignee of the present invention. 

0010 Recent CDMA modulation techniques have been 
proposed using dedicated time multiplexed (“DTMP) pilot 
symbols. Under the DTMP approach, separate pilot symbols 
are time multiplexed on each user's traffic channel. Each 
user Sequentially de-Spreads the pilot symbols (and infor 
mation Symbols). Under an alternative common code mul 
tiplexed pilot ("CCMP") approach, one co-channel is dedi 
cated to broadcasting a pilot Signal. No pilot Symbols are 
multiplexed with dedicated channels, and all users de-Spread 
both the pilot symbols and the modulated information sig 
nals in parallel. 

0011 Under the DTMP approach, the base station must 
employ a fraction of its total power for pilot Symbols and 
pilot data for each user. The total amount of power required 
for the pilot Symbols and pilot data is based on a Sum of the 
power required for all pilot symbols and pilot data for all of 
the base station's users. The CCMP approach need only 
allocate a fraction of its total power to the common pilot 
based on a maximum pilot power required by the “worst 
case' user. Additionally, the DTMP approach may suffer 
from further shortcomings. 
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SUMMARY OF THE INVENTION 

0012. The inventors have found that, with inserted pilot 
Symbols (as opposed to a common, continuous pilot signal), 
the pilot symbols transmitted to different mobile stations or 
users in the DTMP approach add linearly and cause large 
peak to average amplitude variations. Such amplitude varia 
tions require either large power amplifiers and/or cause 
interference in the System. AS explained more fully below, a 
Sign or value is identical in one position of each orthogonal 
code assigned to concurrent users (the “common sign chip 
position”), which can linearly add to produce a large ampli 
tude. 

0013 The inventors have identified at least four classes 
of Solutions to this problem. Under a first solution, the base 
Station multiplies the Signals of each user by a plus or minus 
random variable or phase rotation between 0 and 360 
degrees, Such as 0 or 180 degrees. The orthogonality of the 
codes is still maintained between the Orthogonal functions, 
but the value of the common Sign chip position of Some 
codes is varied. The user Station can determine the value of 
the random variable by either observing the sign of the 
Walsh demodulation, or by receiving additional data Sent 
from the base Station. 

0.014 Under a second class of solutions, the base station 
transmits empty Symbols or chips in the common sign 
position of each orthogonal function. The user Station then 
reinserts the missing chip after receiving the remainder of 
the orthogonal function Sequence. The user Station can 
reconstruct the first chip with the Walsh functions. For 
example, if all the transmitted Walsh functions would sum to 
0 if fully sent, then the user station sums all of the received 
Walsh functions (without the first chips) over all the Walsh 
chips. The negative of this Sum is the value that the received 
signal would have had if the Walsh functions were fully 
transmitted. If one of the Walsh functions did not Sum to 0 
(for example, all chips were equal to 1), then a first Walsh 
demodulation of all the received Walsh functions provides 
simultaneous equations for solving for the first Walsh chip 
amplitudes. 

0.015 Under a third class of solutions, instead of provid 
ing each user Station with its own pilot Symbols, the base 
station first identifies symbol positions common to different 
users. For example, four users may expect to receive a pilot 
Symbol in Symbol position Six. Instead of transmitting four 
Separate pilot Symbols, the base Station only transmits one 
pilot symbol to be used by all four users. This is a hybrid 
DTMP and CCMP approach. Individual pilot symbols are 
effectively shared or combined among users to provide the 
pilot symbols required for all user stations. Pilot symbols are 
not sent in Symbol positions where no user Station expects to 
find any pilot symbol. Not only does this third class of 
Solutions reduce the peak to average amplitude problem, but 
also reduces the number of symbols transmitted, to thereby 
reduce interference among transmitted channels. 
0016 Under a fourth class of solutions, the base station 
shifts each orthogonal code by a random amount. The user 
Station receives information regarding the random shifts for 
each channel to thereby unshift the channels and retain the 
orthogonality. Such random shifts effectively “shuffle” the 
common Sign chip position in the orthogonal codes, thereby 
reducing the peak to average amplitude problem noted 
above. 
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0017. In a broad sense, one aspect of the invention is for 
use in a communication System having a base Station and 
Several user Stations that eXchange communication signals 
with the base Station. A method for reducing transmission 
Signal power of transmitted communication signals 
includes: (a) receiving channel data for transmission on 
Several channels, wherein the channel data includes pilot 
Symbol data; (b) combining orthogonal codes with the 
received channel data, wherein each orthogonal code has at 
least one common chip position, and wherein the common 
chip position has a same value for each orthogonal code; and 
(c) before transmitting the channel data combined with the 
orthogonal codes, altering the common chip position of at 
least one of the orthogonal codes to reduce a combined 
amplitude resulting from Simultaneous transmission and 
addition of the common chip position for the Several chan 
nels. 

