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(57) Abstract

A direct sequence code-division multiple access (DS CDMA) communication system schedules conveyance of blocks (400) of
information such that the blocks arrive at a base-site (130) just-in-time for transmission during a discrete frame (301-305) of an air-
interface. The DS CDMA communication system implements both circuit switching and packet switching approaches to provide trunking
efficiencies while balancing between system loading constraints and time delay of blocks (400) during conveyance.




applications under the PCT.

AT
AU

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cbdte d'Ivoire
Cameroon
China
Czechoslovakia
Czech Republic

LV
MC

SEEE

Uhited Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Italy

Japan

Kenya

Kyrgystan
Democratic People's Republic
of Korea
Republic of Korea
Kazakhstan

Republic of Moldova
Madagascar

Mali

Mongolia

Mauritania
Malawi

Niger

Netherlands
Norway

New Zcaland
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Scoegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbeki

Viet Nam




WO 95/02934

10

15

20

25

30

PCT/US94/06954

APPARATUS AND METHOD FOR CONVEYING
INFORMATION IN A COMMUNICATION NETWORK

Field of the Invention

The invention relates generally to communication
networks and more specifically to conveying information in
communication networks.

Background of the Invention

A cellular radiotelephone network generally comprises a
plurality of mobile stations in radio communication with a
plurality of base-sites, coupled to a base-site controller, and a
plurality of base site controllers coupled to a mobile switching
center. There may be a plurality of mobile switching centers. The
coupling means is generally via bi-directional microwave or
wireline terrestrial-based circuits such as T1 ISDN links. Many
channels of individual subscriber information are generally
communicated over each of these links.

While the links generally employ a serial digital physical
connection, logical circuits are created to carry individual channels
of subscriber information. There are two traditional techniques
utilized to create the logical medium partitioning - circuit and
packet switching.

Circuit switching is the traditional technique utilized. In a
circuit switching arrangement, each logical circuit is allocated a
constant portion of the total bandwidth of the circuit. The
multiplexing technique is typically time division multiple access
(TDMA). The serial digital stream is multiplexed to allocate each
circuit a certain number of bits per second in a predetermined way.
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Control bits are inserted to facilitate the proper transport of the
serial physical stream.

A typical T1 drcuit provides approximately 1.544 megabit/s
of serial binary information. A typical logical partitioning is_into
24 individual PCM circuits of 64 kilobits per second each.
Physically, eight bits from each drcuit is, in turn, sent sequentially.
Alternatively, the T1 circuit may be logically partitioned into 48
individual ADPCM circuits of 32 kilobit/s each. Physically, four
bits from each ADPCM dircuit is, in turn, sent sequentially.

An alternate technique to circuit switching is packet
switching. In packet switching, information from each of the
individual sources is buffered by a packet controller. In a
predetermined way, information is transmitted in blocks using the
full bandwidth of the circuit. Information blocks are encoded
along with certain control and addressing information, allowing a
packet controller receiving the packet the capability to properly
reconstruct the individual logical channel's information.

The above techniques are traditionally utilized in digital
cellular radiotelephone communication networks. Such networks
have air interfaces which multiplex information from several
users onto a single radio frequency (RF) resource (i.e., a channel).
For example, in a time division multiplexed (TDM) system,
information from several users share a common RF channel, but
are transmitted in bursts, where information from each user is
sequenced in time. An alternative implementation utilizes direct
sequence code division multiple access (DS CDMA). In this case,
all users share at the same time an RF channel and each user's
data stream is distinguished by encoding it with a unique code.
Use of this code at the receiver allows discrimination of one user
from another.

All the above networks are slotted or framed. In such
networks, information from a user is sent in blocks. For example,
speech is coded in sampled blocks, generally consisting of about 20
msec of information. This information is coded into a block of
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information that is transmitted over an air interface. At the
receiver, the blocks are decoded to create an adequate
representation of the original analog sample waveform.

Delay is a common problem for all varieties of networks. It
is desirable to minimize the introduced time delays since excess
delay reduces perceived quality and burdens the ability of echo
cancellation circuits to eliminate the effects. Therefore, cellular
radiotelephone communication networks incorporating circuit
switching incorporate provisions to adjust the timing of an
interface means so that information is received just at the
moment it is needed for transmission over the air interface.
Traditional packet switching of individual circuits is not amenable
to traditional delay control and minimization procedures.

