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(57) Abréege(suite)/Abstract(continued):

PN-code spread transmission signhal and the modulated twice-spread payload data signal to an access radio port. The code
division switching system at an originating terming is described, the originating terminal being located within a microport cell of a
terrestrial wireless network at a given instant in time, where said network interfaces with an access radio port, comprises a first
spreader for spreading a transmission signal by a PN-code assigned to an intended recelving port, a second spreader for
spreading a payload data signhal by an orthogonal code assigned to a receiving terminal user to which the payload data signal is
directed, the payload data signal being further spread by the first spreader, a means for forwarding the PN-code spread
transmission signal to an access radio port and a means far forwarding the twice-spread transmission signal to an access radio
port.
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CDMA TO PACKET-SWITCHING INTERPACE FOR CODE DIVISION SWITCHING
IN A TERRESTRIAL WIRELESS SYSTEM

ABSTRACT:

A low-cost, flexible, high performance sysrbm and method comprises a mcans for
intcrfacing a code division wircless system to a fast pac_ket-switched network for
transmission Qver a core network to a destination terminal user via a destination access nodc
and a destination access radio port. The mcthod is for code division switching at an
originating tcrminal, the originating terminal being located within a microport cell of a

terrestrial wirelcss network at a given instant in time, where said nctwork interfaces with an

access radio port, and comprises the steps of spreading a transmission signal by a PN-code

assigned to an intended receiving port, inserting an identifier of a few bits for identifying a
user, spreading a payload data signal by an orthogonal code, spreading the orthogonal spread
payload data signal by the PN-code associating the user with payload data, modulating the
PN-code spread ta-'an,smission- signal and the twice-spread payload data signal, and
forwardirig the modulated PN-code spread transmission ‘signal and the modulared twice-
spread payload data signal to an access radio pbrt. The codc division switching system at an

originaling terminal is described, the originating terminal being located within a microport

cell of a terrestrial wireless network at a given instant in time, where said network interfaces.

with an acccss radio port, comprises a first spreader for spreading a transmission signal by a
PN-codc assigned to an intended receiving port, a second spreader for spreading a payload
data signal by an orthogonal code assigned to a receiving tcrminal user t@ which the payload
data signal is directed, the payload data signal being further spread by the first spreader, a

mcans for forwarding the PN-code spread transmission signal to an access radjo port and a

means for forwarding the twice-spread transmission signal to an access radio port.
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CDMA TO PACKET-SWITCHING INTERFACE FOR CODE DIVISION SWITCHING
IN A TERRESTRIAL WIRELESS SYSTEM -

FIELD OF THE INVENTION

The invention relates generally to communications systems and in particular, to wireless

systems using a wireline backbone to communicate between a source subscriber terminal

and a dcstination subscriber terminal, where the wireline backbone forms a core network.

BACKGROUND OF THE INVENTION

The difficulty in a terrestrial system is the inhcrent need for internal communication. Cells

are generally not connected over the air. Instead, an air inlcrface is defined within a small

- arca around a base station (access radio port or microport). A number of mxcropom are

distributed g,eographlcally to give a desired region of coverage (e.g., the continental US).

The distributed microports are conhccted by a plurality of access nodes to some core

transport network, presumably wired as opposed to wireless, as shown in Fig. 1. Several

microports may be connected to a single access node.

Between access nodes, which are typically connected terrestrially over wirelines, an

alternite means of addressing is needed. The demands of multimedia, for which terrestri'al -

wireless systems are now being considerced, imply transport by means of u fasi packet-
switched network, e. g., ATM (Asynchronous Transfer Mode). Packet switching affords
flexibility in the bandw1dth assigned to a connection as well as in the delay mcurred in
propagating through the network. Message qwnchmg and circuit swi tchmg would not appear
to offer the flexibility and speed necessary to meet the demands of multimedia. This is due,
In part, to the longevity of message and circuit switched connections in a wnreless
environment, in which the users are mobile and move from cell to cell. Datagrams also do
not appear to be a solution to the problems because of the addivonal circuitry and overhead

involved 1n datagram reassembly. Both of the above observations further point to packet

switching as a fast and flexible solution.
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In current terrestrial CDMA wireless systems, user signals, received by an originating access
radio port, are routed to the intended destination radio port using an individual spreading
code to encode the signal. The individual spreading code uniquely assocjates the spread
spectrum signal with a particular wireless receiver. This method reduces optimum system
performance and dara rates. Therefore, there is a need for a low-cost. flexible, high '
performance system that can distribute user data to the appropriate destination user without
adding undue complexity and costs to the infrastructure (radio port) equipment. The present
invention, as described hcrein,- provides a low-cost,, flexible, high performance means for

interfacing a code division switched wireless system to a fast packet-switched network for

backhaul to the core n’etwork.

SUMMARY OF THE INVENTION

The present invention comprises a system and method for sol#in g the current problem by
extcnding code division switching to a terrestrial CDMA wireless system. Code division
switching is the means by which subscribers are interconnected in a large-scale Wirelcqs
system, leveraging the fact that multiple users share a common air interface at either end of
the wireless connection. Code division switching is based on the ability through code

division multiplexing to support multiple users over a common air interface.

The prescnt invention relies upon the application by a source user terminal of an individual

spreading code (PN-code) based on a port identifier to a transmission signal (containing no

payload data). This forms the prcambic- A few bits of data follow, to which the PN-code is

also applied to form the packet header. Following the preamble and packet header, a switch
is riggered and PN-code sequences are applied by the source user terminal, after applyl'ng

an individual spreading code based on an identifier for an individual u_ser, to a transmitted

- spread spectrum signal (containing individual user data). The transmitted spread spectrum

signal is received by an originating access radio port (also called the receiving microport

because the mtcroport rcceives information and data from a mobile %ubscrlbcr) to distribute

the spread spectrum signal to the intended destination radio port (also called the transmirting
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5 microport because the microport transmits information and data to the mobile subscriber)
via a wireline packet-switched network such as ATM. The packet-switched network is used
to distribute information and data to the destination radio port. Swnchmg complexlty and
equipment volume arc thereby greatly reduced since all user code procewng is performed at
the periphery of the nctwork (subscnber/user terminal) and greater data rates and improved

10  system performance can be realized.

The present invention involves a novel change to the previous methods of transporting user

dara between access radio ports on the wireline backbone of terrestrial wireless systems.

It is therefore an objective of the present invention to simplify and reduce switching
complexity (hardware and/or software) and equipment volume within the infras_tructurel ofa

1S terrestrial CDMA wireless system satellite to increase system performance and data rates.

- Yet another object of the present invention is 10 provide a method and apparatus for
improving radio port routing of spread spectrum user data within a terrestrial CDMA

wirclcss system using a packet-switched network backbone.

It is another objective of the present invention to take advantage of CDMA orthogonal
20  coding schemes to perform baseband self-routing (at the originating wireless terminal) in an
effort to reduce the volume of radio port switching equipment to the number of

interconnected radio ports rather than the number of individual system users.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Theinvention is best described with reference 1o the detailed description and the following

figures, where:

Fig. | depicts an exemplary system configuration.

Fig. 2 illustrates the common air interface.

Fig. 3a dcpicts the packet format of the reverse link.
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Fig. 3b depicts the packet format of the forward link.
Fig. 4a is the reverse link access and transmission flow in time.

" Fig. 4b is the forward link paging and transmission flow in time.

Fia. 5a is the flow of the actions of the originating mobile subscriber.

Fig. 5b is the flow of the actions of the on‘ginaﬁng access radio port (receiving
microport). '

Fig. Sc is the flow of the actions of the destlination access radio port (transmitting
microport). '

Fig. 5d is the flow of the actions of t.‘hc destination mobile subscriber. _

Fig. 6 is a block diagram of the overall flow from an originating mobile subscriber

and a destination subscriber.
Fig. 7a depicts the revcrse link transmission and reception process.
Fig. 7b depicts the spreading process of the originating mobile subscriber,

Fig. 7c is a block diagram of the originating access radio port (receiving microport).

- Fig. 7d depicts the serial/paralle] PN-code acquisition process.

Fig. 7e depicts a typical double-dwell SSDC for PN-code acquisition.

Fig. 7f depicts the despfcading proéess at the originating access radio port (microport
receiver) during payload data transmission over the reverse link during the '

con ten:tion free period.