0018 Under another aspect of the invention, a method 
includes: (a) receiving channel data for transmission on 
Several channels to Several user Stations, wherein the chan 
nel data includes pilot Symbol data; (b) determining Symbol 
positions in which each of the Several user Stations expect to 
find pilot Symbols; and (c) transmitting to the Several user 
Stations pilot Symbols only in Symbol positions that the 
Several user Stations expect to find pilot Symbols, and failing 
to transmit pilot Symbols in other Symbol positions. 

0019. In yet another aspect of the invention, a user station 
includes a receiver and a processor. The user Station is for 
use in a communications System having a base Station and 
Several other user Stations. All of the user Stations exchange 
communication signals with the base Station. The receiver 
receives channel data from one of Several channels, wherein 
the channel data includes pilot Symbol data encoded with 
one of Several orthogonal codes, and wherein each orthogo 
nal code has at least one common chip position. The 
common chip position has a Same value for each orthogonal 
code. The common chip position of the one received 
orthogonal code is altered. The processor, which is coupled 
to the receiver, returns the altered one orthogonal code to an 
original State. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. In the figures, like reference numbers identify 
Similar elements. For ease in identifying the discussion of 
any particular element, the most significant digit in a refer 
ence number refers to the figure number in which that 
element is first introduced (e.g., element 204 is first intro 
duced and discussed with respect to FIG. 2). 
0021 FIG. 1 illustrates a wireless communications sys 
tem employing the invention. 

0022 FIG. 2 is a block diagram of a portion of a base 
station in the wireless communication system of FIG. 1, 
appropriate for the first class of Solutions. 

0023 FIG. 3 is a table showing an upper left corner of a 
Walsh matrix of dimension 128. 

0024 FIG. 4 is a table showing a cumulative summation 
of rows of the Walsh matrix of FIG. 3. 

0025 FIG. 5 is a graph showing the probability of an 
amplitude exceeding a mean Square amplitude for inserted 
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pilot Symbols, as compared to a power of a separate pilot 
channel, all based on 20 Simultaneous calls. 
0.026 FIG. 6 is a graph showing the probability of an 
amplitude exceeding a mean Square amplitude for inserted 
pilot Symbols, as compared to a power of a separate pilot 
channel, all based on 120 simultaneous calls. 
0027 FIG. 7 is a block diagram of a mobile station in the 
wireless communication system of FIG. 1. 
0028 FIG. 8 is a block diagram of a portion of the base 
station in the wireless communication system of FIG. 1, 
under a first alternative embodiment, appropriate for the 
Second class of Solutions. 

0029 FIG. 9 shows schematic waveform diagrams rep 
resenting an aspect of a Second alternative embodiment. 
0030 FIG. 10 is a block diagram of a portion of the base 
station in the wireless communication system of FIG. 1, 
under a Second alternative embodiment, appropriate for the 
third class of Solutions. 

0.031 FIG. 11 is an exemplary flow diagram of a method 
for generating pilot Symbols under the Second alternative 
embodiment. 

0.032 FIG. 12 is a block diagram of a portion of the base 
station in the wireless communications system of FIG. 1, 
under a third alternative embodiment, appropriate for the 
fourth class of Solutions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0033. A communication system, and in particular, an 
apparatus and method for controlling power and Signal 
interference in the System, is described in detail herein. In 
the following description, numerous specific details are 
provided to give a thorough understanding of the invention. 
One skilled in the relevant art, however, will readily recog 
nize that the invention can be practiced without these 
Specific details, or with alternative elements or Steps. In 
other instances, well-known Structures and methods are not 
shown in detail to avoid obscuring the invention. 
0034 FIG. 1 illustrates an exemplary cellular subscriber 
communication System 100, which uses multiple acceSS 
techniques Such as CDMA for communicating between 
users of user stations (e.g., mobile telephones) and cell-sites 
or base stations. In FIG. 1, a mobile user station 102 
communicates with a base station controller 104 by means 
of one or more base stations 106a, 106b, etc. Similarly, a 
fixed user station 108 communicates with the base station 
controller 104, but by means of only one or more predeter 
mined and proximate base Stations, Such as the base Stations 
106a and 106b. 

