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(57) ABSTRACT 

A power controllable wireless mobile communications sys 
tem using an adaptive modulation and coding scheme 
includes a signal-to-noise ratio (SNR) extracting unit which 
extracts a SNR from a received signal that is processed using 
a predetermined first modulation and coding scheme; a 
modulation and coding scheme determining unit which 
compares the extracted SNR with a first requested SNR for 
the received signal and determines a second modulation and 
coding scheme; a power control value determining unit 
which compares the extracted SNR with a second requested 
SNR for a signal of the second modulation and coding 
scheme and determines a power control value; and a signal 
generating unit which inserts a field indicating the second 
modulation and coding scheme and a power control com 
mand field for the power control value, into data to be 
transmitted, processes a resulting signal according to the 
second modulation and coding scheme, and generates a 
transmission signal. 

12 Claims, 4 Drawing Sheets 
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FIG. 1 
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FIG 3 
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FIG. 4 
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POWER CONTROLLABLE WIRELESS 
MOBILE COMMUNICATIONS SYSTEM OF 
ADAPTIVE MODULATION AND CODNG 
SCHEME AND METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a power controllable 

wireless mobile communications system employing an 
adaptive modulation and coding scheme and a method 
therefor. More particularly, the present invention relates to 
an apparatus that controls output power of a mobile station 
in a mobile communications system employing an adaptive 
modulation and coding scheme by using a signal-to-noise 
ratio (SNR) extracted from a backward signal that is trans 
mitted from the mobile station to a base station and a method 
therefor. 

2. Description of the Related Art 
In general, the ultimate aim of power control in a wireless 

communications system is to provide a predetermined qual 
ity to communications channels by compensating for signal 
attenuation in wireless channels such that a signal is 
received at an appropriate signal level requested by a 
receiving end. Also, as wireless communications networks 
have evolved to cellular networks, power control has 
become an important factor in system performance and 
system capacity due to co-channel interference or multi-user 
interference. Particularly, in a code division multiple access 
(CDMA)-type mobile communications system, the capacity 
of the system is determined by the signal-to-noise ratio 
(SNR) at a receiving end. If a requested SNR (SNR REQ), 
which is a predetermined signal level requested by a 
demodulation end, is maintained, the number of simulta 
neous users on the system may be increased. Accordingly, if 
a near-far problem in the backward direction is minimized 
by properly adjusting each user's power control, a frequency 
efficiency that is higher than that of other transmission 
methods may be attained. 
An example of a power control method in a conventional 

mobile communications systems is a fixed step-size closed 
loop power control (FCLPC) method recommended by 
Interim Standard (IS)-95. In the FCLPC method, a base 
station measures the strength of a signal received from a 
mobile station (or a terminal) and then transmits a power 
control command to the mobile station. If the strength of the 
received signal is lower than a requested SNR, the base 
station sets a power control bit contained in the power 
control command to 0” so that the transmission signal 
strength of the mobile station is increased by 1 dB. If the 
strength of the signal is higher than the requested SNR, the 
base station sets the power control bit to 1 so that the 
transmission signal strength is decreased by 1 dB. That is, in 
this method the scope of changes in the transmission power 
of the mobile station is fixed at +1 dB. While such a 
technique may be effective for a situation where the signal 
is changed slowly and gradually, it is not appropriate where 
the signal is widely or rapidly changing because this method 
has a limited converging speed. 

Recently, in order to provide high speed transmission 
rates, modulation methods having high frequency efficiency 
have been employed. However, if channel states are poor, 
the modulation methods having high frequency efficiency 
cannot be used. Therefore, an adaptive modulation and 
coding (AMC) Scheme is used in which a modulation 
method and channel coding scheme can be adaptively 
selected according to the state of channels. In a system 
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2 
employing the AMC scheme, the SNR requested by a 
receiving end varies according to a threshold scheme that 
may graphically be represented in the shape of a staircase. 

