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(7) ABSTRACT

A base station including a transmitting and receiving ampli-
fier for amplifying CDMA signals exchanged with a mobile
station; a radio stage connected to the transmitting and
receiving amplifier for carrying out D/A conversion of a
transmitted signal that undergoes baseband spreading, fol-
lowed by quadrature modulation, and for carrying out quasi-
coherent detection of a received signal, followed by A/D
conversion; a baseband signal processor connected with the
radio stage for carrying out baseband signal processing of
the transmitted signal and the received signal; a transmission
interface connected with the baseband signal processor for
implementing interface with external channels; and a base
station controller for carrying out control such as manage-
ment of radio channels and establishment and release of the
radio channels. The base station communicates with the
external channels by mapping logical channels into physical
channels. The CDMA signals are spread using a short code
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ATM CELL TRANSMISSION SEQUENCE TABLE
TRANSMISSION ORDER (ABOUT 256 AT MAXIMUM)

E|FIA|E|F|B|E|F|{C|E <
F{A|B|F|A|{C|F|A|D|F .
PRIORTTY A{B|C|A|B|D|A|B|E|A]| -
B{C|D|IB|C|E|B|C|F]|B| * *°
C|{DIE(C|D|F|C|{D|A|C]| .
D|E|(F|D|E{A(D(E|B|D| *

FIG.58A

SHORT CELL TRANSMISSION SEQUENCE TABLE
(QUALITY CLASS (6))

TRANSMISSION ORDER (ABOUT 128 AT MAXIMUM)

El|El1|El|E2|E1|El|EL|E3| « - -
E2|E2|E2|E3|E2 | E2(E2|E4]| - . -
E3|E3|E3|E4|E3| E3|E3|EL| . . »
E4 |E4 | E4|E1|E4 | B4|E4 | E2| - - -

PRIORITY

FI1G.58B

SHORT CELL TRANSMISSION SEQUENCE TABLE
(QUALITY CLASS (7))

TRANSMISSION ORDER (ABOUT 128 AT MAXIMUM)

F1|Fl1| F2{F1|F1|F3|F1|F1| . .«
F2|F2| F3|F2|F2 | F4|F2|F2| « « »
F3|F3|F4|F3|{F3|F1{F3|F3| . .
F4 | F4| F1|F4|F4 | F2|F4 | F4

PRIORITY

FIG.58C

¢ CARRY OUT CELL EXTRACTION PROCESSING IN ACCORDANCE WITH
TRANSMISSION SEQUENCE DETERMINED FOR EACH OUTPUT TIMING.

* IF NO CELL IS PRESENT IN HIGHER PRIORITY QUALITY CLASS, A
CELL IN THE NEXT PRIORITY IS EXTRACTED.
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CORRECTION |LC-BTS-2
FORMULAS

* PHASE CORRECTION
VALUE (X)
X =MCC.1- (BTS-1 +T)

o TRANSMISSION DELAY (T)
T = (BTS.2 - BTS.1-Td)/2

* PROCESSING DELAY (Td)
Td = MCC.2 - MCC.1

WHERE

MCC_1 = LC_MCC.1 x640(ms) + SF._MCC.1
MCC.2 = LC_MCC.2 x640(ms) + SF_MCC.2
BTS.1 = LC_BTS.1 x640(ms) + SF_BTS_1
BTS.2 = LC_BTS.2 x640(ms) + SF_BTS_2

FI1G.62
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US 2004/0071192 Al

BASE STATION APPARATUS OF MOBILE
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of com-
monly assigned, co-pending U.S. patent application Ser. No.
09/403,161, filed Jan. 31, 2000 and also entitled “Base
Station Apparatus of Mobile Communication System”,
which application is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION
[0002] 1. The Field of the Invention

[0003] The present invention relates to a base station in a
mobile communications system, and more particularly to a
base station capable of carrying out communications with
mobile stations through high speed digital communication
channels using CDMA.

[0004] 2. The Relevant Technology

[0005] Recently, base stations in mobile communication
systems have become increasingly faster owing to the devel-
opment of novel communications methods such as CDMA
(code division multiple access), which become possible with
recent advances in digital communications techniques. In
addition, fixed stations are also digitized, and come to use
new switching networks such as ATM networks.

[0006] Thus, new base stations are required which meet
such advances in technology.

BRIEF SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide a
novel, high speed, digital base station best suited to achiev-
ing communications with mobile stations by CDMA, and
with a control office by ATM.

[0008] In the first aspect of the present invention, there is
provided a digital radio communication system comprising:
transmitting one or more known pilot symbols at every fixed
interval; and receiving, on a receiving side, the pilot sym-
bols, and carrying out coherent detection using the received
pilot symbols, wherein a number of the pilot symbols that
are transmitted periodically is variable in accordance with a
transmission rate. According to the configuration above, a
trade-off can be optimized between degradation in accuracy
of coherent detection due to a reduction of the number of the
pilot symbols and an increase in overhead due to the increase
of the number of pilot symbols.

[0009] In the second aspect of the present invention, there
is provided a digital radio communication system compris-
ing: transmitting, on a transmitting side, one or more known
pilot symbols at every fixed slot interval; assembling a frame
from a plurality of the slots; and receiving, on a receiving
side, the pilot symbols, and carrying out coherent detection
using the received pilot symbols, wherein the pilot symbols
consist of a known pilot symbol portion and a sync word
portion for frame alignment. Here, the pilot symbol portion
and the sync word portion may be transmitted alternately at
fixed intervals in the pilot symbols. The receiving side may
carry out the coherent detection using the known pilot
symbol portion, and may employ, after establishing the

Apr. 15, 2004

frame alignment using the sync word portion, the sync word
portion for the coherent detection. Using sync word as a part
of the pilot symbols makes possible to prevent an increase
in overhead of the coherent detection.

[0010] In the third aspect of the present invention, there is
provided a mobile communication system using a digital
radio communication scheme, wherein mapping, which
maps into one physical channel a plurality of logical chan-
nels for transmitting information to be broadcasted by a base
station, is varied in accordance with a changing rate of data
to be transmitted over each of the logical channel. Here, the
mapping may be carried out by varying an occurrence rate
of the logical channels. The mapping may fix a position of
at least one logical channel. The information to be broad-
casted over the logical channels may be information on a
reverse direction interfering power amount. The information
to be broadcasted over the logical channels may be control
channel information on a contiguous cell or on a current cell.
Such an arrangement enables transmission to be imple-
mented in accordance with characteristics of broadcasted
information, thereby implementing efficient transmission.

[0011] In the fourth aspect of the present invention, there
is provided a mobile communication system using a digital
radio communication scheme, wherein a number of radio
frames of a fixed duration on a physical channel is varied in
accordance with a transmission rate, the radio frames con-
stituting a processing unit on a logical channel. Such an
arrangement makes it possible to optimize the unit to which
the error detecting code (CRC) is provided, reducing the
overhead of processings.

[0012] In the fifth aspect of the present invention, there is
provided a mobile communication system using CDMA, the
mobile communication system uses for an inphase compo-
nent and a quadrature component a same short code and
different long codes as spreading codes. Here, the different
long codes may have their phases shifted. This configuration
prevents short codes which are finite resources from being
wasted.

[0013] In the sixth aspect of the present invention, there is
provided a mobile communication system employing a
digital radio communication scheme, wherein frame trans-
mission timings on physical channels from a base station to
mobile stations are delayed by random durations for respec-
tive sectors associated with the same base station. Here, the
random durations may be assigned to respective dedicated
physical channels at a call setup. Providing the random delay
in this way makes it possible for the interfering power to be
uniformly distributed along the time axis when there are
multiple physical channels which are transmitted intermit-
tently, thereby reducing collision of signals.

[0014] In the seventh aspect of the present invention, there
is provided a multicode transmission system in a CDMA
mobile communication system, which communicates with a
mobile station over a plurality of physical channels that use
different spreading codes, the multicode transmission sys-
tem comprising: transmitting one or more pilot symbols and
a transmission power control command through one of the
plurality of physical channels; and carrying out in common
with the plurality of physical channels coherent detection
using the same pilot symbols and transmission power con-
trol in accordance with the same transmission power control
command. Here, transmission power of a portion of the pilot
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symbols and the transmission power control command trans-
mitted over the one of the plurality of physical channels may
be greater than transmission power of other data portions.
Transmission power of the portion of the pilot symbols and
the transmission power control command transmitted over
the one of the plurality of physical channels may be greater
than transmission power of other data portions by a factor of
a number of the multicodes.

[0015] In the eighth aspect of the present invention, there
is provided a multicode transmission system in a CDMA
mobile communication system, which communicates with a
mobile station over a plurality of physical channels that use
different spreading codes, the multicode transmission sys-
tem comprising: assigning to the plurality of physical chan-
nels same one or more pilot symbols and a same transmis-
sion power control command; transmitting a portion of the
pilot symbols and the transmission power control command
on the plurality of physical channels by spreading only that
portion using a same spreading code; and carrying out in
common with the plurality of physical channels coherent
detection using the same pilot symbols and transmission
power control in accordance with the same transmission
power control command. This makes it possible to imple-
ment efficient multicode transmission.

[0016] In the ninth aspect of the present invention, there is
provided a transmission power control system in a CDMA
mobile communication system, wherein a base station car-
ries out transmission power control in accordance with a
predetermined pattern until synchronization in the base
station is established, receives, when the synchronization is
established, a transmission power control command based
on SIR measurement results in a mobile station, carries out
transmission power control in response to the transmission
power control command, and transmits a transmission
power control command based on SIR measurement results
in the base station; and the mobile station carries out
transmission power control from an initial value, and trans-
mits, after the synchronization has been established, the
transmission power control command based on the SIR
measurement results in the mobile station. Here, the prede-
termined pattern may be a pattern for rapidly increasing
transmission power up to a predetermined value, and sub-
sequently gradually increasing the transmission power. The
predetermined pattern may be variable in the base station.
The initial value in the mobile station may be transmitted
from the base station. The base station may transmit, before
the synchronization in the base station is established, to the
mobile station a transmission power control command of a
predetermined second pattern; and the mobile station may
control transmission power in response to the transmission
power control command which is transmitted. The trans-
mission power control command of the second pattern may
be varied by the base station. The mobile station may carry
out, until the synchronization in the base station is estab-
lished, the transmission power control in accordance with a
pattern predetermined in the mobile station. Thus gradually
increasing forward transmission power can prevent commu-
nications with other mobile stations from being adversely
affected. Furthermore, since the control is carried out in two
stages, the synchronization can be established quickly. Since
the base station takes the initiative of the power control,
optimum control patterns can be selected. In addition, using
the fixed control pattern in the mobile station simplifies the
configuration.
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[0017] Inthe tenth aspect of the present invention, there is
provided a mobile communication system employing a
packet digital radio communication scheme between a base
station and mobile stations, wherein the base station makes
a decision as to whether to switch physical radio channels to
be used; and switches, if necessary, the physical radio
channels to be used, and wherein the foregoing control is
carried out between the base station and the mobile stations
without involving connection control of the base station with
a wire section. Here, the switching may be carried out in
accordance with traffic volume between the base station and
the mobile stations. The physical radio channels may be a
common physical radio channel and a plurality of dedicated
physical radio channels. Since the switching control in
accordance with the present invention carries out the switch-
ing control based on the decision of the base station (BTS)
in this way, it does not involve the switching control in the
wire section (between the base station and control center
(BSO), for example). This makes it possible to reduce the
load of the switching control, and to implement high speed
switching control.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] To further clarify the above and other advantages
and features of the present invention, a more particular
description of the invention will be rendered by reference to
specific embodiments thereof which are illustrated in the
appended drawings. It is appreciated that these drawings
depict only typical embodiments of the invention and are
therefore not to be considered limiting of its scope. The
invention will be described and explained with additional
specificity and detail through the use of the accompanying
drawings in which:

[0019] FIG. 1 is a block diagram showing a functional
configuration of a base station in accordance with the
present invention;

[0020] FIG. 2 is a diagram illustrating a structure of a
logical channel;

[0021] FIG. 3 is a diagram illustrating a structure of a
physical channel;

[0022] FIG. 4 is a diagram showing the relationship of
FIGS. 4A and 4B;

[0023] FIG. 4A is a diagram illustrating signal formats of
the physical channel;

[0024] FIG. 4B is a diagram illustrating signal formats of
the physical channel;

[0025] FIG. 5 is a graph illustrating simulation results of
the dependence of the symbol rate of 32 ksps on the number
of pilot symbols;

[0026] FIG. 6 is a graph illustrating simulation results of
the dependence of the symbol rate of 128 ksps on the
number of pilot symbols;

[0027] FIGS. 7A and 7B are diagrams illustrating formats
of reverse common control physical channel signals;

[0028] FIG. 8 is a diagram illustrating correspondence
between physical channels and logical channels;

[0029] FIG. 9 is a diagram illustrating a mapping example
of a logical channel onto a perch channel;
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[0030]
scheme;

[0031]
scheme;

FIG. 10 is a diagram illustrating a PCH mapping
FIG. 11 is a diagram illustrating a FACH mapping

[0032] FIG. 12 is a diagram illustrating a mapping of
DTCH and ACCH onto a dedicated physical channel;

[0033] FIGS. 13A-13C are diagrams illustrating ACCH
mapping schemes;

[0034]
W bits;
[0035] FIGS. 15A and 15B are block diagrams each
showing a configuration of a convolutional encoder;

[0036] FIG. 16 is a diagram illustrating an SFN (system
frame number) transmission example;

[0037] FIG. 17 is a diagram illustrating a structure of SEN
bits;

[0038] FIG. 18 is a block diagram showing a configura-
tion of a forward long code generator;

[0039] FIG. 19 is a block diagram showing a configura-
tion of a reverse long code generator;

[0040] FIG. 20 is a diagram illustrating a short code
generating method;

[0041] FIG. 21 is a block diagram showing a configura-
tion of a short code generator for a long code mask symbol;

[0042] FIG. 22 is a block diagram showing a spreading
code generating method using a long code and short code;

[0043] FIG. 23 is a block diagram showing a configura-
tion of a spreader;

[0044] FIG. 24 is a diagram illustrating a random access
transmission scheme;

FIG. 14 is a diagram illustrating a method of using

[0045] FIG. 25 is a diagram illustrating an example of a
multicode transmission method;

[0046] FIG. 26 is a graph illustrating simulation results of
multicode transmission;

[0047] FIG. 27 is a diagram illustrating an example of the
multicode transmission method;

[0048] FIGS. 28A and 28B are diagrams illustrating a
frame structure for 1544 kbits/s used for transmitting ATM
cells;

[0049] FIGS. 29A and 29B are diagrams illustrating a
frame structure for 6312 kbits/s used for transmitting ATM
cells;

[0050] FIG. 30 is a diagram illustrating a pulse mask at an
output terminal of a 6312 kbits/s system;

[0051] FIG. 31 is a diagram illustrating an example of a
link structure (ATM connection) between a BTS and MCC;

[0052] FIG. 32 is a diagram illustrating a structure of an
idle cell;

[0053] FIGS. 33A and 33B are diagrams illustrating an
AAL-2 connection configuration;

[0054] FIGS. 34A and 34B are diagrams illustrating
AAL-5 connection configuration;
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[0055] FIG. 35 is a diagram illustrating an AAL-2 format;

[0056] FIG. 36 is a diagram illustrating a SAL format;
FIG. 37 is a diagram illustrating an AAL-S format;

[0057] FIG. 38 is a diagram showing the relationship of
FIGS. 38A and 38B;

[0058] FIG. 38A is a diagram illustrating a signal format
of a timing cell;

[0059] FIG. 38B is a diagram illustrating a signal format
of a timing cell;

[0060] FIG. 39 is a diagram illustrating super frame
positions;
[0061] FIG. 40 is a diagram illustrating transmission line

estimation using multiple pilot blocks;

[0062] FIGS. 41A and 41B are diagrams illustrating SIR
based closed loop transmission power control;

[0063] FIG. 42 is a diagram illustrating transmission
power control timings;

[0064] FIG. 43 is a diagram illustrating transition to the
closed loop transmission power control;

[0065] FIG. 44 is a diagram illustrating reverse transmis-
sion power control during inter-cell diversity handover;

[0066] FIG. 45 is a diagram illustrating forward transmis-
sion power control during inter-cell diversity handover;

[0067] FIG. 46 is a diagram showing the relationship of
FIGS. 46A and 46B;

[0068] FIG. 46A is a flowchart illustrating a synchroni-
zation establishment flow of a dedicated physical channel;

[0069] FIG. 46B is a flowchart illustrating a synchroni-
zation establishment flow of a dedicated physical channel;

[0070] FIG. 47 is a sequence diagram illustrating an
example of an inter-cell diversity handover processing in
packet transmission;

[0071] FIG. 48 is a diagram showing an example of a
connection configuration during an inter-sector handover in
a reverse dedicated physical channel (UPCH);

[0072] FIG. 49 is a diagram showing an example of a
connection configuration during an inter-sector handover in
a forward dedicated physical channel (UPCH);

[0073] FIG. 50 is a diagram showing an example of a
connection configuration during an inter-sector handover in
a reverse common control physical channel (RACH);

[0074] FIG. 51 is a diagram showing an example of a
connection configuration during an inter-sector handover in
a forward common control physical channel (FACH);

[0075] FIG. 52 is a diagram illustrating an example of a
switching sequence from a common control physical chan-
nel to a dedicated physical channel;

[0076] FIG. 53 is a diagram illustrating an example of a
switching sequence from a dedicated physical channel to a
common control physical channel;

[0077] FIG. 54 is a diagram illustrating a format of a cell
header;
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[0078] FIG. 55 is a diagram illustrating an outline of band
assurance control;

[0079] FIG. 56 is a flowchart illustrating ATM cell trans-
mission control;

[0080] FIG. 57 is a flowchart illustrating an AAL type 2
cell assembling processing;

[0081] FIGS. 58A-58C are diagrams illustrating examples
of cell transmission sequence data;

[0082] FIG. 59 is a diagram illustrating an example of an
AAL type 5 format;

[0083] FIG. 60 is a diagram illustrating an example of a
SSCOP (service specific connection oriented protocol)
sequence;

[0084] FIG. 61 is a flowchart illustrating a procedure of
establishing SFN time synchronization in a BTS;

[0085] FIG. 62 is a diagram illustrating a BTSSFN clock
phase compensation value calculation method;

[0086] FIG. 63 is a flowchart illustrating a cell loss
detection process;

[0087] FIG. 64 is a diagram showing the relationship of
FIGS. 64A and 64B;

[0088] FIG. 64A is a diagram illustrating a coding scheme
of a BCCHI or BCCH2 (16 ksps) logical channel,

[0089] FIG. 64B is a diagram illustrating a coding scheme
of a BCCH1 or BCCH2 (16 ksps) logical channel,

[0090] FIGS. 65A and 65B are diagrams illustrating a
coding scheme of a PCH (64 ksps) logical channel;

[0091] FIG. 66 is a diagram showing the relationship of
FIGS. 66A and 66B;

[0092] FIG. 66A is a diagram illustrating a coding scheme
of a FACH-long (64 ksps) logical channel;

[0093] FIG. 66B is a diagram illustrating a coding scheme
of a FACH-long (64 ksps) logical channel;

[0094] FIG. 67 is a diagram showing the relationship of
FIGS. 67A and 67B;

[0095] FIG. 67A is a diagram illustrating a coding scheme
of a FACH-short (normal mode) (64 ksps) logical channel;

[0096] FIG. 67B is a diagram illustrating a coding scheme
of a FACH-short (normal mode) logical channel; (64 ksps)

[0097] FIG. 68 is a diagram showing the relationship of
FIGS. 68A and 68B;

[0098] FIG. 68A is a diagram illustrating a coding scheme
of a FACH-short (Ack mode) (64 ksps) logical channel;

[0099] FIG. 68B is a diagram illustrating a coding scheme
of a FACH-short (Ack mode) (64 ksps) logical channel;

[0100] FIG. 69 is a diagram showing the relationship of
FIGS. 69A and 69B;

[0101] FIG. 69A is a diagram illustrating a coding scheme
of a RACH-long (64 ksps) logical channel;

[0102] FIG. 69B is a diagram illustrating a coding scheme
of a RACH-long (64 ksps) logical channel;
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[0103] FIG. 70 is a diagram showing the relationship of
FIGS. 70A and 70B;

[0104] FIG. 70A is a diagram illustrating a coding scheme
of a RACH-short (64 ksps) logical channel;

[0105] FIG. 70B is a diagram illustrating a coding scheme
of a RACH-short (64 ksps) logical channel;

[0106] FIG. 71 is a diagram showing the relationship of
FIGS. 71A and 71B;

[0107] FIG. 71A is a diagram illustrating a coding scheme
of an SDCCH (32 ksps) logical channel;

[0108] FIG. 71B is a diagram illustrating a coding scheme
of an SDCCH (32 ksps) logical channel;

[0109] FIG. 72 is a diagram showing the relationship of
FIGS. 72A and 72B;

[0110] FIG.72A is a diagram illustrating a coding scheme
of an ACCH (32/64 ksps) logical channel;

[0111] FIG. 72B is a diagram illustrating a coding scheme
of an ACCH (32/64 ksps) logical channel;

[0112] FIG. 73 is a diagram showing the relationship of
FIGS. 73A and 73B;

[0113] FIG.73A is a diagram illustrating a coding scheme
of an ACCH (128 ksps) logical channel;

[0114] FIG.73Bis a diagram illustrating a coding scheme
of an ACCH (128 ksps) logical channel;

[0115] FIG. 74 is a diagram showing the relationship of
FIGS. 74A and 74B;

[0116] FIG.74A is a diagram illustrating a coding scheme
of an ACCH (256 ksps) logical channel;

[0117] FIG.74B is a diagram illustrating a coding scheme
of an ACCH (256 ksps) logical channel;

[0118] FIG. 75 is a diagram showing the relationship of
FIGS. 75A and 75B;

[0119] FIG.75A is a diagram illustrating a coding scheme
of a DTCH (32 ksps) logical channel,

[0120] FIG. 75B is a diagram illustrating a coding scheme
of a DTCH(32 ksps) logical channel,

[0121] FIG. 76 is a diagram showing the relationship of
FIGS. 76A and 76B;

[0122] FIG. 76A is a diagram illustrating a coding scheme
of a DTCH (64 ksps) logical channel,

[0123] FIG. 76B is a diagram illustrating a,coding scheme
of a DTCH (64 ksps) logical channel,

[0124] FIG. 77 is a diagram showing the relationship of
FIGS. 77A, 77B and 77C;

[0125] FIG. 77A is a diagram illustrating a coding scheme
of a DTCH (128 ksps) logical channel;

[0126] FIG. 77B is a diagram illustrating a coding scheme
of a DTCH (128 ksps) logical channel;

[0127] FIG. 77C is a diagram illustrating a coding scheme
of a DTCH (128 ksps) logical channel;

[0128] FIG. 78 is a diagram showing the relationship of
FIGS. 78A, 78B and 78C;
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[0129] FIG. 78A is a diagram illustrating a coding scheme
of a DTCH (256 ksps) logical channel;

