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(57) ABSTRACT

A system for detecting and identifying the identity of a base
station or cell which transmits a scrambling code is pro-
vided. According to one aspect of the system, the system is
used to perform scrambling code detection of eight (8)
primary cells (each scrambling code’s X-component being
spaced sixteen (16) chips apart) in a group. According to
another aspect of the system, a single scrambling code
generator is used to generate a master scrambling code. The
master scrambling code is then used to create individual
scrambling codes which are used in correlation with
received signals to detect in parallel which one of the eight
(8) possible primary cells in the group transmitted the
received signals. According to yet another aspect of the
system, each of the correlators maintains a corresponding
X-component segment of the master scrambling code. For
every sixteen (16) chips, a new X-component segment of the
master scrambling code is introduced into one of the corr-
elators, a X-component segment of the master scrambling
code is dropped from another correlator, and X-component
segments of the master scrambling code are sequentially

6,985,517 B2*  1/2006 Matsumoto et al. ........ 375/152 shifted or propagated through the remaining correlators; and
(Continued) concurrent correlations are performed by the correlators
using their respective corresponding X-component segments
FOREIGN PATENT DOCUMENTS of the master scrambling code and newly received signals.
EP 1056 217 A 11/2000
(Continued) 53 Claims, 8 Drawing Sheets
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LOW YO BANDWIDTH METHOD AND
SYSTEM FOR IMPLEMENTING
DETECTION AND IDENTIFICATION OF
SCRAMBLING CODES

CROSS-REFERENCES TO RELATED
APPLICATION(S)

The present application is a continuation-in-part applica-
tion of pending, commonly assigned U.S. patent application
Ser. No. 10/015,531, filed on Dec. 12, 2001, entitled “A
LOW I/O BANDWIDTH METHOD AND SYSTEM FOR
IMPLEMENTING DETECTION AND IDENTIFICATION
OF SCRAMBLING CODES,” by Sharad Sambhwani et al.,
the disclosure of which is hereby incorporated by reference
in its entirety as if set forth in full herein for all purposes.

BACKGROUND OF THE INVENTION

The present invention generally relates to scrambling
codes. More specifically, the present invention relates to a
method and system for detecting scrambling codes within a
W-CDMA communication system.

Code acquisition is a fundamental algorithm required in
any direct sequence spread spectrum (DSSS) receiver. Prior
to de-spreading, demodulating and decoding frames, such a
receiver needs to acquire knowledge of timing information
relating to the underlying spreading waveform being used to
spread the data-bearing signal. According to the wide-band
code division multiple access (W-CDMA) communication
system of the 3GPP standards body, upon turning on a
mobile terminal or device, a 3-step initial cell search pro-
cedure needs to be performed to acquire the primary scram-
bling code which is used to spread the data bearing channels.
Examples of such channels are the primary common pilot
channel (P-CPICH) and the dedicated physical channel
(DPCH).

The first step of the 3-step initial cell search procedure
relates to slot timing. In a W-CDMA communication system,
each base station transmits its own scrambling code in
frames over the air to a mobile terminal. Each frame is made
up of fifteen (15) slots. Before the start of a frame can be
located, the start of a slot needs to be identified first. Once
the start of a slot is identified, then it can be assured that one
of the next fifteen (15) slots represents the start of a frame.
Upon conclusion of the first step, the start of a slot is
identified.

The second step of the 3-step initial cell search procedure
relates to frame timing. As mentioned above, at the end of
the first step, the start of a slot is identified. Once that is
achieved, the start of a frame can then be identified. Within
a W-CDMA communication system, there are five hundred
and twelve (512) base stations within the network. The base
stations are identified in the network by a network matrix.
The network matrix has sixty-four groups (64) and each
group has eight (8) cells. A particular base station is iden-
tified by its group and its cell position within the group.
During this second step, the start of a frame is identified and
the mobile terminal can then synchronize to the identified
frame and obtain information relating to group identifica-
tion. Upon conclusion of the second step, the group which
contains the base station that sent out the frame (or scram-
bling code) is identified, i.e., one out of sixty-four (64) group
is identified.