0035. The base station controller 104 is coupled to and 
typically includes interface and processing circuitry for 
providing system control to the base stations 106a and 106b. 
The base station controller 104 may also be coupled to and 
communicate with other base Stations, and possibly even 
other base station controllers. The base station controller 104 
is coupled to a mobile Switching center 110, which in turn 
is coupled to a home location register 112. During registra 
tion of each user Station at the beginning of each call, the 
base station controller 104 and the mobile Switching center 
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110 compare registration signals received from the user 
Stations to data contained in the home location register 112, 
as is known in the art. Soft handoffs may occur between the 
base station controller 104 and other base controllers, and 
even between the mobile Switching center 110 and other 
mobile Switching centers, as is known by those skilled in the 
art. 

0036 When the system 100 processes telephone or data 
traffic calls, the base station controller 104 establishes, 
maintains and terminates the wireless link with the mobile 
station 102 and the fixed station 108, while the mobile 
Switching center 110 establishes, maintains and terminates 
communications with a public Switched telephone network 
(PSTN). While the discussion below focuses on signals 
transmitted between the base station 106a and the mobile 
station 102, those skilled in the art will recognize that the 
discussion equally applies to other base Stations, and to the 
fixed Station 108. 

0037 Referring to FIG. 2, a modulator and encoder 200 
for use in the base station 106a includes a serial to parallel 
converter 202 that receives a Serial Stream of channel data 
and outputs a parallel stream of data on in-phase (“I”) and 
quadrature (“O”) channels. An orthogonal code generator 
204 generates orthogonal codes, Such as Walsh codes. AS 
described more thoroughly below, a phase rotator 206 gen 
erates a different phase rotation between 0 and 360 for Walsh 
codes output from the orthogonal code generator 204. For 
example, under a simpler embodiment, the phase rotator 206 
generateSphase rotations of 0 or 180 degrees. As a result, the 
phase rotator 206 randomly multiplies a plus or minus one 
value to the Walsh codes. While the phase rotator 206 is 
shown coupled to the orthogonal code generator 204, the 
phase rotator can be coupled to other elements in the encoder 
200. 

0038 A first pair of multipliers 208 and 210 multiply the 
randomly inverted Walsh codes with the in-phase and 
quadrature Signals, respectively. Importantly, the channel 
data input to the modulator 200 includes inserted pilot 
Symbols to which orthogonal codes from the orthogonal 
code generator 204 are multiplied. In all orthogonal codes, 
at least one row or column in a matrix of orthogonal codes 
have the same sign (the “common sign chip position”). The 
pilot symbols typically include a Series of +1 values for all 
chip positions for the symbol. Thus, without the phase 
rotator 206, the plus one value pilot symbols for multiple 
mobile Stations would add together to increase the peak to 
average amplitude, when the common sign chip positions of 
the orthogonal codes are aligned, as described below. 

0039. A second pair of multipliers 212 and 214 multiply 
a Scrambling code, output from a Scrambling code generator 
216, to the signals output from the multipliers 208 and 210, 
respectively. While only one channel is shown, the encoder 
200 combines signals from all Walsh channels (with some 
gain on each channel) before being Scrambled or spread by 
the scrambling code generator 216. A pair of filters 218 and 
220, such as pulse filters, filter the outputs from the multi 
pliers 212 and 214 on the in-phase and quadrature channels, 
respectively. A third pair of multipliers 222 and 224 multiply 
the filtered signals with carrier frequencies provided by coS 
(cot) and sin (cot) generators 226 and 228 on the in-phase and 
quadrature channels, respectively. Finally, an adder 230 adds 
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the signals from the third pair of multipliers 222 and 224, 
prior to amplification and transmission to the mobile Station 
102. 

0040. Unless described otherwise herein, the construc 
tion and operation of the various blocks shown in FIGS. 1, 
2 and the other figures are of conventional design and 
operation. Thus, such blocks need not be described in further 
detail, because they will be understood by those skilled in 
the relevant art. Any additional description is omitted for 
brevity and to avoid obscuring the detailed description of the 
invention. Any modifications necessary to the blocks of the 
communication system 100 of FIG. 1, the encoder 200 of 
FIG. 2, or other systems can be readily made by one skilled 
in the relevant art based on the detailed description provided 
herein. 

