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(57) ABSTRACT 
A method and apparatus for long code generation in syn 
chronous, multi-chip rate systems, Wherein a ?rst code 
sequence having a ?rst bit rate, and a second code sequence 

(21) Appl, No,: 10/794,891 having the ?rst bit rate, the second code sequence being a 
time delay of the ?rst code sequence, are multiplexed 

(22) Filed: Mar. 4, 2004 together, producing a desired long code. 
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METHOD AND APPARATUS FOR LONG CODE 
GENERATION IN SYNCHRONOUS, MULTI-CHIP 

RATE SYSTEMS 

FIELD OF THE INVENTION 

[0001] The present invention is related in general to cel 
lular communication systems, and, more particularly, to an 
improved method and system for long code generation in 
synchronous, multi-chip rate systems. 

BACKGROUND OF THE INVENTION 

[0002] In synchronous code division multiple access 
(CDMA) telecommunication systems, a long code generator 
is initialiZed by use of the forWard link synchroniZation 
channel. The long code generator is used to separate users. 
For example, in the IS-95 system, each user gets a different 
time shift of the same pseudo noise (PN) sequence, Which is 
the long code. When tWo synchroniZed systems are running 
at multiple and related chip rates, handoffs from one system 
to the other may be complicated because the state of the long 
code generator of the neW system is not knoWn. For 
example, CDMA 2000 has a Spreading Rate 1, also knoWn 
as 1><, having a chip rate of 1.2288 Mcps, and a Spreading 
Rate 3, also knoWn as 3><, having a chip rate of 3.6864 Mcps. 
If the same long code generator is used in each system, the 
long code generator in the 3x system runs three times as fast 
as the long code generator in the 1x system. This causes a 
problem When handing off from a 3x system to a 1x system, 
and vice versa. Due to the synchronous nature of the tWo 
systems, it is dif?cult to doWnload the long code generator 
state of the neW system to the user during handoff. 

[0003] In the example discussed above, it is optimum to 
have a 3x long code generator that is derived from the 1x 
long code generator. In this Way, once the mobile station is 
accessing either system, it knoWs the long code generator 
state of the other system, and handoffs are simpli?ed. 
Therefore, a need exists for an improved method and appa 
ratus for long code generation in a synchronous, multi-chip 
rate system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, hoWever, as Well as a preferred mode of use, further 
objects, and advantages thereof, Will best be understood by 
reference to the folloWing detailed description of an illus 
trative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

[0005] FIG. 1 illustrates a block diagram of an exemplary 
apparatus in accordance With the present invention illustrat 
ing the extension of a 1x chip rate to an Nx chip rate; 

[0006] FIG. 2 illustrates a block diagram of an alternate 
embodiment of an exemplary apparatus in accordance With 
the present invention illustrating the extension of a 1x chip 
rate to an Nx chip rate; 

[0007] FIG. 3 illustrates a block diagram of an exemplary 
apparatus in accordance With the present invention illustrat 
ing an example of a long code generator for spreading rate 
3; and 

[0008] FIG. 4 illustrates a logical ?oWchart of the method 
for long code generation according to the method and 
system of the present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] Referring noW to the ?gures, Wherein like refer 
enced numerals designate like components, FIG. 1 illus 
trates a block diagram of an exemplary apparatus 100 in 
accordance With the present invention illustrating the exten 
sion of a 1x chip rate to an Nx chip rate. In accordance With 
FIG. 1, encoder 102 is concatenated to the output 104 of 
code generator 106. In the preferred embodiment, code 
generator 106 includes a long code generator comprising a 
PN sequence generator. HoWever, it Will be appreciated by 
those skilled in the art that any sequence generator capable 
of generating a sequence of random bits may be used 
Without departing from the spirit and scope of the present 
invention. In the preferred embodiment, both the long code 
generator 106 and the encoder 102 are operated at the same 
bit or chip rate, Which in the preferred embodiment is the 1x 
or reference chip rate (i.e. 1.2288 Mcps). Encoder 102 
encodes code generator output 104, and produces a plurality 
of component or code sequences 110-114, Which are 
received by multiplexor 108. Multiplexor 108 multiplexes 
code sequences 110-114 and produces an output code 
sequence 116. As Will be appreciated by those skilled in art, 
the architecture depicted in FIG. 1 provides the ?exibility of 
extending the long code sequence from the 1x chip rate to 
any future higher multiple and related chip rate. Multiplexer 
108 has clock input 118 operating at Nx chip rate so that the 
output sequence 116 has the desired chip rate. 