Upon completing the first two steps of the initial cell
search procedure, the receiver has knowledge of the slot and
frame timing of the received scrambling code, such as a
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P-CPICH signal. The receiver also has knowledge of the
group identification of the base station or cell being
acquired. The group identification information contains
information on all eight (8) primary cells within the group.
Since there are eight (8) cells in a group, using the group
identification information, the receiver needs only to iden-
tify one (1) out of eight (8) possible primary cells from the
group.

To achieve this goal, the receiver may use one of two
conventional approaches. Under the first approach, the
receiver may perform a correlation of the received signals
with a parallel bank of eight (8) scrambling code generators
(typical correlation length N ranges from 64 to 256 chips
based on frequency offset in the received signals). All the
eight (8) correlations are performed within N chips, at the
expense of using eight (8) parallel scrambling code genera-
tors.

Under the second approach, the receiver may sequentially
correlate the received signals with eight (8) possible scram-
bling codes for N chips each. Using a single scrambling code
generator, one may attain all eight (8) correlation results
after slightly greater than 8*N chips (this number of chips is
needed to allow for reassigning the scrambling code gen-
erator to another phase offset, after each correlation is
performed),

Implementations may not be limited to the above two
conventional approaches. The above two approaches were
explained for the case of real time processing of the CDMA
signal, i.e. no buffering of received data was assumed for
these two cases.

As mentioned above, the eight (8) scrambling codes may
be generated in parallel, using eight (8) separate scrambling
code generators each operating independently, or the eight
(8) scrambling codes maybe generated using a single scram-
bling code generator using eight (8) sets of masks (a set=4
18-bit masks). However, both of these approaches require
additional power consumption/silicon area. Under the first
approach, additional scrambling code generators are needed;
and under the second approach, additional memory storage
is needed to store the received signals and it takes additional
time to generate and process the necessary scrambling codes
in a sequential manner.

Hence, it would be desirable to provide a method and
system which is capable of generating scrambling codes for
correlation to identify a received scrambling code in a more
efficient manner.

SUMMARY OF THE INVENTION

An exemplary method of the present invention is used to
perform scrambling code detection of eight (8) primary cells
(each scrambling code’s X-component being spaced sixteen
(16) chips apart) in a group. According to the exemplary
method, a single scrambling code generator is used to
generate a master scrambling code. The master scrambling
code is then used to create individual scrambling codes
which are used in correlation with received signals to detect
in parallel which one of the eight (8) possible primary cells
in the group transmitted the received signals. Each indi-
vidual scrambling code has a X-component and a Y-com-
ponent. The individual scrambling codes are created based
on the fact that the X-component of each cell station’s
scrambling code’s phase reference is spaced sixteen (16)
chips apart.

The use of this exemplary method reduces the complexity
of scrambling code or PN generator(s) in the parallel search
implementation. More specifically, the use of this exemplary
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method avoids the need to utilize parallel logic to generate
eight (8) scrambling codes. Since the X-component of each
primary scrambling code within a group is sixteen (16) chips
apart, a pair of buffers (one for the X-component and one for
the Y-component) is used to store a sequential stream of X-
and Y-components of the master scrambling code (typically
the first primary code with a group) output respectively from
a single scrambling code generator. Since the Y-component
is common to all primary cells in the group, the Y-compo-
nent is correlated with different portions of the X-component
(each portion being offset by a multiple of sixteen (16)
locations from the X-component buffer) to generate all eight
(8) individual scrambling codes in the group. That is, using
different 16-chip offsets in the X-component buffers (com-
plex samples) and a common Y-component buffer (complex
samples), all eight (8) different complex individual scram-
bling codes can be generated. The received data is then
correlated in parallel with each of the eight (8) individual
scrambling codes generated from the master scrambling
code. Eight dimensions are mapped to a single dimension at
the expense of a slight increase in storage size.

This exemplary method can be used as part of an overall
3-step initial cell search procedure to acquire the downlink
of a 3GPP WCDMA cell, which more specifically corre-
sponds to part of the stage 3 portion of the cell search
procedure.