Fig. 8a depicts the forward link reception and transmission process.

Fig. 8b illustrates the spreading operation at the dcstinatinn'accéss radio pbrt
(microport transmitter) for the forward link. .

Fig. 8¢ depicts the demodulation and despreading process at the destination mobile

subscriber over the forward link.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. | depicts a terrestrial wirclcss system configuration. Within a terrestrial CDMA

wireless communications system interfacing with a plurality of originating and destination
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wireless terminal users, a core network backbone 15 interconnects a plurality of access
nodes 10 within the system. Originating wireless subscriber/user terminals and destination
wireless subscriber/user terminals are interchangeable. That is, on any given transmissibn, a
given wireless subscriber/user terminal may be an onginating or a destination terminal. The
wireless subscriber/user terminals are depicted within cells 5 by a circle with an antenna.
They are diStinguished from one another by the letter “S” with a numerical subscript. It
should be noted here that the number and identification of subscriber/user lcrmiﬁa!s, within a
cell will vary as subscribers drive through a given cell. Also depicted within each éel'l' isan
access radio port (also called a microport). An access radio port is depicted as a rectangle
with an antenna. The subscriber/user terminals send and receive signals to/from 't.he access

radio ports over the air (wircless). The access radio ports are connected via a wireline to an

~ access node. The wireline connections are depicted in Fig. | as solid lines. An access node

intcrfaces with a plurality of radio ports communicating with the wireless terminal users. -

Initial access to the system by a mobile subscriber is asynchronous-, that is, the time is

unsloticd.

tis also possible and appropriate to characierize the air links between a mobile subscriber

terminal and its access radio port. A forward link is a link in which the transmission is from
the access radio porl to the mobile subscriber terminal. A reverse link is a link in which the
transmission is from Lhe mobile subscriber terminal to the access radio port. Orthogonal

channels are used for both forward and reverse links.

The core network backbone advantageously comprises a fast packet.-switdhed network (e-g., \'
Asynchronous Transfer Mode (ATM)). Packet swilChing provides flexibility in the o
bandwidth assigned to a'wireless. connéction as well as in the delay incurred in p'mpagating.
through the network. The present invention provides an efficient means for interfacing the

terrestrial CDMA wireless system with the wireline packet switched core network to
distributc user data rapidly through the systemn to an intended destination radio port and user.
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Interfacing to a packet-switched network is accomplished using the techniques ou;tl-ined for
code division packet switching. In code division packet-switching, transmissions-inten:déd
for the same microport are grouped together by a common PN-code. In a terrgsn-ial system,
the intervening transport is likely to be a packet-switched network. The trnnsport.in. a
terrestrial system may, however, be by any other means that provides a flexible, high
performance _systém. Transmissions from a mobile subscriber terminal are broadcast over
the air to an originating access radio port on a reverse link. The transmission si gﬁalsate
then dirccted through an access node to and throu gh the packet-switched network to another
access node, which directs the signal to the destination microport. After reaching the

destination cell area, the darta are transmitted over the air according to the forward link air

interface design.

A prcamblc is prepended to a packet to be transmitted (before the header). The preamble is
at most the length of one data bit but may contain a number of Chips. There is a code -
common to all packets contained within the preamble. The code is recognized by a récei ver
and xs uscd to acquirc and synchroniZc the signal (packet). The PN-code is called a covér.
code and is the same for all users that transmit to an access radio port. Once the PN or cover

code is acquired, then the orthogonal code can be recognized.

Within a given cell, all user preamble and header transmissions are presented over the air in
the same time and frequency space, separated by a pseudorandom noise code or PN-code.
The PN-code effectively spreads a user’s preamble and header transmission overa '
hbandwidth greater than that needed to represent the data itself. Users are lrans'milting
asynchronously in this interval. This has the effect of hiding the data from anyone other
than the intended recipient. Without the proper code, the spread signal looks like noise and
cannot be used by an unintended receiver. The PN-code described is only uséd as a typical
example and any other code performing a similar identifying funct_idn may be substituted,
and therefore the PN-code is not intended as any hardware/software limitation to the present
invention. Contention for the initjal access is resolved with a spread-spectrum random

access protocol, while the data transmissions utilize orthogonal codes.
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5 Orthogonal codes, identifying each individual originating user, have the further effect of

| cancclmg the interference of other transmissions that may bc present over the aar at the u me
of decoding. Being orthogonal, they have zero cross-correlation. As a result, transmxtted
signals contribute relatively little co-interference in adjacent signal spaces. Orthogonal
codes require synchronization between all transmitting users. Each transmitting userhas its

10  own uniquely assigned orthogonal code. The number of orthogonal codes is limited and is
cqual to the spreading factor N. This is an important factor in multiplexing signals, which at
some point are to be resolved with reasonably high integrity. Hadamard codes are a class of

code sequences that have the additional property of being orthogonal.

According to the present invention, the routing procedure, both wired and wireless, for an
IS end-to-end connection beginning with the transmitting subscriber terminal is described

below.

At the transmitlting terminal:

- spreading a transmission signal by a PN-code assigned to the intended
20 receiver (receiving port) for the duration of the sequence (this constitutes the
| preamble); | |
- inserting a few bits identifying the user or the user’s orthogonal code (this
constitutes the packet header) ' '

- spreading the orthogonal spread signal by the PN-code identif ymg (and
23 associating) the user with the payload data; and

- modulaung the transmission signal and the twice-spread payload data si anal
and forwarding the modulated twice-spread transmission signal to én access radio
port. '

30 At each originating microport:

- demodulating a transmission signal;
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- despreading a transmission signal by orthogonal code assignments to
recover microport groupings and route them accordingly; and '
- translating the orthogonal code assignments to a packet address idenlifying

a destination microport augmented to identify a destination access node.

10 The transmitting (originating) access node directs the fully addressed packets into the core

15

20

25

network. At the destination access node, packets are distributed among the microports
according to their respective address fields. At each destination (transmitting) micrOporl.
the address fields are translated to orthogonal codes, the data respread and put over the atr.

Equippced thh the correct orthogonal assignment, each recciving terminal can pull its

intended transmission out of the air without the need for explicit switching between

subscribers.

- Fig. 2 depicts the common air in.terface design. Specifically, thc system under consideration

i frequency division duplexing where the forward link carrier frequency is denoted by fy

and the reverse link carrier frequency is denoted by f,. That is, the frequencies are differcat

for the forward link and the reverse link. The *d” subscript represcnts' “downlink” and the

“u” represents “uplink”. The PN-code for identifying the destination port is g, (in the

f[orward and reverse links) and w; are the orthogonal codes for identifying individual mobile

subscribers (i=l,2_,...N) and o;Js the paging channel orthogonal codc (forward link)

There is a pag ng.cha'rmcl between the destination radio access port (microport transmitter)
ovcr the forward link that the microport uses to indicate to a mobile subscriber that the ‘
microport has information and data for that mobile subscriber. The paging channel is an
orthogonal forward link channel for transmitting pagi ng messages Or respondmg o
contention access channcl requests. There is one paging channel per mlcroport and that
channel is identifi ed by orthogonal code ;. There is a contention access channel between an
originating mobile subscriber and an originating radio access port (microport receiver) dver
the reverse link by which an originating mobile subscriber communicates with an '

originating radio access port. Since a number of mobile subscribers are attempting to
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communicate with a single microport, there is contention for the microport’s atiention.
Thus, the access channel has contention. That is, the contention access channel js for
transmi‘tti ng access request méssages or responding to paging messages. There is one
contention access channel per micropon' and that channel is identified by PN-code g;.
Transmissions over the contention access channe] are made accordin g 10 the spread

spectrum random access protocol.

Payload data (orthogonal data traffic channel) over the forward link is sprcad with both the
PN-code identifying the port and an orthogonal code uniqucly identifying th¢ mobilc

subscriber. The forward link payload data channel is used for transmitting information and

- data and is identified by orthogonal code @; (i=1,2...,N and i # j ) uniquely assi gned to a

mobile subscriber by the microport transmitter after the paging process. Payload data
(orthogonal data traffic channel) over the reverse link is spread with both the PN-code

idemifying the port and an orthogonal code uniquely identifying the mobile subscriber. The
reverse link payload data channel is used for transmitting information and ddld and is
identified by orthogonal code wj; (1=1,2..,N) umquely assxg,ned to a mobile subscuber by the

microport receiver after the access process.

