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Development of the Base Station Controller
and Manager in the CDMA Mobile System
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CONTENTS ABSTRACT

The base station (BS) in the CDMA Mobile
System (CMS) connects calls through the radio
interface and is designed to provide mobile sub-
scribers with high quality service in spite of mobile
subscribers’ motions. The BS consists of multi-
ple base station transceiver subsystems (BTSs), a
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ARCHITECTURE base station controller (BSC) and a base station
manager (BSM). This paper is concerned with the

IV. BASE STATION CONTROL- LER BSC and the BSM. The BSC is located between
the BTSs and the mobile switching center (MSC)

APPLICATION connected with the public network, and is respon-

sible for controlling mobile calls from and to mo-

V. BASE STATION MANAGER bile subscribers via the BTSs. The BSM provides
operator-interfaces per the BS and takes responsi-

VI CONCLUSIONS bility of operation and maintenance (OAM) of the
ACKNOWLEDGMENTS BS. Design of the BSC is based on two module
types: functional module and unit module. The

REFERENCES functional module is used to support new services

easily and the unit module to increase the sys-
tem capacity economically. Both modular types
are easily achieved by inserting the corresponding
modules to the system. Particularly, in order to
efficiently support the soft handover which is one
of CDMA superior advantages, the BSC adopts
a large high-speed packet switch connecting up to
512 BTSs, and thus mobile subscribers can be pro-
vided with soft handover in high probability. The
BSM is based on a commercial workstation to sup-
port OAM functions efficiently and guarantee high
reliability of the functions. The BSM uses graph-
ical user interface (GUI) for efficient OAM func-
tions of the BS.
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Fig. 1. CDMA Mobile System.

I. INTRODUCTION

The CDMA Mobile System (CMS) is de-
signed to provide various services to mobile
subscribers. Figure 1 shows the CMS archi-
tecture. The basic CMS consists of a base
station (BS), a mobile exchange (MX) and
a home location register (HLR). The BS is
interfaced to mobile stations over the air
and to the MSC through trunks. The BS
consists of three subsystems: base station
tranceiver subsystem (BTS), base station
controller (BSC) and base station manager
(BSM). The BTS is located in the cell sites
and provides radio interfaces. The BSC
controls mobile traffic and the BSM man-
ages the BS including the BTS and the BSC
[1], [2]. We describe the design concept, the
architecture, and functions of the BSC and
the BSM.

In the BSC design, we adopt a dis-
tributed architecture and a modular tech-
nique to handle system capacity and new

services easily. The BSC is composed of
three modules: the CDMA interconnection
network (CIN), the transcoder and selector
bank (TSB), and the call control proces-
sor (CCP) [1]. Each module is composed
of distributed units which are interfaced to
loosely coupled packet messages. The BSC
can be configured flexibly and economically
by adding the module units. To provide
a continuous connection during handover,
the soft handover method is adopted in the
BSC.

The CIN adopts a large high-speed
packet switch with low delay to take advan-
tage of modular growth of capacity and to
extend the soft handover area to many cell
sites. The CIN switches traffic and control
messages among TSBs, CCPs, BSM and
BTSs. The TSB consists of two parts: se-
lector and transcoder. The selector takes
the best traffic messages from two or three
BTSs during soft handover, controls mo-
bile call procedure, and handles outer loop
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power on the reverse link and closed loop
power on the forward link. The transcoder
encodes traffic codebook excited linear pre-
diction (CELP) data transferred from the
selector into PCM data for the fixed net-
work, and vice versa. The CCP controls
the registration procedure, mobile calls and
handovers. It also manages resources used
in the BSC. The call processing software
in the CCP consists of configuration data
depending on the cell sites and programs
controlling mobile subscribers.

Operator interface is necessary for effi-
cient system operation. The BSM is de-
signed to provide easy operation, adminis-
tration, and maintenance methods to op-
erators of the BS. The visual display and
audible tone are organized to provide ease
of use by the operators. The BSM is com-
posed of a commercial workstation and a
man-machine interface that serve a wide va-
riety of the BS configurations. Graphical
user interface (GUI) provides a very flexi-
ble external interface to the operators [1].

This paper is composed as follows. In
Section II, we discuss the BSC design ob-
jectives. Section IIT proposes the BSC ar-
chitecture and its implementation. The
BSC is designed by modular techniques and
distributed concepts. Section IV describes
the BSC application, which handles mobile
calls, handovers, and transmission power.
In Section V, we explain the BSM which
handles operation and management func-
tions of the BS and provides the user in-
terface to the BS operator. This paper is

concluded in Section VI.
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Il. DESIGN OBJECTIVES

Design objectives are modular growth,
easy upgrade of services, large soft han-
dover area, reliability, and easy operation

and maintenance of the BS.

i) Modular structure
The BSC is designed by utilizing a mod-
ular technique and distributed archi-
tecture. Each component is connected
to the loosely coupled interconnection
packet switch. By simply adding each
component, the BSC can economically
achieve modular growth.

ii) Functional distribution
The BSC is decomposed into CIN, TSB,
and CCP by the functional distribution
concept. The CIN switches traffic and
control messages among the BTSs lo-
cated in the cells and each module of the
BSC. The TSB communicates with MSs
through the BTSs. The CCP controls
mobile calls and handovers in coopera-
tion with TSBs, BTSs, and MSC. The
BSM is designed to operate and manage
the BS. The services are easily upgraded
by adding or changing some parts of the
functions of distributed components.

iii) Large high-speed packet switch
The traffic messages between the MS
and the selector of BSC should be pro-
cessed within 20 ms. During a soft han-
dover, a selector has connection with
the MS through two or three BTSs. To
increase the possibility of soft handover
when the MS travels, the BSC must
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have direct connections with as many as
possible BTSs. So a high-speed packet
switch with large scale is required for
a large soft handover area. The traffic
channel capacity is 23,000 traffic chan-
nels from 512 BTSs.

iv) Synchronization of traffic messages
Soft handover is possible by the syn-
chronization of traffic messages between
BTSs and BSC. During the soft han-
dover, the traffic messages from the MS
via two or three BTSs should arrive
within the same time interval of 20 ms.
The selector selects a traffic message by
referring to sequential order and a qual-
ity metric included in the traffic mes-
sage during the demodulation procedure
at the BTS. The BSC and BTSs syn-
chronize the traffic messages between
them using global positioning system
(GPS) receivers.

v) Frame staggering
The CIN connects the TSBs through
EIA-422 interface and the BTSs
through T1/E1 trunks. Since there
are finite number of trunks between
BSC and BTSs, queuing delay of traffic
messages is inevitable. To alleviate
the effect of queuing delay, frame
staggering, which distributes the traffic
messages with the staggered time
interval (1.25 ms), is used between the
traffic channel element of BTS and the
selector of BSC.

vi) Fault tolerance

Failures can cause call drop or system
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down. The BSC should not be down for
more than the specified time accumula-
tion. To prevent the system from go-
ing down, major parts of hardware are
duplicated by the active-and-standby
scheme. When a major failure occurs in
the active side, the standby side takes
over the tasks of the active side.
vii) Operation and maintenance

The BS must be properly operated and
managed for efficiently controlling the
radio mobile network. The BSM is re-
sponsible for the maintenance and ad-
ministration of the BS. It operates on
a commercial workstation to provide
easy hardware availability and offers
graphical user interface to provide user

friendly working environments.