[0130] FIG. 78B is a diagram illustrating a coding scheme
of a DTCH (256 ksps) logical channel;

[0131] FIG. 78C is a diagram illustrating a coding scheme
of a DTCH (256 ksps) logical channel;

[0132] FIG. 79 is a diagram showing the relationship of
FIGS. 79A, 79B and 79C;

[0133] FIG. 79A is a diagram illustrating a coding scheme
of a DTCH (512 ksps) logical channel;

[0134] FIG. 79B is a diagram illustrating a coding scheme
of a DTCH (512 ksps) logical channel;

[0135] FIG. 79C is a diagram illustrating a coding scheme
of a DTCH (512 ksps) logical channel;

[0136] FIG. 80 is a diagram showing the relationship of
FIGS. 80A, 80B and 80C;

[0137] FIG. 80A is a diagram illustrating a coding scheme
of a DTCH (1024 ksps) logical channel;

[0138] FIG. 80B is a diagram illustrating a coding scheme
of a DTCH (1024 ksps) logical channel;

[0139] FIG. 80C is a diagram illustrating a coding scheme
of a DTCH (1024 ksps) logical channel;

[0140] FIG. 81 is a diagram showing the relationship of
FIGS. 81A and 81B;

[0141] FIG. 81A is a diagram illustrating a coding scheme
of an UPCH (32 ksps) logical channel;

[0142] FIG. 81B is a diagram illustrating a coding scheme
of an UPCH (32 ksps) logical channel;

[0143] FIG. 82 is a diagram showing the relationship of
FIGS. 82A and 82B;

[0144] FIG. 82A is a diagram illustrating a coding scheme
of an UPCH (64 ksps) logical channel;

[0145] FIG. 82B is a diagram illustrating a coding scheme
of an UPCH (64 ksps) logical channel;

[0146] FIG. 83 is a diagram showing the relationship of
FIGS. 83A and 83B;

[0147] FIG. 83A is a diagram illustrating a coding scheme
of an UPCH (128 ksps) logical channel,

[0148] FIG. 83B is a diagram illustrating a coding scheme
of an UPCH (128 ksps) logical channel,

[0149] FIG. 84 is a diagram showing the relationship of
FIGS. 84A and 84B;

[0150] FIG. 84A is a diagram illustrating a coding scheme
of an UPCH (256 ksps) logical channel,

[0151] FIG. 84B is a diagram illustrating a coding scheme
of an UPCH (256 ksps) logical channel,

[0152] FIG. 85 is a diagram illustrating transmission
timings of a perch channel and common control physical
channel;

[0153] FIG. 86 is a diagram illustrating transmission
timings of a reverse common control physical channel
(RACH);
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[0154] FIG. 87 is a diagram showing the relationship of
FIGS. 87A and 87B;

[0155] FIG. 87A is a diagram illustrating transmission
and reception timings of a dedicated physical channel (dur-
ing non-DHO);

[0156] FIG. 87B is a diagram illustrating transmission and
reception timings of a dedicated physical channel (during
non-DHO);

[0157] FIG. 88 is a diagram showing the relationship of
FIGS. 88A and 88B;

[0158] FIG. 88A is a diagram illustrating transmission
and reception timings of a dedicated physical channel (dur-
ing DHO);

[0159] FIG. 88B is a diagram illustrating transmission and
reception timings of a dedicated physical channel (during
DHO);

[0160] FIG. 89 is a diagram illustrating a transmission
pattern of perch channels;

[0161] FIG. 90 is a diagram showing the relationship of
FIGS. 90A and 90B;

[0162] FIG. 90A is a diagram illustrating a transmission
pattern of a forward common control channel (for FACH);,

[0163] FIG. 90B is a diagram illustrating a transmission
pattern of a forward common control channel (for FACH);,

[0164] FIG. 91 is a diagram illustrating a transmission
pattern of a forward common control channel (for PCH);

[0165] FIG. 92 is a diagram illustrating a transmission
pattern of a reverse common control channel (for RACH);

[0166] FIG. 93 is a diagram illustrating a transmission
pattern of a dedicated physical channel (during high speed
closed loop transmission power control);

[0167] FIG. 94 is a diagram illustrating a transmission
pattern of a 32 ksps dedicated physical channel (DTX
control);

[0168] FIG. 95 is a diagram showing the relationship of
FIGS. 95A and 95B;

[0169] FIG. 95A is a flowchart illustrating a CPS PDU
(content provider system protocol data unit) assembling
method (other than RACH);

[0170] FIG. 95B is a flowchart illustrating a CPS PDU
(content provider system protocol data unit) assembling
method (other than RACH);

[0171] FIG. 96 is a diagram showing the relationship of
FIGS. 96A and 96B;

[0172] FIG. 96A is a flowchart illustrating a CPS PDU
assembling method (RACH); and

[0173] FIG. 96B is a flowchart illustrating a CPS PDU
assembling method (RACH).
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
[0174] 1. Outline of a System.
[0175] 1.1 CDMA Base Station.

[0176] A base transceiver station (BTS) in accordance
with the present invention will now be described in detail,
which carries out communications with mobile stations by
CDMA (Code Division Multiple Access) and with a control/
switching center by ATM (Asynchronous Transfer Mode).

[0177] 1.2 Explanation of Abbreviations.

[0178] Abbreviations used in the present specification are
shown in Table 1.

TABLE 1

List of abbreviations

No. Abbreviations Terms
1 BTS base transceiver station
2 AMP transmitting/receiving amplifier
3 MDE base station modulator/demodulator
4 MS radio mobile station
5 ANT antenna
6 HW wire transmission line
7 MCC mobile control/switching center
8 HW-INT wire transmission path interface
9 TRX radio transceiver
10 BTS-CNT base transceiver station controller
11 BB base-band signal processor
12 MT maintenance tool
[0179] 2. Structures
[0180] 2.1. Functional Configuration

[0181] The base station has a configuration as shown in
FIG. 1. The block designated by the reference symbol BTS
in FIG. 1 shows a functional configuration of the base
station in accordance with the present invention.

[0182] The following contents explain the functional
structure, though the present invention is not restricted by
the hardware configuration. The reference symbol MCC in
FIG. 1 designates control/switching equipment for control-
ling the base station.

[0183] 22.

[0184] Table 2 shows outlines of functions of various
blocks.

TABLE 2

Outline of functions of blocks of BTS

1 Transmitting/receiving Being provided with a transmitting amplifier
amplifier (AMP) for amplifying a transmitted RF signal, and a
low noise amplifier for amplifying a received
RF signal, duplexing the RF transmitted
signal and RF received signal, and
connecting them to the ANT.
D/A converting a transmitted signal that has
been subject to baseband spreading, and
converting it to an RF signal by quadrature
modulation, and carrying out quasi-coherent
detection of a received signal fed from a
receiving amplifier, A/D converting it, and
transferring it to a baseband block.

2 Radio stage (TRX)
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TABLE 2-continued

Outline of functions of blocks of BTS

3 Baseband signal
processor (BB)

Carrying out baseband processings such as
error correcting encoding, framing, data
modulation and spreading of transmitted
data, and de spreading of a received signal,
chip synchronization, error correcting
decoding, data demultiplexing, maximal
ratio combining during inter-sector diversity
handover, and the like.
4 Radio base station Exchanging a control signal with MCC to
controller (BTS-CNT) carry out management of radio channels, and
establishment or release of radio channels.
5 wire transmission path Having an ATM processing function, and
interface (HW-INT) AAL type 2 and AAL type 5 functions in an
inter-office transmission path interface.
Providing an SSCOP function to a control
signal between MCC and BS. Generating an
operation clock of a BTS from a
transmission path.
Having a function of specifying parameters
of devices, and a function of collecting data.

6 Maintenance
tool (MT)

[0185] 3. Operation Conditions
[0186] 3.1. Initial Processing

[0187] The base station automatically resets itself when
power is turned on.

[0188] When resetting a CPU, the following processings
are carried out in accordance with programs in a ROM.

@ Internal Checking of the CPU.

@) Start up of APs (application programs).
4. Interface conditions

4.1. Radio Interface

411 Major specifics

[0189] Table 3 shows major specifics of the radio interface
between mobile stations and the base station.

TABLE 3

Major specifics of radio interface

Item Specifics

Radio access scheme  DS-CDMA FDD

Frequency 2 GHz band

Carrier frequency 5 MHz (expandable to 1.25/10/20 MHz)
spacing

Chip rate 4.096 Mcps (expandable to 1.024/8.192/

Short code length
Long code length

16.384 Mcps) 256-4 chip length

Forward: 10 ms (Truncate 2*°-1 chip long Gold
sequences at 10 ms). Reverse: 2'° x 10 ms
(Truncate 2*'- 1 chip long Gold sequences

at 2'° x 10 ms).

Number of 2 (select two out of four carries)

switched carriers

Modulation/de- Data: QPSK, pilot symbol coherent detection, and
modulation scheme RAKE. Spread: QPSK.

Encoding/decoding Internal codes: Convolutional encoding

scheme (R =1/3 or 1/2, K = 9) and Viterbi soft

decision decoding. External codes:
Reed-Solomon codes (for data transmission)
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TABLE 3-continued

Major specifics of radio interface

Item Specifics

Symbol rate 16-1024 ksps

Information Variable up to maximum 384 kbps
transmission rate
Diversity RAKE + Antenna

Inter-base station Asynchronous

[0190]
[0191]

[0192]
FIG. 2.

[0193] 4.1.2.1.1. Broadcast Control Channels 1 and 2
(BCCII1 and BCCH2)

[0194] Broadcast control channels (BCCHs) are a one-
way channel for broadcasting from a base station to mobile
stations system control information on each cell or sector.
The broadcast control channel transmits time varying infor-
mation such as SFNs (System Frame Numbers), reverse
interference power values, etc.

[0195] 4.1.2.1.2. Paging Channel (PCH)

4.1.2 Radio Channel Structure
4.1.2.1 Logical Channel Structure

Structures of logical channels are illustrated in

[0196] A paging channel (PCH) is a one-way channel for
transferring from the base station to mobile stations the same
information all at once over a large area. This channel is
used for paging.

[0197] 4.1.2.1.3. Forward Access Channel-long (FACH-
L)

[0198] A forward access channel-long is a one-way chan-
nel for transmitting from the base station to mobile stations
control information or user packet data. This channel, which
is used only when a network knows the location cell of a
mobile station, is employed to transmit rather a large amount
of information.

[0199] 4.1.2.1.4. Forward Access Channel-short (FACH-
S)

[0200] A forward access channel-short is a one-way chan-
nel for transmitting from the base station to mobile stations
control information or user packet data. This channel, which
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is used only when a network knows the location cell of a
mobile station, is employed to transmit rather a small
amount of information.

[0201] 4.1.2.1.5. Random Access Channel-long (RACH-
L)

[0202] A random access channel-long is a one-way chan-
nel for transmitting from mobile stations to the base station
control information or user packet data. This channel, which
is used only when a mobile station knows its location cell,
is employed to transmit rather a large amount of informa-
tion.

[0203] 4.1.2.1.6. Random Access Channel-short (RACH-
S)

[0204] A random access channel-short is a one-way chan-
nel for transmitting from mobile stations to the base station
control information or user packet data. This channel, which
is used only when a mobile station knows its location cell,
is employed to transmit rather a small amount of informa-
tion.

[0205] 4.1.2.1.7. Stand Alone Dedicated Control Channel
(SDCCH)

[0206] A stand alone dedicated control channel is a point-
to-point two-way channel that transmits control information,
and occupies one physical channel.

[0207] 4.1.2.1.8. Associated Control Channel (ACCH)

[0208] An associated control channel is a point-to-point
two-way channel that transmits control information. This
channel is a control channel that is associated with a
dedicated traffic channel (DTCH) which will be described
below.

[0209] 4.1.2.1.9. Dedicated Traffic Channel (DTCH)

[0210] A dedicated traffic channel is a point-to-point two-
way channel that transmits user information.

[0211] 4.1.2.1.10. User Packet Channel (UPCH)

[0212] A user packet channel is a point-to-point two-way
channel that transmits user packet data.

[0213] 4.1.2.2. Structure of Physical Channels

[0214] FIG. 3 illustrates structures of a physical channel,
and FIGS. 4A and 4B illustrate characteristics of individual
physical channels.

TABLE 4

Characteristics of physical channel

Common control physical Dedicated

Symbol rate

Characteristics

Perch Channels channel Physical Channel
16 kbps Reverse direction: 16/64 ksps  32/64/128/
Forward direction: 64 ksps 256/512/1024 ksps
Transmission power Only radio frames High speed
control is not containing transmitted closed loop
applied. Usually, information are sent. No transmission

there are a first
perch channel
through which
transmission is
always carried out,

symbols including pilot
symbols are sent of radio
frames without containing
transmitted information.
(PD sections of PCH are

power control
can be carried
out.
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TABLE 4-continued
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Characteristics of physical channels

Common control physical

Perch Channels channel

Dedicated
Physical Channel

and a second perch always sent).

channel through High speed closed loop
which only parts of transmission power control
symbols are is not carried out.
transmitted

[0215] 4.1.2.2.1. Perch Channel

[0216] A perch channel is a physical channel whose
receiving level is measured for selecting a cell of a mobile
station. Besides, the channel is a physical channel which is
initially captured when the mobile station is turned on. The
perch channel includes a first perch channel and a second
perch channel: The former is spread by a short code uniquely
assigned to the system for accelerating the cell selection
when the mobile station is turned on, and continues trans-
mission all the time; whereas the latter is spread by a short
code corresponding to a forward long code, and transmits
only part of symbols. The perch channel is a one-way
physical channel from the base station to mobile stations.

[0217] The short codes used by the second perch channel
differ from the short code system employed by the other
physical channels.

[0218] 4.1.2.2.2. Common Control Physical Channel

[0219] The common control physical channel is used in
common by multiple mobile stations located in the same
sector. The reverse common control physical channel is a
random access channel.

[0220] 4.1.2.2.3. Dedicated Physical Channels

[0221] Dedicated physical channels are each established
between a mobile station and the base station in a point-to-
point fashion.

[0222] 4.1.2.3. Signal Formats of the Physical Channels.

[0223] All the physical channels assume a three layer
structure of a super frame, radio frames and time slots. The
structures of the radio frames and time slots vary (in terms
of the number of pilot symbols) depending on the type of the
physical channels and the symbol rate. FIGS. 4A and 4B
illustrate the signal formats of channels other than the
reverse common control physical channels.

[0224] Relationships between the symbol rate and the
number of pilot symbols will be described with reference to
FIGS. 5 and 6.

[0225] FIGS. 5 and 6 illustrate simulation results of the
effect of varying the number of pilot symbols for respective
symbol rates: simulation results with respect to the physical
channels with different symbol rates of 32 ksps (symbols per
second) and 128 ksps, respectively. In FIGS. 5 and 6, the
horizontal axis represents the number of pilot symbols
contained in each time slot (of 0.625 msec), and the vertical
axis represents a necessary Eb/lo, that is, a ratio of the
required received power (Eb) per bit after the error correc-
tion to the interference power (Io) per unit frequency band

in a state that meets a quality required. The Eb is obtained
by dividing the total amount of the received power by the
number of bits after the error correction, in the case of which
overheads such as the pilot symbols are counted as part of
the received power. The smaller the Eb/lo, the lower
received power can meet the required quality, which is more
effective in terms of capacity. The required quality is set at
BER (bit error rate)=10"> in 32 ksps physical channels
considering that they are for voice transmission, whereas it
is set at BER=107° in 128 ksps physical channels consider-
ing that they are for data transmission. The radio wave
propagation conditions are identical in two FIGS. 5 and 6.

[0226] In either symbol rate, an optimum value of the
number of pilot symbols that can maximize the capacity is
present because there is a trade-off between the degradation
in the accuracy of the coherent detection due to the reduction
in the number of pilot symbols, and the increase in the
overhead due to the increase in the number of pilot symbols.
The optimum number of the pilot symbols varies depending
on the symbol rates, such as six for 32 ksps and 16 for 128
ksps. In addition, the ratio of the optimum number of the
pilot symbols to the total number of symbols also vary
depending on the symbol rate such as 30% for 32 ksps and
20% for 128 ksps.

[0227] Accordingly, fixedly assigning the number or ratio
of the pilot symbols will reduce the capacity at some symbol
rate.

[0228] In view of the fact that the optimum number and
rate of the pilot symbols vary depending on the symbol rates,
the present invention assumes the structures as shown in
FIGS. 4A and 4B.

[0229] FIGS. 7A and 7B illustrate the signal formats of
the radio frame and time slots of the reverse common control
physical channel, in which the numerals designate the num-
ber of symbols.

[0230] 4.1.2.3.1. Super Frame.

[0231] The super frame consists of 64 radio frames, and is
determined on the basis of SFN which will be described
below.

[0232] The initial radio frame of the super frame: SFN
mod 64=0.

[0233] The final radio frame of the super frame: SFN mod
64=063.

[0234] 4.1.2.3.2. Pilot Symbols and Sync Word (SW).

[0235] Pilot symbol patterns are shown in Table 5, in
which halftone portions represent sync words (SW) for the
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frame alignment. The symbol pattern of the pilot symbols
other than the sync words (SW) is “11”.

[0236] As shown in Table 5, the pilot symbols are trans-
mitted together with the sync words. This makes it possible
to reduce the overhead and increase the data transmission
efficiency. In addition, once the frame alignment has been
established, since the sync words can be considered as an
integral part of a known fixed pattern, and are utilized as the
part of the pilot symbols for the coherent detection, the
accuracy of the coherent detection can be maintained with-
out the slightest degradation.

[0237] The processing on a receiving side will now be
described when the sync words (SW) are transmitted with
the pilot symbols.
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[0240] 3. Frame alignment is established using the
demodulated sync word (SW). More specifically, the
extent is examined to which the bit sequence of the
demodulated sync word (SW) matches the predeter-
mined patterns, and the most likely bit sequence is
decided considering the bit error rate.

[0241] 4. Once the frame alignment has been estab-
lished, the bit sequence of the sync word (SW) is
obvious, and hence can be handled in the same
manner as the fixed pattern of the pilot symbols.
Thus, the sync word (SW) can be used as an integral
part of the pilot symbols to estimate the phase
rotation amount and demodulate the data portion by
the coherent detection.

TABLE 5

Pilot slot

number

Pilot Symbol Patterns

Pilot Symbol Patterns

16 ksps

256, 512, 1024 ksps dedicated common control

physical channel physical channel Others

o 1 2 3 4 5 6 7 0 1 2 3 0 1 2 3

slot #1
slot #2
Slot #3
Slot #4
Slot #5
Slot #6
Slot #7
Slot #8
Slot #9
Slot #10
Slot #11
Slot #12
Slot #13
Slot #14
Slot #15
Slot #16

1 11 11 11 11 11 11 10 11 11 11 11 11 11 11 11
11 10 11 10 11 10 11 01 11 10 11 01 11 11 11 O1
11 10 11 01 11 11 11 01 11 10 11 10 11 01 11 O1
11 11 11 01 11 00 11 10 11 01 11 00 11 10 11 O1
11 11 11 00 11 01 11 10 11 00 11 10 11 10 11 11
1 11 11 11 11 01 11 10 11 10 11 11 11 10 11 11
11 10 11 11 11 01 11 10 11 10 11 11 11 01 11 00
11 01 11 00 11 10 11 00 11 00 11 00 11 10 11 O1

11 11 11 10 11 00 11 01 — 11 11 11 00
11 01 11 11 11 11 11 00 — 11 01 11 01
11 10 11 10 11 11 11 10 — 11 11 11 10
11 01 11 10 11 10 11 0O — 11 01 11 01
11 10 11 01 11 11 11 10 — 11 00 11 01
11 00 11 10 11 10 11 0O — 11 10 11 00
11 01 11 10 11 00 11 0O — 11 01 11 00

11 10 11 00 11 00 11 0O — 11 00 11 00

[0238] 1. First, chip synchronization is acquired by
searching for a de spreading timing that provides a
maximum correlation value by carrying out
despreading processings at multiple timings. Subse-
quently, despreading is carried out in accordance
with the acquired timing.

[0239] 2. An amount of phase rotation is estimated
using pilot symbols (other than the sync word (SW))
with a fixed pattern, followed by the coherent detec-
tion using the estimated amount for demodulating
the sync word (SW). The demodulation scheme
involving the estimation of the phase rotation mag-
nitude is disclosed in Japanese Patent Application
Laid-open No. 6-140569 (1994), “Coherent detec-
tor”, and is incorporated here by reference.

[0242] 1In Table 5, each bit is transmitted in the order of “I”
and “Q” from the left-hand side to the right-hand side.

[0243] In the forward common control physical channels,
burst mode transmission of a radio frame length can take
place, in which case, the pilot symbols are added at the final
position of the bursts. The number of symbols and the
symbol pattern to be added is the slot #1 pattern of Table 5.

[0244] In the reverse common control physical channels,
one radio frame forms one burst, and the pilot symbols are
added at the final position of the radio frame. The number of
symbols and the symbol pattern to be added is the slot #1
pattern of Table 5.

[0245] 4.1.2.3.3. TPC Symbol.

[0246] The relationships between transmission power con-
trol (TPC) symbol patterns and transmission power control
amounts are shown in Table 6.
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TABLE 6

TPC symbol patterns.

TPC Symbol Transmission power control amount
11 +1.0 dB
00 -1.0dB

[0247] 4.1.2.3.4. Long Code Mask Symbol.

[0248] Along code mask symbol is spread by a short code
only without using any long code.

[0249] Although symbols of the perch channels other than
the long code mask symbol use the short codes in layered
orthogonal code sequences as shown in FIG. 20, the long
code mask symbol is spread using the short code selected
from the orthogonal Gold sequences with a code length of
256. Details concerning this will be described in 4.1.4.1.3.
The long code mask symbol is contained one symbol per slot
in the first and second perch channels, and the symbol
pattern thereof is “11”. The perch channels use two spread-
ing codes to transmit their long code mask symbols indi-
vidually. In particular, the second perch channel transmits
only the long code mask symbol without transmitting any
other symbol.

[0250] 4.1.2.4. Mapping of the Logical Channels onto the
Physical Channels.

[0251] FIG. 8 illustrates the relationships between the
physical channels and the logical channels that are mapped
onto the physical channels.

[0252] 4.1.2.4.1. Perch Channels.

[0253] FIG. 9 illustrates a mapping example of the logical
channel onto the perch channel.

[0254] Only BCCH1 and BCCH2 are mapped.

[0255] Onto the initial position of the super frame,
BCCHI1 is mapped without exception.

[0256] With respect to the mapping other than the map-
ping of the BCCHI into the initial position of the super
frame, either BCCH1 or BCCH2 is mapped in accordance
with structure information designated.

[0257] The BCCHI1 and BCCH2 are each transmitted in
every 2xN consecutive radio frames so that two radio frames
constitute one radio unit, and transmit one layer 3 message.
The layer 3 message transmitted through the BCCH1 and
BCCH2 do not overlay two or more super frames.

[0258] The BCCH1 and BCCH2 each transmit in each
radio unit the following information, for example, which is
generated by the BTS.

[0259] SFN (System Frame Number).
[0260] Reverse interfering power amount.