A problem with circuit switching is that it generally takes 20
ms to send the sampled block of speech. That is, each 20 ms block
of information is bit-by-bit time-division multiplexed onto the
individual PCM circuit or broken into small sub blocks which in
turn are time-division multiplexed onto the individual PCM
circuit. The receive end must buffer the received bits until the
entire 20 ms block is received and only then may further
processing commence.

A problem arises in organizing the switching resource when
the bandwidth of an individual logical circuit is not fixed. Such is
the case, for example with the DS CDMA air interface specification
recently standardized by the Telecommunications Industry
Association (TIA) as document IS 95. This interface utilizes a
variable rate speech vocoding system, standardized as TIA
document IS 96, which encodes 20 msec blocks of speech at rates of
8, 4, 2 or 1 kilobit/s. The speech is determined to minimize the
average rate but ensure that adequate speech quality is provided.
Furthermore, timing of each logical circuit's transmitted blocks
may be staggered with respect to each other. In this DS CDMA
implementation, a circuit switching approach allows for trunking
efficiencies when communicating information for individual
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users. A packet switching approach must also allow for trunking
efficiencies when communicating information for individual
users.

Thus a need exists for a cellular radiotelephone network
having the benefits of both circuit and packet switched interface
techniques while mitigating time delay introduced by these
interface techniques.

Brief Description of the Drawings

FIG. 1 generally depicts a communication network which
may beneficially employ the present invention.

FIG. 2 generally depicts the framing format of a T1 link
utilized to convey information from an MSC to base-stations.

FIG. 3 generally illustrates a CDMA network conveying
information via an air interface having discrete frame offset
timing.

FIG. 4 generally depicts data packet multiplexing onto a T1
link in accordance with the invention.

FIG. 5 generally depicts staggering of discrete frames on a
1.25 msec (out of 20 msec) basis producing 16 distinct time offsets
for frame start.

FIG. 6 generally depicts an alternate embodiment of data
packet multiplexing onto a T1 link in accordance with the
invention.
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Detailed Description of a Preferred Embodiment

In a cellular radiotelephone network, frame timing is
implemented by an interface means related to the discrete frame
offset timing produced by a base-site at an air interface such that
information transferred by the interface means is substantially
aligned with information to be conveyed by the base-site. Such
alignment minimizes circuit complexities required in processors at
the interface means, which in turn controls the likelihood of
information being lost between the various elements of the
network.

FIG. 1 generally depicts a communication network which
may beneficially employ the present invention. In the preferred
embodiment, the communications network is a code division
multiple access (CDMA) cellular radiotelephone network having
base-stations 130-134 coupled to an Mobile Switching Center (MSC)
120. MSC 120 serves as an interface means between a local public
switched telephone network (PSTN) and base-stations 130-134 of
the CDMA network. As shown in FIG. 1, a mobile station 125
communicates with a serving base-station, which is illustrated in
FIG. 1 as base-station 130. While this invention has utility for both
directions of communications between the MSC and the base-
stations, only the downlink direction, from MSC to base-station, is
described.

Information to base-station 130 intended for mobile station
125 is conveyed via link 110, which in the preferred embodiment
is a T1 link. In the preferred embodiment, the information may be
either voice (speech) or data information. FIG. 2 generally depicts
the framing format of a T1 link 110 utilized to convey information
from MSC 120 to base-stations 130-134. As depicted in FIG. 2, each
T1 frame 200, which represents frame timing of T1 link 110,
comprises one T1 frame synchronization bit 230 and a subsequent
192 bits of data. Traditionally, 24 message channels 201-224 are sent
sequentially in each T1 frame. Each message channel represents
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data for one "conversation" and comprises 8 bits bl-b8 where b1 is
the least significant bit and b8 is the most significant bit. The bit
rate per message channel is 64 Kbit/s. The T1 frame rate is 8000
frames per second.

FIG. 3 generally illustrates a CDMA network conveying
information via an air interface having framed downlink
communications at a rate of 20 msec per frame. In the preferred
embodiment, the MSC 120 contains, inter alia, a vocoder 315,
switching hardware 320 coupled to the PSTN, and a processor 312.
In future cellular radiotelephone network embodiments, the
vocoder 315 may be physically separate from the MSC 120.
Continuing, the vocoder 315 is used to compress voice data from
the PSTN, via switching hardware 320, into packets of compressed
voice data which can be transferred over T1 link 110. Vocoder 315
has the unique capability of coding speech at variable rates, where
the instantaneous rate is dependent on the number of bits the
vocoder determines are required to achieve a desired quality level.
Therefore, the packets of compressed voice data are of variable
length.