I1l. BASE STATION CONTROL-
LER ARCHITECTURE

The BSC has a distributed architecture
in which each equipment is connected to
the CIN. It is functionally decomposed into
CIN, TSB and CCP. The CIN switches
traffic and control message packets among
TSBs, CCPs, BSM and BTSs. The CCP is
an embedded processor which controls mo-
bile calls in the BS. The TSB processes traf-
fic messages from a mobile and sends them
to the MSC. It also processes traffic data
from the MSC and sends them to a mobile
subscriber [1].

The BSC connects the BT'Ss with T1/E1

trunks. Traffic and control messages are
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Fig. 2. CDMA interconnection network architecture.

transmitted through them. The BSC and
MX are connected by two different paths:
E1 trunks for traffic data and EIA-422 for
control messages. Figure 1 shows the struc-
ture and interface of the CMS including
BTS, BSC and MX.

1. CDMA Interconnection Network

The CIN is a high-speed packet switch
which switches HDLC frame packets form-
ing traffic and control messages in the BSC.
Its throughput is 320 Mbps. Connectivity,
transmission delay, expandability, reliabil-
ity, and capacity are considered in the sys-
tem design. In this section, we describe CIN
architecture, the bus arbitration method,
and the address structure and routing al-

gorithm.

A. CIN Architecture

The CIN has a hierarchical architecture

with partial mesh topology as shown in

Fig. 2. The CIN consists of local CINs
(LCINSs) and global CINs (GCINs).

A GCIN provides message paths be-
tween distributed LCINs and distributes
message loads. The GCIN connects up to
12 LCINs and a BSM with EIA-422 and
it is cross-duplicated to ensure reliability.
The LCIN connects up to 48 BTSs through
T1/E1 trunks. It also connects 32 TSBs
and a CCP. The whole CIN network is built

from several CIN units.

Figure 3 shows the structure of the
CIN unit. The high-performance inter-
processor communication processor (HIP)
is a network manager which performs sev-
eral maintenance functions such as config-
uration management, status management,
fault management, duplication control, and
self-diagnosis for a reliable operation of the
CIN unit. It is duplicated for its own re-
liability and operates in active or stand-by

mode.
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Fig. 3. Structure of the CIN unit.

The nodes N,1, ---, Ny switch message
packets. They are duplicated and oper-
ate in pairs with Ny, ---, Ny, to prevent
a message from being lost due to faults.
They connect the CCP, TSBs, BSM and
trunks through U-links, and trunks connect
the BTSs through the trunk interface. The
nodes use the D-bus for transmission and
reception of message packets. The D-bus
has a triple modular redundancy scheme in
which it selects the majority of occurrences
for a high reliability. The D-bus operates in
either an extended mode or an independent
mode. A bus repeater controls the opera-
tion modes of the D-bus and is controlled by
the HIP. The U-link is a serial path which
connects the CCP, TSBs, and BSM with a
speed of up to 10 Mbps. The trunk interface
unit transmits messages between the node
and the distributed BTS. The status of the
trunk interface devices is monitored by the
HIP through the T-bus. The M-bus pro-
vides maintenance paths between the HIP

and the nodes. The HIP administrates the
status of each node periodically through the
M-bus.

B. Bus Arbitration

Transmission collisions must be avoided
when nodes transmit messages to the D-
bus. Also the waiting time of the mes-
sages in queue must be short. The proposed
two-phase bus arbitration scheme, reserva-
tion phase and transmission phase, satisfies
the above requirements. The arbitration
scheme uses a round-robin scheme operat-
ing with two virtual tokens, a reservation
token and a transmission token. It oper-
ates as follows. While the ith node seizes
the transmission token and transmits mes-
sages to the bus, the reservation token turns
around to the (i+1)th, (i+2)th, ---, jth, -+,
nth node until finding a node that has mes-
sages to transmit. If there are messages in

the jth node, the reservation token stops at
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that node. The jth node seizes the trans-
mission token when the ¢th node has fin-
ished the transmission of messages, and it
transmits messages. This scheme reduces
switch-over time between nodes and aver-
age waiting time in a message queue. It
enhances the performance of the D-bus.
Figure 4 shows the result of simulation,
where round-robin and two-phase bus ar-
bitration schemes are compared. Average
waiting time of a message queue abruptly
increases to 243.5 us at 2,000 frames/sec in
round-robin, but does not for the two-phase

bus arbitration.

Data Rate
500 - 160 Mbps
. F Length
S —e&— Round-robin ra}'z‘g b;;gs
§ . —A— 2-phase bus Number of Nodes
2 arbitration - 160 nodes
-5 300 Amval» Rate
o0 - Poisson
& hd distribution
E 200} /
- /
S 100} pe
= e e A
JEEES < b N

0
200 800 1400 2000 2600

Message arrival rate (packet/s)

Fig. 4. Average waiting time to message arrival rate.

C. Node Address Structure and Routing

The node address structure is designed
with consideration of the maximum config-
uration of the BSC and to provide both
point-to-point and multicasting communi-
cations. Figure 5 shows the bit-oriented
node address structure. The routing ap-
plied to the CIN is the self-routing without

software controls.
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[3]2]a]20]19]1817]16]1s[1a]13]12]uuo] o[ 8] 7[6 s [4 [3]2] 1 ]0]
GCIL LCIN BIN l Terminal |(reserved)
Address Address Address Node
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Fig. 5. Node address structure.

Node Address
|NA[23] NA[16]|NA[15] NA[8]INA[7] NA[0] |

Mask Attribute
[MA[23]  MA[I6][MA[15]  MA[8][MA[7] MA[0]|

Comparison Attribute
[ca23]  ca[i6]|ca[is] CA[8][CA[7] CA[0]|

Multicast Control Attribute

MCA[7] MCA[0]

Fig. 6. Structure of address attributes for routing.