[0261] The reverse interfering power amount is a time-
varying latest result measured by the BTS. The information
BCCH1 and BCCH2 transmit can have different character-
istics. For example, BCCHI can transmit time-fixed infor-
mation, whereas BCCH2 can transmit time-varying infor-
mation. In this case, the time-varying information can be
transmitted efficiently by reducing the occurrence frequency
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of the BCCH1 and increasing that of the BCCH2. The
occurrence frequencies of the BCCH1 and BCCH2 can be
determined considering the frequency of changes in the
information. It is also possible to dispose the BCCHI1 at
fixed positions of the super frame, such as the initial and
central positions, for example, and places BCCH2 at the
remaining positions. As an example of time-fixed informa-
tion, there are code numbers of control channels of contigu-
ous cells or the present cell. The above-mentioned reverse
interfering power amount is time-varying information.

[0262] Although the foregoing description is provided in
an example including two broadcast control channels
(BCCH1 and BCCH2), three or more broadcast control
channels can be provided. These multiple broadcast control
channels can be transmitted with varying their occurrence
frequencies.

[0263] 4.1.2.4.2. Common Control Physical Channel.

[0264] Only PCH and FACHs are mapped into the forward
common control physical channel. RACHs are mapped into
the reverse common control physical channel. Either FACHs
or PCHs are mapped into a single forward common control
physical channel. Whether the logical channel to be mapped
into the single forward common control physical channel is
PCH or FACH is determined for each common control
physical channel established. One forward common control
physical channel into which the FACHSs are mapped is paired
with one reverse common control physical channel. The pair
is designated by a pair of spreading codes. The designation
of the pair is in terms of the physical channel, in which the
sizes (S/L) of the FACH and RACH are not defined. As the
FACH a mobile station receives and the RACH it transmits,
a pair of the FACH and RACH is used on the pair of the
forward common control physical channel and reverse com-
mon control physical channel, respectively. In addition, in an
Ack transmission processing by the BTS for the received
RACH, which will be described later, the Ack is transmitted
through the FACH-S on the forward common control physi-
cal channel which is paired with the reverse common control
physical channel through which the received RACH is
transmitted.

[0265] 4.1.2.4.2.1. A Mapping Method of PCHs into the
Common Control Physical Channel.

[0266] FIG. 10 illustrates a mapping method of the PCHs.
The PCHs are each divided into a plurality of groups in a
super frame, and each group transmits the layer 3 informa-
tion. The number of groups per common control physical
channel is 256. Each group of the PCHs contains informa-
tion of an amount of four time slots, and consists of six
information portions: two portions are for incoming call
presence and absence indicators (PD portions), and the
remaining four portions are for called user identification
number portions (I portions). The PD portions are transmit-
ted prior to the I portions in each group.

[0267] The six information portions are assigned to over
24 time slots in a predetermined pattern in all the groups.
The pattern over the 24 time slots are shifted every four slot
interval so as to dispose the plurality of groups onto the
single common control physical channel. The first PCH is
disposed such that the initial symbols of the PD portion of
the first PCH becomes the initial symbols of the super frame.
The sections of PCHs in each group are disposed in the PCH
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radio frames such that they are shifted every four time slot
interval in the order of the second group, third group, etc.
The final one of the groups overlays the two super frames.

[0268] 4.1.2.4.2.2. Mapping Method of the FACH onto the
Common Control Physical Channel.

[0269] FIG. 11 shows a mapping example of the FACH.
Any FACH radio frame on a common control physical
channel can be used as either a logical channel FACH-L or
FACH-S. The logical channel that receives a transmission
request first is transmitted by the FACH radio frame. If the
length of the information to be transmitted by the FACH is
longer than a predetermined value, FACH-L is used, and
otherwise FACH-S is used. With respect to FACH-S, four
FACH-S’es are time multiplexed into one FACH radio frame
to be transmitted.

[0270] Each of the four FACH-S’es consists of four time
slots, and is disposed in one radio frame at every four time
slot interval, with shifting one slot for each FACH-S. Thus,
the time slots assigned to the four FACH-S’es are as follows.

[0271] First FACH-S: First, fifth, ninth and 13" time
slots.

[0272] Second FACH-S: Second, sixth, 10™ and 14
time slots.

[0273] Third FACH-S: Third, seventh, 1" and 15"
time slots.

[0274] Four FACH-S: Fourth, eighth, 12'® and 16"
time slots.

[0275] 1If the first logical channel that receives the trans-
mission request is a FACH-S, other FACH-S’es that are
stored in a buffer at that time can be transmitted up to four
with time multiplexing them into one FACH radio frame. In
this case, even if a FACH-L has been stored by that time,
FACH-S’es that receive a transmission request later than
that FACHL can be multiplexed and transmitted.

[0276] A mobile station can simultaneously receive the
entire FACH-S’es and FACH-L on each common control
physical channel. It is sufficient for a mobile station to
receive one common control physical channel even in the
case where a base station transmits a plurality of common
control physical channels for transmitting FACHs. Which
one of them is to be received by the mobile station is
determined between the mobile station and the BTS.

[0277] The FACH-S has two modes of transmission for-
mat. One is a format (layer 3 transmission mode) for
transmitting information of layer 3 and higher order which
is designated. The other one is a format (ACK mode) for
transmitting an ACK of receiving a RACH.

[0278] An ACK mode FACH-S can contain ACKs to up to
seven mobile stations at the maximum. An ACK mode
FACH-S is always transmitted as the first FACH-S. An ACK
mode FACH-S is transmitted at first, even if the transmission
request is received after other FACH’s.

[0279] 1If an information volume of a higher rank infor-
mation form (CPS: content provider system) that is trans-
mitted by FACH radio units amounts to a plurality of FACH
radio units, a continuous transmission is guaranteed. No
other CPS is allowed to intrude into the transmission. Even
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the ACK mode FACH-S, which is given top priority as
described above, is not allowed to intrude to be transmitted.

[0280] When one CPS is transmitted with a plurality of
FACH radio units, either FACH-L’s or FACH-S’es are used,
without being used in a mixed manner. When one CPS is
transmitted continuously with a plurality of FACH-S radio
units, the (n+1)-th FACH-S radio unit follows the n-th
FACH-S radio unit, except that it is the first FACH-S radio
unit that follows the fourth FACH-S radio unit.

[0281] 4.1.2.4.2.3. AMapping Method of a RACH onto a
Common Control Physical Channel.

[0282] A RACH-S is mapped onto a 16 ksps reverse
common control physical channel, and a RACH-L is
mapped onto a 64 ksps reverse common control physical
channel. Both the RACH-S and RACH-L consist of one
radio frame of 10 ms long. When they are transmitted
through wireless sections, four pilot symbols are added to
the final position of the radio frame.

[0283] When transmitting the RACH, a mobile station
uses the RACH-L. or RACH-S freely in accordance with a
transmission information volume. Receiving the RACH-L
or RACH-S normally, a base station transmits Ack to the
mobile station through a FACH. The RACH and its associ-
ated FACH that transmits the Ack are designated by assign-
ing the same RL-ID to both the channels.

[0284] The frame timing for transmitting the RACH from
the mobile station is delayed by a predetermined offset from
the frame timing of the common control physical channel
onto which the FACH for transmitting the Ack is mapped.
The offset can take 16 values, one of which the mobile
station randomly selects to send the RACH.

[0285] The base station must have the function of receiv-
ing the RACH-L and RACH-S at all the offset timings.

[0286] 4.1.2.4.3. Dedicated Physical Channel.

[0287] The SDCCH and UPCH each occupy one dedi-
cated physical channel. With regard to 32-256 ksps dedi-
cated physical channels, a DTCH and an ACCH are time
multiplexed to share the same dedicated physical channel.
With regard to 512 ksps and 1024 ksps dedicated physical
channels, only a DTCH occupies the dedicated physical
channel without multiplexing an ACCH.

[0288] The time multiplexing of the DTCH and ACCH is
carried out for each time slot by dividing logical channel
symbols in the time slot and assigning them to the two
channels. The ratio of the division varies depending on the
symbol rate of the dedicated physical channel. FIG. 12
illustrates a mapping method of the DTCH and ACCH onto
the dedicated physical channel.

[0289] The number of radio frames constituting a radio
unit of the ACCH varies depending on the symbol rate of a
dedicated physical channel. The radio unit of the ACCH is
allocated in synchronism with a super frame such that it is
divided in accordance with the number of the time slots and
its divisions are allocated to the entire time slots over one or
more radio frames.

[0290] FIGS. 13A-13C each illustrate a mapping method
of the ACCH onto a super frame of the dedicated physical
channel for each symbol rate. One reason why the number
of the radio frames constituting the radio unit varies depend-
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ing on the symbol rates is that an error correcting code
(CRC) is added to each radio unit to detect and correct errors
in each unit, and hence increasing the number of the radio
unit will lead to increase the overhead of the error correcting
processing (concerning the coding processing of the ACCH,
refer to FIGS. 72-74). Another reason is that if the number
of the radio units per super frame is increased in the case
where the symbol rate is low, the ratio of the error correcting
code increases, reducing the volume of the substantially
transmitted information.

[0291] In multicode transmission, the ACCH radio unit
does not overlay two or more physical channels, but is
transmitted using a particular one code (physical channel).
The particular one code is predetermined.

[0292] 4.1.2.5. Logical Channel Coding

[0293] FIGS. 64-84 illustrate coding processings of logi-
cal channels, which are carried out in a base station (BTS).

[0294] 4.1.2.5.1. Error Detecting Code (CRC).

[0295] An error detecting code (CRC) is added to each
CPSPDU (common part sublayer protocol data unit), each
internal encoding unit, or each selection combining unit.

[0296] 4.1.2.5.1.1. Generator Polynomials
[0297] (1)16-bit CRC

[0298] Application: CPSPDU of the entire logical
channels except for the DTCH and PCH; internal
encoding unit of UPCHs at all the symbol rates;
selection combining unit of the 32 ksps DTCH;
and an internal encoding unit of the SDCCH,
FACH-S/L or RACH-S/L.

[0299] Generator polynomial: GCRC16 (X)=X"%+
XZ4X5+1

[0300] 2) 14-bit CRC
[0301] Application: ACCHs at all the symbol rates.

[0302] Generator polynomial: GCRC14 (X)=X""+
XX+ X34 X+1
[0303] (3) 13-bit CRC

[0304] Application: Selection combining units of
64/128/256 ksps DTCHs.

[0305] Generator polynomial: GCRC13 (X)=X"*+
XX+ X4+ X4 X+ 1
[0306] (4) 8-bit CRC
[0307] Application: CPSPDU of PCH.
[0308] Generator polynomial: GCRC8 (X)=X%+
X7+X2+1
[0309] 4.1.2.5.1.2. CRC Calculation Application Range.
[0310] CRC for each CPSPDU: Entire CPSPDU.

[0311] CRC for each ACCH/DTCH selection combining
unit: Entire unit except for tail bits.

[0312] CRC for each SDCCH/FACH/RACH/UPCH inter-
nal encoding unit: Entire unit except for tail bits.

[0313] FIGS. 64-84 illustrate by shaded portions the CRC
calculation application range and CRC bits.
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[0314] 4.1.2.5.1.3. Uses of CRC Check Results.

[0315] CRC for each CPSPDU: Making a decision as to
whether to carry out retransmission according to a retrans-
mission protocol of a higher layer (SSCOP, layer 3 retrans-
mission).

[0316] CRC for each ACCH/DTCH selection combining
unit: (i) outer-loop transmission power control; (ii) selection
combining reliability information.

[0317] CRC for each UPCH internal encoding unit: outer-
loop transmission power control.

[0318] CRC for each RACH internal encoding unit: layer
1 retransmission.

[0319] CRC for each SDCCH internal encoding unit: (i)
outer-loop transmission power control; (ii) making a deci-
sion on the necessity for wire transmission.

[0320] 4.1.2.5.1.4. Initialization of CRC

[0321] The initial value of a CRC calculator is “all 0’s”.

[0322] 4.1.2.5.2. PAD.

[0323] Application: The CPSPDU of the logical channels
except for DTCHs.

[0324] A PAD is used for aligning the length of the
CPSPDU with the integer multiple of the internal encoding
unit length or selection combining unit length. The PAD is
contained in the CPSPDU by 1 oct. unit. The bits of the PAD
is “all 0’s”.

[0325] 4.1.2.5.3. Length

[0326] Application: The CPSPDU of logical channels
except for DTCHs.

[0327] Length shows an information volume (the number
of octets) of the padding in the CPSPDU.

[0328] 4.1.2.5.4. W Bits

[0329] W bits indicates the initial, continuous, or final
position of the CPSPDU for each internal encoding unit (for
each selection combining unit in the case of an ACCH). The
relationships between the bit patterns of the W bits and their
indications are shown in Table 7, and the uses thereof is
shown in FIG. 14.

[0330] A flowchart illustrating an assembling process of
the CPSPDU using the W bits is shown in FIGS. 95A to
96B.

TABLE 7

W bit pattern

W bits Designated contents
00 continue & continue
01 continue & end
10 start & continue
11 start & end

[0331] 4.1.2.5.5. Internal Code.

[0332] An internal code is one of the convolutional cod-
ing. FIGS. 15A and 15B each shows a convolutional
encoder.
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[0333] Features of internal encoding for respective logical
channels are shown in Table 8. The output of the convolu-
tional encoder is produced in the order of output 0, output 1
and output 2 (coding rate of 1/2 is applied to up to output 1).
The initial value of the shift register of the encoder is “all
0’s™.

TABLE 8

Features of internal encoding.

Number of
Types of logical Constraint Encoding  Depth of slots/radio
channels length rate Interleaving unit
BCCH 1 9 12 10 32
BCCH 2 10 32
PCH 16 4
FACH-L 72 16
FACH-S 72 4 (4 slot
interval)
FACH-L 72 16
FACH-S 32 8
SDCCH 30 16
ACCH (32/64 ksps) 1/3 6 64
ACCH (128 ksps) 10 32
ACCH (256 ksps) 24 16
DTCH (32 ksps) 24 16
DTCH (64 ksps) 64 16
DTCH (128 ksps) 140 16
DTCH (256 ksps) 278 16
DTCH (512 ksps) 622 16
DTCH (1024 ksps) 1262 16
UPCH (32 ksps) 1/3 30 16
UPCH (64 ksps) 70 16
UPCH (128 ksps) 150 16
UPCH (256 ksps) 302 16

[0334] 4.1.2.5.6. External Encoding
[0335] (1) Reed-Solomon encoding/decoding.

[0336] Code form: An abbreviated code RS(36,
32) derived from a primitive code RS(255, 251)
defined over a Galois field GF(28).

[0337] primitive polynomial: p=X5+X"+X*+X+1.

120)

[0338] Code generator polynomial: G(X)=(x+c
(x+a) (x+a'??) (x+a'*?)

[0339] An external encoding is applied only when
unrestricted digital transmission in a circuit
switching mode is carried out. The external encod-
ing is carried out every 64 kbps (IB) interval
independently of the transmission rate.

[0340] (2) Symbol interleaving.

[0341] Interleaving is carried out on an 8-bit sym-
bol unit basis. The depth of the interleaving is 36
symbols independently of the symbol rate of the
DTCH.

[0342] (3) External code handling alignment.

[0343] Each external code handling unit consists
of 80 ms long data. The external code handling is
processed in synchronism with radio frames. The
radio frames in the external code handling unit are
provided with sequence numbers 0-7 in the order
of transmission. The external code handling align-
ment is established in accordance with the
sequence numbers. The number of alignment
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guard stages are as follows (default=2). The num-
ber of forward guard stages: NF (default=2). The
number of backward guard stages: NR (default=
2).

[0344] 4.1.2.5.7. Reverse Link Interfering Amount.

[0345] 1t is reported through the BCCH1 and BCCH2. It
is the latest measured value of the reverse interfering amount
(total received power including thermal noise) for each
sector. A measuring method is defined by measurement
parameters. Table 9 shows an example of correspondence
between bit values and reverse interfering amounts. The bits
are transmitted from the leftmost bit in the table. The bits
takes an idle pattern (see, 4.1.10) when the start of the
measurement is not designated.

TABLE 9

Correspondence of the bit values to the reverse interfering amounts.

Bit values Reverse interfering amounts
11 1111 equal or greater than —143.0 dBm/Hz
11 1110 equal or greater than —-143.5 dBm/Hz
. less than -143.0 dBm/Hz
00 0001 equal or greater than —-174.0 dBm/Hz
less than -173.5 dBm/Hz
00 0000 less than -174.0 dBm/Hz

[0346] 4.1.2.5.8. SFN (System Frame Number)

[0347] System frame number (SFN) is reported through
the BCCH1 and BCCH2. The SFN has a one-to-one corre-
spondence with the radio frame, and is incremented by one
for each 10 msec long radio frame. The SFN of the first one
of the two radio frames at each transmission timing of the
BCCH1 or BCCH2 is transmitted over the BCCHI1 or
BCCH2. FIG. 16 illustrates a transmission example of the
SEN.

[0348] The base station generates counter values based on
the timings designated by transmission paths. The range of
the SFN: 0-2%°-1. The radio frame with SFN=2'6-1 is
followed by the radio frame with SFN=0.

[0349] Bit arrangement: FIG. 17 shows the bit arrange-
ment of the SEN. The bits are transmitted from the MSB of
this figure.

[0350] Uses of the SFN.

[0351] (1) For calculating the phase of a reverse link
long code: The reverse link long code phase at the
originating/terminating connection and at the diver-
sity handover is calculated as will be described in
4.1.3 and illustrated in FIGS. 85-88 to generate a
long code.

[0352] (2) For establishing super frame alignment:
The radio frame with the SFN of mod 64=0 is the
initial frame in a super frame, and the radio frame
with the SFN of mod 64=63 is the final frame in the
super frame.
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[0353] 4.1.2.5.9. Transmission Power.

[0354] Transmission power is broadcasted over the
BCCH1 and BCCH2. Transmission power of the perch
channel is notified. Range of the value: 6 dBm-43 dBm. Bit
arrangement: 6-bit binary notation of a value expressed in
dBm unit (for example, 6 dBm is represented as “000110”).
The bits are transmitted from the MSB.

[0355] 4.1.2.5.10. PID (Packet ID).

[0356] Application: RACH-S/L; FACH-S/L. A PID is an
identifier for identifying, on a common control physical
channel, a call or a mobile station, which is associated with
transmitted information. Information length: 16 bits. The
PID value on a FACH is designated together with its
transmitted information. The PID value transmitted over the
RACH is notified along with the transmitted information.

[0357] Uses: The major uses of the PID are as follows.

[0358] (i) For sending a request for establishing the
SDCCH, and for sending an establishment response.
The PID is used for sending from a mobile station to
the BTS through the RACH a request for establish-
ing the SDCCH, and from the BTS to the mobile
station through the FACH an establishment response.
The PED on the FACH that transmits the establish-
ment response is identical to the PID on the RACH
that sends the establishment request. The PID value
for this purpose is randomly selected by the mobile
station.

[0359] (ii) For carrying out packet transmission. The
PID is used for the packet data transmission on the
RACH and FACH. The PID value for this purpose is
determined by the base station that selects a unique
value for each sector. A range of the PID value: A
range over 16 bits is divided into two parts which are
used for the foregoing purposes. Table 10 shows an
example of the ranges for the uses. Bit structure: PID
values (0-65535) are represented by the 16-bit binary
notation. The bits are transmitted from the MSB.

TABLE 10

Range of PID values.

Uses Range of Values
SDCCH establishment request 0to 63
immediately before SDCCH establishment

and establishment response

Packet transmission 64 to 65535

[0360] 4.1.2.5.11. Mo.

[0361] Mo is abit for identifying the mode of the FACH-S.
An example of its bit structure is shown in Table 11.

TABLE 11

Bit structure of Mo.

Bit Identification Content
0 Normal mode
1 Ack mode
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[0362] 4.1.2.5.1.2. U/C.

[0363] Application: RACH-SAL, FACH-S/L and UPCHs
of all the symbol rates. The U/C bit is an identifier for
identifying whether the information conveyed by the
CPSSDU (content provider system service data unit) is user
information or control information. An example of its bit
structure is shown in Table 12.

TABLE 12

Structure of U/C bit

Bit Identification Content
0 User Information
1 Control Information

[0364] 4.1.2.5.13. TN (Termination Node Information)

[0365] Application: RACH-S/L, FACH-S/L and UPCHs
of all the symbol rates. The TN bit is an identifier for
identifying a base station side terminal node of the infor-
mation conveyed by the CPSSDU. An example of its bit
structure is shown in Table 13

TABLE 13

Structure of TN bit

Identification Content

Bit RACH, Reverse UPCH FACH, Forward UPCH

0 MCC Termination
1 BTS Termination

Transmission from MCC

Transmission from BTS

[0366] 4.1.2.5.14. Sequence Number (S Bits).

[0367] Application: RACH. The sequence number is for
achieving highly efficient assembling of CPS considering
retransmission (layer 1 retransmission) over the RACH
between the MS and BTX. A range of the sequence number:
0 to 15. A CPS is assembled on the basis of the sequence
number and the CRC check result. The sequence number is
“0” in the first radio unit of the CPSPDU. FIGS. 96A and
96B illustrate a flowchart of an assembling method of
CPSPDU of a RACH using W bits and S bits.

[0368] 4.1.2.5.15 PD Portion.

[0369] The PD portion includes PD1 and PD2, both of
which can be used in the same manner. The PD portion is an
identifier for instructing a mobile station about the presence
and absence of incoming call information, and the necessity
of receiving the BCCH. Transmitting the PD1 and PD2 at
different timings enables the mobile station to improve the
reception quality owing to the time diversity effect. An
example of the bit arrangement is shown in Table 14.
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TABLE 14

Bit structure of PD portion.

Bits Identification Contents

all 0’s Incoming call information is absent and
BCCH reception is unnecessary

all 1’s Incoming call information is present and
BCCH reception is necessary

[0370] 4.1.2.5.16. Maximum Length of CPSSDU.

[0371] The maximum length of the CPSSDU is LCPS
regardless of the types of the logical channels. The LCPS is
set as one of the system parameters.
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[0372] 4.1.3. Transmitting and Receiving Timings of the
Base Station.

[0373] FIGS. 85-88 illustrate concrete examples of the
transmitting and receiving timings of radio frames along
with long code phases for each physical channel, when the
chip rate is 4.096 Mcps. The BTS generates a reference
frame timing (BTS reference SFN) from a transmission
path. The transmitting and receiving timings of various
physical channels are established as timings that are offset
from the BTS reference SFN. Table 15 shows the offset
values of the radio frame transmitting and receiving timings
of the physical channels. The BTS reference long code phase
is determined such that the long code phase becomes zero at
the first chip of the frame whose timing corresponds to BTS
reference SEN=0. The long code phase of various physical
channels are established at phases. The offset values of the
long code phases of the physical channels are also shown in
Table 15.