The CDMA air interface provides means such that the
frame boundaries for the discrete frames for different users may be
offset relative to one another. As depicted in FIG. 5, each discrete
frame 301-305 (only discrete frame 301 is shown for purposes of
simplicity) is staggered (or offset in time) on a 1.25 msec (out of 20
msec) basis producing 16 distinct time offsets for frame start.
Important to note is that all mobile stations have a common
reference time, delayed only by a transmission time from a base-
station to a mobile station. In the preferred embodiment, each
discrete frame 301-305 contains coded vocoder information that
describes 20 msec of speech, and is itself 20 milliseconds (msec) in
length.

In CDMA networks, use of traditional circuit switching in
switching hardware 320 increases the bulk delay of information
significantly. This delay may be reduced by implementing a packet
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switch in switching hardware 320, but full implementation of a
packet switch is complex and not consistent with typical
architecture of a CDMA network. To reduce the delay without
greatly altering the architecture and maintaining compatihility
with the current platform, a time-slotted T1 (with possibly sore
reserved bandwidth for circuit switched or control use) for use in
the CDMA network is utilized in accordance with the invention.
Basically, T1 link 110 is synchronized to the discrete frames of the
CDMA air interface which, as mentioned previously, may be
staggered (or offset in time) on a 1.25 msec (out of 20 msec) basis as
depicted in FIG. 5. Consequently, instead of allocating continuous
message channels, the full bandwidth of T1 link 110 is restructured
to provide, inter alia, the stated synchronization. Thus, a full 20
msec worth of information no longer takes 20 msec to transmit (as
with a conventional circuit switched message channel) but only
1.25 msec. In this manner, introduced delay is substantially
reduced. |

FIG. 4 generally depicts a restructured T1 link 110 in
accordance with the invention. FIG. 4 depicts a 193 bit T1 frame
(T1 frame 200 of FIG. 2) which begins with a 1-bit T1 frame
synchronization field and which traditionally would have been
followed by 24 8-bit fields representing 24 channels of 64 Kbit/s
pulse code modulation (PCM) data. Instead of transferring
individualized T1 frames in the PCM format, however, T1 link 110
is restructured by grouping T1 frames into a block 400 of N T1
frames and appending a header 403 to every Nth frame. In the
preferred embodiment, the T1 frames are grouped into a block 400
of 10 T1 frames, and a 54-bit header 403 is appended to every 10th
frame. Following header 403 is CDMA information 406 in the
form of data packets. Important to note is that CDMA information
406 bridges over the T1 frame synchronization bit 230 for each T1
frame T2-T10.

Header 403 consists of a 20-bit synchronization field, a 4-bit
#_of CDMA_frames field and up to 16 CDMA frame length
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fields. The full rate frames of IS 95 have 184 information/CRC
bits, thus spacing for only 10 CDMA frames is guaranteed. Even
when the #_of CDMA_frames field is selected to be 16, to have a
predetermined number of vocoders, for example 10 or more
vocoders transmitting frames at a given (full) rate out of 16 total, is
quite rare. In this scenario, provision can be made at processor 312
to prevent a vocoder, for example vocoder 315, from transmitting
full rate when there is likelihood of overflow of the link such as if
there are 9 other vocoders transmitting full rate. In this manner,
blocking over T1 link 110 is substantially mitigated. Alternatively,
the #_of CDMA_frames field may be prohibited from exceeding
10, thus guaranteeing that blocking on T1 link 110 will not occur.

It is desired that a block 400 (i.e., a packet) transmitted by
vocoder 315 arrive at base-site 130 in a compressed voice format at
a particular time with respect to discrete frames 301-305. To
accomplish this, block 400 is scheduled to arrive at the base-site
just-in-time for it to be transmitted during its assigned offset frame
in accordance with the invention. This is performed by MSC 120
first measuring the transmission delays between vocoder 315 and
base-site 130 to which it is coupled and also measuring a signal
processing time associated with base-site 130. MSC 120 then
adjusts the timing of vocoder 315 to account for the measured
delays as well as the particular frame offset assigned to the
individual circuit. In this manner, just-in-time scheduling of
block 400 for transmission during a particular discrete frame 301-
305 is accomplished. |

Scheduling in the above manner can also be utilized to
level the load amongst assigned offsets of the discrete frames for
the air-interface. This ensures that associated blocks 400, each
corresponding to one or more offsets of the air-interface, are not
overloaded when mobile station 125 is handed off to another cell.