FIG. 1 illustrates a graph showing changes of requested 
SNR with respect to time in a mobile communications 
system employing the adaptive modulation and coding 
(AMC) scheme and changes of SNR with respect to time 
according to a conventional power control method. In the 
graph, the smooth curve indicates the requested SNR when 
the modulation method and coding changes from 64 quadra 
ture amplitude modulation (QAM)+/4 to quadrature phase 
shift keying (QPSK)+3/4 according to the AMC scheme and 
the staircase-shape line indicates the SNR using a conven 
tional power control method. Specifically, the graph shows 
that the conventional method cannot satisfy the requested 
SNR in real time. 

That is, the conventional power control method does not 
consider the AMC scheme where the SNR changes rapidly 
in each packet or frame. Accordingly, the conventional 
power control method cannot provide real-time control and 
may cause cutoffs during calls due to an unstable receiver 
signal, and may also cause adverse side effects such as 
decreasing the number of simultaneous users capable of 
being on the system due to inefficient use and waste of signal 
transmission power. In addition, if all mobile stations in a 
cell or in a network exhibited the result shown in FIG. 1, a 
decrease in channel capacity may occur. 
To solve the above problem, methods for variable power 

control with respect to changes in the level of a signal based 
on the moving speed of a mobile station have been proposed. 
However, these methods consider the changing scope of a 
signal with respect to the moving speed of a mobile station, 
assuming that an identical modulation and demodulation 
method is employed. Accordingly, these methods are not 
optimized for the AMC scheme in which modulation and 
demodulation schemes change. Therefore, a power control 
method appropriate to a system employing the AMC scheme 
is needed. 

SUMMARY OF THE INVENTION 

In an effort to overcome the problems described above, it 
is a feature of an embodiment of the present invention to 
provide a mobile communications system employing an 
adaptive modulation and coding (AMC) Scheme, in which 
the system adjusts the output power of a mobile station 
according to a changing scheme when a modulation and 
coding scheme changes, and a method therefor. 

According to a feature of an embodiment of the present 
invention, there is provided a mobile communications sys 
tem employing an adaptive modulation and coding scheme, 
the system including a base station and one or more mobile 
stations. The base station preferably includes a signal-to 
noise ratio (SNR) extracting unit which extracts a SNR from 
a received signal that is processed using a predetermined 
first modulation and coding scheme; a modulation and 
coding scheme determining unit which compares the 
extracted SNR with a first requested SNR for the received 
signal, and determines a second modulation and coding 
scheme reflecting conditions that include the result of the 
comparison; a power control value determining unit which 
compares the extracted SNR with a second requested SNR 
for a signal of the second modulation and coding scheme, 
and determines a power control value according to the result 
of the comparison; and a signal generating unit which inserts 
a field indicating the second modulation and coding scheme, 
and a power control command field corresponding to the 
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power control value, into data to be transmitted, processes a 
resulting signal according to the second modulation and 
coding scheme, and generates a transmission signal. The 
mobile communications system may further include a SNR 
storage unit for storing a plurality of predetermined SNRs 
requested for signals processed by each modulation and 
coding scheme. The mobile station preferably further 
includes a command extracting unit which extracts the 
power control command field and the field indicating the 
second modulation and coding scheme from the signal 
transmitted by the signal generating unit; a processing unit 
which computes a power level according to a power control 
command of the power control command field, processes 
data to be transmitted according to the content of the field 
indicating the modulation and coding scheme, and generates 
a signal to be transmitted to the SNR extracting unit in the 
base station; and an amplifying unit which amplifies the 
signal generated in the processing unit according to the 
power level and transmits the amplified signal. The ampli 
fying unit may be placed between the SNR extracting unit 
and the processing unit. 