Figure 6 shows structure of address at-
tributes. Each node has a unique node
address (NA [23:0]) and three attributes—
a mask attribute (MA [23:0]), a compari-
son attribute (CA [23:0]) and a multicasting
control attribute (MCA [7:0])-for routing.
The mask attribute masks bits in the node
address, and the corresponding bits are ig-
nored when the frame address of received
message packet is examined. The compar-
ison attribute discriminates between local
and gateway nodes. Its bits are set for gate-
way nodes and reset for local nodes. They
are valid when the corresponding bits of the
mask attribute are not set. The multicast-
ing control attribute classifies the group of
units and supports multicasting. The pro-
posed routing control algorithm is as fol-

lows. If the comparison attribute bits are
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set and the corresponding bits of the node
address and those of the frame address are
not the same, the corresponding bits of the
comparison result are set. If the comparison
attribute bits are reset and the correspond-
ing bits of the node address and those of
the frame address are the same, the corre-
sponding bits of the comparison result are
set. When all bits of the comparison result
are set, the message packet is received at
the node.

2. Transcoder and Selector Bank

The TSB executes two major functions.
The first is a transcoding function that con-
verts the variable rate QCELP vocoding
data to the p-law PCM and vice versa.
The second is a selection of traffic mes-
sage packets from the BTSs during soft
handover. For these functions, it is com-
posed of two kinds of printed board assem-
bly: the selector and transcoder interface
board assembly (SXIA) and the selector
and transcoder board assembly (SXOA).
The SXIA receives data from the BTS
through the CIN and converts the data into
a proper format. It contains trunk inter-
face functions that reformat PCM between
the ST-buses and the E1 connections (to
and from MSC). The SXOA contains sev-
eral DSPs. The selector executes the basic
functions such as call setup and call tear
down, handover and power control. The

transcoder is implemented with a digital
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signal processor (DSP) which has a maxi-
mum speed of 40 mega instructions per sec-
ond (MIPS). The clock generation and dis-
tribution device (CKD) receives the refer-
ence clock from the GPS and distributes
it to the selector and transcoders of the
TSB. Traffic messages between the selec-
tor/transcoder and the traffic channel ele-
ment (TCE) in the BTS are synchronized
by the GPS clock. This section describes
the structure and function of the TSB.

A. TSB Structure

The TSB is connected to the CIN
through a U-link interface and to the MSC
through trunks on SXIA. Figure 7 shows
the architecture of the TSB.

The TSB receives PCM data from the
MSC. A transcoder in the TSB encodes
PCM data to QCELP data, and then the
traffic messages of HDLC frame packet in-
cluding QCLEP data are transmitted to a
mobile through the CIN according to 20 ms
timing tick. The TSB also receives traffic
messages from a mobile through the CIN,
and the transcoder decodes QCELP data
to the p-law PCM code, and then transmits
them to the MSC.

B. Selector and Transcoder Interface

The SXIA is responsible for control and
maintenance of selectors and transcoders up
to 60 channels. It performs flow control of
traffic messages and control messages, and
exchanges the messages with the selector.
Figure 8 is a block diagram of the SXIA,
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* CKD : clock generation and distribution device
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2E1 ST- bus
MSC

Fig. 7. TSB structure.

which is located between the CIN and the
SXOAs.

The selector and transcoder interface de-
vice consists of several functional modules.
The processor module provides the control
and interface to the other blocks on the
device. The CIN interface module con-
tains the HDLC controller for interfacing
with the CIN using HDLC protocol at 2.048
Mbps. The HDLC controller receives the
packet messages from the CIN and extracts
the packet data. After analyzing its des-
tination address, it distributes packet data
to the SXOAs through the serial path. The
trunk and ST-bus interface module receives
decoded traffic data from the transcoder
with p-law PCM code. It transmits them

to the MX through two E1 trunks. The ST-
bus, a PCM subhighway with 2.048 Mbps,
shares PCM code with 30 transcoding DSPs
in two SXOAs.

C. Selector and Transcoder

The selector and transcoder has the
functions such as traffic control, power con-
trol and transcoding [3]-[5]. It is composed
of several modules shown in Fig. 9. The sys-
tem bus provides a data interface between
the processor modules in SXOA and SXTA
through the back plane. The processor
module contains a single-chip microproces-
sor and peripheral circuits [6]. All the traf-

fic and control messages to the SXOA are
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Fig. 9. Block diagram of selector and transcoder.
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collects traffic data from the transcoders,
formats and passes them to the system bus
interface module.

The control DSP (CDSP) interface block
between selector and transcoder consists of
four dual port static-RAMs (4%2k bytes).
The transcoder block contains a CDSP, 15
transcoding DSPs (TDSPs) and a DPRAM
(2k bytes) between the CDSP and the TD-
SPs. The CDSP works with the TDSPs
through the dual port static-RAM (SRAM)
and directs the operation of the TDSPs
with command messages. It may request
the status from the TDSP. The CDSP op-
erates with the TDSPs and arbitrates data
path among processor module and TD-
SPs. The CDSP allows downloading the
transcoding program in the boot ROM to
the SRAM of the TDSPs. All the communi-
cations are initiated by the command from
the selector. The TDSP contains encoding
and decoding functions. On the forward
link, the PCM data from ST-bus are de-
multiplexed and sent to the assigned TDSP.
The TDSP encodes the 64 kbps PCM data
into variable rate vocoded data (QCELP:
8k/4k/2k/1k) and passes the data to the
CDSP. On the reverse link, the TDSP de-
codes the variable rate vocoded data to
64 kbps PCM data. The PCM data from
TDSP are multiplexed and sent to the ST-

bus.

3. Call Control Processor

The CCP performs call control and
hand-off in cooperation with TSBs, BTS
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control processors (BCPs) of the BT'Ss, and
access processor of the MSC. The CCP sup-
ports following functions: registration of
mobiles’ location, paging, call control, han-
dover, and maintenance of the BTSs and
BSC. The CCP operates with duplication
in an active/standby mode for the system
stability.

CIN CIN

) S-Channel )

|MPi\4A|| sBIA || pcc I%DCCA || sBia ||M1;MA|

System Bus System Bus
PCCA PCCA
MSC MSC

Fig. 10. CCP structure.

The structure of the CCP is shown in
Fig. 10. The CCP is designed based on
four functional modules: main processor
and memory board assembly (MPMA), pro-
cessor communication control board assem-
bly (PCCA), duplex communication control
board assembly (DCCA), and signaling bus
interface board assembly (SBIA).

The MPMA consists of a main proces-
sor, memory and peripheral interface cir-
cuits. The main functions of MPMA are
execution of operating system (OS) and ap-
plication program including interrupt han-
dling, timer control for scheduling, and the
maintenance of standby module of the CCP.

The PCCA connects the inter-processor
communication unit (IPCU) of MSC that
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provides the functions of routing the control
messages for call processing. The PCCA
module contains the HDLC controller that
converts the serial HDLC messages to paral-
lel and reports the messages to the MPMA.

The DCCA provides a duplication con-
trol for the CCP. The DCCA exchanges
the duplication information between the
active processor and the standby proces-
sor through communication channel (C-
channel) and serial channel (S-channel).
The data channel (D-channel) is used for
the expansion of main processor system bus
(MPS-bus). The data updated by the ac-
tive CPU are written concurrently to the
active and standby processors through the
D-channel.