[0010] Referring noW to FIG. 2, a block diagram of an 
alternate embodiment of an exemplary apparatus 200 in 
accordance With the present invention illustrating an 
example of a long code generator for spreading rate N is 
shoWn. An encoder 202 is concatenated With the output 204 
of the long code generator 206, Which preferably is running 
at the 1x chip rate. Encoder 202 encodes code generator 
output 204, and produces a plurality of component or code 
sequences 205, 215, 225, Which are received by multiplexor 
208. Preferably, ?rst component sequence 205 is substan 
tially similar to code generator output 204, and is input to 
multiplexor 208. HoWever, those skilled in the art Will 
appreciate that ?rst component sequence 205 may be a 
delayed version of code generator output 204. Second com 
ponent sequence 215 is a delayed version of code generator 
output 204, Wherein code generator output 204 is delayed by 
a predetermined amount at delay block 210. Third compo 
nent sequence 225 is also a delayed version of code gen 
erator output 204, Wherein code generator output 204 is 
delayed by a second predetermined amount at delay block 
212, Wherein the ?rst and second predetermined delays may 
or may not be the same. As shoWn in FIG. 2, the long code 
for spreading rate N comprises N multiplexed component 
sequences 205, 215, 225, etc., each having a chip rate of 1x. 
Multiplexor 208 has clock input 218 operating at the Nx chip 
rate so that the output sequence 216 has the desired chip rate. 

[0011] Referring noW to FIG. 3, a block diagram of an 
exemplary apparatus 300 in accordance With the present 
invention illustrating an example of a long code generator 
for spreading rate 3 is shoWn. Acode mask 305, Which in the 
preferred embodiment is a long code mask, is input to code 
generator 306. As described above, code generator 306 is 
preferably a long code generator. Long code mask 305 is 
applied over long code generator 306 to generate a speci?c 
mobile station’s long code sequence. A systematic rate 1/3 
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convulational encoder 302 is concatenated With the output 
304 of the long code generator 306, Which is running at the 
1x chip rate. Encoder 302 encodes code generator output 
304, and produces a plurality of component or code 
sequences 305, 315, 325, Which are received by multiplexor 
308. In cdma2000 or TIA IS-2000.2 Physical layer Standard 
for cdma2000 Spread Spectrum Systems, the long code for 
spreading rate 1 has a chip rate of 1x or 1.2288 Mcps. As 
shoWn in FIG. 3, the long code for spreading rate 3 
comprises three multiplexed component sequences 305, 
315, 325, each having a chip rate of 1.2288 Mcps. The ?rst 
component sequence 305 comprises the long code for 
spreading rate 1. The second component sequence 315 
comprises the modulo-2 addition of the long code for 
spreading rate 1 and the long code for spreading rate 1 
delayed by a predetermined amount, Which in the preferred 
embodiment is 1/1.2288 microseconds. The third component 
sequence 325 comprises the modulo-2 addition of the long 
code for spreading rate 1 and the long code for spreading 
rate 1 delayed by another predetermined amount, Which in 
the preferred embodiment is 2/12288 microseconds. HoWever, 
other predetermined amounts may be used and still fall 
Within the scope of the present invention. If code generator 
output 304 is a maximum length pseudo-noise sequence, the 
second and third component sequences 315, 325 are delayed 
or time-shifted versions of the ?rst component sequence 
305. As Will be appreciated by those skilled in the art, the 
delay may be produced via a shift register, a multiplier, etc. 
HoWever, it should be noted that the length of the shift 
register may be prohibitive. The three component sequences 
305, 315, and 325 are multiplexed by multiplexer 308. 
Multiplexor 308 multiplexes code sequences 305, 315, 325 
and produces an output code sequence 316. In this example, 
multiplexer 308 runs at a chip rate three times that of 
spreading rate 1 (i.e. spreading rate 3) via clock input 318. 
Therefore, the long code for spreading rate 3 Will have a chip 
rate of 3.6864 Mcps. In the preferred embodiment, the three 
component sequences 305, 315, and 325 are multiplexed 
such that the long code value at the beginning of every 
1/1.22ss microsecond interval, starting from the beginning of 
the System Time, corresponds to the ?rst component 
sequence. 