TABLE 15

Offset values (in terms of chips) of transmitting and receiving

timings of physical channels

Physical
Channels

of radio frames

Transmitting and receiving timings

Long code phases

Perch channel Tseer

Forward
common control
physical
Forward
dedicated
physical
channel (during
non-DHO)
Forward
dedicated
physical
channel (during
DHO)

Reverse
common control
physical
channel
(RACH)

(16) Tseer + Tocen + 7680 x C

Tseer + Trrame + Tsor + 320 x € Tgper

Reverse
dedicated
physical
channel (during
non-DHO)
Reverse
dedicated
physical
channel (during
DHO)

(@ Tseer + Teeen
(2) Tsger + Teeen + 2560 x C
(3) Tsger + Tecen + 5120 x C

Tseer + Tono

TSECT

Tseer + Tecen Tseer

Tsecr + Teramz + TsLor Tseer

Tsper + <Tpuo>* - 320 x C™2 Tsper

(D Tsger + Tecen
(2) Tsper + Tecen + 2560 x C
(3) Tsper + Teeen + 5120 x C

(16) Tseer + Tocen + 7680 x C

Tseer + Tono — Trrame ~ Tspor - 320 C

*Ldenotes that Tpyo which is represented in terms of chips is round down into a symbol based repre-

sentation.

#2340 x C equals the number of chips corresponding to 1/2 slot. Thus, C has different values depending
on chip rates: C = 1, 4, 8, 16 for chip rates = 1.024, 4.096, 8.192 and 16.384 Mcps, respectively.
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[0374] Although the physical channels other than the
perch channel are not provided with the SFN, all the
physical channels consider the frame number (FN) corre-
sponding to the SFN of the perch channel. The FN, which is
not present physically in a transmitted signal, is generated in
a mobile station and the base station for respective physical
channels in accordance with the predetermined correspon-
dence with the SEN of the perch channel. The correspon-
dence between the SFN and FN are also shown in FIGS.
85-88.

[0375] The offset values Tgper, Tomos Tocem TrraME
and Tg; o Will be described here.

[0376] Tsger

[0377] Offset values TgpcrS vary from sector to
sector. (Although they are synchronized between
sectors within the base station, they are asynchro-
nous between base stations). Each Tgporp is
applied to all the physical channels in the sector.
The range of their values, which are represented in
terms of chips, is within a slot interval. The long
code phases of the forward dedicated physical
channels are all aligned with the offset values
TsecrS in order to reduce the interfering amount
due to forward link orthgonalization. A mobile
station can recognize, if it receives the long code
mask symbol, the long code phase (corresponding
to Tgger), and hence can carry out transmission
and reception using it. Varying the offset values
TgeerS between the sectors makes it possible to
prevent the long code mask symbols from taking
place at the same timing, thereby enabling each
mobile station to select its cell appropriately.

[0378] 15
[0379] TCCCH

[0380] Each Ty is an offset value for a radio
frame timing of the common control physical
channel. It can be set for each common control
physical channel. This serves to reduce the occur-
rence frequency of the matching of transmission
patterns between a plurality of common control
physical channels in the same sector, thereby
making uniform the forward direction interfering
amount. The range of its value, which is repre-
sented in terms of symbols, is within the slot
interval. Although its value is designated in terms
of chips, the value is round down to a symbol unit
of the common control physical channel to be used
for the offset.

[0382] The Tegapg is an offset value for the radio
frame timing of the dedicated physical channel. It
can be set separately for each dedicated physical
channel. The base station determines the Tpg Aape
at a call setup, and notifies the mobile station of it.
The reverse link transmission is also carried out
using this offset value. Because all the processings
in the base station is carried out in synchronism
with the offset value, there occurs no delay in the
processings. It serves for the purpose of making
uniform (random) the transmission traffic, thereby
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improving the efficiency of wire ATM transmis-
sion. Its value is represented in terms of slots
(0.625 ms), and its range is within one radio
frame.

[0383] Tsior

[0384] The Tg4; or is an offset value for the radio
frame timing of the dedicated physical channel. It
can be set separately for each dedicated physical
channel. It serves to prevent the transmission
pattern matching, and thereby making the inter-
ference uniform. The range of its value which is
represented in terms of symbols is within the slot
interval. Although its value is designated in terms
of chips, the value is round down to a symbol unit
of the common control physical channel, and the
rounded down value is used for the offset.

[0385] Tpuo

[0386] The Tpyo is an offset value for the radio
frame timing of the dedicated physical channel
and for the reverse link long code phase. It cor-
responds to a measured value by a mobile station
of the timing difference between the reverse direc-
tion transmitting timing of the mobile station and
the received timing by the mobile station of the
perch channel of the DHO destination station. The
range of its value which is represented in terms of
chips is within the reverse long code phase range
(0-2'°-1). Although in the base station (BTS) the
received timings of the reverse physical channels
approximately agree with those of Table 15, they
actually fluctuate owing to propagation delay
between the mobile stations and the base station
and to the variations of the propagation delays.
The base station (BTS) receives with canceling
these fluctuations by means of buffers or the like.
The radio frame timing of the dedicated physical
channel of a reverse link is delayed by half a slot
interval as compared with that of a forward link.
Thus, the delay of the transmission power control
becomes one slot interval, thereby reducing con-
trol errors. More specific setting scheme of the
timing differences are illustrated in FIGS. 85-88.

[0387] With regard to the reverse common control physi-
cal channel (RACH), the radio frame timing of the RACH
is offset from that of the corresponding forward common
control physical channel. The offset value has four steps at
time slot intervals. The initial position of a radio frame is
aligned with the initial value of the long code phase. Thus,
the long code phase has four offset values, as well. A mobile
station can transmit by selecting anyone of the four offset
timings. The BTS can always receive the RACHs simulta-
neously which are transmitted at all the offset timings.

[0388] 4.1.4. Spreading Code.
[0389] 4.1.4.1. Generating Method.
[0390] 4.1.4.1.1. Forward Long Code.

[0391] A forward long code consists of the Gold codes
using M sequences obtained from the following generator
polynomials.

[0392] (Shift register 1) X'®+X"+1
[0393] (Shift register 2) X**+X*°+X7+X°+1
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[0394] A configuration of a forward long code generator is
shown in FIG. 18. The initial state of a long code number
value is defined as a state in which the value of the shift
register 1 represents that long code number, and the value of
the shift register 2 is set at “all 1°’s”. Thus, the range of the
long code number is from 00000h through 3FFFFh. The
MSB of the long code number is first input to the leftmost
bit of the shift register 1 of the generator of FIG. 18.

[0395] The forward long code has a period of one radio
frame interval. Accordingly, the output of the long code
generator is truncated at 10 ms so that it repeats the pattern
from phase 0 to the phase corresponding to 10 ms. Thus, the
range of the phase varies as shown in Table 16 in accordance
with the chip rate.

[0396] In addition, as will be described later in 4.1.5.3.,
the phase of the inphase component of the long code is
shifted from that of the quadrature component by an amount
of “shift”, which makes it possible to differentiate the
inphase component from the quadrature component. Table
16 shows the phases of the two components when the “shift”
is set at 1024. The long code generator can implement a state
in which its phase is shifted from the initial state by an
amount of any integer multiple of a clock period.

TABLE 16

Correspondence between chip rates and ranges
of the phase of a forward long code.

Ranges of the phase (chips)

Chip rates (Mcps)  In phase component  Quadrature

1.024 0 through 10239 1024 through 11263

4.096 0 through 40959 1024 through 41983

8.192 0 through 81919 1024 through 82943
16.384 0 through 163839 1024 through 164863

[0397] 4.1.4.1.2. Reverse Long Code.

[0398] A reverse long code is one of the Gold codes using
M sequences obtained from the following generator poly-
nomials.

[0399] (Shift register 1) X" +X3+1
[0400] (Shift register 2) X*'4+X*°+1

[0401] A configuration of a reverse long code generator is
shown in FIG. 19.

[0402] The initial state of a long code number is defined as
a state in which the value of the shift register 1 equals that
long code number, and the value of the shift register 2 is set
at “all 1°s”. Thus, the range of the long code number is from
00000000000h through IFFFFFFFFFFh. The MSB of the
long code number is first input to the leftmost bit of the shift
register 1 of the generator of FIG. 19.

[0403] The reverse long code has a period of 2*° radio
frame intervals (that is, 2'° super frame intervals). Accord-
ingly, the output of the long code generator is truncated at
2 radio frame intervals so that it repeats the pattern from
phase 0 to the phase corresponding to 2'° radio frame
intervals. Thus, the range of the phase varies as shown in
Table 17 in accordance with the chip rate. In addition, as will
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be described later in 4.1.5.3., the phase of the inphase
component of the long code is shifted from that of the
quadrature component by an amount of “shift”.

[0404] Table 17 shows the phases of the two components
when the “shift” is set at 1024. The long code generator can
implement a state in which its phase is shifted from the
initial state by an amount of any integer multiple of the clock
period.

TABLE 17

Correspondence between chip rate and ranges
of the phase of a reverse link long code.

Chip
rates Ranges of the phase (chips)

(Mcps) In phase component Quadrature

1.024 0 through 2% x 10240 — 1 1024 through 2% x 10240 + 1023

4.096 0 through 21 x 40960 — 1 1024 through 21 x 40960 + 1023

8.192 0 through 2'° x 81920 - 1 1024 through 2'° x 81920 + 1023
16.384 0 through 21° x 163840 — 1 1024 through 2° x 163840 + 1023

[0405] 4.1.4.1.3. Short Code

[0406] 4.1.4..1.3.1. Short Code for Symbols other than the
Long Code Mask Symbols.

[0407] The following layered orthogonal code sequences
are used for the symbols of all the physical channels except
for the perch channels, and for the symbols other than the
long code mask symbols of the perch channels. A short code
consisting of the layered orthogonal code sequences is
designated by a code class number (Class) and a code
number (Number). The period of the short code varies for
each short code class number.

[0408] FIG. 20 illustrates a generating method of the short
codes which are each represented as C,,.. (Number). The
period of the short codes equals the period of a symbol.
Therefore, if the chip rate (spread spectrum bandwidth) is
the same, the short code period varies in accordance with the
symbol rate, and the number of usable short codes also
varies in accordance with the symbol rate. The relationships
of the symbol rate with the short code class, short code
period and short code number are shown in Table 18.

[0409] The short code numbering system is composed of
the code class and code number, which are represented by 4
bits and 12 bits in the binary notation, respectively. The short
code phase is synchronized with the modulation and
demodulation symbols. In other words, the first chip of each
symbol corresponds to the short code phase=0.

TABLE 18

Short codes for long code mask symbols.

Symbol rate (ksps) Chip rate = Short Number
1.024 4.096 8.192  16.384 Short code of short
Mcps  Mcps  Mcps  Mcps  code class  period codes

256 1024 2 4 4
128 512 1024 3 8 8

64 256 512 1024 4 16 16

32 128 256 512 5 32 32

16 64 128 256 6 64 64
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TABLE 18-continued

Short codes for long code mask symbols.

Symbol rate (ksps) Chip rate = Short Number
1.024 4.096 8.192  16.384 Short code of short
Mcps  Mcps  Mcps  Mcps  code class  period codes

— 32 64 128 7 128 128

— 16 32 64 8 256 256

— — 16 32 9 512 512

— — — 16 10 1024 1024

[0410] 4.1.4.1.3.2. Short Codes for Long Code Mask
Symbols.

[0411] Apart from the other symbols, the long code mask
symbols of the perch channels use as their short codes the
orthogonal Gold codes using M sequences which are
obtained from the following generator polynomials.

[0412] (Shift register 1) XB+X*+X>+X*+1
[0413] (Shift register 2) X®+X°+X°+X%+1

[0414] FIG. 21 shows a configuration of a short code
generator for the long code mask symbols. The initial value
of the shift register 1 is a short code number N ;5 (value
range: 0-255) for the long code mask symbol. The MSB of
the number N; 5,5 1s first input in the leftmost bit of the shift
register 1. The initial value of the shift register 2 is “all 1°s”.

[0415] If “all 1°s” of the shift register 2 is detected, the
shift operation is halted and “0” is inserted. The first chip of
the short code output becomes 0. The period of the short
code is one symbol interval (256 chips) of the perch channel.

[0416] 4.1.4.2. Allocation Method of Spreading Codes.
[0417] 4.1.42.1. Forward Long Code.

[0418] In the system operation, all the sectors in a cell
share a common single long code number allocated thereto.
In the system configuration, different long code numbers can
be allocated to respective sectors. The long code number is
designated. With respect to the forward long codes used in
the various forward physical channels which are transmitted
in the sector, the same long code number is used by the entire
physical channels. Concerning the long code phase, see
4.1.3.

[0419] 4.1.42.2. Reverse Long Code.

[0420] A long code number is allocated to each reverse
link physical channel. designated. The long code number is
dedicated physical channels into which the TCH, ACCH and
UPCH are mapped use the reverse link long code allocated
to each mobile station. Dedicated physical channels, into
which the other logical channels are mapped, and a common
physical channel use the reverse link long code allocated to
each base station. About the long code phases, see 4.1.3.

[0421] 4.1.4.2.3. Short Codes

[0422] 4.1.42.3.1. Short Codes for Physical Channels
other than the Perch Channels.

[0423] These short codes are allocated to each forward/
reverse link physical channel. The short code numbers are
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designated. In terms of the system configuration, the same
short code number is simultaneously usable in the same
sector.

[0424] 4.1.42.3.2. A Short Code for the Perch Channel.

[0425] A short code number for symbols on the first perch
channel other than the long code mask symbols is common
to all the cells, which is Cg(0). (However, any short code
designated is usable for the first perch channel). A short code
number for the long code mask symbols of the first perch
channel is common to all the cells, which is Njpg=1.
(However, any short code number NLMS designated for the
long code mask symbol is usable for the long code mask
symbol of the first perch channel).

[0426] As a short code number for long code mask symbol
of the second perch channel, one of the short codes that are
assigned to the system in advance is used for each sector.
The short code numbers of these short codes are stored in the
BSC (base station control center) and mobile stations.
(However, any short code for the long code mask symbol
designated is usable for the second perch channel). The short
code number for the long code mask symbol of the second
perch channel has one to many correspondence with the
forward long codes used in the same sector.

[0427] Examples of the correspondence are shown in
Table 19. The corrsepondence is stored in the BSC and
mobile stations. (However, any short code for the long code
mask symbol and any forward long codes which are desig-
nated for the second perch channel are usable in the same
sector).

TABLE 19

Short code numbers Nppe for long code
mask symbols on the second perch

channel Forward long codes
2 00001h through 00020h
3 00021h through 00040h
4 00041h through 00060h
5 00061h through 00080h

Examples of the Correspondence of the Short
Codes for the Second Perch Channel with the
Forward Link Long Codes.

[0428] 4.1.5. A Generating Method of a Spread Spectrum
Modulation Signal.

[0429] 4.1.5.1. Spread Spectrum Modulation Scheme.

[0430] Forward/reverse Link: QPSK (BPSK is Appli-
cable, as Well).

[0431] 4.1.5.2. Allocation Method of Short Codes.

[0432] In accordance with the designated short code num-
bering system (code class number; Class; and code number,
Number), the same short code is assigned. as the inphase
short code SCi and the quadrature short code SCq. In other
words, SCi=SCq=C_,,, (Number). Different short code
numbering systems are assigned to the forward and reverse
links, respectively. Accordingly, the forward and reverse
links can use different short codes.
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[0433] 4.1.5.3. An Allocation Method of the Long Codes.

[0434] A long code number LN: Assuming that the output
value of the long code generator is G; ,(Clock) at the time
when the shift registers 1 and 2 of the long code generator
are shifted by the clock shift number Clock from the initial
value O (in which the long code number is set in the shift
register 1, and all 1’s are set in the shift register 2), the
inphase output value LCi(PH) and the quadrature output
value LCq(PH) of the long code generator at the long code
phase PH shown in FIGS. 85-88 are as follows for both the
forward and reverse links.

LCi(PH)=G (PH)
LCq(PH)=Gy (PH+Shift) (=0, in BPSK)

[0435] About the ranges of the inphase and quadrature
long code phases, see 4.1.4.1.

[0436] 4.1.5.4. A Generating Method of a Long Code+
Short Code.

[0437] FIG. 22 illustrates a generating method of an
inphase spreading code Ci and a quadrature spreading code
Cq using a long code and short code.

[0438] 4.1.5.5. A Configuration of a Spreader.

[0439] FIG. 23 shows a configuration of a spreader for
generating the inphase component Si and quadrature com-
ponent Sq of a spread signal by spreading the inphase
component Di and quadrature component Dq of the trans-
mitted data with the spreading codes Ci and Cq.

[0440] 4.1.6. Random Access Control.

[0441] FIG. 24 illustrates a random access transmission
scheme. A mobile station transmits a RACH at a timing
which are randomly delayed from the received frame timing
of the forward common control channel. The random delay
amount is one of the 16 offset timings as shown in FIGS.
85-88. The mobile station randomly selects one of the offset
timings each time it sends the RACH. One radio frame is
transmitted for each transmission of the RACH. Detecting
the RACH with which the CRC result for each internal
encoding unit is correct, the base station transmits, using the
ACK mode of the FACH-S, the PHD of that RACH in the
FACH radio frame following the FACH radio frame that is
being transmitted at the detection timing of the RACH. The
mobile station transmits, after receiving the ACK for the
current radio frame over the ACK mode FACH-S, the next
radio frame, in the case where multiple RACH radio frames
to be transmitted are present.

[0442] The mobile station uses, when one piece of CPS
information to be transmitted consists of a plurality of
RACH radio units, the same PID value for all these RACH
radio units. In addition, it uses one of the RACH-L and
RACH-S, inhibiting mixed use of them for the transmission
of the one piece of the CPS information. The mobile station
retransmits the RACH in a case where it cannot receive over
the ACK mode FACH-S the PID value of the RACH it
transmitted even if TRA msec has passed after the trans-
mission of the RACH. In this case, it uses the same PID
value. The maximum number of retransmissions is NRA
(Thus, the same RACH radio unit can be transmitted
NRA+1 times at the maximum including the first transmis-
sion). The ACK mode of the FACH-S can contain up to
seven PHDs of the RACHs with which the detection result
of the CRC is correct.
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[0443] If any RACH is present with which the base station
detects that the CRC is correct and to which it has not yet
sent back the ACK by the time immediately before the
transmission of the FACH radio frame, the base station
transmits the ACK mode FACH-S over the first FACH in the
order of received timings of the RACHs with which the CRC
is correct. However, those RACHs with which TACK msec
has elapsed after detecting the correct CRC are excluded
from those to be transmitted over the ACK mode FACH-S.

[0444] 4.1.7. Multicode Transmission.

[0445] The multicode transmission is carried out as fol-
lows when a designated single RL-ID consists of a plurality
of dedicated physical channels (spreading codes), so that the
pilot coherent detection and transmission power control are
carried out in common to all the dedicated physical channels
in the single RL-ID. When a plurality of RL-IDs are
assigned to a single mobile station, the pilot coherent
detection and transmission power control are carried out for
each RL-ID.

[0446] The frame timings and long code phases are
aligned in all the physical channels in the single RL-ID. One
or both of the following two transmission methods of the
pilot symbols and TPC symbols are used so as to improve
the coherent detection characteristics and to reduce the error
rate of the TPC symbols.

EXAMPLE 1 (SEE, FIG. 25)

[0447] The pilot symbols and TPC symbol are transmitted
through one of the plurality of dedicated physical channels
in the single RL-ID. The pilot symbols and TPC symbol are
not transmitted through the other dedicated physical chan-
nels. The pilot symbols and TPC symbol are transmitted
through that one dedicated physical channel at the transmis-
sion power a few times greater than the transmission power
at which symbols other than the pilot symbols and TPC
symbol are transmitted through the dedicated physical chan-
nels in the RL-ID.

[0448] The amplitude ratio of the transmission power of
the pilot symbols and TPC symbol (pilot portion) to that of
the data symbol section (data portion) has an optimum value
in terms of capacity that minimizes Eb/lo. This is because
there is a tradeoff between the fact that the channel estima-
tion accuracy is degraded when the amplitude of the pilot
portion is reduced, and the fact that the overhead is increased
when the amplitude of the pilot portion is increased.

[0449] FIG. 26 illustrates a simulation result of the opti-
mum value estimation of the amplitude ratio of the two
transmission powers. In FIG. 26, the horizontal axis repre-
sents the ratio of the amplitude (AP) of the transmitted wave
of the pilot portion to the amplitude (AD) of the transmitted
wave of the data portion, which are designated in FIG. 25
by AP and AD, respectively (in FIG. 25, they are repre-
sented as the squares AP and AD? of the amplitudes because
the vertical axis of FIG. 25 represents the transmission
power).

[0450] The vertical axis of FIG. 26 represents the required
Eb/lo as in FIGS. 5 and 6. The required quality is BER=
1073, and the multicode number is three. The simulation
result in FIG. 26 shows that the optimum value in terms of
capacity is obtained when the amplitude AP is twice the
amplitude AD. Considering this from the viewpoint of the
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transmission power ratio, the total transmission power of the
data portions of all the physical channels becomes 3 AD? in
the case of the three multicode transmission, and the trans-
mission power of the pilot portion becomes Ap*=(2 AD)*=4
AD?. Thus, the optimum transmission power ratio is
obtained when the transmission power of the pilot portion is
4/3 times that of the data portion.

[0451] As described above, there is an optimum value of
the transmission power ratio between the pilot portion and
the data portion, and the optimum value varies depending on
the number of the multicodes. Accordingly, the transmission
power ratio between the pilot portion and the data portion is
made variable. The dedicated physical channel for transmit-
ting the pilot symbols and TPC symbol are designated.

EXAMPLE 2 (SEE, FIG. 27).

[0452] In all the dedicated physical channels in the single
RL-ID, only the pilot symbol and TPC symbol section uses
a short code a particular dedicated physical channel uses.
The particular dedicated physical channel is designated. The
pilot portions are added in the same phase when they are
spread by the same short code, achieving the same effect as
when the transmission is carried out with increased trans-
mission power.

[0453] 4.1.8. Transmission Power Control.

[0454] FIGS. 89-94 show transmission patterns of the
respective physical channels.

[0455] 4.1.8.1. Perch Channels.

[0456] The first perch channel is transmitted continuously
at designated transmission power PP1 except for the long
code mask symbol contained in each time slot. Through the
first perch channel, the long code mask symbol contained in
each time slot is transmitted at the transmission power lower
than PP1 by a designated value Pdown.

[0457] The first perch channel is always transmitted in the
above-mentioned method regardless of the presence or
absence of the transmission information of the BCCH1 and
BCCH2 which are mapped into the first perch channel. If the
transmission information is not present, an idle pattern (PN
pattern) is transmitted. Through the second perch channel,
only the long code mask symbol contained in each time slot
is transmitted without transmitting the other symbols. The
long code mask symbol of the second perch channel is
transmitted at the same time as the long code mask symbol
of the first perch channel. The transmission power is a
designated value PP2, which is invariable. The values PP1,
Pdown and PP2 are determined such that mobile stations
located in contiguous sectors can make a sector identifica-
tion.

[0458] 4.1.8.2. Forward Common Control Physical Chan-
nels (FACHs).

[0459] In a radio frame of both the FACH-L and FACH-S,
in which no transmission information is present, the trans-
mission is made OFF over the entire period of the radio
frame including the pilot symbols.