The SBIA provides the interfacing func-
tion for the message packet communication
with the CIN.

IV. BASE STATION CONTROL-
LER APPLICATION

The configuration data of the BSC,
which are dependent on the cell sites, are
separated from the program and accessed
by library primitives. So the data are hid-
den to application programmers. The pro-
gram is decomposed into several execution
modules. Each execution module is indi-
vidually loaded and operated in the proces-
sors. When the execution module starts,
a module process is created. The module

process creates service processes associated
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with call attempts and maintenance & ad-
ministration functions. The processes con-
trol mobile calls in cooperation with the
BCPs of the BTSs and the selectors of the
TSBs. They also cooperate with the MSC.
These design concepts can improve program
productivity and reliability because each
process cooperates only with loosely cou-
pled messages and library primitives [1].

1. Registration

For a mobile termination call, the mo-
bile network must check the mobile’s loca-
tion and page the mobile. Registration is
the process that the mobile notifies the BS
of its location, and its location is stored in
the HLR via MSC. There is a tradeoff be-
tween registration and paging. The less fre-
quently registration is done, the more fre-
quently paging is required, and vice versa
[7].

Figure 11 shows the registration proce-
dure. When location, status, identification,
slot cycle, or other characteristics of a mo-
bile are changed, the mobile sends a regis-
tration message to the BCP in BTS via the
access channel. Then the BCP sends a reg-
istration message to the CCP in BSC, and
the CCP sends it to a visitor location reg-
ister (VLR) via the MSC. The VLR checks
and updates the registration information to
itself and the HLR, and informs the CCP
of the registration [accept/reject]. Then the
CCP sends it to the BCP, and the BCP
sends it to the mobile via the paging chan-
nel. This registration procedure program
is performed independently from the other
functions such as call processing.
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MS BTS [Bsc|] [MSC/VLR/HLR]
registration registration

» registration
request

order

d
oraer [accept/reject]

order L, [accept/reject]

[accept/reject]

Fig. 11. Registration procedure.

2. Call Control

The call control in the CCP is performed
by a pair of service processes: origination
service process for the origination procedure
and termination service process for the ter-
mination procedure. The service process
controls only half of the call. So the call
control software has a simple structure and
the merit for easily handling the call be-
tween the distributed processors. The se-
lector of the T'SB receives control data from
the MS and transmits them to the MS. The
BCP of the BTS manages radio channels.

A. Mobile Origination Call Procedure

Figure 12 shows the mobile origination
call processing procedure.

(1) Acceptance of mobile call attempt
Upon receiving mobile origination mes-
sage through the access channel, the
BTS sends the acknowledgment order to
the mobile to stop repeating access tri-
als through the paging channel. The
BCP allocates a TCE for the call, and
the TCE starts transmitting null-traffic
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to the mobile. This null-traffic is not de-
modulated by the mobile until the mo-
bile receives a channel assignment mes-
sage through the paging channel. Af-
ter that, the BCP sends the origination
message to the CCP.
(2) Connection of traffic channel
The CCP selects the available selector/
transcoder in the TSB and sends selec-
tor assignment request to the TSB with
the information such as BS configura-
tion and power control data. The TSB
initiates the transcoder and makes time
synchronization which connects the
path between the selector and the TCE
in the BTS, and selector sends traffic
channel connection to the CCP. After
connecting the radio link of traffic chan-
nel, the selector sets up the connection
with the mobile (mobile-acq-ctl/BS-ack-
order/mobile-ack-order). The TSB re-
ports the mobile connection to the CCP.
(3) Connection to the MSC

The CCP requests the call setup mes-
sage to the MSC after receiving the mo-
bile connection. After analyzing the re-
quired message, the MSC acknowledges
to the CCP that the call is in call-
progress, and accomplishes the call con-
nection to termination user by inter-
working with the VLR or HLR. When
ringing to termination user, the MSC
transmits allerting message to the CCP.
The CCP transmits it to the TSB. The
TSB sends allerting (tone-on) message
to the mobile through the traffic chan-

nel already connected.
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BS-ack-order
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traffic-channel-connect _
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mobile-acq-ctl
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mobile-ack-order

mobile-connect
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call-proc 4
|, alerting
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connect
alerting msg with info (tone-on) N
connect
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Fig. 12. Origination call procedure.

(4) Conversation the cell boundary. The TSB observes

When receiving the connection message
from the MSC after the termination
user answers, the TSB transmits the
allerting (tone-off ) message to the mo-
bile, and the conversation is started.
For the optimum voice quality, the BSC
controls the transmission power accord-
ing to the mobility characteristics of the
mobile and radio environment variation,
and supports the softer/soft/hard han-
dover to keep the continuity of conver-
sation when the mobile passes through
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the radio channel status, receives the
required information from the mobile,
and reports it to the CCP if necessary.
When receiving the handover message
from the TSB, the CCP controls the
handover procedure.

B. Mobile Termination Call Procedure

Figure 13 shows the message flow of the

mobile termination call procedure.

(1) Paging mobile
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Fig. 13. Termination call procedure.

The paging request message from the
MSC initiates the mobile termination
call. Receiving the paging request, the
CCP finds out the BTSs located at the
paging area from the configuration data
table and sends paging-mobile message
to them. The BTSs receiving paging-
mobile message transmit paging-mobile
signal through paging channel over the
air. After receiving the paging response
from the mobile, the BTS transmits it
to the CCP.

(2) Reception of paging response

After receiving the paging response mes-
sage from the mobile, call control pro-
cedures on the BSC such as resource al-
location and traffic channel connection
are the same as the case of mobile orig-

ination call.

(3) Connection to the MSC

After receiving mobile connection, the
BSC sends the paging response message
to the MSC. Receiving call confirmation
from the MSC, the CCP sends alerting
to the TSB. The TSB sends the alert-
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ing (ring-on) to the mobile through the
traffic channel.

(4) Conversation
If the mobile responds during the ring-
ing, the TSB receives an allerting (ring-
off ) message from the mobile and sends
connection to the CCP. The CCP sends
it to the MSC, and after that the con-
versation starts. The power control and
the handover procedures are performed
in the same way as the origination call.

3. Handover

Handover is a procedure which main-
tains the conversation between the BS and
the mobile when a mobile travels from one
cell area to the neighbor. Hard handover is
a handover in which the mobile moves into
disjoint sets of the BSC or the MSC, differ-
ent frequency assignments. The radio link
is not maintained for hard handover. So
the conversation gets a short interrupt. Soft
handover is a handover in which the mobile
moves into a different cell within the BSC.
Softer handover is a handover in which the
mobile moves into a different sector in a cell.
The CDMA uses the same frequency among
the cells, so it is possible to keep a conversa-
tion without interruption by using multiple
traffic channels at the same time [7]. The
soft and softer handovers make no interrupt
to the conversation. The soft handover pro-
cedure is as follows as in Fig. 14.