[0012] As Will be appreciated by those skilled in the art, 
the procedure described above for spreading rate 3 can be 
extended to generate a long code sequence of any multiple 
length. For example, a 4x long code sequence may be 
generated by multiplexing four 1>< sequences: the three 
sequences above and a fourth sequence generated by delay 
ing the long code for spreading rate 1 by yet another 
predetermined amount, Which in the preferred embodiment 
is three chips or 3/12288 microseconds, and exclusive or’ing 
or performing a modulo-2 addition With spreading rate 1. 

[0013] With reference noW to FIG. 4, there is depicted a 
logical ?oWchart of the process 400 of long code generation 
according to the method and system of the present invention. 
As shoWn, the process begins at block 402, Wherein the step 
of synchroniZing to the system long code is performed. 
Thereafter, as shoWn at block 404, the step of performing the 
modulo-2 addition of the long code sequence for the 1x 
system and the long code sequence for the 1x system 
delayed by a predetermined amount is performed. Thereaf 
ter, as shoWn at block 406, the step of performing the 
modulo-2 addition of the long code sequence for the 1x 
system and the long code sequence for the 1x system 
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delayed by another predetermined amount is performed. 
Thereafter, as shoWn at block 408, the step of multiplexing 
together the three long code sequences is performed, pro 
ducing the 3x long code sequence. 

[0014] The foregoing description of a preferred embodi 
ment of the invention has been presented for the purpose of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed. 
Obvious modi?cations or variations are possible in light of 
the above teachings. The embodiment Was chosen and 
described to provide the best illustration of the principles of 
the invention and its practical application, and to enable one 
of ordinary skill in the art to utiliZe the invention in various 
embodiments and With various modi?cations as are suited to 
the particular use contemplated. All such modi?cations and 
variations are Within the scope of the invention as deter 
mined by the appended claims When interpreted in accor 
dance With the breadth to Which they are fairly, legally, and 
equitably entitled. 

What is claimed is: 
1. A method for code generation in synchronous, multi 

chip rate communication systems, comprising the steps of: 

producing a ?rst code sequence having a ?rst bit rate; 

producing a second code sequence having the ?rst bit rate, 
the second code sequence being a time delay of the ?rst 
code sequence; and 

multiplexing the ?rst code sequence and the second code 
sequence and producing an output code sequence hav 
ing a desired bit rate. 

2. A method for code generation as recited in claim 1, 
Wherein the step of producing the second code sequence 
comprises the step of performing modulo-2 addition of the 
?rst code sequence and a delayed version of the ?rst code 
sequence. 

3. A method for code generation as recited in claim 1, 
including the step of producing a third code sequence having 
the ?rst bit rate, the third code sequence being a time delay 
of the ?rst code sequence, Wherein the step of multiplexing 
includes multiplexing the third code sequence. 

4. A method for code generation as recited in claim 3, 
Wherein the step of producing the second code sequence 
comprises the step of performing modulo-2 addition of the 
?rst code sequence and a delayed version of the ?rst code 
sequence, and Wherein the step of producing the third code 
sequence comprises the step of performing modulo-2 addi 
tion of the ?rst code sequence and a second delayed version 
of the ?rst code sequence. 

5. A method for long code generation in synchronous, 
multi-chip rate communication systems, comprising the 
steps of: 

producing a ?rst long code sequence having a ?rst bit rate; 

producing a second long code sequence having the ?rst bit 
rate, the second long code sequence being a time delay 
of the ?rst code sequence; 

producing a third long code sequence having the ?rst bit 
rate, the third long code sequence being a time delay of 
the ?rst long code sequence; and 
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multiplexing the ?rst long code sequence, the second long 
code sequence, and the third long code sequence, and 
producing an output code sequence having a desired bit 
rate. 