According to another aspect of an embodiment of the 
present invention, there is provided a mobile communica 
tions method employing an adaptive modulation and coding 
scheme, the method including (a) extracting a SNR from a 
received signal which is processed using a predetermined 
first modulation and coding scheme; (b) comparing the 
extracted SNR with a first requested SNR for the received 
signal, and determining a second modulation and coding 
scheme reflecting conditions including at least the result of 
the comparison; (c) if the second modulation and coding 
scheme determined in (b) is different from the first modu 
lation and coding scheme, comparing the extracted SNR 
with a second requested SNR for a signal of the second 
modulation and coding scheme, and determining a power 
control value according to the result of the comparison; and 
(d) inserting a field indicating the second modulation and 
coding scheme and a power control command field corre 
sponding to the power control value into a data signal to be 
transmitted, processing the resulting signal according to the 
second modulation and coding scheme and generating a 
transmission signal. Preferably, the first and second 
requested SNRs are from among a plurality of SNRs stored 
in a table of SNRs, each SNR being associated with a 
specific modulation and coding scheme. If in (c) the second 
modulation and coding scheme determined in (b) is the same 
as the first modulation and coding scheme, the power control 
value may be determined to be adjusted by a predetermined 
change value as in a conventional fixed step-size closed-loop 
power control (FCLPC) method. The method preferably 
further includes (e) extracting the power control command 
field and the field indicating a modulation and coding 
scheme from a signal which is generated and transmitted in 
(d); (f) computing a power level according to the power 
control command of the power control command field, 
processing data to be transmitted according to the content of 
the field indicating the modulation and coding scheme, and 
generating a signal to be transmitted to the SNR extracting 
unit; and (g) amplifying the signal generated in (f) by the 
power level and transmitting the signal. The method may 
further include (h) repeating (a) through (g). 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the 
present invention will become more apparent by describing 
in detail preferred embodiments thereof with reference to the 
attached drawings in which: 

FIG. 1 illustrates a graph showing changes of requested 
SNR with respect to time in a mobile communications 
system employing an adaptive modulation and coding 
(AMC) scheme and changes of SNR with respect to time 
according to a conventional power control method; 

FIG. 2 illustrates a block diagram of a mobile communi 
cations system employing the AMC scheme according to the 
present invention; 

FIG. 3 illustrates a flowchart of a mobile communications 
method employing the AMC scheme according to the 
present invention; and 

FIG. 4 illustrates a graph comparing changes of SNRs of 
the present invention and prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Priority Korean Patent Application No. 2002-22703, filed 
Apr. 25, 2002, and entitled “Power Controllable Wireless 
Mobile Communications System of Adaptive Modulation 
and Coding Scheme and Method Therefor’ is incorporated 
by reference herein in its entirety. 

FIG. 2 illustrates a block diagram of a mobile communi 
cations system employing an AMC scheme according to the 
present invention, and FIG. 3 is a flowchart illustrating a 
mobile communications method employing the AMC 
scheme according to the present invention. 

Referring to FIG. 2, a cell of the mobile communications 
system preferably comprises a base station 200 and a mobile 
station 210. The base station 200 preferably further includes 
an SNR extracting unit 201, a modulation and coding 
scheme determining unit 202, a requested SNR storing unit 
203, a power control value determining unit 204, and a 
signal generating unit 205. The mobile station 210 prefer 
ably further includes a command extracting unit 211, a 
processing unit 212, and an amplifying unit 213. The opera 
tion of each element will now be explained with reference to 
the flowchart of FIG. 3. 
The SNR extracting unit 201 extracts the SNR from a first 

output signal transmitted by the mobile station 210 in step 
301. The modulation and coding scheme determining unit 
202 compares the extracted SNR with the requested SNR 
and as a result of that comparison, determines in step 302: 
1) whether the current modulation and coding scheme 
should be changed; and 2) if a change is required, which 
scheme should be selected. Normally, the power scope of a 
signal used in a mobile communications system employing 
the AMC scheme is relatively wider than that of a signal 
used in a system not employing the AMC scheme and 
therefore determining a modulation and coding scheme for 
one mobile station in the former System has a greater 
influence on the overall performance of the cell. Accord 
ingly, in order to maintain more stable capacity and perfor 
mance, the determination of a modulation and coding 
scheme should consider the load of the entire cell or the 
entire network as well as the channel state of the subject 
mobile station. 
The requested SNR storing unit 203 preferably stores the 