(1) When the strength of a new pilot from
neighbor BTS comes to exceed T_ADD,
mobile sends pilot strength measurement
message to the BSC.
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(2) The BSC determines the destination
BTS by looking up the neighbor list ta-
ble and requests for a new traffic chan-
nel to the BTS. If the allocation and the
acquisition of a new traffic channel are
successful, the selector of TSB sends a
handover direction message to the mo-
bile through both the BTSs.

(3) The mobile transfers the pilot to the
active set and sends handover comple-
tion message to the BSC through both
BTSs. The TSB communicates with the
mobile through both BTSs. In reverse
link, the selector selects a traffic mes-
sage of better quality between them and
sends it to the transcoder. In forward
link, the TSB sends the traffic message
to the mobile through both the BTSs.

(4) After a while when the strength of a
pilot in active set comes to drop be-
low T_DROP, the mobile starts the han-
dover drop timer T_TDROP. After it
expires, the mobile again sends pilot
strength measurement message to the
BSC.

(5) The BSC sends handover direction
message to the mobile station to drop
the origination BTS.

(6) The mobile moves the pilot from the
active set to the neighbor set and sends
handover completion message to the
BSC.

(7) The BSC releases the origination BT'S,
and it completes the soft handover pro-

cedure.
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Fig. 14. Soft handover procedure.

4. Power Control

A. Outer Loop Power Control on Reverse
Link

Under the same Ej,/N,, the reverse link
frame error rate (FER) from a fast moving
mobile is higher than that of a static mo-
bile because of fading. The mobile suffer-
ing from deep fading needs higher transmis-
sion power level. It means that higher pre-
set Ej,/N, should be applied to the closed

loop power control in deep fading environ-
ment. The outer loop power control is to
change dynamically the preset E,/N, for
closed loop power control on reverse link
[7].

A selector receiving a traffic message
from the BTS every 20 ms performs outer
loop control scheme. First, the selector
identifies the kind of frame by the values of
frame rate, frame quality metric, and CRC

from the received traffic message. There
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are three kinds of frame types: GF-A, full-
or half-rate good frames; GF-B, fourth- or
eighth-rate good frames; and BF, full-rate
frames with CRC error or frames with 0
value of quality metric. The procedure to

change the preset Ej/N, is as follows.

- When receiving a GF-A frame after the
number of consecutive GF-A frames ex-
ceeds the selector decreases the preset
E,/N, by dec_high dB because the cur-
rent power level may be excessive.

- When receiving a GF-B frame, the se-
lector decreases the preset FEj/N, by
dec_low dB because the radio environ-
ment is not bad and lower rate commu-
nication does not need high power.

- When receiving a BF frame before the
number of consecutive GF-A frames
exceeds the selector increases preset
Ey/N, by inc_middle dB.

- When receiving a BF frame before the
number of consecutive BF frames ex-
ceeds bad_cnt, the selector increases pre-
set Ey/N, by inc_low dB. And if the
selector receives a BF frame after the
number of consecutive BF frames ex-
ceeds bad_cnt, the selector increases pre-
set Ey/N, by inc_high dB because the
radio environment must be worse for

communication.

The newly determined preset FE;/N,
must be checked whether it is within the
pre-determined range. Increment or decre-
ment steps mentioned above are defined in

configuration data which are received from
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the CCP during the call connection process,
and these step sizes are determined accord-

ing to the density of users and cell capacity.

B. Closed Loop Power Control on Forward
Link

Forward link power control scheme is ap-
plied to meet the required FER and to re-
duce the interference to neighboring cells.
The mobile sends a power measurement
report message, which has forward traffic
channel status information, periodically or
after the number of error frames exceeds the
threshold. Receiving the power measure-
ment report message, the selector invokes
the closed loop power control scheme on the
forward link [7].

Initially, when a call is connected, the
BTS transmits the signal as the nominal
power level which is defined in configura-
tion data. To find the optimum transmis-
sion power level of the BTS, the selector
starts the timer whose period is also defined
in configuration data. When this timer ex-
pires, the BTS transmission power level is
decreased by a pre-determined step until it
reaches the pre-determined minimum level.
If the power measurement report message is
received while the power level is being de-
creased, the forward power control scheme
works to get the increment of power level.

To determine the increment step size
of power level, the selector compares the
number of error frames in the power mea-
surement report message from the mobile
with FER threshold in configuration data.
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Fig. 15. BSM structure and interface.

If the number of error frames is more
than the threshold, the power level is in-
creased by inc_high dB, and if not, in-
creased by inc_middle dB. The newly deter-
mined power level must be checked whether
it is within the pre-determined power level
range and sent to the channel element as
the new transmission power level.

V. BASE STATION MANAGER

The BSM provides the operation, ad-
ministration and maintenance (OAM) func-
tions for the BS. This OAM functions
is classified into five features: program
downloading, configuration data manage-
ment, fault management, status manage-
ment, and measurement and statistics for
the BS. The BSM also offers the graphi-
cal user interface to provide an user-friendly
working environment for operators.

1. BSM Structure

The BSM uses a commercial workstation

with the UNIX™ operating system as
a hardware platform [1]. The BSM is con-
nected to the CIN in the BSC using a com-
munication interface card. The communica-
tion interface card is equipped on the BSM
workstation and controlled by UNIX™ de-
vice driver software, and it supports E1/T1
rate speeds and HDLC protocol with EIA-
422. The BSM also has some input and
output peripherals such as speaker, tape
driver, and printer. They are used for audi-
ble alarm sound and to back up the system’s
data and programs, and to prepare a hard
copied output.

Figure 15 shows the BSM system hard-
ware structure and interface. To provide a
reliable communication, the communication
channels are duplicated in a hot standby
way. When one channel between the BSM
and the CIN has problems, the other is ac-
tivated to continue the communication.

The BSM functions are implemented
with several software modules which per-

form each OAM function and own function
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Operation
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Maintenance
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ACI : Alarm Control Interface

BIM : BSM Intitialization and Maintenace
CDM : Configuration Data Manager

COH : Command Handler

DCI : Data Communication Interface
DBH : Database Handler

FLM : Fault Manager

SCM : System Clock Manager

SL  : System Loader

SMM : Statistics and Measurement Manager
STM : Status Manager

SOH : Service Option-2 Handler

TSM : Test Manager

UIM : User Interface Manager

UMH : Unsolcited Message Handler

Fig. 16. BSM block structure.

of the BSM such as BSM initialization and
maintenance, database management, and
so on. The communication between each
function is accomplished by the message
queue which is supported by UNIX™ oper-
ating system. Figure 16 shows the software
module and their structure of the BSM.