[0460] A radio frame of the FACH-L, which contains
transmission information, is transmitted at a designated
transmission power value PFL over the entire period of the
radio frame. The transmission power level can be designated
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for each transmission information, which means that the
transmission power level is variable from radio frame to
radio frame, although it is fixed at the transmission power
value PFL within each radio frame.

[0461] If one or more of the four FACH-S’es in a radio
frame bear transmission information, only the time slots of
the FACH-S’es including the transmission information are
transmitted at a designated transmission power level. The
transmission power value is designated for each transmis-
sion information in “Normal mode” FACHs, which means
that transmission power levels PFS1-PFS4 are variable from
FACH-S to FACH-S in the radio frame. If all of the four
FACH-S’es in a radio frame bear transmission information,
the radio frame is transmitted over its entire period. The
transmission power, however, is variable for each FACH-S.

[0462] The transmission power of the “Ack mode”
FACH-S is fixed at a designated transmission power PACK.
In the time slots of the FACH-L or FACH-S that bears
transmission information, those at both sides of a symbol
section for a logical channel are designed such that they
transmit pilot symbols without exception. Accordingly, if a
time slot of a FACH that bears transmission information is
followed by a time slot of a FACH that does not bear any
transmission information, the latter time slot must send pilot
symbols that are adjacent to the former time slot. The
transmission power level of the pilot symbols is made equal
to that of the former time slot.

[0463] If two time slots of FACHs that bear transmission
information are adjacent, the transmission power of the pilot
symbols in the second time slot (that is, the pilot symbols
adjacent to the first time slot) is placed at the level equal to
the higher transmission power of the two time slots. The
values PFL, PFS1-PFS4 are determined in accordance with
the received SIR of the perch channel in a mobile station,
which is included in the RACH.

[0464] 4.1.8.3. Forward Common Control Physical Chan-
nel (for PCH)

[0465] The two PD portions included in each group are
always transmitted in all the groups. The transmission power
is designated at a transmission power level PPCH. When
transmitting the PD portion, pilot symbols are transmitted
together with the PD portion of the time slot into which the
PD portion is mapped, although the pilot symbols in the
subsequent time slot are not transmitted. The I portion of
each group is divided into four time slots (I1-14), and only
I portion of a group that contains incoming call information
is transmitted. The I portions of the remaining groups
without any incoming call information are not transmitted.
The transmission power is designated at a transmission
power level PPCH.

[0466] The time slot, into which the I portion of the group
including the incoming call information is mapped, is
handled such that the pilot symbols are transmitted at both
sides of the symbols for the logical channel without excep-
tion. Accordingly, if a time slot associated with the I portion
of a group including incoming call information is followed
by a time slot associated with the I portion of a group that
does not bear any incoming call information, the latter time
slot must send pilot symbols. The PPCH value is determined
such that almost all the mobile stations in the sector can
receive.
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[0467] 4.1.8.4. Reverse Common Control Physical Chan-
nels (RACHs)

[0468] A reverse common control physical channel is
transmitted from a mobile station only when transmission
information takes place. It is transmitted on each radio frame
unit basis. The transmission powers PRL and PRS of the
RACH-L and RACH-S are determined by the mobile station
in an open-loop system, and are fixed within a radio frame.
To the final position of the radio frame, pilot symbols are
added to be transmitted. The transmission power of the pilot
symbols is the same as that of the preceding radio frame.

[0469] 4.1.8.5. Forward Dedicated Physical Channel.

[0470] The transmission power control of the forward
dedicated physical channel is carried out, regardless of the
originating or terminating call connection or of the diversity
handover, such that the transmission is started at a desig-
nated transmission power value PD during the initial set of
the forward dedicated physical channel, and the transmis-
sion power is incremented at fixed intervals until the com-
munication power level reaches a value PD. After that, the
transmission power is further incremented at fixed intervals
until the receiving synchronization of the reverse dedicated
physical channel is established (see 5.2.1.2.2., for details).

[0471] Until the receiving synchronization of the reverse
dedicated physical channel has been established, and the
decoding of the reverse TPC symbols becomes possible, the
transmission is carried out continuously at the fixed trans-
mission power PD. The value PD is determined in the same
method as that of the FACH.

[0472] When the receiving synchronization of the reverse
dedicated physical channel has been established, and the
decoding of the reverse TPC symbol becomes possible, high
speed closed loop transmission power control is started in
accordance with the decoded result of the TPC symbols. In
the high speed closed loop transmission power control, the
transmission power is controlled at a control step of 1 dB at
every time slot interval in accordance with the decoded
result of the TPC symbols. For details of the transmission
power control method of the forward dedicated physical
channel, see 5.2.1.1.

[0473] 4.1.8.6. Reverse Dedicated Physical Channels.

[0474] In an originating or terminating call connection, a
mobile station starts transmission of a reverse dedicated
physical channel, after a receiving synchronization estab-
lishing process of the forward dedicated physical channel
meets predetermined conditions. The transmission power
level of the first time slot at the beginning of the transmis-
sion is determined in the open loop system as in the RACH,
and the subsequent transmission power level of the time
slots is determined by the high speed closed loop transmis-
sion power control in accordance with the decoded result of
the TPC symbols in the forward dedicated physical channel.
For more detailed information, see 5.2.1.1.

[0475] In the diversity handoff, it is not necessary to
establish any new reverse dedicated physical channel. The
transmission power is controlled from time slot to time slot
by the high speed closed loop transmission power control
during the diversity handover. For more detailed information
about the transmission power control method of the reverse
dedicated physical channel, see 5.2.1.1.
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[0476] 4.1.9. DTX (Data Transmission Equipment) Con-
trol.

[0477] The DTX control is applied only to the dedicated
physical channels.

[0478] 4.1.9.1. Dedicated Physical Channels for DTCH
and ACCH.

[0479] 4.1.9.1.1. Transmission.

[0480] Only in the dedicated physical channels (32 ksps)
for voice service, the transmission of symbols for a DTCH
is made ON when voice information is present, and made
OFF when no voice information is present. Examples of the
transmission patterns are shown in FIG. 94.

[0481] The pilot symbols and TPC symbol are always
transmitted regardless of the presence and absence of the
voice information and control information. The power ratio
of the transmission power (Pon) while the transmission is
ON to the transmission power (Poff) while the transmission
is OFF meets the transmission ON/OFF ratio of the trans-
mission characteristics of 5.1.1.

[0482] The transmission ON/OFF patterns are identical in
all the 16 time slots in a radio frame. The DTX control is
carried out on a radio frame (10 msec) basis. The DTX is not
carried out in the dedicated physical channels (equal to or
greater than 64 ksps) for data transmission. They are always
in a transmission ON state. The information for notifying of
the presence and absence of the voice information and
control information is not transmitted.

[0483] 4.1.9.1.2. Reception.

[0484] Table 20 shows methods of making decisions as to
whether or not the voice information and the control infor-
mation are present.

TABLE 20

Methods of deciding the presence and absence
of voice information and control information

Information

type Information is present Information is absent

Voice CRC on a DTCH selection CRC on a DTCH selection

information combining unit basis is combining unit basis is
correct; or a power ratio of incorrect; and a power ratio
the average received power of the average received
of the pilot and TPC power of the pilot and TPC
symbols to the average symbols to the average
received power of the received power of the
DTCH symbols is equal to DTCH symbols is equal to
or more than P« dB. or less than P dB.

Control CRC on an ACCH CRC on an selection

information selection combining unit combining basis is

basis is correct. incorrect.

[0485] The average received power of the symbols in
Table 20 is the average value of the received power of all the
associated symbols in the radio frame. The value P« (dB)
is one of the system parameters.

[0486] 4.1.9.2. Dedicated Physical Channels for SDCCHs.

[0487] The transmission of symbols for the SDCCH is
made ON when control information to be transmitted is
present, and made OFF when no control information is
present. The pilot symbols and TPC symbol are always
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transmitted regardless of the presence and absence of the
control information. The power ratio of the transmission
power (Pon) while the transmission is ON to the transmis-
sion power (Poff) while the transmission is OFF meets the
transmission ON/OFF ratio of the transmission characteris-
tics defined in 5.1.1. The transmission ON/OFF patterns are
identical in all the 16 time slots in a radio frame.

[0488] The DTX control is carried out on a radio frame (10
msec) basis. A receiving side carries out the processing in
accordance with the CPS-PDU assembling method as illus-
trated in FIGS. 95A and 95B. It is not necessary to make a
decision as to whether the control information is present or
not.

[0489] 4.1.9.3. Dedicated Physical Channels for UPCHs.

[0490] The transmission of symbols for a UPCH is made
ON when control information or user information to be
transmitted is present, and made OFF when neither of them
is present. The BTS has three modes about the pilot symbols
and TPC symbol.

[0491] Mode 1.

[0492] The modes are designated. The need for
transmission is decided for each radio frame. The
transmission of the entire pilot symbols and TPC
symbol in a radio frame is halted if both the
following conditions 1 and 2 are satisfied. The
transmission of the entire pilot symbols and TPC
symbol in the radio frame is restarted if the
following condition 3 or 4 is detected.

[0493] Condition 1: FNDATA or more radio
frames have passed after the control informa-
tion or user information to be transmitted is
completed.

[0494] Condition 2: Incorrect CRC results of
received radio frames are continuously detected
for FCRC or more radio frames.

[0495] Condition 3: Control information or user
information to be transmitted takes place.

[0496] Condition 4: A correct CRC result of a
received radio frame is detected.

[0497] A mobile station decides the transmission
ON/OFF of the pilot symbols and TPC symbol
using the presence and absence of the control
information or user information to be transmitted
in connection with the detection result of an
out-of-sync. When the control information or user
information to be transmitted takes place after
halting the transmission of the pilot symbols and
TPC symbol, radio frames into which an idle
pattern is inserted in advance are sent by FIDL
frames, followed by the transmission of a radio
frame into which the control information or user
information to be transmitted is inserted. In this
case, the pilot symbols and TPC symbol are also
transmitted in the radio frames into which the idle
pattern is inserted.

[0498] Mode 2.

[0499] In a radio frame without the control infor-
mation or user information, the pilot symbols and
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TPC symbol are transmitted in part of the slots.
One or more slots, which transmit the pilot sym-
bols and TPC symbol in the radio frame without
the control information or user information, are
designated by a parameter Pg., indicating the
occurrence frequency of transmission. Table 21
shows the relationships between the parameter
P, and the slots that transmit the pilot symbols
and TPC symbol.

TABLE 21

Relationships between P4 and slots that transmit pilot symbols
and TPC symbol.

Slot Nos. that transmit pilot and TPC

Pgeq symbols
0 All slots (slot Nos. 1 through 16)
1 1,3,5,7,9,11, 13 and 15
2 1,5,9and 13
3 land9
4 1
5 No symbols are sent

[0500] The high speed closed loop transmission power
control follows only the TPC symbols from the mobile
station which are determined in accordance with the pilot
symbols and TPC symbols the BTS transmits, and ignores
the TPC symbols from the mobile station which are deter-
mined in accordance with the pilot symbols and TPC sym-
bols the BTS does not transmit. Therefore, the transmission
power control intervals vary depending on the Pfreq values.

[0501] Mode 3

[0502] The pilot symbols and TPC symbol are
always transmitted regardless of the presence and
absence of the control information and user infor-
mation. With regard to the pilot symbols and TPC
symbol in the UPCH symbols and in the mode 1,
the power ratio of the transmission power (Pon)
while the transmission is ON to the transmission
power (Poff) while the transmission is OFF meets
the transmission ON/OFF ratio of the transmission
characteristics defined in 5.1.1. The transmission
ON/OFF patterns are identical in all the 16 time
slots in a radio frame.

[0503] The DTX control is carried out on a radio
frame (10 msec) basis. A receiving side always
carries out the processing in accordance with the
CPS-PDU assembling method as illustrated in
FIGS. 96A and 96B. It is not necessary to make
a decision as to whether the control information or
user information is present or not.

[0504] 4.1.10. A Bit Transmission Method.

[0505] CRC bits are sent from the higher to lower order
bits. The TCH is transmitted in the input order. The tail bits
transmitted are all “0’s”. Dummy bits consist of “1°’s”. The
dummy bits are included in the CRC encoding. An idle
pattern is inserted into the entire CRC.

[0506] Encoded fields (shadowed portions in FIGS. 64A,
64B, 84 A and 84B) on a selection combining unit or internal
encoding unit basis. These fields include the CRC checking
bits, as well. The idle pattern consists of any PN pattern, and
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the same pattern is used in common to all the internal
encoding units or selection combining units of each logical
channel. In addition, the idle pattern is arranged such that it
causes an incorrect CRC result when no error takes place in
the received side.

[0507] 4.1.11. Paging Control.
[0508] 4.1.11.1. The Operation of a Base Station (BTS).

[0509] Mobile stations are divided into groups in a pre-
determined manner, and are subject to paging on a group by
group basis. The BTS carries out the grouping, and desig-
nates the corresponding group number using the paging
information containing the identification number of a called
mobile station.

[0510] The BTS transmits the paging information using
the I portions (I1-14) of the PCH of the designated group
number. The BTS places “all 0°s” in the two PD portions
(PD1 and PD2) in the PCHs of the groups having no paging
information, and transmits them without transmitting the I
portion. Being designated to transmit the paging informa-
tion, the BTS places “all 1°s” in the PD1 and PD2 of the
PCH associated with the designated group number, and
transmits the designated paging information using the I
portion of the same PCH.

[0511] 4.1.11.2. The Operation of a Mobile Station.

[0512] A mobile station usually receives only the 8-bit
PD1. It carries out coherent detection using the pilot sym-
bols (four symbols) immediately previous to the PD1. The
mobile station carries out a majority decision processing
(soft decision). It is assumed that a value computed by the
processing takes “0”when the PD portion is all 0°s in a state
without degradation in the receiving quality, and takes a
positive maximum value when it is all 1’s. The following
operations are performed in accordance with the processing
result and decided threshold values (M1 and M2, where
M1>M2).

[0513] (D) If the processing result is equal to or
greater than the decision threshold M1, the mobile
station makes a decision that paging takes place to
any one of the mobile stations of its own group, and
receives the I portion of the same PCH.

[0514] (2) If the processing result is less than the decision
threshold M2, the mobile station makes a decision that no
paging takes place to its own group, and makes the reception
OFF until the receiving timing of the PD1 of its own group
one super frame later.

[0515] (3) If the processing result is equal to or greater
than M2 and less than M1, the mobile station receives the
PD2 in the same PCH, and carries out the foregoing (1) and
(2). If the processing result of the PD2 is also equal to or
greater than M2 and less than MI, the mobile station receives
the I portion of the same PCH.

[0516] (4) Receiving the I portion in the foregoing pro-
cessing (2) or (3), the mobile station makes a decision from
the paging information contained in the I portion as to
whether the paging to itself takes place or not.
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[0517] 4.2. Transmission Path Interface.

[0518] 4.2.1. Major Characteristics.

[0519] 4.2.1.1. 1.5 Mbps.

[0520] FIGS. 28A and 28B illustrate the mapping into an
ATM cell.

[0521] 4.2.1.2. 6.3 Mbps.

[0522] FIGS. 29A and 29B illustrate the mapping into an
ATM cell, and FIG. 30 shows a pulse mask.

[0523] 4.2.2. Protocol.
[0524] 4.2.2.1. ATM Layer.

[0525] Codings of the VPI (virtual path identifier), VCI
(virtual channel identifier) and CID (channel identifier) in
the ATM layer in the interface between the base station (BS)
and the switching center will now be described.

[0526] FIG. 31 shows the link structure between the BTS
and MCC.

[0527] (1) Interface specifications.

[0528] Channel numbers: Channel numbers are
assigned to individual HWYs between the base
station and the switching center. The correspon-
dence between the physical HWY interface
mounted positions and the channel numbers are
fixedly set in advance. The range of the channel
numbers is 0-3 for the 1.5M-HWY, and only 0 for
6.3M-HWY.

[0529] VPI: The VPI value is only “0”, and the VPI
is not used substantially.

[0530] VCI: 256/VPI
[0531] CID: 256/VPL 256/VCL
[0532] (2) ATM connection.

[0533] VCI=64: Used for timing cell. A minimum channel
number for each BTS is used. The following VCls can be set
as the VClIs other than those used for super frame phase
correction. In connection with this, the AAL types used in
the respective VCls are also shown.

[0534] VCIs for control signals between BTS and
MCC: AAL-Type 5.

[0535] VClIs for paging: AAL-Type 5.
[0536] VClIs for transmitted signals between MS
and MCC: AAL-Type 2.

[0537] When a plurality of channel numbers are set
in the BTS, the VCls other than those used for the
super frame phase correction are assignable to any
channel numbers by any number. The correspon-
dence is established between the VClIs other than
those used for the super frame phase correction,
and the channel numbers and VCI values.

[0538] (3) Short cell connection.
[0539] A method of using the CID value is set.
[0540] (4) AAL-Type designation method.

[0541] The AAL-Type is designated at the time
when a wire channel is established. Table 22
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shows an example of the correspondence between
the used transmission information types and the

AAL-Types, although the correspondence
between them can be set freely.
TABLE 22
AAL-
Transmission information types Type  VCI types
DTCH transmission information 2 For transmission signals
ACCH transmission information 2 between MS and MCC
SDCCH transmission information 2
BCCH1, 2 transmission 5 For control signals
information between BTS and MCC
PCH transmission information 5 For paging
FACH transmission information 2 For transmission signals

(for packet transmission) between MS and MCC
RACH transmission information

(for packet transmission)

UPCH transmission information

Control signals between BTS 5

and MCC VCI types

For control signals
between BTS and MCC

Example of Correspondence Between Wire Channel
Transmission Information Types and AAL-Types

[0542] (5) Idle cells.

[0543] FIG. 32 shows an idle cell on an ATM
channel. An idle cell according to I'TU-T standard
is used.

[0544] 4.2.22. AAL-Type 2

[0545] AAL-Type 2 is a protocol of an ATM adaptation
layer of a composite cell (AAL type 2) which is transmitted
over an interface (Super A interface) section between the
base station and switching center.

[0546] (1) AAL-Type 2 processor.

[0547] FIGS. 33A and 33B show connecting con-
figuration of AAL-Type 2.

[0548] (2) Band assurance control.

[0549] In the Super-A section, control for assuring
a minimum bandwidth for each quality class is
needed to meet the quality of service parameters
such as a delay and a cell loss ratio. In AAL-Type
2, the band assurance is carried out which is
assigned to each quality class at a short cell level.
The short cell quality class falls into the following
four classes depending on (a maximum allowable
delay time; and a maximum cell loss ratio).

[0550] Quality class 1 (5 ms; 107%)

[0551] Quality class 2 (5 ms; 107")

[0552] Quality class 3 (50 ms; 107%)
[0553] Quality class 4 (50 ms; 1077)

[0554] The quality class which corresponds to the
service offered is designated when a wire channel
is established. The transmission order of short
cells are determined in accordance with the quality
classes, and the required bandwidth is ensured for
each quality class. A concrete method for ensuring
the bandwidth will be described in 5.3.5.
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[0555] When one unit of transmission information
is longer than the maximum length of the short
cell, the transmission information is divided into a
plurality of short cells to be transmitted. In this
case, the plurality of short cells are transmitted
continuously using the same VCI. The continuity
is ensured only within the same VCI, but not
ensured between different VClIs. In other words, a
standard cell with another VCI can intervene
between the short cells to be transmitted.

[0556] 4.2.2.3. AAL-Type 5

[0557] AAL-Type 5 as well as AAL-Type 2 is used as the
AAL of ATM cells transmitted on the Super A interface
between the base station and switching center. In AAL-Type
5, the SSCOP (Service Specific Connection Oriented Pro-
tocol) is supported between the base station and switching
center.

[0558] (1) AAL-Type 5 processor.

[0559] FIGS. 34A and 34B show connecting con-
figuration of AAL-Type 2.

[0560] (2) Band assurance control.

[0561] In the Super-A section, control for assuring
a minimum bandwidth for each quality class is
needed to meet the quality of service parameters
such as a delay and a cell loss ratio. The quality
classes are shown below. In AAL-Type 5, the band
assurance is carried out which is assigned to each
quality class at a VCI level. The quality class falls
into the following five classes in accordance with
(a maximum allowable delay time; and a maxi-
mum cell loss ratio).

[0562]
[0563]
[0564]
[0565]
[0566]

Interrupt (0; 0) Highest priority cell.
Quality class 1 (5 ms; 107%)
Quality class 2 (5 ms; 1077)
Quality class 3 (50 ms; 107
Quality class 4 (50 ms; 1077)

[0567] The quality class which corresponds to the
service offered is designated when a wire channel
is established. The transmission order of standard
cells are determined in accordance with the quality
classes, and the required bandwidth is ensured for
each quality class. A concrete method for ensuring
the bandwidth will be described in 5.3.5. The
interrupt buffer cell is given the highest priority
(with a minimum delay, inhibiting discarding) to
be output.

[0568] 4.2.3. Signal Format.
[0569] 4.2.3.1. The Format of AAL-2.
[0570]

[0571] A start field (one octet). OSF: Offset field. SN:
Sequence number. P: Parity.

FIG. 35 illustrates the format of AAL-2.
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[0572] SC-H (Short cell header: three octets). CID: Chan-
nel identifier: O/PADDING; 1/ANP; 2-7/RESERVED.

[0573] LI: Payload length.

[0574] PTT: CPS-Packet Payload Type: It includes start/
continue and end information of the payload.

[0575] UUI: CPS-User to User indication.

[0576] When one unit of transmission information is
divided in a plurality of short cells to be transmitted, the UUI
and the plurality of short cells bearing the divided transmis-
sion information to be transmitted are continuously trans-
mitted using the same VCI, for the receiving side to be able
to assemble the transmission information.

[0577] 000/single short cell.

[0578] 001/top and continued.
[0579] 010/continued and end.
[0580] 011/continued and continued.

[0581] HEC: Header Error Check (generator polynomial=
x>+x7+1).

[0582] SAL (two or three octets).
[0583] FIG. 36 shows the format of the SAL.
[0584] Table 23 shows a specifying method of SAL fields.

[0585] Table 24 shows the presence and absence of the
uses of the SAL third octet.

[0586] Table 25 shows a specifying conditions of the SAL
fields. Field Uses Set values
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[0587]

TABLE 24

The used state of the SAL third octet.

During single code  During multicode

communications communications Remarks

Frame in radio Both RCN (radio
channel is not  channel number)
divided. and RSCN (radio

subchannel number)

Only RCN is used.

are unused.
Frame in radio Only RSCN is used. Both RCN and
channel is RSCN are used

divided.

[0588] The division of the radio channel frame is carried
out when 128 kbps or more unrestricted digital service is
provided, and 256 ksps or more dedicated physical channel
is used. The unit of division is the unit, on the basis of which
the external encoding at a user information rate of 64 kbps
(1B) is carried out. See, FIGS. 78A-80C.

[0589] All “Os” is filled when unused.

[0590] The multicode transmission is applied only to the
DTCH and UPCH. Accordingly, RCN is applied only to the
DTCH and UPCH.

