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Method and Apparatus for Selecting a Communication Data

Rate between Mobile and Base Stations

Background of the Invention

The invention relates to the field of communication,

and more specifically, to a cellular communication system.

A communication system may employee down link
adaptive modulation and coding through a feedback system. An
adaptive modulation and coding level of a down link translates
as one ordinary skilled in the art know into selection of a data
rate of the down link communication. In such a system, a
mobile station informs the base station regarding a desired data
rate, and the base station complies to the request. When the
criteria for selecting a data rate at the mobile station are
satisfied, the mobile station determines its desired level of down
link communication data rate. This is known as mobile

controlied data rate adaptation.

A drawback of a mobile controlled rate adaptation is
that the communication system may not achieve high -system
capacity under time-varying loading conditions. The mobile
station may not be able to reliably estimate the interference level
at proper time to effectuate high usage of the communication
system capacity. When selecting the data rate, the mobile is
unsure which possible interfering base stations were
transmitting 1dle time slots during the interference

measurement, and 1s unsure which interfering base stations will
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be idle during the next schéduled transmission from the base

station in communication.

Therefore, there is need for a communication system'

- method and apparatus that maximizes the usage of the

5 communication system capacity when a mobile station makes
an initial data rate request for a down link transmission from a

base station.

ldu Summary of thé Invention
According to another aspect of the invention, 1n a
communication system for communication between a
mobile station and a base station is provided. A
communication System.comprises the steps of:

15 selecting an initial data rate for communication
befween the base station and the mobile station,
wherein the mobile station selects the initial data
'rate; communicating the selected initial data rate
from the mobile station to the base station;

20 determining a difference level of interference
condition experienced by the mobile station between a
time when the initial data rate'selectedby'the
mobile station and a time when the base station
prepares to communicate to the mobile station;'

25 ~ selecting a final.data\rate for transmission from the
base station to the mobile station based on the

determined difference level of interference

- condition.
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According to another aspect of the invention, a

communication system for communication between a mobile
station and a base station is provided. A‘COmmuhication
system.comprises-means for selecting an initial data
rate for communication between the base station and the
mobile station, wherein the mobile station selects the

initial data rate; means for communicating the selected

initial data rate from the mobile station to the base

‘station; means for determining a difference level of

interference condition experienced by the mobile station
between a time when the initial data rate selected by

the mobile station and a time when the base station
prepares to communicate to the mobile station; means for

selecting a final data rate for transmission from the

base station to the mobile station based on'the

determined difference level of interference condition.

Brief Description of the Drawmgs
Figure 1 deplcts a commumcauon system utlhzmg various
aspects of the invention. _ |
Fxgure 2 depicts a commumcatlons structure between
mobile and base stations. ' |
Figure 3 depicting logical COnnection's' between various
components of a communication system utlhzmg various

aspects of the invention
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Detail of the Preferred Embodiment(s)

Referring to FIG. 1, a communication system‘ 100 for
communication between a mobile station ‘and a base station is
shown. In such a system, there may be more than one mobile

station and more than one base station. Mdreovcr—, each base
~station may be sectored to operate independently at least to
some extent and for some time. System 100 is shown to have

Omni sectbr cell base station sites 101-107. However, as it will

~ be apparent, various aspects of the invention are also applicﬁa’ble |
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and may be carried out in a system with sectored cell structure.
The system 100 shows several mobile stations roaming in the
communication system 100 and using communication services
offered by base stations 101-107. The communication system

5 100 also may include several more base stations than shown in
FIG. 1. A mobile station communicates to a base station via a
communication uplink, such as uplink 112 and via a
communication down link, such as down link 111.

According to various aspects of the invention, a mobile

10 station 110 selects an initial data rate for communication
between base station 107 and mobile station 110. Mobile station
110 communicates the selected initial data rate to base station
107 through uplink 112. Base station 107 determines a
difference level of interference condition experienced by mobile

15 station 107 between a time when the initial data rate was
selected by mobile station 110 and a time when base station 107
prepares to communicate to mobile station 110. Base station
107 selects a final data rate for transmission from base station
107 to mobile station 110 based on the determined difference

20 level of interference condition. As such, the initial data rate may
be modiﬁed:to the final data rate while maximizing the down
link capacity as one ordinary skilled in the art may appreciate.