2. Operation And Maintenance

A. Program Downloading

The program downloading function
loads the executable codes and the oper-
ational parameter data for the control pro-
cessors in the BS at the initialization phase.
The BS has maximum 12 BSCGs, and each

BSCG has 1 CCP, maximum 32 selector
interface processors (SIPs) and maximum
48 BTSs. Each SIP has maximum 4 selec-
tor and vocoder processors (SVPs). Each
BTS has a BTS control processor (BCP)
and many channel card controllers (CCCs)
[8]. A lot of time is required for loading all
the control processors in the BS simultane-
ously. In order to reduce the time required
in the loading, we design the loading func-
tion as a hierarchically layered structure.
Figure 17 shows the loading hierarchy
and their inter-relationships. The proce-
dures for the loading are as follows: first,
when the CCP is power-on or reset, the

CCP sends a Downloading-request-message
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to the BSM. Then the BSM loads all the ex-
ecutable codes and data for the control pro-
cessors such as CCP itself, SIPs, SVPs, and
BCPs to the CCP. Second, when the CCP
receives the loading request from the BCP
or SIP, the CCP loads the requested exe-
cutable code and data to the BCP or SIP.
Thirdly, if the SIP is loaded successfully, the
SIP also performs the downloading to the
SVP with the similar procedure, and the
same scheme is applied between BCP and
channel card controller. Thus, this supports
a parallel loading to minimize the loading
time. Moreover, when a replacement of
single block code or software version is re-
quired, the partial loading function is used
with the same methods.

BSC *

BTS

| Channel Card
t Controllers

--» Down Load Request Signal
—>» Code Down Load Message
---» Down Load Status Report Signal

Fig. 17. System downloading hierarchy.

B. BS Configuration Data Management

The configuration data management
(CDM) function maintains the operational
CDMA parameters and the BS system con-
figuration data. These data are contained

Jee Hwan Ahn etal. 161

in the processor load data (PLD) file in the
BSM. The PLD is stored in the main mem-
ory of the control processors at the initial
loading phase so that it can be manipulated
by the operator’s commands during the op-
eration. For data consistency, the changing
of data must occur on both the entry of the
PLD file and the memory in the control pro-
cessors. A handshaking protocol is used for
their consistency confirmation.

In general, the basic operations of data
processing are retrieval, updating, insertion
and deletion for the related data. The CDM
function is also accomplished by the above
four operations for the CDMA parameters
and the BS configuration data.

In case of updating of parameter data,
the handshaking procedure is as follows. If
the operator intends to change a system’s
configuration parameter, the CDM retrieves
the data entry from the related PLD file and
compares it with the input data from the
operator. When a difference happens, CDM
sends a Change-Request-Message with the
input data to the related control proces-
sors such as the CCP and BCP, and waits
for a Response-Message. When the re-
ceiving Response-Message is positive, the
CDM updates the related entry of the PLD
file with the input data. With the simi-
lar procedure, it manipulates the system’s
hardware equipment status and configu-
ration such as blocking/unblocking, acti-
vation/deactivation, and addition/deletion.

But the retrieval operation is simple and
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does not use any handshaking protocol be-
cause it only show the related entry of the
PLD file in the BSM.

C. Fault Management

Faults take the system into an unreli-
able state, so consequently the quality of
service is reduced or the service continuity
is broken. Therefore, faults must be man-
aged and controlled in order to improve the
reliability and serviceability.

The fault management function is de-
signed with a hierarchical structure accord-
ing to its control hierarchy, and both the
software and hardware faults are managed.
The software faults are detected by contin-
uous checking or periodic supervision, and
hardware faults are detected by an alarm
detection equipment. Detected faults are
managed by fault manager in the BSM
with assistance of fault management mod-
ule in the control processors such as the
CCP and BCP. The fault manager analyzes
the occurred faults and manages them us-
ing databases. According to the occurrence
rate of faults and their severity, it also pro-
vides some management functions that con-
sist of the fault and alarm notification, de-
vice isolation, service control and so forth,
in order to reduce the influence for normal
operation.

There are three fault degrees according
to their importance or severity: critical,
major and minor faults. Critical fault is
one that has a serious effect on the sys-

tem operation and service, so it must be
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immediately recovered regardless of its oc-
currence time. A major fault affects the
system services or causes a malfunction of
circuits, so it must be reported to the op-
erator for testing or recovering. Finally, a
minor fault indicates a faulty degree that
does not affect system services, but it must
be reported to the operator for the purpose
of maintenance. If these three degrees of
faults occur simultaneously, it is indicated
to the operator according to the degree by
the predefined priority.

When a faulty system state happens,
the BSM offers an audible, visible and tex-
tual notification to inform the faulty source
and degree to the operator rapidly. Audi-
ble fault notifications use the three kinds
of sounds, which are different and distinct
volumes in order that the operator can
recognize and distinguish the faulty occur-
rence. A visible fault notification displays
the occurring position and degree of fault
on screen using three colors: red, orange,
and yellow for critical, major, and minor
faults, respectively. Finally, a textual fault
message with fault degree and code, time of
day, source, and states of fault are also dis-
played on the output window of the BSM
monitor screen.

A number of on-demand and automatic
tests are implemented for fault diagnostics
and fault localization more precisely. BSM
diagnostic test function performs the test
on T1/E1 trunks between BSC and MX,
signaling and traffic links between BSC and
BTS, and important devices such as the se-

lector and transcoder devices in the BSC
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and channel elements in the BTS. These
tests and its test configurations are con-
trolled by the BSM. To test on the de-
vices, the test manager function is cooper-
ated with the test module in each equip-
ment devices. The test functions are exe-
cuted as a periodic timer job, and it can
also be executed by operator’s command.
The results of testing are reported to the
test manager module in the BSM. Then,
the test manager module analyzes and pro-
cesses the received result message, and dis-
plays it on the monitor screen and stores
it in the database in cooperation with the

fault and status management functions.

D. Status Management

The status management function ob-
serves how the control processors and equip-
ment devices of BS are operated. The sta-
tus changes of all of the processors and de-
vices are supervised continuously and con-
trolled by the upper level control proces-
sor in the control hierarchy. It is important
that the status management keeps the ex-
act status of processors and devices. There-
fore it must cooperates with fault manage-
ment function and diagnostics test function
to keep the system status exactly.

The processor status supervision is per-
formed in such a way that the upper level
control processors exchange a Keep-Alive-
Message with the lower level processors pe-
riodically, and this Keep-Alive-Message is
exchanged in either an uni-directional or a

bi-directional answer back way. But, since
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supervision method like this cannot distin-
guish a hardware faults, the hardware alarm
detection equipment must be used in paral-
lel.

The devices’ status is classified into the
maintenance status such as normal, block
and abnormal, and the service status such
as idle and busy. The status management
function keeps only maintenance status and
provides available/unavailable status of de-
vices to service functions such as call pro-
cessing. The current status of devices is
kept with consistency on the memory of
control processors and the database in the
BSM, so that whenever the status for each
device is changed, the BSM displays the
current devices’ status on the BSM moni-
tor screen graphically.