According to an exemplary implementation of the exem-
plary method of the present invention, the exemplary imple-
mentation includes a single scrambling code generator and
eight (8) correlators arranged in sequential order. Each of the
correlators maintains a corresponding segment of the master
scrambling code’s X-component and a common segment of
the Y-component. For every sixteen (16) chips, a new
segment of the master scrambling code’s X-component is
introduced into one of the correlators by the scrambling code
generator, a segment of the master scrambling code’s
X-component is dropped from another correlator, and seg-
ments of the master scrambling code’s X-component are
sequentially shifted or propagated through the remaining
correlators; and concurrent correlations are performed by the
correlators using their respective corresponding segments of
the master scrambling code and newly received signals. The
foregoing process is repeated until a desired correlation
length is achieved.

Reference to the remaining portions of the specification,
including the drawings and claims, will realize other features
and advantages of the present invention. Further features
and advantages of the present invention, as well as the
structure and operation of various embodiments of the
present invention, are described in detail below with respect
to accompanying drawings, like reference numbers indicate
identical or functionally similar elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a simplified diagram illustrating the timing of
the X-components of the scrambling codes of the eight (8)
cells within a group;

FIG. 15 is a simplified diagram illustrating the timing of
the Y-components of the scrambling codes of the eight (8)
cells within a group;

FIG. 2 is a flow diagram illustrating an exemplary method
of the present invention;

FIG. 3 is a simplified diagram illustrating parallel corre-
lations of eight (8) cells in a group using a single scrambling
code generator according to the present invention;
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FIG. 4 is a simplified diagram illustrating one exemplary
implementation of the exemplary method according to the
present invention;

FIG. 5 is a flow diagram illustrating one exemplary
implementation of the exemplary method in accordance with
the present invention;

FIGS. 6a and 64 are simplified diagrams illustrating a
second exemplary implementation of the exemplary method
in accordance with the present invention;

FIG. 7a is a diagram illustrating correlation results gen-
erated by the exemplary method shown in FIG. 3 in accor-
dance with the present invention; and

FIG. 7b is a diagram illustrating correlation results gen-
erated after one iteration by the exemplary implementation
shown in FIG. 6 in accordance with the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention in the form of one or more exem-
plary embodiments will now be discussed. The present
invention can be applied to the third step of the initial cell
search procedure when a mobile terminal is initially pow-
ered on to identify the base station or cell which transmitted
the received signals containing a scrambling code. FIG. 1a
is a simplified diagram illustrating the timing of the X-com-
ponents of the scrambling codes of the eight (8) cells within
a group. Referring to FIG. 1a, the scrambling code of each
cell is transmitted on a periodic basis and the period of the
scrambling code of each cell is thirty-eight thousand and
four hundred (38,400) chips, i.e., the scrambling code of
each cell is repeated after 38,400 chips. For example, for cell
“0”, X, is generated internally within a scrambling code
generator at t, and at tyg 400. Furthermore, the X-components
of the scrambling codes of any two adjacent cells are offset
by sixteen (16) chips. For example, cells “0” and “1”
transmit X, and X ; respectively at t,. The scrambling codes
of all the cells within the group are transmitted at the same
frame boundary. By having a 16-chip offset between two
adjacent cells, the X-components of the scrambling codes
between two adjacent groups of cells are offset by one
hundred and twenty-eight (128) (16%*8=128). It should be
noted that the Y-components of all the scrambling codes for
a group of cells are the same, i.e., there is no offset between
the Y-components of adjacent scrambling codes. FIG. 15 is
a simplified diagram illustrating the timing of the Y-com-
ponents of the scrambling codes of the eight (8) cells within
a group.

According to one exemplary method of the present inven-
tion, a scrambling code represented by the received signals
is identified by using a single scrambling code generator to
attain N chip correlation of the received signals with eight
(8) primary scrambling codes in a group within N+16%*7=N+
112 chips.

FIG. 2 is a flow diagram illustrating an exemplary method
of the present invention. Referring to FIG. 2, at 20, the
correlation length N is first determined. The correlation
length N is the amount of time during which correlation
between the received signals and the generated scrambling
codes is summed up. The correlation length N is selected
such that reasonable correlation results can be obtained.
Typical values of the correlation length N range from
sixty-four (64) to two hundred and fifty-six (256), depending
on the relative carrier frequency offset between the trans-
mitted and received signals. A person of ordinary skill in the
art will know how to select the proper correlation length.
