0041 Referring to FIG. 3, a portion of the first 14 rows 
and 11 columns of a Walsh 128 matrix is shown, which 
reflects an example of orthogonal codes generated by the 
orthogonal code generator 204. As shown in FIG. 3, the first 
chip position (i.e., first column) contains all “1” values. 
Other orthogonal codes may employ matrices having a 
common Sign chip position that is not necessarily in the first 
column (i.e., not in the first chip position). 
0.042 Referring to FIG. 4, it is assumed that equal power 
is used for each mobile Station as an illustrative example, but 
Similar conclusions can be drawn from the following 
example for a more realistic case of Sending different power 
to each user station. Importantly, the first Walsh chips add 
linearly. The kth row is the sum of the first (k+1) rows in 
the Walsh matrix, which corresponds to (k+1) pilot symbols 
of different mobile Stations being added. Thus, assuming 
proper alignment of pilot symbols, the first Walsh chips add 
to a value of 16 with 16 mobile stations. As shown below, 
the power of the first Walsh chip position grows approxi 
mately at the Square of an N number of mobile Stations, 
while the variance from all channels grows linearly with N, 
thereby making results worse as N increases. While greater 
Smoothing of amplitude results as N increases, an increase 
in N is found to only offset the linear growth in amplitude. 
0043. The inventors have not only identified a problem 
with inserted pilot Symbols, but have quantified Such prob 
lem as follows. An example of Such quantification assumes 
that each frame includes 16 slots, a full rate call has slots 
consisting of four pilot Symbols, one power control bit and 
15 data symbols, while /s rate calls include four pilot 
symbols, one power control bit, two data symbols and 13 
empty Symbols transmitted randomly as bursts relative to 
each other. Calls are allocated frame (and slot) offset posi 
tions with a resolution of one symbol. For convenience, a 
reference slot has Zero offset and all /s rate calls have slot 
offsets of 0-19 relative to the reference slot. Mathematically, 
let 

0044 x 18-a number of /s rate calls set up by the 
mobile Station's own base Station 

004.5 x1 f=a number of full rate calls set up by the 
mobile Station's own base Station 

0046 X28=a number of /s rate calls serviced by the 
base Station, but Set up in another base Station 

0047 x2f=a number of full rate calls serviced by the 
base Station, but Set up in another base Station 
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0048 x 18=a number of /s rate calls set up by the 
mobile station's own base station with offset i 

0049 y18=a number of /s rate calls set up by the 
mobile station's own base station that have symbols 
in offset i, etc. 

0050 All calls set up by another base station (“2-calls”) 
are placed randomly in the 20 offsets. For all calls set up by 
the mobile station's own base station (“1-calls”), the base 
Station picks offsets, when the calls are originated, to mini 
mize the interference with /s rate calls, in a manner dis 
cussed below. 

0051. The total number of call symbols in a symbol 
position i is determined as follows. The full rate calls occupy 
all the symbol positions, while the number of /s rate calls, 
which have offsets of i-6, i-5, i-4, i-3, i-2, i-1, i, have 
Symbols between calls overlapping in position i. When i-j<0, 
Such Symbols are assumed to result from a burst initiating in 
a previous slot. Hence, 

6 

y 18, =XX18+ X x 1820-i, i = 0, ... , 6 
i=0 i=i-Fl 

6 

y 18, =XX 18-j, i = 7, ... , 10 
i=0 

0052 and similarly for the other cases. 
0053. The signal x for N channels can be well modelled 
with a Gaussian approximation. The I and Q components 
after multiplying by dependent t1 Sequences a and a are 
X=a.X and Xo-acX. The Squared envelope is 

0054) Then, 

0055) Now, x is a non-central Chi-squared random vari 
able with non-centrality parameter p. 

0056. For one /s rate call normalized to unit amplitude 
for all Symbols, there are 4 pilot Symbols of constant sign 
and 3 other Symbols of t1. If a given position is occupied, 
the mean and variance for a particular symbol position are 
u=%7 and of-11%9, respectively. Similarly, for a full rate call 
with four pilot Symbols of constant sign, the mean and 
variance respectively are u=%0 and of=1-uf. For fixed y8 
and yf calls in a particular Symbol position, where y8=y 18+ 
y28 and yf=y1f-y2f, the mean and variance in a particular 
symbol position is u=%7*y8+/syf and of=y8(11%9)+yf 
(1/25), respectively. Using the Chi-squared approximation 
for a fixed number of calls, 
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0057 where p(y8.yf) is the joint probability mass func 
tion of those random variables. 

0.058 Constructing a simulation based on the above 
mathematical results, the graphs of FIGS. 5 and 6 were 
produced. Under the Simulation, the following assumptions 
were made: 

0059 (1) all calls arrive randomly (Poisson); 
0060 (2) for a fixed number of calls, each arriving 
call terminates a call of the same type (e.g., new /s 
rate call terminates an existing /s rate call); 

0061 (3) for a random number of calls, calls termi 
nate randomly (exponential holding times); 

0062 (4) 2-calls are randomly assigned an offset; 
0063 (5) 1-calls are assigned an offset to provide a 
minimum sum of 1- and 2-symbols, y18+y 1f-y28+ 
y2f; 

0064 (6) full-rate calls become /s rate and vice 
Versa at a Selected rate; 

0065 (7) a fixed number of 1- and 2-calls are used; 
0066 (8) transaction rates are set so that calls spend 
an equal amount of time, on average, as full or /s rate 
calls, 

0067 (9) the average number of each type of call 
(18, 1f, 28, 2f) is 5 or 30 (i.e., the total number of 
calls N=20 or 120); and 

0068 (10) all symbols, pilot and otherwise, have the 
Same amplitude. 