Fig. 3a depicts the packet format for the reverse link. Initia] access by a mobile subscriber
terminal to a microport has the dual purpose of sending data to the microport and provxdmg
information that aids in the laler transmission of data and the synchronization of that data
with a standard reference time maintained by the microport. The payload data (transmitted "
between the originating mobile subscriber and the originating radio access port (micropon
receiver)) Is formatted according to the depicted packet where P represents the preamble
(no data), “H” represents the header and “E” represents thc end of the packet flag. The
payload darta is spread by both the microport PN-code g; and the uniquely assigned mobile |
subscriber orthogonal code w;. The preamble and header are spread by the microport PN-
code g; only. The payload data comprises one or more packcts or ATM célls. The ATM
cells are packets that include ATM heade.rs,'which further include destination and source

addresses. The preamble and the header are transmitted during the contention period.
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During this period all transmission signals from all contending users are spread by the same
microport-based PN-code g;. The spread spectrum random access (SSRA) protocol u_ti li\zc_s-
the delay capture property of the spread spectrum signal. The contention-free period i -
comprises the transmission period for the payload data and the end of packet indicator (flag).
During this pen‘-dd all ransmitting users are assigned an orthogonal code uniquely '

identifying the transmitting user.

Fig. 3b depicts the packet format for the forward link. That is, the payload data is t‘ormaued
according to the depicted packet between the destination access radio port (mt(‘roport |

transmitter) and the destination mobile subscnber where “PG™ represents paging
information and “E” represents the end of packet flag. The payload data is spread by both

thc microport PN-code g; and the uniquely assigned mobile subscriber orthogona'l code’ W;.

The paging information is spread by the paging channel orthogonal code w; only.

Fig. 4a depicts the preamble, the packet header, the acknowledgment and the payload data as

they flow between the originating mobile subscriber terminal and the microport receiver in

time. The preamblc and the header access are utilized by the spread spectruim random

access (SSRA) protocbl. Also the preamble and header are transmitted asynéhronously but

marking" their transmission time for obtaining synchronization of the orthogonal codes in

the next step of the process.

Simultaneous transmission of preambles and headers from a plurality of conténdiﬁg mobile
users may be received successfully by the receiving microport if they arrive at the microport
desprcader greater than one chip (bit interval of the PN-codc) apart. This is due to the delay
capture property of spread spectrum signals. The acknowledgment message contains the
time adjustment requircd for the orthogonal transmission that follows. The acknowledgment
message also contains the assignment of the orthogonal codc to the transmi ttihg mdbi!c user.
This assignment is made by the microport from the avaxldble (not utilized) orthogonal codes
This is due (o the limited number of orthogonal codes available. If there is no available
orthogonal code, then the transmission is blocked. Upon receipt of the acknowledgment
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11

message by the terminal, the terminal adjusts its transmission time with respect to is

“marked” position in time. Note a propagation delay of 7,. The subscriber terminal then

switches to position 2 (see Fig. 7b) and utilizes the assigned orthogonal code ; for the
payload data transmission. If no acknowledgment message is received by a predetermined
time-out period, then the terminal retransmits the preamblc and header. The microport
receives the payload data synchfonously with respect tv other terminal transmissions. That
is, all paylo:id data arrivcs synchronously with respect to a reference time. The payload data
are despread from the PN and orthogonal codes. The end of packet is indicated by a flag.
After the end of packet indicator is recei ved, the orthogonal code ; assigned to the
subscriber terminal becomes available for re-use and can be a_Ssigncd 10 another transmitting
(originating) mobile subscriber terminal. The received payload data (e.g., ATM cells)
contain their own routing headers and thus can be routed via routers over the core network

to a destination as known in the art and in accordance with communications standards.

Fig. 4b depicts the paging message, the acknowledgment and the payload data as the flow
between the destination access radio port (microport transmitter) and the destination mobile
subscriber terminal. The paging message indicates to the destination mobile subscriber

tcrminal that the transmitting microport (microport transmitter) has information and data for

it. Note both that there is a propagation delay of 7, and also that there is no time

adjustment necessary on the forward link. The destination mobile subscriber terminal sends
an acknowledgment message to the transmilting microport. Upon receipt of the

acknowledgment message from the destination mobile subscriber terminal, the transmitting

microport forwards the payload data.

Figs. 5a and 5b depict the reverse link (mobile-to-microport) access operation, which is
based on the spread spectrum random access (SSRA) protocol. That is, the preamble and
hcader (P&H, sce Fig. 3a) of the transmitting (ori ginating) mobile subscriber (user) is spread

by the PN code, g, of microport j. Transmissions that arrive one or more chips apart, where a
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chip is the bit length of the PN-code, can be distinguished and received succcssfu'tly (this

phenomenon is called delay capture).

Fig. Sa is a flowchart of the actions performed at the on ginating (transmitting) mobile
subscriber terminal. Step 505 is performed with the .s'witch (shown in Fig. 7b) in position 1,
which allows the preamble and header information but no payload data to flow through the
switch. Step 510 rcpresents the spreading of the payload data twice when the switch

depicted in Fig. 7b is in position 2. Step 515 represents the completion of the sending of the

payload data and the end of packet flag so that the uniquely assigned orthogonal code can be

rcleased.

Fig. 5 b is a flowchart of the steps performed at the originating access radio port (microport
receiver). At step 520, the receiving microport acquires the preamble, which 'has thc PN-
code without any payload data. The preamble 1s acquired using a serial/paral-icl acquisition
circuit, which synchronizes to the PN-code. The header is also received and despreaded at
step 520. The PN-code is asynchronOUS and received unslotted. The acquisition process is
the initial synchronization. At step 5235. once the preamble is acquired and processed, the
receiving microport sends an acknowledgment, which contains a unigqucly assigned .
orthogonal code for the originating mobjlc user and the required adjustments for the
orthogonal transmission that follows. The timing adjustments are derived by bomparing the
arrival time of the preamble to the reference time, which is maintained by theirecciving
microport. The purpose of making timing adjustments is ta synchronize all orthogonal code
transmissions to a standard reference time maintained by the mi’cmport. A short time I'alér
(a matter of a fcw msecs), the receiving microport receives the payload data, which are
processed by despreading by the orthogonal and PN-codes as indicated ét step 530. If th'e
information and data are successfully received by the receiving‘microport, thch an ATM cell
(packet) is created and the packet is routed through the core network i'ri accordance with
standards and protocols for core network use. After the end of packet flag (stép 53%)is
received by the receiving microport, the assigned orthogonal code becomes avaiiable for re-

usc and re-assignment.
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Figs. Sc and 5d depict the forward link operation (microport Lo mobile user). Fig. 5¢ depicts
the actions at the destination microport (transmitting microport). Upon the arrival at the
destination miCmport of one or more ATM cells destined for a mobile user, a paging
message is sent to the mobile user via the paging channel (step 540). The paging message
includes an assigned forward link or,thbgonal code ;. The mobile user terminal responds
with an acknowledgment. After the transmitting microport receives the ackn@wledgment
from the destination mobile user terminal via the contention access channel, the transmitting
microport spreads the payload data (extracted from the ATM cell) with orthogonal code o
and LrAnSINIL it td thé mobile user terminal (step 545). The data includes the end of packet
(lag. If, after a time-out period, no negatiVe acknowledgment is recejved, the transmitting
microport assumes that the mobile subscriber terminal correctly received the data and

releases the assigned (forward link) orthogonal code making it available for re-use and re-

~ assienment for other transmissions (step SS0).

Fig. 5d depicts the actions of the destination mobile user terminal via the forward link.

While idle. the mobile subscriber terminal monitors the paging channel for transmissions
(step 555). If a paging message is rcceived iridicating‘ the assignment of a particular
orthogonal code, the mobile user terminal switches to that orthogonal code in order to
receive the data. The switch to the orthogonal code specified by the microport is indicated
in the acknowledgment sent to the transmitting microport. The acknowledgmént is sent via
the contention access channel (step 560). After the end of packet ﬂag is received and

decoded (it was spread along with the data), the mobile user terminal reverts to monitoring

the paging channel for further paging messages (step 565).