SNR requested by signal type. For example, the requested 
SNR storing unit 203 preferably stores the SNRs requested 
by respective modulation and coding schemes as in table 1, 
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where rows A-C represent different modulation schemes 
and columns a-c represent different coding schemes asso 
ciated with each modulation scheme. Each combination of 
modulation and coding is optimized at a unique SNR. 

TABLE 1. 

Modulation coding 
Scheme 8. b C 

A. SNR Aal SNRAb SNRAC 
B SNR Ba SNR Bb SNRBC 
C SNRBC SNR Cb SNR CC 

The requested SNR may be determined theoretically, or 
may be generated or updated according to a Quality of 
Service (QoS) measure, such as a bit error rate, which a 
system should provide based on experimental results accord 
ing to changes in bit error rates and frame error rates in a 
predetermined area or under a predetermined channel envi 
rOnment. 
The power control value determining unit 204 preferably 

reads a requested SNR corresponding to the selected modu 
lation and coding scheme in the modulation and coding 
scheme determining unit 202, from the requested SNR 
storing unit 203, compares the requested SNR with the 
extracted SNR, and determines a power control value in step 
303. The power control value may be determined with 
respect to the difference between the extracted SNR and the 
requested SNR, and can be expressed in an index form 
indicating the extent of power increase or decrease with 
respect to the difference between the extracted SNR and the 
requested SNR. In this case, the mobile station 210 may 
additionally include a storage unit for storing the power 
increase and reduction values corresponding to the indices. 
If the modulation and coding scheme determining unit 202 
determines that the modulation and coding scheme is to 
remain unchanged, the power control value determining unit 
204 may determine a power control value according to a 
conventional FCLPC method. In this case, only the result of 
the comparison of the extracted SNR with the requested 
SNR would be considered in determining a power control 
value. 
The signal generating unit 205 preferably inserts a power 

control command field and a field indicating the modulation 
and coding scheme into data to be transmitted, processes the 
data according to the determined modulation and coding 
scheme to generate a second output signal, and transmits the 
second output signal to the mobile station 210 in step 304. 
Upon reception of the transmitted signal in the mobile 
station 210, the command extracting unit 211 extracts the 
power control command field and the modulation and cod 
ing scheme field contained in the received signal in step 305. 
The processing unit 212 computes a power level accord 

ing to the command value of the extracted power control 
command field, processes data to be transmitted according 
to the modulation and coding scheme in the modulation and 
coding scheme field, and generates a new first output signal 
in step 306. The amplifying unit 213 amplifies the first 
output signal according to the power value computed in the 
processing unit 212 and transmits the amplified first output 
signal to the base station 200 in step 307, and the foregoing 
process is repeated. 

FIG. 4 illustrates a graph showing changes of SNRs 
according to the present invention as compared with changes 
that occur when using the prior art. Referring to FIG. 4, the 
smooth curve indicates the requested SNR when the modu 
lation method and coding changes from 64 quadrature 
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6 
amplitude modulation (QAM)+3/4 to quadrature phase-shift 
keying (QPSK)+3/4 according to the AMC scheme. The 
staircase-shape solid line indicates the SNR according to the 
power control embodiment of the present invention. The 
staircase-shape dotted line indicates the SNR according to 
the conventional power control implementations. The graph 
shows that the SNR according to the present invention well 
matches the requested SNR while the conventional method 
cannot satisfy the requested SNR. 