0069. As shown in FIGS. 5 and 6, the amplitudes of 
inserted pilot Symbols add to thereby increase the peak to 
average power ratio for a number N equal to 20 and 120 
calls, respectively. At a Statistically reasonable probability of 
1x10", the peak to average ratio of inserted pilot symbols 
is approximately 15 and 17 dB as shown in FIGS. 5 and 6, 
respectively. This compares to a ratio of about 12 dB for a 
Separate pilot transmitted continuously at the full rate 
(shown as the dotted line graph in FIGS. 5 and 6). 
0070. As noted above, this peak to average ratio increase 
results from the common sign chip position in orthogonal 
codes used in CDMA coding. To attenuate this peak to 
average increase, under a first class of Solutions, the modu 
lator 200 of FIG. 2 employs the phase rotator 206 to 
randomly multiply a plus or minus one value to the orthogo 
nal codes output from the orthogonal code generator 204. 
For example, assume that three calls are assigned Walsh 
codes 11-1-11-1-111-1-1 ..., 11-1-1-1-11111-1-1 ..., and 
1-11-1-11-11-11-1 . . . , corresponding respectively to rows 
2, 6 and 13 of the Walsh matrix of FIG. 3. Assuming the 
phase rotator 206 multiplies the values of -1.-1 and 1 to the 
three codes, the following altered Walsh codes result: 
-1-111-1-111-1-111 . . . , -1-11111-1-1-1-111 . . . and 
1-11-1-11-11-11-11 . . . . AS can be seen in this example with 
just three calls, the first chip position for the first two calls 
have their one value changed to -1. When such altered 
Walsh codes are multiplied with pilot symbols for concur 
rent calls, Such pilot Symbols will not provide as large an 
amplitude when aligned and added. 
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0071. The orthogonal code generator 204 can algorith 
mically generate the orthogonal codes, Such as the Walsh 
codes. The phase rotator 206 can be a pseudorandom num 
ber generator. Alternatively, the orthogonal code generator 
204 and phase rotator 206 can be combined to form a single 
unit that randomly generates orthogonal codes having phase 
variations. In another alternative, the orthogonal code gen 
erator 204 can be a stored table of orthogonal codes. 
0072 The base station 106a provides an arbitrary phase 
offset for each channel, including the channels received by 
the mobile station 102. The mobile station 102 decodes the 
data Symbols by comparing them to the phase of the received 
pilot symbols. The mobile station 102 does not necessarily 
determine the original phase of the orthogonal code (before 
being multiplied by a plus or minus one from the phase 
rotator 206), but instead determines the relative phase offset 
between the pilot symbols and the data symbols. The mobile 
station 102 multiplies all received symbols in a channel with 
the Same multiplier, and the relative phase offset is pre 
Served. 

0073) Referring to FIG. 7, an example of the mobile 
station 102 includes an antenna 710 that transmits signals to, 
and receives Signals from, the base Station 106a. A duplexer 
712 provides a forward link channel or signal from the base 
station 106a to a receiver system 714. The receiver system 
714 performs much of the demodulation and decoding of the 
receiver forward link channel. For example, the receiver 
system 714 performs Walsh code demodulation, and may 
perform power and Signal quality measurements. 
0074. A control processor 716 provides much of the 
processing of the forward link channel, as described below. 
A memory 718 permanently stores routines performed by 
the control processor 716, and provides a temporary Storage 
of data such as received frames. A transmitter system 720 
encodes, modulates, amplifies and up converts a reverse link 
traffic data Signal for transmission back to the base Station 
106a. 