Fig. 6 is a block diagram of the overall flow from an origin'ating mobile subscriber and a
destination subscriber, Similar to the system conﬁgurar.io.n as depicted in Fig. I, the solid
lines between the recei ving microport and the transmitt ng microport through the core
network are wires. The interface between the originating mobilc subscriber terminal and the

receiving microport is a common air interface (CAI), as is the interface between the

transmitting microport and the destination mobile subscriber terminal. The originating and
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dcstination mobile subscriber terminal are respresented on Fig. 1 as §;. The originating
mobijle subscriber forwards the signal to the receiving microport, which modulates, spreads
and codes the signal, creates a packet and forwards the packet to the access node. Pollowmg
this stage, the packet is directed by the access node into the packet-switched network, where
it is transmilied to the intended destination access radio port, via a routing node for that ‘
destination access radio port (transmitting microport), based on the packet address. After
the (ATM) packet is received by the destination. access radio port, then it is spread by an
orthogonal code co; assigned to the receiving user i, and by the PN-code g;, of the destination
poIt j.h The signal is then forwarded to the destinat_ion mobijle subscriber terminal which

demodulates, despreads and decodes the signal and presents the information and data to the

mobile subscriber for his/her use.

Figs. 7a through 7f all depict vanious aspects and details of the reverse link pfocess. Fig. 7a
depicts the reverse link transmission ahd reception process showing the oﬁginating mobile
subscriber terminal and the recéiving microport. The originating mobile e.ubscriber terminal
uses forwaxd error correction (FEC) to detect and correct certain errors. The signal is then
sprcad using a PN-code to spread the preamble and header and both a uniquely asmgned
orthogonal code and the PN-code to spread the data and the end of packet flag. The signal is
then modulated for transmission over the radio frequency (RF) to the recewmg microport.
The receiving microport is actually a plurality of receivers in parallel. The signal is
recognized by at least one of the plurality of receivers and the preamble is synchrdnized by a
PN-code acquisition process. The payload data and the end of packet flag are then despread
by a data deSpreader.' The data is then decoded and a cell (packet) is created for '

transmission over the core network (via the access node) in accordance with standards and

protocols for the underlying core network.

Fig. 7b dcp:cns the spreading process of the originating mobile subscriber. The inventive
process begms with the originating wireless terminal user within the terresmal CDMA
wireless system (see Fig, 7b). The originating terminal spreads a fransmission signal
(preamblc only) byi a PN-code (g;) assigned to the intended recejver rnicroport j for
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identifying the réceiving microport fot the duration of the PN schence, which may be, for
examplec, length L = 1024. This constitutes the preamble. Following the prcamblc a few
bits of data are inserted uniquely identi fying the user or the user’s orthqgonalg code. This
constitutes the packet header. Both of these steps are performed with the switch in position
I. That is, the switch allows the preamble and header to flow through the switch but no
payload data. Once this is accomplished, the switch is moved to position 2. That is, payl'oad
data now ﬂoWé through the switch. The payload data is spread by @, which is tﬁg
orthogonal codc that is assigned to user i by the microport. Afier being spread by ; the
payload data is spi'ead by the P.N-codc g; used for identifying the receiving microport to
which the transmission is directed. This second spreading scparates the receiving microport
for the present datﬁ (signal) from other radio port groilps. Cobventional' spread spcctrurﬁ
radio processing techniques follow this stage as the spread spectrum signal containin g the
PNQCOde and unique orthogonal code sequence Is transmitted to the recci\?ing mi‘cwpo'rt. The
convcrsion of the twice-spread transmission signal to a carrier frequency fy is pcrformed by

the modulator shown on Fig. 7b.

Fig. 7c is a block diagram of the originating radio access port (receiving microport). Fig. 7c
is a more detailed view of the circuit at the receiving microport. Demodulator 720, which is '
a device well known in the art, further comprises a pair of multipliers, a pair of baseband
filters (BBF) and a pair of A/D converters, The array of serial search detection circuits is
denotcd as 725 ahd}the array of l-parallel Data Receivers 730 comprises ! channel decoders
('735«-.@1,~ ... 735-D. 'I'he array of SSDCs 725 constitutes the acquisition pfocess used to -

synchronize the preamble and header. The l-parallel data rceeivers 730 constitute data

reccption and comprise the data despreader and the decoder.

Fig. 7d depicts the scrial/parallel PN-code acquisition proéess. Fig. 7d depicts the
serial/parallel acquisition circuit at the destination microport. The serial/parallel acquisition
upit comprises a demodulator 720, an array of serial search detection circuits (725-a, ...
725-K) in parallel and an an'ay\- of l-parallel data receivers 730, which further compriscs I
channel decoders. Each SSDC searchés in a window of L/K chips, where L. is the length of
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thc PN-code and K is lhc number of SSDCs The SSDC-k searches in the window [(k-l)
k1L/K]. The plurality of SSDCs constitutes an acquisition clrcuu.

Fig. 7e depicts a typical doublc-dwell SSDC for PN-code acquisition. Proceés B follows
process A. Process A is essentially an acquisition circuit. The timing adjustment
detcrmination portion has been left out for clarity and simplicity. Process A is performed
within a \-rariablexwindow. which could be one chip long or up 1o the entire length of the PN-
code sequence depending on the value of K (K=1,..L). Windows one chip (K=L) in length
arc very fast, However, many windows are then required, increasing circuit Compléxity.
Windows the entire length of the PN-code sequence (K=1) are significantly slower but
significantly less complex. The step n = n + 1 accomplishes a shift by one Chlp Oncc PN-
code synchronization is achleved the PN-code timing offset from the reference time

(maintained by the receiving microport) is determined and inserted into the acknowledgmcn[

message and forwardcd to the onginating mobile subscriber terminal along with the

uniquely assigned orthogonal code. Process B in Fig. 7e depicts a doub!e-dwell algorithm.

Fig. 7f depicts rthe demodulation and despreading process ut the originating access mdxo port
(microport receiver) durmg payload data transmission over the reverse link during the
contention {ree period. The despreadcr is a data despreader. The signal is demodulated.
Following demodUlation of the signal, the preamble and header are despread. Once the

preamble and the header are received and despread, then the payload data are despread using

- both the uniquely assigned orthogonal code and the PN-code. The summation is performed

25

30

over N, which is the length of the orthogonal code. The accumulator sums from J to N,
where N is the total number of orthogonal codes and the length or size of the orthogonal
Hadamard code. N is both the total number and the length of the orthogonal codes because

the number of chips is the same. After the signal i 1s despread, then the data is decoded by the

decoder.

Fig. 8a depicts the forward link reception and transmission process. The transmitting
microport receives the data (packaged in an ATM cell) and performs forward error
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correction on the datu. The transmitting microport then spreads the data (as further
illustrated in Fig. 8b). The spread data are then modulated for transmission over a radio
frequency (RF) to the destination mobile subscriber terminal. The destination mobile
subscriber terminal receives the signal and demodulates it. The data are then désprééd
(preamble, header and payload data) and finally decoded for brescntation to the subscriber

using the mobile user tcrminal,

Fig. 8h illustrates the spreading operation at the destination access radio port (microport
trammitter) for the fo’fward link. Fig. 8bis an cxplodéd view of the spreader at the
transmitting microport. Fig.8bisa ‘block diagram of the transmitting mlcmport and a

destination subscriber terminal and the radio frequency (RF). The microport performs

~ forward error correction and then spreads the signal. This is followed by modulation and

~ transmission ovcr the air (RF) interface to the destination subscriber terminal. The 1‘eceiving

subscriber terminal dcmodulates the signal and then despreads and decodes the si gnal'- 'The

- destination user terminal can extract the transmitted user signal by filtering out other si gnals

that do not contain the umquc orthogonal code applied by thc originating user. A subsc.nber
terminal i, while :dlc monitors a broadc,a.sl/pagmg channel J spread by orthogonal code m,-.
The broadcast/paging is effective only for those subscriber terminals in the coverage area.
When a broadcast/paging message is received for subscriber terminal { indicating an
assigned code i, the subscriber terminal uses code w; to receive its data, In the spreader, the
PN-code g1 used to distinguish one microport from another microport and re_]ect
lntcrference between adjacent microports. The accumulator sums over i = ] to N, where N
is the length of the orthogonal code. No synchromz.atxon IS requxred because the si gnals are
transmitted from the same microport. The orthogonal codes o), wherei= 1, ..., N and 1#j

are user channels and j is the paging channel.