The selected initial data rate according to an aspect of the

invention is based on a level of carrier to interference (ratio)

25 condition determined by mobile station 110 at the time when
the initial data rate was selected by mobile station 110.
Moreover, the determined difference level of interference

condition is determined by base station 107.
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Various aspects of the invention may be more apparent by
making references to FIG. 2 depicting a communication
structure between mobile stations and base stations in
communication system 100. For example, an uplink 201
transmitted from mobile station 110 after adjusting for
propagation delay may appear as shown with respect to a down
link 202 transmitted from base station 110. Down link signals
203 and 204 transmitted from other base stations in the
surrounding may, for example, appear as shown. Since
communication system 100 is a synchronized communication
system, time slot structure of all base stations have rough or
exact time synchronization. Mobile station 110 may determine
the level of interference to carrier ratio at a time 210 while
making interference measurement either based on average or
instantaneous measurement of interference generated prior to
time 210. On a time slot 211, mobile station 110 communicates
the selected data rate to base station 107. Base station 107 then
transmits on a time slot 212 to the mobile station 110 at the
requested data rate. However, the interference condition
between time 210 and 213, a time when transmission of time
slot 212 begins, may be drastically different. For example, at
time 210, down link 203 and 204 are both transmitting, as
shown in time slots 220 and 221. As a result, the mobile station
after making an interference measurement may decide to select
a data rate that i1s appropriate for such a level of interference.
Down link 203 and 204 may be transmitted from other sectors
of the base station 110 or other cell sites surrounding base

station 107. Note that, for example, at time 213, down link 204
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has an idle time slot which provide collectively less interference
than time 210. When there is less interference, a higher data
rate may be used without severe adverse effect. According to the
invention, when base station 107 determines a difference level of
5 interference condition experienced by mobile station 107

between time 210 when the initial data rate was selected by
mobile station 110 and time 213 when base station 107
prepares to communicate to mobile station 110 and selecting a
final data rate for transmission from base station 107 to mobile

10 station 110 based on the determined difference level of
interference condition, the down link capacity of the system is
maximized as one ordinary skilled in the art may appreciate.

The selected final data rate may be lower than the selected

initial data rate when the determined difference level of

15 interference condition indicates more interference at time 213
when base station 107 prepares to communicate to mobile
station 110 than at time 210 when the initial data rate was
selected by mobile station 110. Similarly, the final data rate is
higher than the selected initial data rate when the determined

20 difference level of interference condition indicates less
interference at time 213 when base station 107 prepares to
communicate to mobile station 110 than at time 210 when the
initial data rate selected by mobile station 110. The selected
hinal data rate is the same as the selected initial data rate when

25 the determined difference level of interference condition
indicates approximately same interference at time 213 when
base station 107 prepares to communicate to mobile station 110

than at time 210 when the initial data rate selected by the
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mobile station. Although, the time difference between time 210
and 213 i1s shown to be two time slots, more or less time
difference is also possible depending on the traffic loading
condition of the communication system.

According to an aspect of the invention, the selected final
data rate is different than the selected initial data rate when the
determined difference level of interference condition is higher
than a threshold. Such a threshold may be predetermined or
adjusted according to system traffic loading condition. Base
station 107 accordingly transmits to mobile station 110 at the
selected final data rate, preferably during time slot 212 close in
time proximity of time 213.

Communication system 100 may be operating according
to an embodiment of the invention by transmitting at a
predetermined power level known to base stations 101-107. As
such, propagation loss of an interfering signal transmitted from
a base station and received at the mobile station 110 may be
determined. Since the mobile station keeps a table of the pilot
signal measurement where the pilot signals are transmitted from
different base stations in the area, the propagation loss between
the mobile station and each base station in the table is easily
determined by subtracting the fixed transmitted power level by
what actually measured by the mobile station 110. Such a table
may be known to include a list of active base stations, candidate
base stations, neighbor base stations or remaining base
stations. According to the invention, determining the difference
level of interference condition may include receiving from mobile

station 110 pilot signal strength measurements made by mobile
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station 110 of pilot signals transmitted from a plurality of base
stations, such as base station 101-106, in a surrounding area of
base station 107.