0075) When setting up the call with the mobile station 
102, the base station 106a may transmit information to the 
mobile station that identifies for the mobile station the phase 
value provided by the phase rotator 206. The base station 
106a may send phase value information to the mobile station 
102 (1) when only pilot symbols are given a phase offset, (2) 
when multiple Walsh code channels are used for one user to 
carry high data rates, these channels are given different 
phase offsets, and when pilot Symbols on these channels are 
coherently combined, and (3) when pilot symbols from 
different Walsh code channels are to be combined and used 
by the mobile Station, and these code channels are given 
different phase offsets. The control processor 716 may then 
correct phase changes in received slots based on the previ 
ously transmitted phase value. Thus, if the phase value is 
180° (i.e., -1), then the demodulator in the receiver system 
714 of the mobile station 102 multiplies the code by -1 to 
correct the phase. 
0076. In an alternative embodiment, rather than generat 
ing a random String of plus and minus one values, the phase 
rotator 206 generates an ordered Sequence of alternating plus 
and minus one values (i.e., 1, -1, 1, -1, 1, . . . ) which are 
applied to the new users. This alternative embodiment, and 
those described herein, are Similar to previously described 
embodiments, only the Significant differences are described 



US 2002/0021683 A1 

in detail. The orthogonal code generator 204 of the modu 
lator 200 under this alternative embodiment then randomly 
assigns orthogonal codes to each new caller. As a result, the 
phase of orthogonal codes multiplied with pilot Symbols 
remains random, So that random orthogonal codes in the 
Walsh matrix are inverted (i.e., multiplied by -1). 
0077. In a first depicted alternative embodiment, under a 
Second class of Solutions and shown in FIG. 8, an encoder 
800 is similar to the encoder 200, but replaces the phase 
rotator 206 with a pilot chip decimator 806. The chip 
decimator 806 identifies pilot symbols and eliminates the 
common Sign chip position in the Orthogonal codes output 
from the orthogonal code generator 204 for pilot symbols. 
Thus, with the Walsh codes in FIG. 3, the chip decimator 
806 eliminates the first chip position in such codes (elimi 
nates the chips in column 0). As a result, the encoder 800 
sends empty pilot symbols in the first Walsh chip position. 
0078 While the orthogonal code generator 204 and chip 
decimator 806 are shown as separate blocks, these blocks 
can be combined to form a single orthogonal code generator 
that outputs orthogonal codes having the common Sign chip 
position eliminated. Alternatively, the orthogonal code gen 
erator 204 can be a Stored table lacking the common sign 
chip position for each code. In this alternative, the chip 
decimator 806 is unnecessary and can be eliminated. 
0079. To regain orthogonality, the mobile station 102 
replaces the decimated chip in the received symbols in at 
least one of two ways. First, the mobile station 102 recog 
nizes that, except for the first row, all Walsh codes sum to a 
value of Zero when employing a 1/-1, as opposed to 1/0, 
notation. Thus, the mobile station 102 can determine a plus 
or minus one value by observing the sign of the Walsh 
demodulation. The user station 102 can reconstruct the first 
chip with the Walsh functions. For example, if all the 
transmitted Walsh functions would sum to 0 if fully sent, 
then the user station 102 Sums all of the received Walsh 
functions (without the first chips) over all the Walsh chips. 
The negative of this Sum is the value that the received signal 
would have had if the Walsh functions were fully transmit 
ted. If one of the Walsh functions did not sum to 0 (for 
example, all chips were equal to 1), then a first Walsh 
demodulation of all the received Walsh functions provides 
simultaneous equations for solving for the first Walsh chip 
amplitudes. Thus, the control processor 716 of the mobile 
Station 102 analyzes a Sum of the received chips to deter 
mine the value of the first chip position. 
0080 Alternatively, the base station 106a transmits infor 
mation to the mobile station 102, when initially establishing 
a new call, that reflects the value of the decimated chip. This 
method is substantially similar to that described above with 
respect to FIG. 7. 
0081. In an alternative embodiment, the chip decimator 
806 is replaced by a common chip attenuator (not shown). 
The common chip attenuator attenuates the common sign 
chip position by a Selected amount. The value of the Selected 
amount is then transmitted, typically when a new call is Set 
up, to the mobile station 102. The mobile station 102 then 
boosts or amplifies the common sign chip position by the 
Selected amount to regain orthogonality. This alternative 
embodiment is a more general application of the first alter 
native embodiment described above with respect to FIG. 8. 
0082 In a second depicted alternative embodiment, 
under a third class of Solutions, pilot Symbols are Sent and 
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effectively time multiplexed by the base station 106.a for 
concurrent users. Not only does this third class of Solutions 
reduce the peaked average amplitude problem, but also 
reduces the number of symbols transmitted to thereby 
reduce interference among transmitted channels. The Vari 
ous users look for pilot symbols at selected times. When 
users would not be looking for any pilot Symbols, the base 
Station 106a does not send any pilot Symbols during Such 
times (i.e., during Such slots). 
0083 Assuming, for example, 16 slots per frame, and 20 
symbols per slot (and 128 or 256 chip positions per symbol), 
if each slot includes four pilot symbols 0-3, the base station 
106a transmits all four pilot symbols 0-3 in the first four 
symbol positions 0-3 of a slot 0, as shown in FIG. 9. While 
the pilot symbols 0-3 are shown in consecutive symbol 
positions of the slot, they need not be So positioned. User 1 
looks for and retrieves the four pilot symbols 0-3 in the 
symbol positions 0-3. Slots of Subsequent users are offset by 
a fixed number 0 through k of symbol positions. The offsets 
of Slots for users should occur with a resolution equal to one 
Symbol length So that Symbol boundaries are aligned. 