Fig. 8c depicts the demodulation and despreading process at the destination mobile |
subscriber over the forward link. This process is virtually identical to the demodulation and

despreading process for the reverse link as depicted in Fig. 7f.
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A procedure and system have been described for using code division packet switching
techniques to -Simplify the network processing involved in interfacing with a packet- -
switched network in a terrestrial wireless system. Individual subscriber switching is |
accomplished through the unique assignment of orthogonal codes to the subscriber

terminals, PN-codes are additionally assigned, to group transmissions intended for the

‘same receiving microport.

While the present invention is described using a wireless CDMA terrcstrial communications
nciwork crhbodiment, it is not decmed a departurc from the spirit and scope of the present
invention to apply the fundamental novel concepts to a similarly configured wireless

communications network.

it should be clear from the foregoing that the objectives of the invention have been 'rri'et.

While particular embodiments of the present invention have been described and illustrated,

it should be noted that the invention is not limited thereto since modifications may be made

by persons skilled in the art. The present apphication ¢ontemplates any and all m'odiﬁcations

‘within the spirit and scope of the underlying invention disclosed and claimed hercin.
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Clai ms:

1. A system for code division packet switching at an originating mobile subscriber
terminal, said originating mobile subscriber terminal being located within microport cell of
a terrestrial Wireless network at a given instant of time, where said network interfaces with
an originating access radio port, compnsing:

means for spreading a transmission signal by a PN-code assigned to an access
radio port; '

means for inserting an identifier of a few bits for identifying a user;

means for modulating said PN-code spread wransmission signal;

mcans for forwardmg said modulated PN-code spread transmission ergnal
and marking a time origin of said forwarding of said modulated PN-code sprcad
transmission signal,

' means for receiving an acknowledgment, within a time-out period, from said

originating access radio port,: said acknowledgment comprising an assignment of an
orthogonal code to said originating mobile subscriber terminal and a timing
adjustment;

mcans for spreading a payload data signal by said assigned orthogonal codc;

means for spreading the orthogonal spread payload data signal by the PN-
code thcreby associating the user with payload data; '

means for modulating said twice-spread payload data signal;

mcans for adjusting a transmission time by said timing adjustment received
from said originating access radio port; and -

means for forwardi ng said modulated twice-spread payload data signal to

said originating access radio port.

2. The system according to claim 1, wherein if no acknowledgment is received from
said originating access radio port within said time-out period, said modulated PN-code
sprcad transmission signal is forwarded again marking the time origin of said forwarding

again.
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3. The system according to claim I, wherein said first means for spreading by said

PN-code forms a preamble, which is prepended to a packet.

4. The system according to claim ], wherein said orthogonal code is a Hadamard

- ¢code.

5. A system for code division packet switching at an originating ao¢e$s radio port of
a terrcstri.'al wireless network, where said originating access radio port interfaces with a '
plurality of originating mobile subscriber terminals located within a microport ccll of said
terrestrial wireless nctwork, comprising: -

means for demodulating a transmission signal;

means for acquiring a preamble from said transmission signal;

means for acquiring a header from said transmission si gnal;

‘means for forwarding an acknowledgment to onc of said plurality of said originating -

mobile subscriber terminals, said acknowledgment comprising an assignment of an

| orthogohal code to said one of said piuralily of Originating mobile subscriber terminals and a

timing adjustment;
means for receiving a further transmission signal comprising payload data; and
‘means for desprcading said further transmission signal by both said assigned

orthogonal code and a PN-code.

6. The system according to claim 5, further comprising:
means for creating an ATM packet; and

“mcans for forwarding said ATM packet through said nctwork via an access node.

7. The system according to claim S, wherein said orthogonal code sequence is a
Hadamard code. |
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8. The system according to claim 5, further comprising mcans for rcleasing said

assignment of said orthogonal code.

9. The system according to claim 5, wherein said first means for spreading by said .

PN-code forms a preamble, which is prepended to a packet.

10. The system according to claim 6. further comprising means for feleasing said

assignment of said orthogonal code.

11. A system for code division packet switching at an originating mobile subscriber
terminal, said originating mobile subscriber terminal being located within a microport cell of

a terrestrial wireless network at a given instant in time, where said network interfaces with

~ an originating access radio port, comprising:

means for spreading a transmission signal by a PN-code assigned to an access radio
ot | ‘ . .

means for inserting an identifier of a few bits for identi fying a user;

means for modulating said PN-code sprcad transmission sjgnal; '

means for [orwarding said modulated PN-code spread transmission signal and

marking a time origin of said forwarding of said modulated PN-code spread transmission

signal; _
' means for rcceiving an acknowledgment, within a time-out pen'od; from said
originating access radio port, said acknowledgmcnt comprising an assignment of “an
orthogonal code to said originating mobile subscriber terminal and a timing adjustment;

means for spreading a payload data signal and an end of packet flag by said assigned
orthogonal codc; : .

mcans for spreading the orthogonal spread payload data' signal and said end of packét
flag by the PN-code thereby associjating the user with payload data; i

means for modulating said twicc-spread payload data signal and said end of packet

flag;
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mcans for adjusting a transmission time by said timing adjustment received from
said originating access radio port; and , |
means for forwarding said modulated twice-spread payload data sngnal and said end

of pdcket ﬂag 1o said originating access radio port.

12. The system according to claim 11, wherein if no acknowledgment is received
from said originating access radio port within said time-out period, said modulated PN-code

::pre.ld transmission signal is forwarded again marking the time origin of sdid forwardmg |

agam.

13. The system according to claim 1], whcrei’h said first means for spreading by said

PN-code forms a preamble, which is prepended to a packet.

14. A system for code division packet switching at a destination access radio port of
a terrestrial wireless network, where said destination access radio port interfaces with a
plurality of destination mobile subscriber terminals located within a microport cclt of said '
terrestrial wireless network, comprising: ‘
means for transmitting P paging message to onc of said plurality of
destination mobile subscriber terminals over a paging channel indicating that there is
‘payload data for said one of said plurality of destination mobile subscriber terminals:
means for receiving an acknowledgment from said one of said plural'it'y of

destination mobile subscriber terminals; \ |
means for spreading said payload data extracted from an ATM packet with a

umquely ass igned orthogonal code; and '

means for transmitting said spread payload data to said one of sald plurality

of destination mobile subscriber terminals.

15. The system according to claim 14, further comprising:

means for waiting for a time-out period for a negative acknowledgment; and
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means for rcleasing said uniquely assigned orthogonal code if no negative

“acknowledgment is received within said imeout period.

16. A system for code division packet switching at a destination mobile subscriber

~terminal, said destination mobile subscriber terminal being located within a microport cell of

a terrestrial wireless network at a given instant in time, where said network'imerfaces with a
dcstination access radio port, comprising: ' '
means for monitoring a paging channel for paging me'ssages indicating that
there is payload data for said destination mobile subscriber terminal;
mcans for receiving a paging message via sajd paging channel; _
means for transmitting an acknowledgment to said destination access radio
poIt; . '
mcans for receiving twice-spread payload data;
means for despreading said payload data using a uni:q_uely assigned
orthogonal code and 2 PN-code; and

mcans for decoding said despread payload data.

I7. The system according to claim 16, further comprising means for presenting said

payload data to a uscr.

18. The system according to claim 16, wherein said means for monitoring is

- accomplished by monitoring said paging channel using an arbitrary orthogonal code.

19. The system according to claim 16, wherein said acknowledgmem comprises an

assignment of a unique orthogonal code.

20. The system according to claim 16, further comprising means for switching, by
said destination mobile subscriber terminal, to said uniquely 'assigned orthogonal code

before despreading said twice-spread payload data.
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5 21. A system for code division packet-switching at a destination access radio port of
a terrestrial wireless network, where said destination access radio port interfaces with a
plurality of destination mobile subscriber terminals located within a microport cell,

comprising: ,
means for receiving a packet-switched transmission signal from an access

10 node via a network;
means for assigning a unique orthogonal code to one of said plurality of said

destination mobile subscriber terminals:
means for spreading paylbad data destined for said one of said plurality of
destination mobile subscriber terminals using both said uniquely assigned orthogonal
15 code and 2 PN-codc; ' -
means for forwarding a paging message via a paging channel to said ohe of
said plurality of said destination mobile subscriber terminals indicating that there is
payload data destined for said one of said plurality of said destination mobile
subscriber terminals: |
20 . means for receiving an acknowledgment from said one of said plurality of
said destination mobile subscriber terminals:
means for modulating said twice-spread .payloa'd data; and
means for transmitting said tWice-spreéd payload data over air to said onc of

said plurality of said destinarion mobile subscriber terminals.