TABLE 23
Field Uses Set values
SAT (SAL SAL field type 00: Wire forward sync state is OK
type) SAT = 1x: Loop Back cell (LB).  01: Wire forward sync state is NG
SAT = Ox: Other than that 10: Return indication (forward)
mentioned above 11: Return indication (reverse)
FN (frame DHO frame alignment SAT =00 0-63: Frame number
number) Frame number SAT = 01 1-63: Forward FN sliding number.
Sync Radio out-of-sync detection 1: Out-of-sync state.
0: Sync state
BER BER degradation detection 1: Detect degradation
0: Normal
Level Level degradation detection 1: Detect degradation
0: Normal
CRC CRC checking result 1: NG. 2: OK
SIR Received SIR 0-15: Received SIR increases with
value
RCN (radio Radio channel number 0-15: Radio channel sequence
channel number
number)

RSCN (radio

subchannel number

Radio subchannel number

0-15: Radio subchannel sequence

number
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TABLE 25
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SAL field specified values

DTCH ACCH SDCCH RACH FACH UPCH

R F R F R F R F R F
SAT*! O O (¢] (¢] (¢] (¢] (¢] (¢] (¢] (¢]
FN O O (¢] (¢] (¢] All O (¢] All O (¢] All O
Sync O All0 O All O All O All O All O All O All O All O
BER O All0 O All O (¢] All O (¢] All O (¢] All O
Level O All0 O All O (¢] All O (¢] All O (¢] All O
CRC O All0 AllO All O All O All O All O All O All O All O
SIR O Alll O All'1 (¢] All'1 (¢] All'1 (¢] All'1
RNC*2 O O Reserved Reserved Reserved Reserved Reserved Reserved Reserved  Reserved
RCSN*2 O O Reserved Reserved Reserved Reserved Reserved Reserved Reserved  Reserved

R: Reverse/F: Forward

O: Specify values. See 5.4.3. about a method of specifying concrete values in reverse direction.

*1Only “00” is used.
*2When specifying a value, it is carried out in accordance with Table 23.

[0591] 4.2.3.2. Format of AAL-5.

[0592] FIG. 37 shows a format of an AAL-5 cell. To the
LAST cell, a PAD and CPCS-PDU trailer are added. PAD
(CPCS padding). It is used for adjusting the frame length to
become 48 octets (all “0s”).

[0593] CPCS-PDU trailer.

[0594] CPCS-WU: CPCS user to user indicator. It is used
for transparently transferring information used in a higher
layer.

[0595] CPI: Common part type indicator. Uses are not yet
defined. All “0s” are set at the present.

[0596] LENGTH: CPCS-PDU payload length. It indicates

[0597] CRC: Cyclic redundancy code. It is used for detect-
ing errors of the entire CPCS frame. The generator polyno-
mial=X32+ X204+ X224 X224 X104 X2 X4 X104 X4 X T4 X5 +
XX+ X4+1.

[0598] 4.2.3.3. Timing Cell.

[0599] FIGS. 38A and 38B illustrate a signal format of a
timing cell that is used for a SEN (System Frame Number)
synchronization establishing processing when starting the
BTS. Table 26 shows a method of specifying information
elements in the signal format. See 5.3.8 for the SFN syn-
chronization establishing method of the BTS using the

a user information length in byte.

timing cell.

TABLE 26

Method of specifying timing cell information elements

Information elements

Specified contents

Specified values

Channel number
VPI

VCI

Message ID

Correction number
Correction range
Transmission delay

SF time information
(received, MCC-SIM side)

SF time information
(transmitted, MCC-SIM
side)

SF time information
(received, BTS side)

SF time information
(transmitted, BTS side)

SF phase shift value

VCI for timing cell

02 h: Timing report (MCC—BTS)
03 h: Timing report (BTS—MCC)
Other values: reserved

All “0s”

All “0s”

All “0s”

Timing cell received time in
MCC. It indicates the time in a

super frame. Resolution is 125 usec.

Timing cell transmitted time in
MCC. It indicates the time in a

super frame. Resolution is 125 usec.

All “0s” (this information
element is not used in the present
system).

Timing cell transmitted time in
BTS. It indicates the time in a

super frame. Resolution is 125 usec.

All “0s” (this information
element is not used in the present
system).

0
0
64

Table 27 shows the
correspondence
between bits and
times.

Table 27 shows the
correspondence
between bits and
times.
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TABLE 26-continued
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Method of specifying timing cell information elements

Information elements Specified contents

Specified values

LC counter information
(received, MCC side)

The position of a super frame in a
long code period when the timing
cell is received in the MCC (See,
FIG. 39).

The position of a super frame in a
long code period when the timing
cell is received from the MCC
(See, FIG. 39).

All “0s” (this information
element is not used in the present
system).

The position of a super frame in a
long code period when the timing
cell is received in the BTS (See,
FIG. 39).

All “0s” (this information
element is not used in the present
system).

LC counter information
(transmitted, MCC side)

LC counter information
(received, BTS side)
LC counter information

(transmitted, BTS side)

LC counter shift value

The value ranges
over 0-21°-1, and is
represented in binary
coding.

The value ranges
over 0-2'° - 1, and is
represented in binary
coding.

CRC-10 The value of CRC-10 for ATM

cell payload. Generator

polynomial: X*© + X% + X° + X* + X + 1.
[0600]

TABLE 27

Correspondence between SF time information bits and times

Bits Times (msec)
Oh 0

1h 0.125
2h 0.250
13FFh 639.875

[0601] 4.2.4. Clock Generation.
[0602] Generated clocks (examples)

[0603] (1) Radio synthesizer reference clock.
[0604] (2) 4.096 Mcps (chip rate).

[0605] (3) 1/0.625 msec. (radio time slot).

[0606] (4) 1/10 msec. (radio frame).

[0%0;1’) (5) 1/640 msec. (radio super frame; phase

[0608] (6) 1.544 Mbps, 6.312 Mbps (transmission
line clock).

[0609] 5. Functional Configuration.

[0610] 5.1. Radio Stage, and Transmitting and Receiving
Amplifier.

[0611] 5.1.1. Pilot Coherent Detection RAKE.

[0612] 5.1.1.1. Pilot Coherent Detection RAKE Configu-
ration.

[0613] (1) RAKE combiner.

[0614] Allocate fingers so that sufficient receiving
characteristics can be obtained for respective

diversity branches (space and inter-sector diversi-
ties). The algorithm for assigning the fingers to the
branches is not specified. The diversity combining
method is a maximal ratio combining.

[0615] (2) Searcher.

[0616] A searcher selects paths for RAKE com-
bining from among received branches to achieve
optimum receiving characteristics.

[0617] (3) A pilot coherent detection channel estima-
tion method.

[0618] The coherent detection is carried out using pilot
blocks (consisting of four pilot symbols each) which are
received at every 0.625 ms interval.

[0619] 5.1.1.2. Channel Estimation Using Multi-pilot
Blocks.

[0620] A channel estimation method using multiple pilot
blocks sandwiching an information symbol section will be
described below with reference to FIG. 40.

EXAMPLE

[0621] The following is a description of a channel esti-
mation processing of an information section between time
-3 Tp<t<-2 Tp, which is carried out at time t=0 by aver-
aging three pilot blocks each before and after that informa-
tion section.

[0622] (a) Carrying out QPSK demodulation of pilot
blocks P1-P6.

[0623] (b) Obtaining average values of inphase and
quadrature components of the four pilot symbols in
each of the pilot blocks P1-P6.

[0624] (c) Multiplying the average values by weight-
ing coefficients al-a3, and summing them up.
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[0625] (d)Adopting the obtained result as the channel
estimate of the information symbol section (shad-
owed) between pilot blocks P3 and P4.

[0626] 5.2. Baseband Signal Processor.
[0627] 5.2.1. Transmission Power Control.

[0628] 5.2.1.1. Outline of the Transmission Power Con-
trol.

[0629] (1) RACH transmission power control. The
BTS broadcasts over the BCCH the transmission
power of the perch channels and the reverse inter-
fering power. A mobile station decides the transmis-
sion power of the RACH in accordance with the
information.

[0630] (2) FACH transmission power control. The
RACH includes information about the received SIR
of the perch channel, which is measured by the
mobile station. The BTS decides in accordance with
the information the transmission power of the FACH
associated with the RACH received, and designates
the transmission power level together with the trans-
mission information. The transmission power level is
variable at each transmission of the information.

[0631] (3) Forward and reverse transmission power
control of the dedicated physical channel. Its initial
transmission power is decided in the same manner as
the transmission power of the RACH and FACH.
After that, the BTS and mobile station proceed to a
high speed closed loop control based on the SIR. In
the closed loop control, a receiving side periodically
compares the measured value of the received SIR
with a reference SIR, and transmits to the transmit-
ting side the compared result using the TPC bit. The
receiving side carries out relative control of the
transmission power in accordance with the TPC bit.
To meet required receive quality, an outer loop
function is provided which updates the reference SIR
in response to the receive quality. With respect to the
forward link, range control is carried out which sets
the upper and lower limits of the transmission power
level.

[0632] (4) Transmission power control during packet
transmission. The transmission power control of the
UPCH is carried out in the same manner as (3)
above. That of the RACH during the packet trans-
mission is performed as (1) above. With regard to the
FACH during the packet transmission, the transmis-
sion is always carried out at a transmission level
specified by the transmission power range designa-
tion. Unlike the (2) above, the transmission power
level is not varied every time the information is
transmitted.

[0633] 5.2.1.2.SIR Based High Speed Closed Loop Trans-
mission Power Control.

[0634] (1) Basic operation. The BTS (or mobile sta-
tion) measures the received SIR every transmission
power control interval (0.625 ms), sets the TPC bit at
“0”when the measured value is designated in the
reverse link, and the maximum transmission power
and minimum transmission power are designated in
the forward link, so that the control is carried out in
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these ranges (see, FIGS. 41A and 41B). If the TPC
cannot be received because of the out-of-sync, the
transmission power level is fixed.

[0635] (2) Forward/reverse frame timings. Frame

timings of the forward and reverse channels are
determined such that the positions of the pilot sym-
bols of the two channels are shifted by 1/2 time slot,
thereby implementing the transmission power con-
trol with one slot control delay (see, FIG. 42).

[0636] (3) Initial operation. FIG. 43 shows a method

of shifting from the initial state to the closed loop
control. First, the forward transmission power con-
trol will be described first with reference to FIG.
43(A). The BTS carries out transmission in a fixed
transmission power control pattern until it can
receive the TPC bit based on the forward SIR mea-
sured result. This is the initial operation. The initial
operation carries out transmission according to a
control pattern that will increase the transmission
power step by step. The initial operation is divided
into two stages.

[0637] (a) The BTS, as the first transmission power
increasing process, increases the transmission
power at every predetermined interval, in the
predetermined number of consecutive times, and
by a predetermined magnitude. At the end of the
first transmission power increasing process, the
transmission power is set at the designated initial
transmission power level. These values are preset.
The purpose of the first transmission power
increasing process is to avoid a sharp increase of
interfering power to other mobile stations, which
will be caused by sudden transmission at large
transmission power. The predetermined values are
set in such a manner that the transmission power
is increased step by step so that other mobile
stations can follow by the transmission power
control the variations in the interfering power
magnitude. In this case, the TPC bit sequence
transmitted over the forward channel is such a
fixed pattern (for example, 011011011 . . . ) that
increases the transmission power of the mobile
station stepwise. The pattern is set in advance. If
the synchronization of the reverse dedicated
physical channel is established during the first
transmission power increasing process, the pro-
cess is halted, and the high speed closed loop
transmission power control is started in accor-
dance with the received TPC bit from the mobile
station.

[0638] (b) The BTS increases, as the second trans-
mission power increasing process, the transmis-
sion power at every predetermined interval by a
predetermined magnitude until the reverse frame
alignment is established. These predetermined
values are specified apart from those of the fore-
going (a). The purpose of the second transmission
power increasing process is to ensure the estab-
lishment of the forward radio frame alignment by
increasing step by step the transmission power
even in the case where the initially set transmis-
sion power level is insufficient for the mobile
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station to establish the forward radio frame align-
ment. The predetermined interval of this process is
rather long of about one to a few seconds. The
pattern of the forward transmission power control
is variable in accordance with the interfering
amount or the like.

[0639] (c) Establishing the forward frame align-
ment, the mobile station starts the relative control
of the transmission power in accordance with the
TPC bits received from the BTS using the trans-
mission power determined in the open loop con-
trol as the initial value. In this case, the TPC bits
to be transmitted through the reverse channel are
determined on the basis of the measured values of
the forward SIR (see, FIG. 43(B)).

[0640] (d) Establishing the reverse frame alignment, the
BTS carries out the relative control of the transmission
power in accordance with the TPC bits received from the
mobile station.

[0641] The BTS can change the fixed TPC pattern
mentioned above depending on the interfering
amount over the entire cell. Although the mobile
station carries out the foregoing reverse transmis-
sion power control in accordance with the fixed
TPC bit pattern from the base station, it can
perform similar transmission power control using
a fixed control pattern that is preset in the mobile
station. In this case, the pattern is invariable.

[0642] Although the initial value of the reverse
transmission power which is sent from the mobile
station is determined in the open loop control, an
initial value sent from the base station can be used
instead. In this arrangement, because the base
station can determine it, a more optimal initial
value can be set.

[0643] (4) SIR measurement method.

[0644] Requirements for the SIR measurement are:
That the transmission power control with one slot
control delay can be implemented as described
above (2). That high SIR measurement accuracy
can be achieved.

[0645] Examples of the measurements are shown below.

[0646] (A) Measurement of received signal power
).

[0647] (a) The measurement of the received signal
power S is carried out at every slot interval
(transmission power update interval) using pilot
symbols after RAKE combining.

[0648] (b) The received signal power S equals the
amplitude square sum of the average values of the
absolute values of the inphase and quadrature
components of a plurality of symbols.

[0649] (B) Measurement of interfering signal power
D).

[0650] (a) Average signal power is obtained of the
pilot symbols and overhead symbol in a pilot
block after the RAKE combining.

29

Apr. 15, 2004

[0651] (b) The reference signal point for the indi-
vidual pilot symbols is obtained by carrying out
the QPSK demodulation (quadrant detection) of
the pilot symbols using the root of the foregoing
average signal power.

[0652] (c) The mean square is obtained of the
distances between the received points and the
reference signal point of the pilot symbols in the
pilot block.

[0653] (d) The interfering signal power is obtained
by calculating the moving average of the mean
squares over M frames, where M is 1-100, for
example.

[0654] 5.2.1.3. Outer Loop.

[0655] The BTS and MCC have an outer loop function of
updating the reference SIR of the high speed closed loop
transmission power control in accordance with quality infor-
mation to meet the required receive quality (average FER or
average BER). The MCC performs during the DHO the
outer loop control in response to the quality after the
selection combining.

[0656] (1) An update method of the reference SIR. The
initial value of the reference SIR is designated. The subse-
quent reference SIR is updated on the basis of measured
results of the receive quality. Both the MCC and BTS can
determine the update of the reference SIR. The following is
an example of a concrete method.

[0657]
toring.

[0658] ii) Carrying out the designated quality
monitoring continuously, and reporting the results
of the monitoring.

[0659] iii) According to the quality monitoring
results reported, a decision is made whether the
update of the reference SIR is to be made or not.
If the update is decided, the reference SIR is set
and its update is designated.

i) Designating the start of the quality moni-

[0660] 5.2.1.4. The Transmission Power Control During
the Inter-sector Diversity Handover.

[0661] During the inter-sector diversity handover, the
measurement of the received SIR and the demodulation of
the TPC bits are carried out with both the forward and
reverse links after the inter-sector maximal ratio combining.
With regard to the forward TPC bits, the same value is
transmitted from a plurality of sectors. Thus, the transmis-
sion power control is carried out in the same manner as in
the case where no diversity handover is performed.

[0662] 5.2.1.5. The Transmission Power Control During
the Inter-cell Diversity Handover.

[0663] (1) Reverse transmission power control (see,
FIG. 44).

[0664] (a) BTS operation. Each BTS measures the
reverse received SIR as in the case where no
diversity handover is performed, and transmits to
the mobile station the TPC bits determined in
accordance with the measured result.



US 2004/0071192 Al

[0665] (b) Mobile station operation. The mobile
station receives the TPC bits from each BTS
independently (with carrying out the inter-sector
diversity). At the same time, the mobile station
measures the reliability (received SIR) of the TPC
bits of each BTS. If anyone of the results of the
soft majority decision about the TPC bits that meet
a predetermined reliability includes “07, the trans-
mission power is reduced by 1 dB. If all the results
are “1”, the transmission power is increased by 1
dB.

[0666] (2) Forward transmission power control (see,
FIG. 45).

[0667] (a) BTS operation. Each BTS controls the
transmission power in accordance with the
received TPCbits as in the case where no diversity
handover is performed. If the TPC bit cannot be
received because of the out-of-sync of the reverse
link, the transmission power level is fixed.

[0668] (b) Mobile station operation. The mobile
station measures the received SIR after the site
diversity combining, and transmits to each BTS
the TPC bits which are determined in accordance
with the measured results.

[0669] 5.2.2. Synchronization Establishing Processing.
[0670] 5.2.2.1. At the Start up of the Mobile Station.

[0671] (a) Each sector sends the perch channel that
masks part of the long code. At the start up, the
mobile station establishes the perch channel syn-
chronization by carrying out the sector selection
using a three step initial synchronization method of
the long code.

[0672] (b) Each perch channel broadcasts its own
sector number and the long codes of the peripheral
cells. The mobile station establishes on the basis of
the broadcast information the perch channel syn-
chronization of the remaining sectors in the same cell
and of the sectors in the peripheral cells, and mea-
sures the received levels of the perch channels.
While the mobile station is standing by, the mobile
station makes comparison between the received lev-
els of the perch channels of respective sectors
described above to judge whether the mobile station
has shifted the sector or not.

[0673] 5.2.2.2. At Random Access Reception.

[0674] The mobile station transmits a RACH when car-
rying out a location registration, or an originating or termi-
nating call. The BTS establishes the synchronization of the
RACH transmitted at a plurality of frame offsets, and
receives it. As shown in FIGS. 85-88B, the RACH synchro-
nization can be established so that the reception processing
of all the RACH-Ls and RACH-S’es that are transmitted at
the four offset timings per 10 msec. can be completed within
0.625 msec. The reception processing includes deinterleav-
ing, Viterbi decoding and CRC decoding, besides the capa-
bility of making a decision as to whether the transmission of
Ack is required or not. The BTS measures the propagation
delay time due to traveling between the mobile station and
the BTS, using the delay time of the RACH received timing
with respect to a predetermined timing.
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[0675] 5.2.2.3. At Establishing Synchronization of the
Dedicated Physical Channel (see, FIGS. 87A and 87B).

[0676] The outline of the synchronization establishing
procedure of the SDCCH and TCH will now be described.
FIGS. 46A and 46B illustrate a detailed flow of the syn-
chronization establishing processing.

[0677] (a) The BTS starts transmission of a forward
channel.

[0678] (b) The mobile station establishes the syn-
chronization of a forward channel on the basis of the
synchronization information of the perch channel,
and a frame offset group and a slot offset group
which are noticed from the network.

[0679] (c) The mobile station starts transmission of a
reverse channel at the same frame timing as the
forward channel.

[0680] (d) The BTS establishes the reverse channel
synchronization on the basis of the frame offset
group and slot offset group which are designated by
the MCC.

[0681] In this case, the actual synchronization timings are
shifted by the propagation delay time taken to make a round
trip between the mobile station and the BTS. Thus, the
propagation delay time measured at the random access
reception can be utilized to reduce the search range for
establishing the synchronization.

[0682] 5.2.2.4. At the Inter-cell Diversity Handover.

[0683] With regard to the reverse dedicated physical chan-
nel transmitted by the mobile station, and the forward
dedicated physical channel transmitted by the BTS which
originates the diversity handover, the radio frame number
and long code are continuously counted up as usual even at
the beginning of the diversity handover, and are not changed
abruptly. The continuity of user information conveyed is
fully guaranteed, and hence no instantaneous interruption
takes place.

[0684] The outline of the synchronization establishing
procedure at the start of the diversity handover will be
described with reference to FIGS. 88A and 88B.

[0685] (a) The mobile station measures the frame
time difference between the same number radio
frames that the mobile station is transmitting through
the reverse dedicated physical channel and the han-
dover destination BTS is transmitting through the
perch channel, and reports the measured results to
the network. The measured results are obtained as
the time difference of the frame timing of the reverse
dedicated physical channel from the frame timing of
the perch channel. They are represented in terms of
chips, and take a positive value ranging from zero to
“reverse long code period-17chips.

[0686] (b) The mobile station reports, over the ACCH
of the reverse dedicated physical channel, the mea-
sured results of the frame time difference in the form
of a layer 3 signal to the BSC through the diversity
handover originating BTS.

[0687] (c) The BSC notifies using the layer 3 signal
the diversity handover destination BTS of the mea-
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sured results of the frame time difference along with
the frame offset and the slot offset which are set at the
at the incoming or outgoing call connection.

[0688] (d) The handover destination BTS, receiving
the notification of the measured results of the frame
time difference, frame offset and slot offset, starts the
transmission of the forward dedicated physical chan-
nel using the received information, and starts the
synchronization establishing processing of the
reverse dedicated physical channel the mobile sta-
tion is transmitting. About the transmission timing of
the forward dedicated physical channel, and the
synchronization establishing method of the reverse
dedicated physical channel, refer to 4.1.3.

[0689] 5.2.2.5. Synchronization of Perch Channels of
other Sectors in the Same Cell

[0690] Each sector in the same cell transmits the perch
channel which is spread using the same long code and the
same short code, with keeping the phase difference specified
by the system. The mobile station receives broadcast infor-
mation from waiting sectors after completing the initial
synchronization. The broadcast information includes the
sector number of its own and the number of sectors in the
same cell. The mobile station identifies the long code phases
of the other sectors in the same cell, and establishes the
perch channel synchronization.

[0691] 5.2.2.6. AMethod of Deciding the Synchronization
Establishment of Dedicated Channels.

[0692] (a) Chip synchronization. The BTS knows the
reverse long code phase of the channel to be
received. The BTS carries out path search, and
RAKE reception of the paths with high correlation
detection values. If the transmission characteristics
described at 5.1.2. are satisfied, the RAKE reception
is readily possible.

[0693] (b) Frame alignment. Since the long code
phase has one-to-one correspondence with the frame
timing, the search for the frame timing is not needed
principally. It is enough to check the frame alignment
at the frame timing corresponding to the long code
phase after the chip synchronization has been estab-
lished. The decision condition of the frame align-
ment establishment of the BTS for the dedicated
physical channel is that the radio frames whose sync
words each include Nb or less unmatched bits con-
tinue for SR frames or more.