0084. User 2 is offset by two symbol positions, from user 
1, while user 3 is offset by eight symbol positions from user 
2 (ten symbol positions from user 1). User 2 looks for and 
retrieves two of its four pilot symbols in symbol positions 2 
and 3 of slot 0. Knowing that user 2 is offset by two symbol 
positions from the beginning of the slot, the base Station 
106a inserts two pilot symbols in symbol positions 4 and 5, 
in which user 2 looks for and obtains such symbols. 
0085 Knowing that user 3 is offset by ten symbol posi 
tions from the start of the slot, the mobile station 106a 
inserts the pilot symbols 0-3 in symbol positions 11-14. User 
3 therefore looks in symbol positions 11-14 to obtain its pilot 
symbols. User 4 has the same offset as user3. Therefore, the 
base station 106a need not send any additional pilot sym 
bols, user 4 looks in the same Symbol positions as user3 for 
its pilot Symbols. 

0086 Importantly, the base station 106a does not trans 
mit any pilot Symbols where it knows that its users are not 
looking for such pilot symbols. Therefore, as shown in FIG. 
9, the base station 106a does not transmit any pilot symbols 
in symbol positions 6-9. Thus, rather than transmitting four 
symbols for each of the four users in this example (for a total 
of 16 symbols), the base station 106a transmits only ten 
symbols for the four users. By sending fewer pilot symbols, 
the peak to average ratio noted above is reduced. Such a 
System is possible because the pilot Symbols are Substan 
tially similar. Moreover, the base station 106a under this 
second alternative embodiment may employ the same Walsh 
code for each user for pilot symbols. The base station 106a, 
however, encodes data to each user with a different Walsh 
code. The control processor 716 of the mobile station 102 
Switches between one Walsh code to demodulate the pilot 
symbols, and another Walsh code to demodulate data traffic. 
0087 Possibly more importantly, by simply reducing the 
number of pilot Symbols transmitted, interference among 
transmitted channels, including traffic channels, is reduced. 
By failing to transmit pilot Symbols during certain Symbol 
positions, power allocated for pilot Symbols can be reduced. 
0088 Referring to FIG. 10, an encoder 1000 for imple 
menting this Second alternative embodiment is similar to the 
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encoder 200, but eliminates the phase rotator 206. The 
encoder 1000 includes the pilot symbol generator 1010 that 
provides pilot Symbols to the channel data that is input to the 
Serial to parallel converter 202. A base Station processor 
1012 identifies all users to which the encoder 1000 transmits 
and determines the Symbol positions in each Slot that the 
users will look for pilot symbols. The base station processor 
1012 instructs the pilot symbol generator 1010 to only insert 
pilot Symbols in the channel data when users are expected to 
receive Such symbols. Data regarding users can be tempo 
rarily stored in a memory 1014. The base station processor 
1012 instructs the pilot symbol generator 1010 to not output 
any pilot Symbols in Symbol positions that users are not 
expecting to retrieve Such Symbols. In Sum, the base Station 
processor 1012 determines in which symbol positions to 
Send pilot symbols. 
0089. The orthogonal code generator 204 then assigns 
and multiplies the same Walsh code for all pilot symbols. 
Alternatively, the base station processor 1012 instructs the 
orthogonal code generator 204 to generate multiple Walsh 
codes for pilot symbols. The base station processor 1012 
also then causes the encoder 1000 to transmit information to 
the mobile station 102 so that the mobile station knows 
which Walsh codes were assigned to pilot symbols. 
0090 Referring to FIG. 11, a basic routine 1100 per 
formed by the base station processor 1012 under this second 
alternative embodiment begins in step 1110 by identifying 
all current users to which the base station 106a transmits. 
Those skilled in the relevant art can create Source code based 
on the flowchart of FIG. 11 and the detailed description 
provided herein. The routine 1100 is preferably stored in the 
memory 1014. 
0.091 In step 1112, the base station processor 1012 deter 
mines Symbol positions in which each current user expects 
to find pilot symbols. In step 1114, the base station processor 
1012 provides signals to the pilot symbol generator 1010 to 
cause pilot Symbols to be generated only in Symbol positions 
where current users expect to find pilot Symbols. This 
proceSS may be repeated for each frame. 
0092. In a third depicted alternative embodiment, under a 
fourth class of Solutions and shown in FIG. 12, an encoder 
1200 is similar to the encoder 200, but replaces the phase 
rotator 206 with a random shift generator 1206. The random 
shift generator 1206 randomly shifts each orthogonal code 
output from the orthogonal code generator 204 by a random 
number between 0 and n, where n is the n" chip position of 
the orthogonal code. Thus, with the Walsh matrix of FIG. 3, 
the random shift generator 1206 offsets each Walsh code by 
a random amount between 0 and 127. As a result, the 
common sign chip position (first chip position in FIG. 3) no 
longer exists Since each orthogonal code is randomly 
shifted. For example, if a first four and last Six chip positions 
of a given Walsh code are 1-1-11 . . . , 1-1-111-1, and the 
code were shifted rightward by one chip position, the 
resulting first and last four chip positions are -11-1-1 . . . 
-1-111. Note that the chip positions shifted from the right 
end of the code are positioned at the beginning, left end of 
the code. 