25
22. A system for code division packet switching at a destination access radio port 6f
a terrestrial wireless network, where said destination access radio port mterfaccs with a
pluralny of destination mobile subscriber terminals located within a microport cell,
comprising: '
30 means for acquiring a preamble and a header, Which has a PN-code;

means for processing said PN-code (o insure synchronization;
mcans for sending an acknowledgment; and

‘means for receiving payload _data.
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23. The system according to claim 22, wherein said preamble is acquired using a

serial/parallel acquisition circuit.-

24. The system according to claim 23, wherein said synchronization is made to a

standard reference time maintained by said destination access radio port.

25. The system according to claim 22, wherein said payload data are received by

despreading by a unique orthogonal code and said PN-code.

.26. A system for code division packet switching used for interfacing a terrestrial

wireless network with a packet-switched network, where said wireless network interfaces

‘with a plurality of access radio ports, each of said access radio ports interfacing to a plurality

of mobilc subscriber terminals, comprising:
means for spreading, by said originating mobile subscriber terminal, a

transmission signal by a PN-code assigned to an intended receiving port;
‘mcans for inserting, by said originating mobile subscriber terminal, an

identifier of a few bits for identifying a user;
means for modulating, by said originating mobile subscriber terminal, said

PN-code spread transmission signal;
' means for forWardin-g., by said originating mobile subscriber tcrminal, said
modulated PN-code spread transmission signal and marking the time origin of said
forwarding; '
means for demodulating, by said originating access radio port, said
modulatcd PN-code spread transmission signal; |
means for acquiring, by said originating access radio port, a preamble from
said transmitted signal; ‘
means for despreading, by said originating access radio p.drt, a header from
said lr'ans_mitted signal; .
means for forwarding, by said driginati'ng access radio port, an

acknowledgment to one of said plurality of said originating mobile subscriber
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terminals, said acknowledgment comprising an assignment of an orthogonal code to

said one of said plurality of originating mobile subscriber terminals and 'a timing

- adjustment;

means for receiving, by said originating mobile subscriber terminal, said
acknowledgment, within a time-out period, from said originating access radio port;
mcans for spreading, by Said originating mobile subscriber terminal, a
payload data signal by said assigned orthogonal code:
means for spreading, by. said originating mobile subscriber terminal, the
orthogonal sprcad payload data 'si\gnal by the PN-code associating the user with
payload data; , |
- means for modulating, by said originating mobile subscriber -terminal', said
twicc-spread payload data signal; '
means for adjusting,:, by said originating mobile subscriber terminal, a
transmission time by said timing adjustment received from said originating radio
access port; ' . _
' means for forwarding, by said originating mobile subscriber terminal, said

modulated twice-spread payload data signal to said originating access radio port;

means for receiving, by said ofiginating access radio port, a further
transmission si gnal comprising payload data;

means for despreading said further transmission signal by both said assigned

orthogonal code and said PN-code; ‘

means for monitoring, by a destination mobile subscriber terminal, a paging
channel for paging messages indicating that therc is payload data for said destinatibn
mobile subscriber terminal_‘; |

- means for Lransmittin‘g, by a destination access radio port, said paging

mcssage to a destination mobile subscriber terminal over said paging channel
tndicating that there is payload data for one of said plurality of destination mobilc
subscriber terminals: ' ' |

means for recciving, by said destination mobile subscriber terminal, said

paging message via said paging channel;
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5 means for transmitting, by said destination mobile subscriber terminal, an
acknowledgment to said destination access radio port; ‘
means for receiving, by said destination access radio port, said
acknowledgment from said one of said plurality of destination mobile subscriber
terminals; .
10 means for spreading, by said destination access radio port, 'szixid payload data
- cxtracted from an ATM packet with a uniquely assigned orthogonal codc and with
said PN-code; '
means for transmmmg, by said destination access radio port, said twice-
"spread payload data to said one of said plurality of destination mobile subscriber
15 - terminals; ,
means for receiving, by said destination mobile subscriber terminal, said
twice-spread payload data; . ' '
means for despfeading, by said destination mobile subscriber termiﬁal, said
payload data using said uniquely assigned orthogonal code and said PN--codeﬁ and
20 ' “mcans for decoding, by said destination mobile subscriber terminal, said

despread payload data.

27. The system according to clatm 26, further comprising the step of presentmg, by

said destination mobilc subscriber termmal said payload data to a user.

28. The system according to claim 26, wherein said first means for spreading by said

PN-code forms a preamble, which is prepended to a packet.

29, A system for code division packet swntchmg used for interfacing a terrestrial
30  wireless network with a packet-switched network, where said w1reless network Intcrfaces
with a plurality of access radio ports, each of sand access radio ports mterfacmg to a plurality

of mobile subscriber terminals, comprising: '
means for spreading, by said originaring mobile sﬁbscriber terminal, a-

transmission signal by a PN-code assi gned to an intended rceciving pOrt;
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means for inserting, by said originating mobile 'subscriber terminal, an

identifier of a few bits for 'iden_tifyin £ a user; ' |
' means for modulating, by said originating mobile subscriber terminal, said
PN-code spread transmission signal; ) i
- means for forwarding, by said originating mobile subScribcr terminal, said

" modulated PN-code spread transmission signal and marking the time origin of said

forwarding;

means for demodulating, by said originating access radio port, said
modulated PN-code spread transmission signal;

means for acquiring, by said originating access radio port, a preamble from
said transmitted signal,; ' | |

means for despreading, by said originating access radio port, a header from
said transmitted signal; .

. means for forwarding, by said originating ‘access radio port. an
acknowledgment to one of said plurality of said originating mobile subscriber
terminals, said acknowledgment cbmp_rising an assignment of an orthOgonal code to
said one of said plurality of originating mobile subscriber terminals and a timing
adjustment;

means for receiving, by said originating mobile subscriber terminal, said
acknowledgment, within a time-out period, from said originating access radio port;
means for spreading, by said originating mobile subscriber term‘inal, a
payload data signal by said assigned orthogonal code; '
means for spreading, by said originating mobile subscriber terminal, the
orthogonal spread payload data signal by. the PN-code ﬂssociating the uscr with
payload data; .
means for modulating, by said originating mobile subscriber terminal, said

twice-spread payload data signal;
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means for adjusting, by said originating mobile subscriber terminal, a
transmission lime by said timing adjustment received from said originating radio
access port;

means for forwardmg by said originaling mobile subscnber terrnma] said
modulated twice-spread payload data signal to said originating access radio port;

means for receiving, by said originating access radio port a further

transmlss!on signal comprising payload data;

means for despreading, by said originating access radio port, said 'fUrlher‘

. cransmission signal by both said assigned orthogonal code and said PN-Codc;

means for monitoring, by a destination mobile subscriber terminal, a paging
channcl for paging messages indicating that there is payload data for said destination
mobile subscriber terminal; '

means for receivin g, by said destination radio access port; said packet switch

transmissiOn signul from an access node via a network:

‘means for assigning, by said destination access radio port, a umque

orthogonal code to one of said plurality of saud destmatron mobile subscriber

rerminals;
means for spreading, by said destination access radio port, payload data

destined for said one of said plurality of destination mobile subscriber terminals

using both said uniquely assigned orthogonal code and a PN-code:;
means for transmitting, by a destination access radio port, said paging

messagc to said one of said plura-lity of said destination mobile subscriber terminals

over said paging channel mdxcatmg that there is payload data for satd one of said

plurality of destination mobile subscriber terminals:

means for receiving, by said desunanon mobile subscriber terminal, said

paging message via said paging channel;

means for transmlmng, by said destination mobile subscnber terminal, an

acknowledgment to said destination access radio port;
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means for receiving, by said destination acccss radio port, said
acknowledgment from said one of said plurality of destinat'ion mObilé subscriber
terminals; ' '
means for spreading, by said destination accch radio port, said paonad data
extracted from an ATM packet with a uniquely assigned orthogonal code and with
said PN-code;
means for modulati’ﬁg, by said destination access radio porl;' said twice-
spread payload data; ' o

- means for transmitting, by said destination access radio port, said lwice-
'sprcad payload datla over air to said one of said plurality of destination mobile

subscr lbcr terminals;

means for recelvmg, by said destmanon mobile subscriber termmal said
twice-spread payload data; '

means for despreading, by said destmanon mobile subscriber termmal said
payload data usmg said uniquely assigned orthogonal code and sa:d Pchodc' and

means for decoding, by sazd destmatnon mobile ﬁubbcnbcr termmal said

deep: ead payload data.