E. Measurement and Statistics

The BSM provides the measurement and
statistics function to evaluate and report
the behaviors and operational information
of the BS. The statistics evaluated by the
BSM include traffic statistics, fault statis-
tics and overload statistics. The traffic
statistics, which are evaluated periodically
or on-demand, are the call information re-
lated to originating call, terminating call,
handover, paging, and registration. The
fault statistics are the number of alarms and
faults occurred, and the overload statistics
are the information about the occupied pro-
cessing load of the control processors in the
BS.

To find out the traffic statistics such as

the number of calls and handover attempts,
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the ratio of blocking to call attempts and so
on, the BSM collects the raw data related
to traffic statistics with assistance of a data
collection module in the control processors,
and then processes the collected raw data
for statistical representation which is dis-
played on the BSM monitor screen. The
BSM shows the number of failed calls ac-
cording to failure reason for more detail
analysis. The paging and registration at-
tempts are also shown as traffic statistics.

The traffic statistics function is executed
by two methods: one is executed by the
timer every hour, and the other is exe-
cuted by operator’s request for the pur-
pose of measurement. The former calcu-
lates the predefined statistic items related
to call traffics every hour in the BSM. The
later is only executed by operator’s request
according to the given time schedule and
cell site information. In this case, since op-
erator handles the measurement time, the
more detail traffic data are obtained for less
then one hour. These traffic statistics play
an important role in effective cell design
and operation to improve the performance
of CMS.

The fault statistic is collection of the
summarized information of occurred fault
and alarm. When the fault and the alarm
are detected, its data are stored on the
database of the BSM. The process that is
to make statistical information is periodi-
cally executed every hour. The result of
the process is displayed in output window
of the BSM as the fault statistics. The main
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item of fault statistics is the number of the
faults for each fault degree, the number of
the alarms occurred per one hour, and his-
tory of those.

The overload statistics are much like
fault statistics in character, which provide
summarized information to operator and
are executed periodically. The number of
pollings of control processors, the number
of responses from them, and CPU idle time
of main control processors are reported as
overload statistics.

The BSM also controls the test call
based on the service option-2 schemes for
estimating the system capacity and perfor-
mance. That is, test calls according to
the service option-2 are defined by test en-
gineer using the commands in the BSM.
Then the BSM generates the test calls and
gathers some information related to call
setup and release. This information gives
useful information for capacity and perfor-
mance analysis to the test engineer with the
data from another logging facilities such as
CDMA performance analysis tool (CPAT)
and CDMA data analysis tool (CDAT).

3. User Interface

The user interface function in the BSM
provides man—machine interface (MMI) to
the BS. It offers a direct command entry,
menu-item selections using mouse, batch
file executions, history management, the
system message display, security controls,
and some user help functions for the vari-

ous user interface.
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The BSM user interface is implemented
with the GUI especially to show explicitly
operation status, faults status, and some
statistics information for the BS. It uses
Motif™ and a graphic software package,
SL-Graphic Modeling System (SL-GMS)
that introduces an object-oriented architec-
ture, for the structured design of graphic
windows and the fast output of real-time
status data on that windows. The win-
dows are hierarchically designed in a simple
and logical form because of the enormous
amount of graphic information.

The BSM main screen consists of five
windows: menu bar, alarm window, graph
window, output message window, and com-
mand window. The partitioning of the
command window and the message window
among these screens enables input and out-
put data to be processed simultaneously,
and operator can also grasp all the system
status at a glance. Figure 18 depicts the
layout of the GUI screen of the BSM.

The BSM GUI provides various dia-
logue styles—direct data entry, menu-item
selection and form-filling. The form-filling
style must have one-to-one correspondence
of screen format and command, and con-
tains a number of factors in changes accord-
ing to operations environment. It is known
that the method of form filling helps unfa-
miliar user to feel easy to use the system,
and when both the essential data items and
the optional ones are needed, it is very use-
ful. In real systems, many commands that

we use have variable factors which tend to
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Upper Title Bar Time Field
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- DB

X A\

\ \

Alarm Command Message Output
Window Window Window

Fig. 18. Screen layout of the BSM GUI.

change according to the system’s operation
environments.

The GUI function internally consists
of independent modules—message output
and graphic display module, and command
check module-which are divided by func-
tion performed. Aiming at reduction of
conflicts among system components in the
BSM GUI, we use a database and message
queue as a communication path between ap-
plication and the GUI functions. Because
all flows of information from application
function to the GUI function are attained
through database and message queue ac-
cess, it becomes possible to share function
loads through independent design of func-
tions.

The GUI uses new technology for the

command description and its processing.
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The command description definition (CDD)
plays an interface role between the GUI
function and other application functions for
OAM in the BSM. The CDD is a database
for command description. It is needed to
check syntax and semantics of the input
commands and must be made for each com-
mand by the application function. A CDD
is composed of a command part, a parame-
ter part, and a help part. The help part is
for the user’s quick reference about the com-
mand format and parameter description for
entry. The CDD has some writing rules and
must be described by these rules. Also, the
user command’s syntax for direct data entry
dialogue is based on ITU-T man-machine
language (MML) [9]. The command is en-
tered by the various dialogue schemes such
as menu selection, direct entry using a com-
mand on command window, and so on. In
all the dialogue cases, the command syntax
and semantics are checked by the command
handling module, and the CDD data are
used during this syntax and semantic check-
ing. If an input command is unfit for the
syntax rule, an error message is displayed
on command window. The error informa-
tion must include the exact location and
reason of error.

The command window provides a
prompt for the user’s entry and command
history management facility like UNIX™
system. Because direct entry of a command
is faster than menu selection or form-filling,
it is useful for a skilled user.

All messages from the BSM that need

to be displayed to users are passed to the

ETRI Journal, volume 19, number 3, October 1997

display module. Then the display mod-
ule shows the messages from whole sys-
tem in order on the message output win-
dow. The BSM can display various graphs—
histogram, pie, or chronograph-to present
statistics data of users on the graphic win-

dow.

VI. CONCLUSIONS

The CMS system has been designed to
provide mobile subscribers with robust call
services. Design objectives, system struc-
ture, and functions of the BSC and BSM
are described. The BSC is located be-
tween BTSs of mobile network and an MSC
of wired network. It connects mobile sta-
tions and controls mobile calls in cooper-
ation with BTSs and an MSC. And the
BSM manages the BS including BTSs and
BSC. Major hardware units are duplicated
to maintain a reliable system.

The BSC is composed of CIN, TSB and
CCP. The BSC software has characteristics
of a functional modular structure, so it is
easy to add new features and to upgrade the
existing functions. The packet switch and
the distributed control architecture offer a
flexible configuration of the BSC which sup-
ports wide range of cell sites up to 512. The
BSC has 23,000 selectors which can connect
23,000 traffic channels from the 512 BTSs.