0093. The random shift generator 1206 could be a pseu 
dorandom number generator that randomly generates num 
bers 0 through 127 for the Walsh matrix of FIG. 3. Again, 
the orthogonal code generator 204 can be a Stored table. 
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Alternatively, the random shift generator 1206 and the 
orthogonal code generator 204 can be combined as a Single 
circuit that generates orthogonal codes randomly offset by 
numbers equal to a number of chip positions for the orthogo 
nal code. 

0094) The base station 106a transmits not only the shift 
value for the channel of the mobile station 102, but the shift 
codes for all users to which the base station transmits. While 
requiring Significant processor overhead for the control 
processor 716, the mobile station 102 unshifts all channels 
to regain orthogonality. Thereafter, the mobile station 102 
may demodulate and decode its channel. 
0095 Although specific embodiments of, and examples 
for, the invention are described herein for illustrative pur 
poses, various equivalent modifications can be made without 
departing from the Scope of the invention, as will be 
recognized by those skilled in the relevant art. For example, 
while many of the above embodiments are shown and 
described as being implemented in hardware, Such embodi 
ments could equally be implemented in Software and be 
performed by a processor. Such Software can be stored on 
any Suitable computer-readable medium, Such as micro code 
Stored in a Semiconductor chip, as computer-readable disk, 
or downloaded and stored from a server. The various 
embodiments described above can be combined to provide 
further embodiments. In general, the orthogonal code alter 
ing techniques described in detail above are examples, and 
those skilled in the relevant art can create Similar techniques 
under the teachings and concepts of the invention. 

0096. The teachings provided herein of the invention can 
be applied to other communication Systems, not necessarily 
the exemplary communication System described above. For 
example, while the present invention has been generally 
described above as being employed in the CDMA commu 
nication System 100, the present invention is equally appli 
cable to other digital or analog cellular communication 
systems. While the base station 106a is described above as 
altering the Orthogonal codes or Selectively transmitting 
pilot Symbols, Such techniques can be applied to a user 
Station. The invention can also be modified, if necessary, to 
employ the Systems, circuits and concepts of the various 
patents described above, all of which are incorporated by 
reference. 

0097. These and other changes can be made to the 
invention in light of the above detailed description. In 
general, in the following claims, the terms used should not 
be construed to limit the invention to the specific embodi 
ments disclosed in the Specification and the claims, but 
should be construed to include any communication System 
that operates under the claims to reduce amplitude in, or 
distortions between, transmitted Signals. Accordingly, the 
invention is not limited by the disclosure, but instead its 
Scope is to be determined entirely by the following claims. 

What is claimed is: 

1. In a communication System having a base Station and 
a plurality of user Stations that eXchange communication 
Signals with the base Station, a method for reducing trans 
mission signal power of transmitted communication Signals, 
the method comprising: 
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receiving channel data for transmission on a plurality of before transmitting the channel data combined with the 
channels, wherein the channel data includes pilot Sym- orthogonal codes, altering the common chip position of 
bol data; at least one of the orthogonal codes to reduce a com 

bined amplitude resulting from Simultaneous transmis 
Sion and addition of the common chip position for the 
plurality of channels. 

combining orthogonal codes with the received channel 
data, wherein each orthogonal code has at least one 
common chip position, and wherein the common chip 
position has a Same value for each orthogonal code; and k . . . . 