According to the present invention, as shown in FIG. 4. 
the high-speed convergence into the requested SNR enables 
real-time control of the transmission power of a mobile 
station thereby minimizing waste of transmission power. As 
a result, the number of simultaneous users in a cell may be 
increased and consumption of battery power may be mini 
mized. Also, by minimizing cutoff of calls due to a shortage 
of transmission power, QoS may be improved. In addition, 
since a modulation and coding scheme is determined, and 
then call admission is controlled considering the load of the 
cell and the network, stable service in the entire network 
may be provided. 
A preferred embodiment of the present invention has been 

disclosed herein and, although specific terms are employed, 
they are used in a generic and descriptive sense only and not 
for purpose of limitation. Accordingly, it will be understood 
by those of ordinary skill in the art that various changes in 
form and details may be made without departing from the 
spirit and scope of the invention as set forth in the following 
claims. 

What is claimed is: 
1. A mobile communications system employing an adap 

tive modulation and coding scheme, the system comprising: 
a base station, which includes: 

a signal-to-noise ratio (SNR) extracting unit which 
extracts a SNR from a received signal that is pro 
cessed using a predetermined first modulation and 
coding scheme: 

a modulation and coding scheme determining unit 
which compares the extracted SNR with a first 
requested SNR for the received signal, and deter 
mines a second modulation and coding scheme 
reflecting conditions that include the result of the 
comparison; 

a power control value determining unit which compares 
the extracted SNR with a second requested SNR for 
a signal of the second modulation and coding 
scheme, and determines a power control value 
according to the result of the comparison; and 

a signal generating unit which inserts a field indicating 
the second modulation and coding scheme, and a 
power control command field corresponding to the 
power control value, into a data signal to be trans 
mitted, processes a resulting signal according to the 
second modulation and coding scheme, and gener 
ates a transmission signal; and 

a mobile station. 
2. The mobile communications system as claimed in 

claim 1, further comprising a SNR storage unit for storing a 
plurality of predetermined SNRs requested for signals pro 
cessed by each modulation and coding scheme. 

3. The mobile communications system as claimed in 
claim 1, wherein the mobile station further includes: 

a command extracting unit which extracts the power 
control command field and the field indicating the 
second modulation and coding scheme from the signal 
transmitted by the signal generating unit; 
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a processing unit which computes a power level according 
to a power control command of the power control 
command field, processes data to be transmitted 
according to the content of the field indicating the 
modulation and coding scheme, and generates a signal 
to be transmitted to the SNR extracting unit in the base 
station; and 

an amplifying unit which amplifies the signal generated in 
the processing unit according to the power level and 
transmits the amplified signal. 

4. A mobile communications system employing an adap 
tive modulation and coding scheme, the system comprising: 

a signal-to-noise ratio (SNR) extracting unit which 
extracts a SNR from a received signal that is processed 
using a predetermined first modulation and coding 
Scheme; 

a modulation and coding scheme determining unit which 
compares the extracted SNR with a first requested SNR 
for the received signal, and determines a second modu 
lation and coding scheme reflecting conditions that 
include the result of the comparison; 

a power control value determining unit which compares 
the extracted SNR with a second requested SNR for a 
signal of the second modulation and coding scheme, 
and determines a power control value according to the 
result of the comparison; 

a signal generating unit which inserts a field indicating the 
second modulation and coding scheme and a power 
control command field corresponding to the power 
control value, into a data signal to be transmitted, 
processes a resulting signal according to the second 
modulation and coding scheme, and generates a trans 
mission signal; 

a command extracting unit which extracts the power 
control command field and the field indicating the 
second modulation and coding scheme from the signal 
transmitted by the signal generating unit; 

a processing unit which computes a power level according 
to a power control command of the power control 
command field, processes data to be transmitted 
according to the content of the field indicating the 
modulation and coding scheme, and generates a signal 
to be transmitted to the SNR extracting unit; and 

an amplifying unit which is placed between the SNR 
extracting unit and the processing unit, which amplifies 
the signal generated in the processing unit according to 
the power level, and transmits the amplified signal. 