'30. The system according to claim 29, further compnsxng means for preqentmg, by

said destination mobile subscriber tcrmmal said payload data to a user.

31. The system according to claim 29, wherein said fi rst means for sprcadmg by satd

PN-code forms a preamble, which 1s prepended to a packet

32. A system for code division packet switching at an ori ginating mobllc suchrxbcr
terminal, said ongmatmg mobile subscriber terminal being located wlthm a mlcroport cell of
a terrestrial wireless network at a gwen instant of time, where said network 1merfaces with
an originating access radio port, comprising:

means for spreading a prcamble by a PN-code assignéd to an access radio
port; '
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5 means for inserting an identifier of a few bits for identifying a user;
means for modulating said PN-code spread transmission signal;
means for forwarding said modulated PN-code spread transmission signal
and marking a time origin of said forwarding of said modulated PN-code spread
transmission signal; ' '
{0 mean.s for receiving an acknowledgment, within a time-out period. from said
orl ginating access radio port, said acknowledgment comprising an assignment of an
orthogonal code to said originating mobile subscriber terminal and a timing
adjustment,
means for spreading a payload data signal by said assigned orthogonal codé;
15 means for spreading the orthogonal spread paylbad data signal by the PN-
code thereby associatin g the user with payload data; ' )
means for modulating said twice-spread payload data signal;
means for adjusting a transmission time by said timing adjustment received
from said originating access radio port; and -
20) ' means for forwarding said modulated twice-spread payload data signal to

said originating access radio port.

'33. The system according to ;c)air'n 32, wherein said first spreading means and said
second spreading means are accomplished using a spreader comprising: '
25 ' a first multiplier used to spread said payload data by said assigned brthogonal
code;
a second multiplier used to spread said preamble, said header and said
payload data by said PN-code; and . '
a swilch used to alternate between said first multiplier and said second
30 multiplier thereby spreading said preamble and said header by said PN-code only
and spreading said payload data by both said assigned orthogonal code and said PN-

code.
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34. A system for code division packet switching used for interfacing a terrestrial

wireless nciwork with a packet-switched network, where said wireless network interfaces
with a plurality of access radio ports, each of said access radio ports interfacing to a plurality

of mobile subscriber terminals, comprising:

mecans for stading, by said originating mobile subscriber terminal, a
preamble and a header 51gnal by a PN-code assigned to an intended recewmg port;

means for inserting, by said originating mobilc subscriber !crmmal an

1dent1f‘ er of a few bits for identifying a user;
means for modulating, by said originating mobile subscnber terminal, said

PN-code spread transmission signal; ‘
‘means for forwarding, by said originating mobile subscriber terminal, said
modulating PN-code spread tmnsmxsswn signal and marking the time origm of said

forwarding;
means for demodulating, by sald originating access rzid'io port, said
modulated PN-code spread transmission signal;

means for acquin‘ng,_hy said 'criginating access radio port, a preamble from
said transmitted signal;
means for despreading, by said originating access radio port, a header from

- said transmitted signal;

means for forwarding, by said originating access radio port, an

“acknowledgment to one of said plurality of said originating mobile subscriber

terminals, said acknowledgment comprising an assignment of an orthogonal code to

said one of said plurality of originating mobile subscriber termmals and a tlmlng

- adjustment:

means for receiving, by said origmatxng mobile subscriber termmal said
acknowledgment, within a ime-out period, from said originating access radio port '
means for spreading, by said originating mobile subscriber tcrminal, a

payload data signal by said assigned orthogonal code:
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means for spreading, by said originating mobile subscriber terminal,- the
orthogonal spread payload data signal by the PN-code associating the uscr with

payload data;

~ means for modulating, by said originating mobile subscriber terminal, said
twice-spread payload data signal; '
mcans for adjusting, by said originating mobile subscriber terminal, a

transmission time by said timing adjustment received from said originating access

means for forwarding, by said“ori_ginating mobile subscriber termimil, said

modulated twice-spread payload data signal to said originating access radio poft;
means for rcceiving, by said originating access radio port, a fﬁrthcr

transmission signal comprising payload data; ‘
means for despreading, by said originating ;Acccss radio port, said further

‘ transmissi'on signal by both said assigned orthogonal code and said PN-code;

means for monitoring, by a destination mobile subscriber terminal, a paging
channel for paging messages mdu,almg that there 1s payload data for qald destination
mobile subecnber terminal; |

means for receiving, by said destination radio access port, said packet switch
transmission signal from an access node via a network; '

means for assxgmng, by said destinauon access radio port, a unique

 orthogonal code to one of said plurality of said destination mob:le subscriber

terminals;

means for spreading, by said destination uccess radio port, payload data
destined for said one of suid plurality of destination mobile subséfiber terminals
using both said uniquely assigned orthogonal code and a PN-code;

means for transmitting, by a destination accéss radio port, a paging méssage '

to said one of said plurality of said destination mobile subscriber terminals over said

paging channel indicating that there is payload data for sald one of v.atd plurality of
destination mobile subscriber terminals;
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means for rcceiving, by said destination mobile subscriber terminal, said

paging message via said paging channel; ‘
means for transmitting, by said destination mobile subscriber terminal, an

acknowledgment to said destination access radio port;

means for receiving, by said destination access radio port, said

acknowledgment from said one of said plurality of destination mobile subscriber

rerminals;

mcans for spreading, by said destination access radio port, said payload data

extracted from an ATM packct with a uniquely assigned orthogonal code and with

satd PN-code;

| méans for modulating, by said destination access radio port, said twice-

spread payload data; o '

means for transmitting, by said destination access radio port, said twice- '
spread payload data over air to one of said plurality of destination mobile subscriber
terminals: _ ' .

'means for recciving,' by said destination mobile subscribcf terminal, said
twicc-spread payload data,; .

means for despreading, by said destination mobile subscriber terminal, said '

- payload data using said uniquely assigned orthogonal code and said PN-code; and

means for decoding, by said destination mobile subscriber terminal, said

despread payload data.

35. The system according to claim 34 wherein said first spreading means and said

second spreading means are accomplished using a spreader comprising:

a first multiplier used to spread said payload data by said assig-ncd. oflhogonal
code;

a second multiplier used to spread said preamble, said header aﬁd said
payload data by said PN-code; and _ l

a switch used to alternate between said firsr multiplier and said second

multiplier t-hereby spreading s_éid. preamble and said header by said PN-code only
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and spreading said payload data by both said assigned orthogonal code and said PN-

code.

36. A code division switching system used for fnterfacing a terrestrial wireless
network with a core network, where said wireless network interfaces with s plurality of
wircless terminal users, comprising: o

means for spreading a transmission signal by a PN-code assigned to an
intended receiving port; ' . .

méans for inserting an identifier of a few bits for identifyinga user;

means for spreading payload data by an orthogonal code; |

means for spreading the orthogonal spread payload data signal by the PN-
code identifying the user with payload data; . C

means for forwarding, at the originating terminal, said PN-code spread
ransmission signal and said twice spread payload data signal to an acccss radio
ptﬁrt; ' -

means for despreading, at an originating access radio port the transmiSsioh
signal by orthogonal code asSignments to recover mictoport groupings and route said
microport groupings accordiﬁgl y; . '

means for tranglating, at the originating access. radio port, the orthogonal code

assignments to a packet address identifying a destination microport augmented to
identify a destination access node;

means for downcon?eriing, at the originating access radio port, to an
intcrmediate frequency;

means for depositing, at the originating access radio port, said deSprea&
transinission signal into a packet with said packet address;

means for tmnsrmttmg, from the ongmatmg access radio port, said packet to

an orwmaung access node for further transmission over a network:
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means for receiving, at a destination access radio port, said packet swilched

transmission signal from a destination access node via a core network:

means for translating a packet address into an orthogonal code sequence;

means for respreading said orthogonal code sequence into a transmission

signal at an intermediate frequency; .
means for upconverting said respread transmission signal; and
~ means for transmitting said respread upconverted transmission signal over the

air to a destination terminal user.