[0694] (c) Super frame alignment. Since the dedi-
cated physical channel does not include any bit
indicating the FN, the frame number is tacitly
decided to establish the super frame alignment. As to
the reverse dedicated physical channel, the frame
number is set such that the frame number becomes
zero at the timing lagged behind the timing at which
the reverse long code phase is zero by an amount of
the frame offset+slot offset as shown in FIGS. 87A
and 87B. This relationship between the long code
phase and the frame number is maintained until the
radio channel is released, even if the diversity han-
dover is repeated after the incoming or outgoing call
connection.
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[0695] As to the forward dedicated physical channel, the
frame number is determined such that the radio frame whose
timing is shifted by a predetermined time period from the
perch channel frame timing is provided with a frame number
equal to the SFN of the perch channel, modulo 64. The
predetermined time period equals frame offset+slot offset
during the incoming or outgoing call connection as illus-
trated in FIGS. 87A and 87B. During the diversity han-
dover, it equals the measured value of the frame time
difference—1/2 slot—a.,, where o is an omitted value for
expressing the measured value of the frame time differ-
ence—1/2 slot in terms of a symbol unit.

[0696] (2) Resynchronization. The present system
does not possess any special resynchronization
establishing processing procedure because the opti-
mum path search by the searcher is equivalent to
carrying out continuous resynchronization.

[0697] (3) An out-of-phase decision method. An out-
of-phase decision method of the BTS in the radio
section for the dedicated physical channel will now
be described. The following two conditions are
monitored.

[0698] Condition 1: Whether or not the number of
unmatched bits in a sync word is equal to or less
than Nb.

[0699] Condition 2: Whether or not the CRC on
the DTCH selection combining unit basis or on the
UPCH internal encoding unit basis is correct.

[0700] If the radio frames that satisfy neither of the two
conditions continue for SF frames or more, a decision is
made that the out-of-sync state takes place, where SF is the
number of forward synchronization guarding stages. If the
radio frames that satisfy at least one of the two conditions
continue for SR frames or more in the out-of-sync state, a
decision is made that the synchronous state takes place,
where SR is the number of reverse synchronization guarding
stages.

[0701] 5.2.4. Handover Control.

[0702] 5.2.4.1. Inter-sector Diversity Handover in the
Same Cell.

[0703] It is assumed that the number of sectors involved in
the inter-sector diversity handover in the same cell is three
at the maximum.

[0704] (1) Reverse link. The maximal ratio combin-
ing is carried out for the entire symbols of the
physical channel in the same manner as the space
diversity of the received signals from a plurality of
sector antennas. The forward transmission power
control is carried out using the TPC symbols after the
maximal ratio combining. The reverse transmission
power control is carried out using the receive quality
after the maximal ratio combining. That is, the
forward TPC symbols are set using the receive
quality after the maximal ratio combining. As for the
Wlre transmission, the link establishment and trans-
mission are carried out in the same manner as when
the diversity handover is not being performed.

[0705] (2) Forward link. With regard to each symbol
on the physical channel, the same symbol is trans-
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mitted from the plurality of the sector antennas. The
transmission timing control is carried out in the same
manner as the inter-cell diversity handover (see
4.1.3. for more details). As for the wire transmission,
the link establishment and transmission are carried
out in the same manner as when the diversity han-
dover is not being performed.

[0706] 5.2.4.2. Inter-cell Diversity Handover.

[0707] The transmitted and received signal processings of
both the forward and reverse links during the inter-cell
diversity handover are carried out in the same manner as
when the diversity handover is not being performed.

[0708] 5.2.5. Packet Transmission Control.
[0709] 5.2.5.1. Applications.

[0710] The packet transmission control is applied to the
following services.

[0711] TCP/AP packet service.
[0712] Modem (RS-232 serial data transmission) service.
[0713] 5.2.5.2. Outline.

[0714] The purpose is to transmit data of various traffic
characteristics from low density light traffic to high density
heavy traffic with efficiently utilizing radio resources and
facility resources. Major features will be described below.

[0715] (1) Switching of physical channels in use in
accordance with transmission functions such as traf-
fic. To make effective use of the radio resources and
facility resources without degradation in the quality
of service, the physical channels (logical channels)
are switched as needed in accordance with the trans-
mission functions like time varying traffic volume.
During light traffic: common control physical chan-
nels (FACH and RACH). During heavy traffic: dedi-
cated physical channels (UPCH)

[0716] (2) Switching control of the physical channels
between the MS and BTS.

[0717] The switching control between the physical
channels are carried out frequently. If the switch-
ing control involves the wire transmission control,
this will lead not only to an increase of a wire
transmission control load, the wire transmission
cost and the control load of the BSC and MSC, but
also to an increase in the switching control delay,
resulting in the degradation in the quality of
service. To avoid this, the switching control must
be carried out only between the MS and BTS,
thereby obviating the wire transmission control
and BSC and MSC control involved in the switch-
ing control.

[0718] (3) Inter-cell high speed HHO (hard han-
dover).

[0719] At least while using the common control
physical channel, the diversity handover is impos-
sible because the transmitting and receiving tim-
ings cannot be set freely as in the dedicated
physical channel. In addition, if the normal DHO
is applied to the dedicated physical channels dur-
ing the switching control of the physical channels,
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it is necessary for the switching control between
the dedicated physical channels to control a plu-
rality of BTS’es, which will increase the control
load and degrade the quality of service because of
an increase in the control delay.

[0720] For this reason, hard handover (HHO) is
employed as a scheme in the packet transmission
under the condition that the HHO is carried out at
a high frequency to avoid an increase in the
interfering power due to handover. Since the HHO
is carried out at a high frequency, if the HHO
processing involves the wire transmission control,
this will lead not only to an increase of a wire
transmission control load, that of the wire trans-
mission cost and that of the control load of the
BSC and MSC, but also to an increase in the HHO
control delay, resulting in the degradation in the
quality of service. To avoid this, the wire section
uses the diversity handover, and only the radio
section employs the HHO. In addition, the HHO
control is carried out only between the MS and
BTS, thereby obviating the wire transmission con-
trol and BSC and MSC control involved in the
HHO control.

[0721] 5.2.5.3. Inter-cell Handover Control.

[0722] An inter-cell handover processing procedure will
now be described with reference to the processing sequence
of FIG. 47.

[0723] (1) As in the normal DHO, the mobile station
selects sectors that meet the diversity handover start
conditions in accordance with the perch channel
received levels of the peripheral sectors, and reports
them to the BSC via the BTS.

[0724] (2) The BSC establishes a wire channel link
with the diversity handover destination BTS so that
a plurality of links are connected to the DHT, and the
wire section is brought into a DHO state.

[0725] (3) The mobile station continuously measures
for each BTS the propagation loss between the BTS
and MS using the perch channel received level of the
present location sector and the perch channel
received levels of other sectors involved in the
handover, and compares the measured propagation
losses. If the propagation loss of one of the other
sectors involved in the handover becomes less than
that of the present location sector, and their differ-
ence exceeds a predetermined value, the start of the
hard handover is decided. Thus, the mobile station
first sends to the present location sector a request for
halting the transmission and reception of the packet
data.

[0726] (4) Sending a response signal back to the
mobile station, the BTS in the sector in which the
mobile station is located halts the transmission and
reception of the packet data over the radio section,
and releases the radio link. The wire link which has
been established, however, is unchanged.

[0727] (5) Receiving the response signal from the
BTS in the current location sector, the mobile station
releases the radio channel between them, and trans-
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mits over the RACH a transmitting and receiving
request signal of the packet data to the BTS in the
handover destination sector. This signal is transmit-
ted through the physical channel (common control
physical channel or dedicated physical channel)
which was used by the handover originating BTS.

[0728] (6) The handover destination BTS establishes
a physical channel that is to be set for the packet data
transmission in accordance with the received RACH
signal that includes information about the physical
channel (common control physical channel or dedi-
cated physical channel) used by the handover origi-
nating BTS. Although the wire link set-up is not
changed in any way, the connection between the wire
link and radio link is designated. The sequence of the
processing is the same regardless of the physical
channel (common control physical channel or dedi-
cated physical channel) in use. Only, in establishing/
releasing the radio link, the physical channel estab-
lishing/releasing processing is required with the
dedicated physical channel but not with the common
control physical channel.

[0729] 5.2.5.4. Inter-sector Handover Control.

[0730] FIGS. 48-51 shows examples of the connection
configuration during the inter-sector handover. With regard
to the dedicated physical channel (UPCH), since the inter-
sector DHO is controllable independently of the BTS, the
inter-sector DHO that uses the maximal ratio combining is
carried out for both the forward and reverse links in the
packet transmission as in the circuit switching mode.

[0731] With regard to the common control physical chan-
nel (FACH and RACH), since the transmitting and receiving
timings cannot be set freely, the maximal ratio combining is
impossible for both the forward and reverse links. For this
reason, the switching control is carried out in the BTS and
mobile station such that the transmission and reception are
carried out with only one sector in accordance with the
propagation loss of the perch channel. The switching control
method is the same as the inter-cell handover processing as
shown in FIG. 47.

[0732] 5.2.5.5. Switching Control of the Physical Chan-
nels.

[0733] (1) Switching decision node. The BTS that
covers the location sector of the mobile station
makes a decision of the switching on the basis of the
following factors.

[0734] (2) Factors for making a switching decision.
The following factors are available, and the factors to
be used are selectable. The factors 1 and 2 become
available when the report of the information about
the factors is started.

[0735] Factor 1: In-band information (information
about the physical channel which is desired to be
used) fed from the ADP of the MCC and the ADP
of the MS.

[0736] Factor 2: Monitoring of the forward/reverse
traffic volume by the BTS.

[0737] Factor 3: Alayer 3 signal that requires from
the MS to the BTS switching of the channel to be
used.
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[0738] (3) A switching decision method. A decision of
switching is made by comparing the information reported by

the factors of the foregoing section (2) with predetermined
thresholds.

[0739] (4) A switching control method. FIGS. 52 and 53
illustrate switching sequences. For example, when the
mobile station (MS) and the base station (BTS) is commu-
nicating through a common control physical channel (FIG.
52), the BTS makes the switching decision if anyone of the
foregoing switching decision factors takes place. When
making a switching as a result of the decision, the BTS
instructs through the FACH the MS to establish a dedicated
physical channel, and establishes the designated dedicated
physical channel between the MS. Then, the BTS changes
the connection of the wire link and radio link with the MS
from the common control physical channel to the dedicated
physical channel. Subsequently, the BTS communicates
over the dedicated physical channel which has been estab-
lished.

[0740] On the other hand, when the mobile station (MS)
and the base station (BTS) is communicating through a
dedicated physical channel (FIG. 53), the BTS makes a
decision of the switching to a common control physical
channel. When a switching to the common control physical
channel is required, the BTS instructs through the UPCH the
MS to release the dedicated physical channel which is being
used. Receiving the instruction to release the dedicated
physical channel, the MS makes a response to that, and
releases the dedicated physical channel which is being used.
Then, the MS starts the FACH reception of the common
physical channel.

[0741] Receiving the response, the BTS releases the dedi-
cated physical channel which is used between it and the MS,
and changes the connection of the wire link and radio link
with the MS. Subsequently, the BTS communicates over the
common control physical channel which has been estab-
lished. The switching control is processed only in the radio
section between the mobile station and the BTS, without
involving BSC and wire section at all.

[0742] Since the switching control is based only on the
decision the base station makes, and does not involve any
switching control of the wire section (between the base
station and the control center (BSC), for example), it is
possible to reduce the load of the switching control, and to
speed up the switching control.

[0743] The control signal between the mobile station and
the BTS is a layer 3 signal, and is processed by the BTS. In
this case, the BTS must change the connection between the
wire link and radio link in accordance with the instructions
as described before.

[0744]
[0745]
[0746]
[0747]

[0748] a) Generation/termination of transmission
frames. Mapping ATM cells using a 6.3 M/1.5 M
transmission path based on the PDH (plesiochronous
digital hierarchy).

5.3. Transmission Path Interface.
5.3.1. Physical Interface Terminating Function.
Electric level interface.

Cell level interface.
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[0749] The ATM cells are transmitted at 6.3 M using
TS1-TS96 without using TS97 and TS98, and at 1.5 M using
all the TS1-TS24. In this case, although it is unnecessary to
recognize the delimiter between the 53 bytes of the ATM
cells, the delimiters between time slots and between octets
of the ATM cells are transmitted in conjunction with the
boundary.

[0750] On the receiving side, the ATM cells are extracted
from the TS1-TS96 with ignoring the data of the TS97 and
TS98, at 6.3 M. At 1.5 M, the ATM cells are extracted from
the TS1-TS24.

[0751] b) Cell synchronization establishment.

[0752] 1) First, to identify the cell boundary, using
a fact that the delimiter of each octet is instructed
from the physical channel before the cell synchro-
nization, the header error control code on every
four octet basis is calculated by the generator
polynomial X%+X?+X+1 with shifting everyone
octet, until its result becomes equal to the mod 2
value of the fifth octet value minus “01010101”.

[0753] 2) Once a position is detected at which the
HEC (Header Error Correction) value equals the
calculation result, a pre-synchronization state is
started assuming the position as the header posi-
tion.

[0754] 3) Subsequently, it is assumed that the
header position takes place everyone cell (53
bytes) interval, and the HECs are checked at the
intervals. Thus, if six consecutive HECs are found
to be correct, the synchronization state is started.

[0755] 4) The HEC check operation is continued at
everyone cell interval in the synchronization state
to monitor the state. Even if HEC errors are
detected, if the consecutive number of the HEC
errors is less than seven, the synchronization state
is maintained because of the synchronization
guarding. An out-of-sync state is decided if seven
consecutive HEC errors take place, and the control
is returned to the state of 1) for resynchronization.

[0756] c) Cell rate adjustment. When the ATM cell
rate of the ATM layer differs from the transmission
path rate as in the case where no cell is present to be
sent on the transmission path, the physical interface
inserts idle cells for adjusting the cell rate and for
matching the two rates.

[0757] Since the idle cell has a fixed pattern, its header can
be identified by “00000000 00000000 00000000 00000001
01010010”. Its pattern in the information field consists of
iterative sequences of “01101010”(see, FIG. 32).

[0758] The idle cell is used only for cell synchronization
on the receiver side, without any other role. Cell level
scrambling (applied only to 6.3 M).

[0759] 1) Only information field bits are made ran-
dom by the generator polynomial X43+1 at the cell
level.
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[0760] 2) Descrambling is halted in the hunting state
of the cell synchronization.

[0761] 3) The descrambling operates over the bits
equal to the information field length in the pre-
synchronized state and in the synchronization estab-
lished state, and halts during the period assumed to
be the next header.

[0762] 4) This function can be enabled or disabled by
a hard switch.

[0763] 5.3.2. ATM Terminating Function.

[0764] ATM cell VPI/VCI identification. ATM cells have
different VCI/VPI for each application or for each user, and
transfer themselves to respective processing sections by
identifying the VPI/VCI.

[0765] ATM cell VPI/VCI multiplexing. Since different
vers are multiplexed on each VPI basis to be transmitted in
the reverse direction signal, each application outputs its
reverse direction ATM cell signal with band assurance
control.

[0766] Cell header structure. The ATM cell comprises a
cell header as shown in FIG. 54. The cell header includes
8-bit VPI and 16-bit VCI, and the details of their coding are
specified separately between the switching system and the
base station.

[0767] ATIM header coding. The transmission order of bits
of the ATM cell is determined such that the bits in each octet
are sent from the bit number 8, and the octets are sent from
the octet number 1. Thus, they are transmitted from the
MSB. As for the routing bits of the VPI/VCI, there are
specified three types of VPIs in the interface between the
base station and the switching center, and 256 types (8 bits)
of VClIs from 0-255.

[0768] Channel number/VPI/VCI setting (initial state).

[0769] Channel number: The channel number is fixedly
corresponds to the mounted position of a HW interface card
and the connector position in the card.

[0770] VPI: The VPI is always “0”(not used in practice).

[0771] VCI: The V(I is specified when a link of a wire
transmission path is established.

[0772] 5.3.3. AAL-Type 2 Control Function.

[0773] AAL-Type 2 protocol. The AAL-Type 2 protocol is
intended to provide variable rate services that have timing
dependence between the transmitting and receiving ends,
such as voices which are subjected to variable rate encoding.
The detail of the specifications is based on ITU-TI. 363.2.

[0774] a) Service types (Required conditions, etc.).
AAL-2 is required to carry out real time data transfer
to the higher layer between transmitting and receiv-
ing sides at a variable rate, with particular timing
conditions. In addition, it is required to achieve
information transfer for matching the clock and
timing between the transmitting and receiving sides,
and to carry out transfer of information about data
structure.
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[0775] b) Functions of AAL-2. The AAL-2 must have
the capability of dealing with, besides the timing
conditions like those of AAL-1, multiplexing for
multimedia multiplexing of data and voice, and of
handling a variable rate, cell loss and cell priority.

[0776] 5.3.4. Forward Direction Signal Separation Proce-
dure.

[0777] The control signal and traffic signal in a forward
direction signal can be separated by first identifying the AAL
type. There are AAL-2 and AAL-S in the AAL type, and they
can be identified by the VCI (see, 4.2.2.1.).

[0778] Likewise, the control signal between the BTS and
MCC in the AAL-S connection can be separated from the
super frame phase correction cell by the VCI because their
VCIs are different.

[0779] The AAL-2 connection further includes CIDs for
identifying users, and carries out the separation using the
CIDs that are different for each call.

[0780] 5.3.5. Band Assurance Control.

[0781] FIG. 55 illustrates the outline of the band assur-
ance control. The band assurance control determines the
transmission order of short cells and standard cells in
accordance with the following quality classes, and estab-
lishes respective bands.

[0782] More specifically, the band assurance control,
being based on the precondition that the short cells and
standard cells are discarded if they exceed a maximum
tolerable delay time, determines transmission orders of the
short cells and standard cells for respective quality classes
such that the cell loss ratio becomes equal to a maximum cell
loss ratio. The setting method of the transmission order is
specified.

[0783] As with the VCs to which the AAL-Type § is
applied, the VCI is associated with one of the following
AAL-Type 5 quality classes by setting a MATM connection
ID.

[0784] As with the VCs to which the AAL-Type 2 is
applied, the VCI and CID are associated with one of the
following AAL-Type 2 quality classes by setting the MATM
connection ID.

[0785] 5.3.5.1. Quality Classes.
[0786] 5.3.5.1.1. AAL-Type 5 Quality Classes.

[0787] The following six requirements are needed for the
AAL-Type 5 quality classes. Table 28 shows the correspon-
dence between services and the quality classes. In practice,
the quality class is set in conjunction with the connection
establishment of the wire transmission path. The timing cell
VC is always assigned top priority (delay time is O ms, and
loss rate is 0).

[0788] (maximum tolerable delay time; ratio); allow-
able cell loss

[0789] (top priority of 0 ms delay; loss ratio 0)
[0790] (5 ms; 107%)

[0791] (5 ms; 107)

[0792] (50 ms; 107
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[0793] (50 ms; 1077)
[0794] (AAL-Type 2)
[0795] 5.3.5.1.2. AAL-Type 2 Quality Classes.

[0796] The following four requirements are needed for the
AAL-Type 2 quality classes. Table 28 shows the correspon-
dence between services and the quality classes. In practice,
the quality class is set in conjunction with the connection
establishment of the wire transmission path.

[0797] (maximum tolerable delay time; allowable
cell loss ratio)

[0798] (5 ms; 107
[0799] (5 ms; 10°7)
[0800] (50 ms; 10°)
[0801] (50 ms; 1077)

[0802] When there are a plurality of AAL-Type 2 VCs as
shown in Table 28, the band assignment to the AAL-Type 2
quality classes can be made different for each VC. In other
words, the transmission order of the short cells can be
changed for each VC.

[0803] 5.3.52. Band Assurance Function of Reverse
Direction Signals.

[0804] As with the reverse direction signals, it is necessary
to achieve both an AAL-Type 2 level band assurance and an
ATM cell level band assurance which includes both the
AAL-Type 2 and the AAL-Type 5.

[0805] FIG. 56 illustrates a transmission procedure of the
reverse direction ATM cell, and FIG. 57 illustrates an
assembling procedure of reverse direction co-transmitted
cells of the AAL-Type 2 level.

[0806] The cell transmission sequence data is specified in
correspondence with the quality classes at the start up of the
BTS. In accordance with the cell transmission sequence
data, short cells and standard cells to be transmitted are
selected from the quality classes, subjected to the multiplex-
ing, and formed into transmission cells.

[0807] If a cell of the target quality is not present in the
buffer, a cell in the next quality can be transmitted. Accord-
ing to the tolerable delay times determined for the individual
quality classes, a cell in the buffer that exceeds the tolerable
delay time of its class is discarded.

[0808] FIGS. 58A-58C show examples of the cell trans-
mission sequence data corresponding to Table 28. Transmis-
sion cycles of A, B, C, . . ., L are determined in accordance
with allocated bands of respective ATM bands A, B, C, . ..
, F (for example, ACADAFAC . . .). In addition, transmis-
sion sequences for compositing the short cells are deter-
mined depending upon respective SC bands E1-F4 such that
the respective quality classes are satisfied (for example,
F2FIF2F3F4 . . .).

[0809] If a cell is not present in the target class, a cell in
the next priority is transmitted. A cell in the interrupt class
is always transmitted with the top priority.
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TABLE 28

Correspondence between services and quality classes.

ATM quality  SC quality
classes classes
(tolerable (tolerable
delay, cell loss delay, cell loss ATM SC
ratio) ratio) Services band band
(Top Priority) — Timing cell — —
(5 ms; 1077) Packet A —
(5ms; 1074 — Packet B —
(50 ms; 1077y — Control signal C —
between BTS,
MMC and
SIM, paging
signal
(50 ms; 1074 — Packet D —
(5 ms; 107) unrestricted 32 kbps E E1
unrestricted 64 kbps
AAL-Type 2 (5 ms; 107 voice E2
\el (50 ms; 1077)  ACCH (all
symbol rates)
Packet E3
(50 ms; 107%)  Modem E4
Fax
(5 ms; 107) unrestricted 32 kbps F F1
unrestricted 64 kbps
AAL-Type2 (5 ms; 107%) voice F2
vC2 (50 ms; 1077)  ACCH (all
symbol rates)
Packet F3
(50 ms; 107%)  Modem F4
Fax

[0810] 5.3.6. AAL-Type 5+SSCOP Function.

[0811] Service types. The AAL-5 is a simplified AAL type
that is provided for transferring signaling information. It
differs from the other AAL types in that its payload has no
header trailer, and hence can transfer 48 bytes with a
minimum communication overhead.

[0812] Functions of the AAL-5. The AAL-5 carries out the
error detection not on a cell by cell basis but on a user frame
by user frame basis to improve the efficiency of the data
transmission. The error detection is performed using CRC-
32 check bits. The CRC is given for each user frame, and is
effective in a poor transmission quality environment because
of its high detection capability due to 32 bits.

[0813] FIG. 59 shows the format of the AAL-5. The
receiving side carries out the following operations.

[0814] 1) It identifies the delimiters of data consid-
ering the value of the PT {payload type} of the ATM
header.

[0815] 2) It checks the extracted payload by calcu-
lating the CRC.

[0816] 3) It identifies the user data by verifying the
LENGTH information.

[0817] SSCOP protocol sequence (link establishment and
release).