It is recognized that many different T1 restructurings are
possible which provide the packet blocks in alternate
configurations. For example, it is recognized that there may be a
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need for PCM channels and various control or data channels
which are preferably communicated in a circuit switched format.
FIG. 6 generally depicts an alternate embodiment of data packet
multiplexing onto a T1 link in accordance with the invention.
FIG. 6 depicts a T1 restructuring which includes 3 circuit switched
32 Kbit/s message channels 606, and is but one of many possible T1
restructurings that may be performed based on system
requirements.

As stated above, a circuit switching approach allows for
trunking efficiencies in a DS CDMA communication system. One
such approach is described in the instant assignee's pending U.S.
application Ser. No. 997,997 filed on December 28, 1992, entitled
"Method and Apparatus for Transferring Data in a
Communication System," invented by Michael J. Bach and
William R. Bayer, and incorporated herein by reference. Due to,
certain characteristics of the DS CDMA communication system
(for example, inter alia, loading characteristics), the approach
described in Bach may at times be preferable (based on efficiency,
for example) to the invention described herein. Consequently,
provision may be made in processor 312, vocoder 315 and link
termination 322 to convert T1 link 110, at an appropriate time,
from the packet switching arrangement described herein in
accordance with the invention to the circuit switched T1 approach
of Bach, and vice versa. Conversion may take place one
individual circuit at a time. In its optimum configuration to
balance between system loading and time delay minimization in
the DS CDMA communication system, the DS CDMA
communication system may employ a time-shared combination
of circuit/packet switching by providing appropriate provisions in
processor 312, vocoder 315 and link termination 322.

While the invention has been particularly shown and
described with reference to a particular embodiment and an

.alternate embodiment, it will be understood by those skilled in the
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art that various changes in form and details may be made therein
without departing from the spirit and scope of the invention.
What we claim is:
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Claims

1. A communication network comprising:

a base-site for conveying information via an air interface
having discrete frame offset timing; and
an interface means, coupled to the base-site, for
implementing frame timing related to the discrete frame offset
10 timing of the air interface.

2. The communication network of claim 1 wherein said
information is deterministically associated with a particular
framing timing of the interface means.

15

3. A communication network comprising:

a base-site for conveying information via an air interface
having discrete frame offset timing; and
20 means, coupled to the base-site, for determining which
groups are to be conveyed during which discrete frames and
transferring the groups of information to the base-site in frame
timing related to the determination.

25 4. The communication network of claim 3 wherein the blocks
of information further comprise blocks of N T1 frames each
having a header appended thereon every Nth frame.
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5. A communication network comprising:

a plurality of base-sites for synchronously conveying blocks
of information via an air interface having discrete frame offset
5 timing; and ' '
means, coupled to the base-sites, for determining which
groups are to be conveyed during which discrete frames and
transferring the groups of information to the plurality of base-sites
in frame timing related to the determination.

10
6. The communication network of claim 5 wherein the
plurality of base-sites further comprise a plurality of code division
multiple access (CDMA) base-sites.

15 7 An interface in a communication network comprising:

means for grouping frames of information into blocks of
information;
means for determining when, in time, the blocks of
20 information are to be transmitted over an air interface by a base-
site; and
means for sequentially transferring the blocks of
information to the base-site in an order based on the

determination.

25
8. A method of mitigating blocking on a communication link,
the communication link coupling an interface means and a base-
site, the method comprising the steps of:

30 determining, based on a predetermined number of

vocoders transmitting at a given rate, the likelihood of overflow
on the link; and

preventing a vocoder, out of the predetermined number of
vocoders, from transmitting at the given rate.
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9. An apparatus for mitigating blocking on .a communication
link, the communication link coupling an interface means and a
base-site, the apparatus comprising;:

5 means for determining, based on a predetermined number
of vocoders transmitting at a given rate, the likelihood of
overflow on the link; and

means, at a vocoder out of the predetermined number of
vocoders, for transmitting at a rate different than the given rate
10 Dbased on the determined likelihood.

10. An apparatus for scheduling transmission of blocks of
information, the blocks of information produced by a vocoder at

15 an interface means, the blocks of information to be transmitted by
a base-site during discrete frames of an air-interface, the apparatus
comprising:

means for measuring a delay between a vocoder at the
20 interface means and the base-site and a signal processing time
associated with the base-site; and
means, at the vocoder, for adjusting timing of the vocoder
to account for the measured delays

25 whereby the blocks of information arrive at the base-site
just-in-time for transmission during a corresponding discrete
frame of the air-interface.
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