The CIN is designed to provide a large
high-speed packet switching capacity for

large soft handover area. The two-phase
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round-robin scheme presented here min-
imizes the transmission delay and offers
good quality of service. So it is possible
to handle high traffic and to cover a large
soft handover area. The TSB is designed
to provide high density selector/transcoder,
and fifteen TDSPs have been implemented
in a single selector and transcoder card. A
mobile subscriber travels along a path that
passes through neighboring cells. To guar-
antee enough signal strength during a mo-
bile call, the TSB controls the outer loop
power on the reverse link and closed loop
power on the forward link. The CCP con-
trols mobile calls in cooperation with the
TSBs, BTSs and MSC. To maintain a con-
nection path while a mobile subscriber trav-
els from one cell to another, the CCP and
TSB provide handover functions.

The BSM, which is implemented for op-
eration and maintenance of the BS in the
CMS, provides a powerful and user-friendly

GUTI functions to the operator.

ACKNOWLEDGMENTS

The authors of this paper are indebted
to the members in the Mobile Communi-
cations Technology Division. Several peo-
ple who deserve special mention for their
efforts in the BSC and BSM design and im-
plementation are S.K. Kwon, W.G. Park,
M.H. Cho, Y.K. Jeong.

Jee Hwan Ahn etal. 167

REFERENCES

[1] Yangnam Han, Ki Chul Han, and Hang Gu
Bahk, “A CDMA-based digital cellular infras-
tructure: CDMA mobile system (CMS),” Pro-
ceedings of International Workshop on Muti-
dimensional Mobile Communications, Niigata,
Japan, Nov. 21-22, 1994, pp. 1-6.

[2] Young-Shik Lim, Young-Ki Kim, and Jee-Hwan
Ahn, “Software fault detection and recovery in
a CDMA digital cellular system using Sanity
Monitor,” Proceedings of International Work-
shop on Muti-dimensional Mobile Communica-
tions, Niigata, Japan, Nov. 21-22, 1994, pp. 73-
76.

[3] George Calhoun, Wireless Access and the Local

Telephone Network. London: Artech House Inc.,
1992, pp. 323-4, 328-30.

[4] William C.Y. Lee, Mobile Communication De-
sign Fundamentals. 2nd edition, New York:
John Wiley & Sons Inc., 1993, pp. 181-184.

[6] Telecommunications Industry  Association,
TIA/ EIA Interim Standard-Speech Spectrum
Digital Cellular System (TIA/FIA/IS-96). New
York, Apr. 1994.

[6] Motorola, Enhanced 32-Bit Microprocessor User’s
Manual. Arizona: Prentice-Hall Inc., 1990.

[7] Qualcomm, The CDMA Network Engineering
Handbook, vol. 1, San Diego, Nov. 1992.

[8] S. Shin, H. Lee and K. C. Han, “The CDMA
Mobile System architecture,” in this issue, pp.
98-115.

[9] ITU-T, MML, Recommendation Z.301~Z.341.

Patent Owner, Lemko Corp. - Ex. 2019, p. 27

85UB017 SUOWWOD BA 81D 3[deot|dde 8y} Aq peusienob afe il YO 8sn Jo S8 104 A%eiq 1T 8UIIUO AB]IM UO (SUORIPUOD-PUR-SWLB}WO0D" A 1M Afe.q1Bu1|UO//SANY) SUORIPUOD Pue SWiB | 8U) 83S *[£202/50/62] U0 A%eiqiT 8ulluO AB|IM ‘UOSINOIG epeue) 8LeIya0D AQ 100" Z6T0™L6" 111B/8T2 OT/I0p/wod A8 1M Arelq 1jeul|uo//Sdny woly papeojumoq ‘€ ‘L66T ‘92ELEEZZ



168  Jee Hwan Ahn et al.

Jee Hwan Ahn received the
B.S. degree in electronic en-
gineering from Chungnam
National University in 1979,
the M.S. degree in electronic
engineering from Seoul Na-
tional University, in 1981.
He joined ETRI in July 1982, where he was in-
volved in developing the call processing software of
the TDX-1 and the TDX-10. He participated in the
CMS development project since 1992, and developed
call processing software of the mobile exchange(CMS-
MX) and then call control software of the base
station(CMS-BS). Since 1996, he has participated in
developing the IMT- 2000 system. He is Head of the
Mobile Traffic Management Section at ETRI. His re-
search interests include mobile traffic engineering in
mobile network and software development of the base
station for the IMT-2000.

Dong Jin Shin received the
B.S. degrees from Chungnam
National University in 1978,
the M.S. and the Ph.D. de-
grees from Seoul National
University in 1980 and 1990,
respectively, all in electronic
engineering. He joined ETRI in 1983, where he de-
veloped the signaling and voice processing equipment
of TDX-1 and TDX-10 switching system. Since 1992,
he developed the BSC and MSC hardware for CDMA
digital cellular system, especially vocoder, packet
router and switching system hardware. And he re-
searches now the structure of ATM interconnection
between BSC and MSC for IMT-2000 system and he
is Head of Mobile Switching Technology Section. His
research interests are ATM inter-network protocols

and voice compression technologies.

ETRI Journal, volume 19, number 3, October 1997

Cheol Hye Cho was born
in Korea on January 25,
1959. He received the
B.E. degree in computer sci-
ence from Hongik University,
Seoul, Korea, in 1982 and the
M.S. degree in computer sci-
ence from Taejon University, Taejon, Korea, in 1997.
He joined ETRI in March 1982, where he was in-
volved in developing Software Development Envi-
ronments for Telecommunication System for TDX-1
and TDX-10 Switching System from 1982 to 1990.
He also engaged in developing the CDMA Dig-
ital Cellular System from 1991 to 1995. Since
1996, he has participated in developing the IMT-
2000(FPLMTS). Currently he is Head of the Opera-
tion Technology Section in ETRI. His special inter-
ests include mobile telecommunication service, net-
work management, software engineering and object-

oriented methodologies.

Patent Owner, Lemko Corp. - Ex. 2019, p. 28

85UB017 SUOWWOD BA 81D 3[deot|dde 8y} Aq peusienob afe il YO 8sn Jo S8 104 A%eiq 1T 8UIIUO AB]IM UO (SUORIPUOD-PUR-SWLB}WO0D" A 1M Afe.q1Bu1|UO//SANY) SUORIPUOD Pue SWiB | 8U) 83S *[£202/50/62] U0 A%eiqiT 8ulluO AB|IM ‘UOSINOIG epeue) 8LeIya0D AQ 100" Z6T0™L6" 111B/8T2 OT/I0p/wod A8 1M Arelq 1jeul|uo//Sdny woly papeojumoq ‘€ ‘L66T ‘92ELEEZZ