Moreover, while referring to FIG. 3 depicting a general and
logical connection 300 between base stations, such as base
stations 305-307, base station 307 receives from plurality of
base stations, 305 and 306, an indication thréugh connections
directly to other base stations or through a centralized controller
301, whether any of the plurality base stations in cell sites 101-
106 1s transmitting at time slot 212 when base station 107
prepares to cofnmunicate to mobile: station 110. As such, by
knowing which base station is transmitting at time slot 212 and
which one has been taken into account, base station determines

difference level of interference condition.

What i1s claimed is:
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The embodiments of the invention in which an exclusive property
or privilege is claimed are defined as follows:

1. In a communication system for communication between a
mobile station and a base station, a method comprising the
steps of:

selecting an initial data rate for communication between
said base station and said mobile station, wherein said mobile
station selects said initial data rate;

communicating said selected initial data rate from said
mobile station to said base station;

determining a difference between level of interference
condition experienced by said moblle station at time when said

initial data rate selected by said mobile station and a level

of interference condition experilenced by said moblle station
at a time when said base station prepares to communicate to
salid mobile station;

selecting a final data rate for transmission from said
base station to said mobile station based on sald determined

level of interference condition difference.

2. The method as recited in claim 1 wherein said selected
initial data rate is based on a level of carrier to
interference condition determined by said mobile station at

salid time when said initial data rate selected by said mobile

station.

3. The method as recited in claim 1 wherein sailid determined

difference level of interference condition 1s determined by

salid base station.

4. The method as recited in claim 1 whereilin salid selected
final data rate is lower than said selected initial data rate

when said determined difference level of interference
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condition indicates more interference at said time when said
base station prepares to communicate to salid mobile station

than at said time when saild initial data rate selected by said

mobile station.

5. The method as recited 1n claim 1 wherein said selected
final data rate 1s higher than said selected initial data rate
when said determined difference level of interference
condition indicates less interference at said time when said
base station prepares to communicate to said mobile station

than at said time when said initial data rate selected by said

mobile station.

6. The method as recited in claim 1 wherein said selected
final data rate 1s the same as said selected initial data rate
when said determined difference level of interference
condition indicates approximately same interference at said

time when said base station prepares to communicate to said

mobile station than at said time when said initial data rate

selected by said mobile station.

7. The method as recited 1n claim 1 wherein said selected
final data rate is different than said selected initial data
rate when said determined difference level of interference

condition is higher than a threshold.

8. The method as recited in claim 1 further comprising the
step of transmitting from said base station to said mobile

station at said selected final data rate.

©. The method as recited in claim 8 wherein said transmission

1s at a predetermined power level.
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10. The method as recited in claim 1 wherein said determining
said difference level of interference condition including the

steps of:

receiving from said mobile station pilot signal strength

measurements made by said mobile station of pilot signals and
transmitted from a plurality of base stations in a surrounding
area of said base gstation;

receiving from said plurality of base stations an
indication whether any of said plurality base stations 1is
transmitting at sailid time when sald base station prepares to
communicate to said mobile station;

whereby determining said level of interference condition.

11. A communication system for communication between a mobile
station and a base station comprising:

means for selecting an 1nitial data rate for
communication between said base station and said mobile
station, wherein said mobile station selects said initial data
rate;

means for communicating salid selected initial data rate
from said mobile station to said base station;

means for determining a difference between level of
interference condition experienced by said mobile station at
time when said initial data rate selected by said mobile
station and a level of interference condition experience by
said mobile station at a time when said base station prepares
to communicate to said mobile station;

means for selecting a final data rate for transmission
from said base station to said mobile gtation based on said

determined level of interference condition difference.

12. The communication system as recited in claim 11 further
comprising means for transmitting from said base station to

sald mobile station at said selected final data rate.
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13. The communication system as recited in claim 11 wherein
said means for determining said difference level of
interference condition including:

means for receiving from said mobile station pilot signal

strength measurements made by salid mobile station of pilot

signals and transmitted from a plurality of base stations 1in a
surrounding area of said base station;

means for receiving from said plurality of base stations
an indication whether any of said plurality base stations is

transmitting at said time when said base station prepares to

communicate to said mobile station.
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