5. The mobile communications system as claimed in 
claim 4, further comprising a SNR storage unit for storing a 
plurality of predetermined SNRs requested for signals pro 
cessed by each modulation and coding scheme. 

6. A mobile communications method employing an adap 
tive modulation and coding scheme, the method comprising: 

(a) extracting a SNR from a received signal which is 
processed using a predetermined first modulation and 
coding scheme; 

(b) comparing the extracted SNR with a first requested 
SNR for the received signal and determining a second 
modulation and coding scheme reflecting conditions 
that include the result of the comparison: 

(c) if the second modulation and coding scheme deter 
mined in (b) is different from the first modulation and 
coding scheme, comparing the extracted SNR with a 
second requested SNR for a signal of the second 
modulation and coding scheme and determining a 
power control value according to the result of the 
comparison; and 
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8 
(d) inserting a field indicating the determined second 

modulation and coding scheme and a power control 
command field corresponding to the power control 
value into a data signal to be transmitted, processing the 
resulting signal according to the second modulation and 
coding scheme and generating a transmission signal. 

7. The mobile communications method as claimed in 
claim 6, wherein the first and second requested SNRs are 
from among a plurality of SNRs stored in a table of SNRs, 
each SNR being associated with a specific modulation and 
coding scheme. 

8. The mobile communications method as claimed in 
claim 6, wherein in (c), if the second modulation and coding 
scheme determined in (b) is the same as the first modulation 
and coding scheme, the power control value is determined to 
be adjusted by a predetermined change value as in a con 
ventional fixed step-size closed-loop power control 
(FCLPC) method. 

9. The mobile communications method as claimed in 
claim 6, further comprising: 

(e) extracting the power control command field and the 
field indicating a modulation and coding scheme from 
a signal which is generated and transmitted in (d); 

(f) computing a power level according to the power 
control command of the power control command field, 
processing data to be transmitted according to the 
content of the field indicating the modulation and 
coding scheme, and generating a signal to be transmit 
ted to the SNR extracting unit; and 

(g) amplifying the signal generated in (f) by the power 
level and transmitting the signal. 

10. A mobile communications method employing an 
adaptive modulation and coding scheme, the method com 
prising: 

(a) extracting a SNR from a received signal which is 
processed using a predetermined first modulation and 
coding scheme; 

(b) comparing the extracted SNR with a first requested 
SNR for the received signal, and determining a second 
modulation and coding scheme reflecting conditions 
that include the result of the comparison: 

(c) if the second modulation and coding scheme deter 
mined in (b) is different from the first modulation and 
coding scheme, comparing the extracted SNR with a 
second requested SNR for a signal of the second 
modulation and coding scheme, and determining a 
power control value according to the result of the 
comparison; 

(d) inserting a field indicating the second modulation and 
coding scheme and a power control command field 
corresponding to the power control value into a data 
signal to be transmitted, processing the resulting signal 
according to the second modulation and coding scheme 
and generating a transmission signal; 

(e) extracting the power control command field and the 
field indicating a modulation and coding scheme from 
a signal which is generated and transmitted in (d); 

(f) computing a power level according to the power 
control command of the power control command field, 
processing data to be transmitted according to the 
content of the field indicating the modulation and 
coding scheme, and generating a signal to be transmit 
ted to the SNR extracting unit; 

(g) amplifying the signal generated in (f) by the power 
level and transmitting the signal; and 

(h) repeating (a) through (g). 
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11. The mobile communications method as claimed in coding scheme determined in (b) is the same as the first 
claim 10, wherein the first and second requested SNRs are modulation and coding scheme, the power control value is 
from among a plurality of SNRs stored in a table of SNRs, determined to be adjusted by a predetermined change value 
each SNR being associated with a unique modulation and as in a conventional fixed step-size closed-loop power 
coding scheme. 5 control (FCLPC) method. 

12. The mobile communications method as claimed in 
claim 10, wherein in (c), if the second modulation and k . . . . 