37. A code division switching system used for interfacing a terrestrial wireless

network with a core nctwork, where said wireless network interfaces with a plurality of

wirclcss terminal users, comprising the steps of?:

means for spreading a transmission signal by a PN-code assigned to an
intended receivihg port; ' .

means for inserting an idcntifier of a few bits for identi fying a user;

means for sPre:iding payload da:h by an orthogonal code;

means for spre-ading the orthogonal spréad payload data signal by the PN-
code tdentifying the user with payload data; | ' | _

means for forwarding, at the originating terminal, said PN-code spread
transmission signal and said twice spread payload data signal to an access radio
port; '

means for despreading. at an originating acceés radio port, the transmission
signal by Orl:hogonal code assignments to reco#er microport groupings and route said
microport groupings accordingly; ‘ '

means for directing the transmission signal within the same access node
according to the orthogonal code assignménts;

mcans for downconverting, at the originating access radio port, to an
intermediate frequency; |

means for depositing, at the originating access radio port, said desprcad

lransmission signal into a packet with said packet address;
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means for transmitting, from the originating access radio pon, said packet to
an originating access node for further transmission over a core network;

means for receiving, at a destination access radio port, said packet switched
transmission signal from a destination access node via a core network; o

means for translating a packet address into an orthogonal code sequence;

means for respreading said orthogonal code sequence into a transmission
signal at an intermediate frequency; o

means for upconverting said respread transmission signal; and

means for transmitting said respread upconverted transmission signal over the

air tO a destination terminal user.

38. A codc division switching system at an originating terminal, located at an instant

- of transmission within a microport cell, of a terrestrial wireless network, where said network

a first spreader for spreading a transmission signal by a PN-code assigned to
an intended receiving port; o
a sccond sprcader fo'r. spreading a payl-oad data signal by an orthogonal codc
assigned to a receiving tcnninal user to which the payload data signal is directed,
said payload data signal being further spread by said first spréader; '
' means for forwarding said PN-code spread transmission signal to an access

radio port; and

means for forwarding said twice spread transmission signal to an access radio

port.
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FIG. 2

PAGING CHANNEL
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FIG. 3b

ACKNOWLEDGEMENT RECEIVED

FIG. 4a
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FIG. 4b
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FIG. Sa

THE MOBILE SUBSCRIBER TERMINAL TRANSMITS A PREAMBLE SIGNAL
SPREAD BY A PN-CODE g; (IDENTIFYING THE MICROPORT AND

“MARKS” THE POINT OF THE TIME ORIGIN. FOLLOWING THE
PREAMBLE, A FEW BITS OF DATA ARE TRANSMITTED THAT IDENTIFY
THE TRANSMITTING MOBILE USER. THIS CONSTITUTES THE PACKET

HEADER AND IS ALSO SPREAD BY THE PN-CODE g;.

AFTER AN ACKNOWLEDGEMENT IS RECEIVED WITHIN TIME OUT
PERIOD, THE MOBILE SUBSCRIBER TERMINAL SPREADS THE
INFORMATION AND DATA (i.e., ATM CELL) BY BOTH THE ASSIGNED
ORTHOGONAL CODE (CONTAINED IN THE ACKNOWLEDGEMENT.)
AND THE PN-CODE. THE MOBILE SUBSCRIBER TERMINAL ALSO
ADJUSTS ITS TRANSMISSION TIME (WITH RESPECT TO THE MARKED
POINT MAINTAINED BY THE MICROPORT) BY THE AMOUNT INDICATED
IN THE ACKNOWLEDGEMENT SO THAT ALL TRANSMISSIONS ARE
SYNCHRONIZED. IF NO ACKNOWLEDGEMENT IS RECEIVED WITHIN
TIME OUT THE MOBILE RETRANSMITS THE PREAMBLE AND HEADER.

AFTER THE END OF THE INFORMATION AND DATA, THE MOBILE
SUBSCRIBER TERMINAL SENDS AN END OF PACKET FLAG, WHICH

IS ALSO SPREAD BY THE ORTHOGONAL AND PN CODES. THE
ASSIGNED ORTHOGONAL CODE IS RELEASED, MAKING THAT
UNIQUE CODE AVAILABLE FOR REUSE.



CA 02369391 2002-03-13

6/15

FIG. 5b

THE MICROPORT RECEIVER ACQUIRES (SYNCHRONIZES TO) THE
PN-CODE ¢ j DURING THE TRANSMISSION OF THE PREAMBLE.

THE HEADER IS RECEIVED AND ALSO DESPREAD BY THE PN-CODE.

IF THE HEADER DATA IS SUCCESSFULLY RECEIVED, THE RECEIVING
MICROPORT SEND AN ACKNOWLEDGMENT CONTAINING AN UNIQUELY

ASSIGNED ORTHOGONAL CODE FOR THE ORIGINATING MOBILE USER
AND THE REQUIRED TIMING ADJUSTMENTS FOR THE MOBILE USER.

THE RECEIVING MICROPORT RECEIVES THE INFORMATION AND DATA
(PAYLOAD DATA) AND PROCESSES THE DATA BY DESPREADING THE

INFORMATION AND DATA WITH BOTH THE ASSIGNED ORTHOGONAL
CODE AND THE PN-CODE.

IF THE INFORMATION AND DATA ARE SUCCESSFULLY RECEIVED,
THEN AN ATM PACKET (CELL) IS CREATED AND ROUTED THROUGH

THE CORE NETWORK. AFTER THE END OF THE PACKET FLAG IS
RECEIVED THEN THE ASSIGNED ORTHOGONAL CODE IS RELEASED.

920
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930

335
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FIG. 5c

UPON THE ARRIVAL OF ONE OR MORE ATM CELLS AT THE
TRANSMITTING MICROPORT, DESTINED FOR A MOBILE USER

TERMINAL, A PAGING MESSAGE IS SENT TO THE MOBILE USER
TERMINAL VIA THE PAGING CHANNEL

340

AFTER AN ACKNOWLEDGMENT IS RECEIVED FROM THE
DESTINATION MOBILE USER TERMINAL, THE TRANSMITTING MICROPORT
SPREADS THE PAYLOAD DATA (EXTRACTED FROM THE ATM CELLS)
WITH THE UNIQUELY ASSIGNED ORTHOGONAL CODE ®; AND TRANSMIT
THE SPREAD DATA TO THE DESTINATION MOBILE USER TERMINAL

943

IF, AFTER A TIME OUT PERIOD, NO NEGATIVE ACKNOWLEDGMENT IS
RECEIVED, THE TRANSMITTING MICROPORT ASSUMES CORRECT 550

RECEPTION OF THE DATA AND RELEASES THE ASSIGNED (FORWARD

LINK) ORTHOGONAL CODE AVAILABLE FOR OTHER TRANSMISSIONS.

R e e e —— — W A DV ——



CA 02369391 2002-03-13

8/15

FIG. 5d
(STAR,

WHILE IDLE, THE MOBILE USER TERMINAL MONITORS THE PAGING 555
CHANNEL FOR TRANSMISSIONS (PAGING MESSAGES).

IF A PAGING MESSAGE IS RECEIVED INDICATING THE ASSIGNMENT
OF A PARTICULAR ORTHOGONAL CODE, THE MOBILE SUBSCRIBER
TERMINAL SWITCHES TO THE ORTHOGONAL CODE ASSIGNED BY THE
TRANSMITTING MICROPORT IN ORDER TO RECEIVE THE SPREAD DATA.}~ 560
THE DESTINATION MOBILE USER TERMINAL RESPONDS TO THE
TRANSMITTING MICROPORT BY SENDING AN ACKNOWLEDGMENT
VIA THE CONTENTION ACCESS CHANNEL.

AFTER THE “END OF PACKET” FLAG IS RECEIVED, THE MOBILE
USER TERMINAL REVERTS TO MONITORING THE PAGING CHANNEL

FOR OTHER PAGING MESSAGES (TRANSMISSIONS).

963

FIG. 6
ORIGINATING MOBILE | CAL [ RECEIVING
SUBSCRIBER TERMINAL MICROPORT

CORE NETWORK

TRANSMITTING CAL | DESTINATION MOBILE
MICROPORT SUBSCRIBER TERMINAL
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FIG. 7d
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FIG. 7f
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