6. A method for long code generation as recited in claim 
5, Wherein the step of producing the second long code 
sequence comprises the step of performing modulo-2 addi 
tion of the ?rst code sequence and a delayed version of the 
?rst code sequence, and Wherein the step of producing the 
third code sequence comprises the step of performing 
modulo-2 addition of the ?rst code sequence and a second 
delayed version of the ?rst code sequence. 

7. An apparatus for code generation in synchronous, 
multichip rate systems, comprising: 

a code generator adapted to produce a ?rst code sequence 
having a ?rst bit rate; 

an encoder coupled to the code generator and adapted to 
receive the ?rst code sequence, the encoder adapted to 
produce a second code sequence having the ?rst bit 
rate, and 

a multipleXor coupled to the encoder, the multipleXer 
adapted to receive the ?rst code sequence and the 
second code sequence, the multipleXor further adapted 
to produce an output code sequence having a desired bit 
rate. 

8. An apparatus for code generation as recited in claim 7, 
Wherein the encoder comprises 

a delay block coupled to the ?rst code sequence, the delay 
block adapted to produce a delayed ?rst code sequence 
having a predetermined delay time; and 

a modulo-2 addition block coupled to the delay block and 
to the multipleXor, the modulo-2 addition block adapted 
to perform modulo-2 addition of the ?rst code sequence 
and the time delayed ?rst code sequence. 

9. An apparatus for code generation as recited in claim 7, 
Wherein the encoder is further adapted to produce a third 
code sequence having the ?rst bit rate, the third code 
sequence being a time delay of the ?rst code sequence, 
Wherein the multipleXor is adapted to receive the third code 
sequence. 

10. An apparatus for code generation as recited in claim 
8, Wherein the encoder comprises 

a second delay block coupled to the ?rst code sequence, 
the second delay block adapted to produce a second 
delayed ?rst code sequence having a second predeter 
mined delay time; and 
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a second modulo-2 addition block coupled to the second 
delay block and to the multipleXor, the second 
modulo-2 addition block adapted to perform modulo-2 
addition of the ?rst code sequence and the second 
delayed ?rst code sequence. 

11. An apparatus for long code generation in synchronous, 
multi-chip rate communication systems, comprising: 

a long code generator adapted to produce a ?rst long code 
sequence having a ?rst bit rate; 

a convolutional encoder coupled to the long code genera 
tor and adapted to receive the ?rst long code sequence, 
the convolutional encoder adapted to produce a second 
long code sequence having the ?rst bit rate, the con 
volutional encoder further adapted to produce a third 
long code sequence having the ?rst bit rate; and 

a multipleXor coupled to the convolutional encoder, the 
multipleXor adapted to receive the ?rst long code 
sequence, the second long code sequence, and the third 
long code sequence, the multipleXor further adapted to 
produce an output long code sequence having a desired 
bit rate. 

12. An apparatus for long code generation as recited in 
claim 11, Wherein the convolutional encoder comprises 

a ?rst delay block coupled to the ?rst code sequence, the 
?rst delay block adapted to produce a delayed ?rst code 
sequence having a predetermined delay time; and 

a ?rst modulo-2 addition block coupled to the ?rst delay 
block, the ?rst modulo-2 addition block adapted to 
perform modulo-2 addition of the ?rst code sequence 
and the delayed ?rst code sequence. 

13. An apparatus for long code generation as recited in 
claim 12, Wherein the convolutional encoder further com 
prises 

a second delay block coupled to the ?rst code sequence, 
the second delay block adapted to produce a second 
delayed ?rst code sequence having a second predeter 
mined delay time; and 

a second modulo-2 addition block coupled to the second 
delay block and to the multipleXor, the second 
modulo-2 addition block adapted to perform modulo-2 
addition of the ?rst code sequence and the second 
delayed ?rst code sequence; 

* * * * * 