[0818] In the SSCOP, the acknowledge or flow control
information is not transferred on the data frame between the
base station and switching center, and the role of the data
frame is completely separated from that of the control frame.
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FIG. 60 illustrates an example of the sequence from the
establishment to the release of the SSCOP link.

[0819] 5.3.7. Reverse Direction Delay Adding Function.

[0820] The SSCOP is applied to the control signal VC and
paging VC between the BTS and MCC, and is processed by
the BTS and MCC. The reverse direction delay adding
function is provided for measuring system immunity by
adding delays to reverse signals when carrying out a test of
combining reverse signals between different base stations. A
delay up to a maximum of 100 ms can be added to the
reverse signal at every 0.625 ms step (frame offset step). The
delay amount can be set by a dip switch.

[0821] 5.3.8. Reference Timing Generating Function
(Radio Frame Alignment Function).

[0822] 5.3.8.1. SFN Synchronization.

[0823] The BTS carries out with the MCC the time
synchronization establishing processing of the SFN (System
Frame Number) which will be described below. The SFN
clock the MCC generates is the master clock of the entire
system. The SFN synchronization processing is provided for
establishing in the BTS the time synchronization with the
SFEN clock of the MCC. The target for the range of the time
synchronization error is set within 5 msec. The BTS uses as
its internal reference clock the SFN clock after the synchro-
nization is established. The timings of the transmitting and
receiving radio channels in respective sectors under the
control of the BTS are generated from the reference SFN
clock of the BTS (see, FIGS. 85-88B).

[0824] The SFN synchronization establishment is imple-
mented by exchanging the timing cells between the MCC
and BTS. FIG. 61 illustrates the detail of the procedure
which will be described below. The numerals in FIG. 61
correspond to the numbers in the following descriptions.

[0825] (1) The BTS, at turn-on or at start up after a
reset, generates a temporary SFN clock signal.

[0826] (2) The BTS acquires a transmitting time (a
time within a super frame, and the super frame
position in a long code period) of a timing cell 1 to
be transmitted from the BTS to the MCC. The
transmitting time is based on the temporary SFN
clock signal.

[0827] (3) The BTS generates the timing cell 1.
Values of information elements in the timing cell 1
are set as shown in Table 29.

TABLE 29

Information elements Specified values

Message ID 03 h: Timing Report
(BTS—MCC)

SF time information (received, MCC-SIM All 0

side)

SF time information (transmitted, MCC-  All 0

SIM side)

SF time information (transmitted, BTS The time within the super

side) frame in the time information

acquired in (2).
LC counter information (received, MCC- All 0
SIM side)
LC counter information (transmitted, All O
MCC-SIM side)
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TABLE 29-continued

Information elements

Specified values

LC counter information (transmitted, BTS The super frame position

side)

Other information elements

in the long code period in the
time information acquired in
e

In accordance with Table 26.

[0828] (4) The BTS transmits the timing cell 1 it
generates in (3) at the transmission timing it acquired
in (2).

[0829] (5) The MCC receives the timing cell 1, and
acquires the received time (the time within the super
frame and the super frame position in the long code
period). This time is based on the SFN clock gen-
erated by the MCC.

[0830] (6) The MCC acquires a transmitting time (a
time within a super frame, and the super frame
position in a long code period) of a timing cell 2 to
be transmitted from the MCC to the BTS. This time
is a transmitting time based on the temporary SFN
clock generated by the MCC.

[0831] (7) The MCC generates the timing cell 2.
Values of information elements in the timing cell 2
are set in accordance with Table 30.

TABLE 30

Information elements

Specified values

Message ID

SF time information (re-
ceived, MCC side)

SF time information (trans-
mitted, MCC side)

SF time information (trans-
mitted, BTS side)

LC counter information
(received, MCC

side)

LC counter information
(transmitted, MCC

side)

LC counter information
(transmitted, BTS

side)

Other information elements

02 h: Timing Report (MCC—BTS)

The time within the super frame in the
time information acquired in (5).

The time within the super frame in the
time information acquired in (6).

The time within the super frame in the
time information acquired in (2) (The
MCC sets this information element in the
timing cell received in (5) to the same
value again).

The super frame position in the long code
period in the time information acquired in
5.

The super frame position in the long code
period in the time information acquired in
(6).

The super frame position in the long code
period in the time information acquired in
(2). (The MCC sets this information
element in the timing cell received in (5)
to the same value again).

In accordance with Table 26.

[0832] (8) The MCC transmits the timing cell 2 it
generated in (7) at the transmission timing it
acquired in (6).

[0833] (9) The BTS receives the timing cell 2, and
acquires the received time (the time within the super
frame and the super frame position in the long code
period). This time is a received time based on the
temporary SEN clock in the BTS.

[0834] (10) The BTS calculates the corrected value X
of the temporary SFN clock phase from the infor-
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mation elements of the timing cell 2 it receives. FIG.
62 illustrates the calculation method and calculation
basis of the corrected value. Calculation results of
the corrected value are stored in a memory.

[0835] In FIG. 62,

[0836] SF_BTS-1: SF time information about
BTS transmission of the timing cell 1.

[0837] LC_BTS-1: LC counter time information
about BTS transmission of the timing cell 1.

[0838] SF_MCC-1: SF time information about
MCC-SIM reception of the timing cell 1.

[0839] LC_MCC-1: LC counter time informa-
tion about MCC-SIM reception of the timing
cell 1.

[0840] SF_BTS-2: SF time information about
BTS reception of the timing cell 2.

[0841] LC_BTS-2:LC counter time information
about BTS reception of the timing cell 2.

[0842] SF_MCC-2: SF time information about
MCC-SIM transmission of the timing cell 2.

[0843] LC_MCC-2: LC counter time informa-
tion about MCC-SIM transmission of the tim-
ing cell 2.

[0844] (11) The BTS counts the number of correc-
tions, calculates corrected values, and increments the
counter each time it stores the corrected value.

[0845] (12) The BTS stores as one of the system
parameters an upper limit N of the number of cor-
rections. The BTS iterates the foregoing (2)-(11)
until the counter value exceeds the upper limit N
which is equal to or less than 255.

[0846] (13) When the number of corrections reaches
the upper limit N, a statistical processing is carried
out of calculated results of the corrected values
stored. (The statistical processing temporarily selects
the maximum value from among the calculated
results).

[0847] The BTS shifts its temporary SEN clock by
the corrected value calculated by the statistical pro-
cessing, thus carrying out the correction processing
of the SFN clock of the BTS.

[0848] (14) Completing the foregoing operations, the
BTS lights up an ACT lamp on the HWY interface
card of the BTS assuming that the SFN time syn-
chronization has been completed between the BTS
and MCC. If the synchronization is not yet estab-
lished even after a predetermined time has elapsed
from the beginning of the transmission of the timing
cell, the BTS stops the transmission of the timing
cell, and lights up an ERR lamp on the card including
the transmission path interface. In addition, the BTS
brings the SFN timing into a free-running state, and
performs the transmission control of the radio sec-
tion in accordance with the free-running SFN.
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[0849] 5.3.8.2. Synchronization Holding Function.

[0850] The BTS generates the reference clock from the
HWY, and generates various clock signals from the refer-
ence clock. When the BTS is connected with a plurality of
1.5 M HWYs, it can select with a hard switch like a dip
switch the HWY used for generating the clock. The BTS
generates, after establishing the SFN time synchronization at
the start up, the reference SFN clock only from the clock that
is generated from the HWY. If a restart processing is not
carried out, the reference SEN clock of the BTS will not be
changed by any other factors. The BTS does not perform
autonomous SFN synchronization-correction. Besides, it
does not carry out a synchronization correction processing
triggered by a synchronization correction request from the
MCC.

[0851] 5.4. Transfer Processing Method of the Transmis-
sion Information Between the MCC and MS.

[0852] A transfer processing method by the BTS of the
information transmitted between the MCC and MS varies

Apr. 15, 2004

depending on the type of the logical channels in the radio
section. The processing method will be described below. The
following description has nothing to do with the transmis-
sion information between the MCC and BTS.

[0853] 5.4.1. Correspondence Between Radio Link and
Wire Link.

[0854] As for the correspondence between radio section
links (physical channels and logical channels) and wire
section links (channel number, VP1, VC1 and CID), such
correspondence is provided as needed.

[0855] 5.4.2. Processing Method of Transmission Infor-
mation.

[0856] 5.4.2.1. Forward Direction.

[0857] Table 31 shows, for each logical channel, a pro-
cessing method of the transmission information which is
received from the wire section.

TABLE 31

Processing method of transmission information received from wire section.

Logical
channel

Description

DTCH

ACCH

SDCCH

Assembles a radio unit from the transmission information in a received
short cell, and transmits it in a radio frame with the same frame number
as the FN in the SAL of the short cell.

Discards the user information in the received short cell if the
transmission to the wire section is not completed before the expiration
of a timer ADTCH which is started when the short cell is received.

The value of the timer ADTCH is specified as one of the system
parameters in the range from 0.625 msec to 640 msec at every 0.625 msec
step.

Makes OFF the transmission of the DTCH symbols or transmits

dummy data as for a radio frame that does not receive any transmission
information from the wire section.

Assembles, when one radio unit is placed in one radio frame (in the
case of a 256 ksps dedicated physical channel), a radio unit from the
transmission information in a received short cell, and transmits it in a
radio frame with the same frame number as the FN in the SAL of the
short cell.

Assembles, when one radio unit is placed in a plurality of radio frames
(in the case of 128 ksps or less dedicated physical channel), a radio unit
from the transmission information in a received short cell, and transmits
it beginning from a radio frame with the same frame number as the FN
in the SAL of the short cell, followed by the remainder of the plurality
of the successive radio frames.

Discards the user information in the received short cell if the
transmission to the wire section is not completed before the expiration
of a timer AACCH which is started when the short cell is received.

The value of the timer AACCH is specified as one of the system
parameters in the range from 0.625 msec to 640 msec at every 0.625 msec
step.

Makes OFF the transmission of the ACCH symbols as for a radio

frame that does not receive any transmission information from the wire
section.

Assembles the CPD PDU for the transmission information in a

received short cell, carries out dividing processing at every internal
encoding unit, performs processings up to assembling of a radio unit,
and transmits it in a radio frame that can be transmitted first.

The controller of the MCC transmits the control information on a CPS-
SDU unit basis with spacing such that the rate of the SDCCH in the
radio section is not exceeded. Thus, it is enough for a receiving buffer of
the information from the SDCCH wire transmission path to have an area
that can accommodate only a few frames corresponding to the CPS-
SDU with a maximum length.
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TABLE 31-continued

Processing method of transmission information received from wire section.

Logical
channel Description

ACH (for Assembles the CPD PDU for the information in a received short cell or

packet in a standard cell, carries out dividing processing at every internal
transmission) encoding unit, performs processings up to assembling of a radio unit,
UPCH and transmits it in a radio frame that can be transmitted first. If divided

into a plurality of internal encoding units, a plurality of radio units are
transmitted successively.

The Ex-interface for packets of the MCC transmits the control
information on a CPS-SDU unit basis with spacing such that the rate of
the UPCH in the radio section, which rate is required at the call setup as
a peak rate, is not exceeded. Thus, it is enough for a receiving buffer of
the information from the UPCH wire transmission path to have an area
that can accommodate only a few frames corresponding to the CPS-
SDU with a maximum length. In a state in which the FACH is
established, because the rate of the radio section can be lower than the
peak rate, a FACH buffer must have a rather large size.

Makes OFF the transmission of the UPCH symbols as for a radio

frame that does not receive any transmission information from the wire
section.

[0858] 5.4.2.2. Reverse Direction.

[0859] Table 32 shows, for each logical channel, a pro-
cessing method of the transmission information which is
received from the radio section.

TABLE 32

Processing method of transmission information received from radio section.

Logical
channel Description

DTCH (32 ksps Assembles a short cell upon receiving a radio frame, and transmits it

dedicated to the wire section at a timing as early as possible.

physical The following two modes are prepared for the transmission to the wire

channel) section. The mode is designated each time a radio link is established.
Mode 1:

As with the radio frame to which the information presence or absence
decision of 4.1.9.2. gives a result that no transmission information is
present, transmission to the wire section is not carried out.
Even if the CRC check for each selection combining unit produces an
incorrect result, if the information presence or absence decision of
4.1.9.2. gives a result that transmission information is present, the
transmission information is sent to the wire section after the Viterbi
decoding.
Mode 2:
Transmission information is always sent to the wire section after the
Viterbi decoding.

DTCH (64 ksps Assembles a short cell upon receiving a radio frame, and transmits it

or more to the wire section at a timing as early as possible.

dedicated Transmission information is always sent to the wire section after the
physical Viterbi decoding.

channel)

ACCH Assembles a radio frame from ACCH bits in one or more radio

frames, and carries out the Viterbi decoding and CRC checking.
Assembles a short cell immediately only when the CRC checking
produces a correct result, and transmits the short cell to the wire section
at a timing as early as possible.

Discards the received information if the CRC checking produces an
incorrect result, and does not carry out any transmission to the wire
section.

SDCCH Carries out the Viterbi decoding and CRC checking for the
transmission information in a radio frame. Generates the CPS PDU in
accordance with the W bits only when the CRC checking is correct.
Assembles a short cell when the generation of the CPS PDU is
completed and the CRC checking of the CPS is correct, and sends it to
the wire section at the earliest timing available.
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TABLE 32-continued

Processing method of transmission information received from radio section.

Logical
channel Description
Discards the received information if the CRC checking for each
internal encoding unit produces an incorrect result, so that it is not
involved in generating the CPS. In this case, the CPS PDU is discarded
in its entirety, and the transmission to the wire section is not carried out.
RACH (for Carries out the Viterbi decoding and CRC checking for the
packet transmission information in a radio frame. Generates, for only the
transmission)  transmission information with TN bit = 0, the CPS PDU in accordance
UPCH with the W bits and S bits only when the CRC checking is correct.

Assembles a short cell when the generation of the CPS PDU is
completed and the CRC checking of the CPS is correct, and sends it to
the wire section at the earliest timing available.

Discards the received information if the CRC checking for each

internal encoding unit produces an incorrect result, so that it is not
involved in generating the CPS. In this case, the CPS PDU is discarded
in its entirety, and the transmission to the wire section is not carried out.

[0860] 5.4.3. SAL Setting Method.

[0861] A method for generating the SAL in a short cell or
standard cell will now be described with reference to FIG.
36, when reverse direction transmission information is sent
from the radio section to the wire section. Refer to Table 22
for a fundamental setting method.

[0862] 5.4.3.1. SAT.
[0863] SAT is always set at “00” for all logical channels.
[0864] 5.4.3.2. FN.

[0865] (1) DTCIL

[0866] The FN of a received radio frame is used as
the FN of the SAL of the short cell or standard cell
including the transmission information which is
transmitted by the radio frame.

[0867] As illustrated in FIGS. 87A and 87B, the
first chip of the radio frame of FN=0 is shifted
from the position at which the reverse long code
phase=0 by the sum of the frame offset value and
the slot offset value, and the relation is not
changed by the iteration of the DHO. Thus, the FN
of the received radio frame is determined on the
basis of the reverse long code phase by the fol-
lowing expression.

FN=((Prop—Pors)/C) mod 64

[0868] where Prop is the phase of the first chip of the
received radio frame,

[0869] P,gg is the sum of the frame offset value and
the slot offset value, and C is the number of chips per
radio frame, where C=10240, 40960, 81920 and
163840 (chip rate=1.024, 4.096, 8.192 and 16.384
Mcps).

[0870] (2) ACCH.

[0871] When a single radio unit overlays a plural-
ity of radio frames (in the case of 128 ksps or less
dedicated physical channels), the FN of the first
one of the plurality of radio frames is used as the
FN in the SAL.

[0872] A method for deciding the FN of the radio
frame is the same as that of the foregoing (1).

[0873] (3) SDCCH, RACH and UPCH.

[0874] *The FN of the first radio frame of one or
more radio frames constituting the CPS-PDU is
adopted as the FN in the SAL. A method for
deciding the FN of the radio frame is the same as
that of the foregoing (1).

[0875] 5.4.3.3. Sync.
[0876] (1) DTCH, UPCH and SDCCH.

[0877] The sync is set to “0” if the received radio frame is
in the synchronization state, and to “1”if it is in the out-of-
sync state. For details of the processing in the out-of-sync
state, refer to 5.4.4. below. As for the out-of-sync decision
method, refer to 5.2.3. When one CPS-PDU consists of a
plurality of radio frames in the UPCH or SDCCH, the sync
is set to “1” only if all the radio frames are out-of-sync.

[0878] (2) ACCH and RACH.
[0879] The sync is set to “0”.
[0880] 5.4.3.4. BER.
[0881] (1) DTCIL

[0882] The value of the BER is set on the basis of
a result of the BER estimated value degradation
decision which is carried out for each radio frame.

[0883] (2) ACCH.

[0884] The value of the BER is set on the basis of
a result of the BER estimated value degradation
decision which is carried out for each radio frame.

[0885] (3) SDCCH, UPCH and RACH.

[0886] The value of the BER is set on the basis of
a result of the BER estimated value degradation
decision which is carried out for each CPS-PDU.
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[0887] 5.4.35. Level
[0888] (1) DTCIL

[0889] The value of the Level is set on the basis of
a result of the level degradation decision which is
made for each radio frame.

[0890] (2) ACCH.

[0891] The value of the Level is set on the basis of
a result of the level degradation decision which is
made for each radio frame.

[0892] (3) SDCCH, UPCH and RACH.

[0893] The value of the Level is set on the basis of
a result of the level degradation decision which is
made for each CPS-PDU.

[0894] 5.4.3.6. CRC
[0895] (1) DTCH.

[0896] The value of the CRC is set on the basis of
a result of the CRC checking which is carried out
for each selection combining unit.

[0897] (2) ACCH.

[0898] The value of the CRC is set on the basis of
a result of the CRC checking which is carried out
for each radio unit.

[0899] (3) SDCCH, UPCH and RACH.

[0900] The value of the CRC is set on the basis of
a result of the CRC checking which is carried out
for each CPS-PDU. However, since the transmis-
sion to the wire link is carried out only when the
CRC is correct, it is substantially “0”, normally.

[0901] 5.4.3.7. SIR
[0902] (1) DTCH

[0903] The value of the SIR is set on the basis of
a result of the SIR measurement which is carried
out for each radio unit.

[0904] (2) ACCH.

[0905] The value of the SIR is set on the basis of
a result of the SIR measurement which is carried
out for each radio unit.

[0906] (3) SDCCH, UPCH and RACH.

[0907] The value of the SIR is set on the basis of
a result of the SIR measurement which is carried
out for each CPS-PDU (if the CPS-PDU ranges
over a plurality of radio frames, the average value
over the plurality of radio frames is used as the
result).

[0908] 5.4.3.8. RCH and RSCN.

[0909] The values of the RCN and RSCN are set in
accordance with Table 24.

[0910] 5.4.4. A Processing Method During the Out-of-
sync Decision.

[0911] Table 33 shows a processing for each logical chan-
nel, when the out-of-sync method as described in 5.5.2.3.
makes an out-at-sync decision, in which RACH is not
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handled because the out-at-sync decision is not applied to
the common control physical channel.

TABLE 33

Logical Description

DTCH
SDCCH

Generates a cell whose Sync bit in the
SAL is set at “17”, and sends the short cell
to the wire section every 10 msec interval
until the synchronization is recovered.

A short cell of the UPCH does not
include user information.

The remaining bits of the SAL are as
follows:

SAT: 00

FN: As an estimated value, one of the
values 0-63 is set which is incremented at
every 10 msec interval. It is set such that
it keeps continuity from before the out-of-
sync decision.

BER: 1

Level: 1

CRC: 1

SIR: all 0's

RCN, RSCN: according to Table 27 (as in
the synchronization holding state).

Halts transmission to the wire section.

UPCH

ACCH

[0912] 5.4.5. Cell Loss Detection.

[0913] The position at which the cell loss takes place is
located from the following parameters, if the forward data
from the MCC does not reach the BTS because of the cell
loss in the ATM section. FIG. 63 illustrates a flow of the cell
loss detection.

[0914] *Frame number (FN): It is used for the cell
loss detection in all the unrestricted services.

[0915] *Radio subchannel number (RSCN): It is used
in the unrestricted services (128 kbps or more unre-
stricted services) including within 10 ms two or more
internal encoding CRC providing units.

[0916] *Radio channel number (RCN): It is used in
the unrestricted services implemented by multi-
codes.

[0917] *UUI (CPS-User to User Indication): It is
used when the internal encoding CRC providing unit
exceeds the user payload length of the short cell,
which is 42 octets when either the RCN or RSCN is
used, and 43 octets when none of the RCN and
RSCN is used.

[0918] The cell loss is detected using the foregoing four
parameters.

[0919] Table 34 shows the processing method of the cell
loss detection.

TABLE 34

Processing method of cell loss detection.

Logical channel Processing method

DTCH Inserts dummy data (all 0's) for each
short cell in the cell loss portion,
assembles one or more radio frames and

transmits them.
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TABLE 34-continued

Processing method of cell loss detection.

Logical channel Processing method
ACCH Not necessary to consider the cell less.
SDCCH Discard the entire CPS-SDU including

FACH (for packet transmission) as its part the cell loss portion.
UPCH

[0920] As described above, the novel base station equip-
ment of the mobile communications system in accordance
with the present invention is best suited for high speed
CDMA digital communications.

[0921] The present invention may be embodied in other
specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be con-
sidered in all respects only as illustrative and not restrictive.
The scope of the invention is, therefore, indicated by the
appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed is:

1. A communication system comprising a first communi-
cation apparatus and a second communication apparatus,
wherein

the first communication apparatus comprises:

first spreading code generating means for generating a
spreading code;

means for spreading a signal by using the spreading
code generated by the first spreading code generating
means; and

means for transmitting the spread signal, and

the first spreading code generating means generates the
spreading code by using a same short code for an
inphase component and a quadrature component and
different long codes for the inphase component and
the quadrature component, and
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the second communication apparatus comprises:
means for receiving the spread signal;

second spreading code generating means for generating
the spreading code; and

means for despreading the spread signal by using the
spreading code generated by the second spreading
code generating means, and

the second spreading code generating means generates
the spreading code by using the same short code for
the inphase component and the quadrature compo-
nent and the different long codes for the inphase
component and the quadrature component.

2. The communication system as claimed in claim 1,
wherein the long code for the quadrature component is a
code obtained by shifting a phase of the long code for the
inphase component.

3. A communication apparatus comprising:

spreading code generating means for generating a spread-
ing code;

means for spreading a signal by using the spreading code
generated by the spreading code generating means: and

means for transmitting the spread signal,

wherein the spreading code generating means generates
the spreading code by using a same short code for an
inphase component and a quadrature component and
different long codes for the inphase component and the
quadrature component.

4. A communication apparatus comprising:

means for receiving a spread signal;

spreading code generating means for generating a spread-
ing code; and

means for despreading the spread signal by using the
spreading code generated by the spreading code gen-
erating means,

wherein the spreading code generating means generates
the spreading code by using a same short code for an
inphase component and a quadrature component and
different long codes for the inphase component and the
quadrature component.
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