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METHOD OF SCHEDULING FOR MOBILE
STATIONS IN WIRELESS COMMUNICATION
NETWORKS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to scheduling meth-
ods in wireless communication networks.

[0003] 2. Description of the Related Art

[0004] Presently, base stations implement scheduling
algorithms to schedule transmission by mobile subscribers
separately and independently of the beam forming approach,
which may also be implemented by the base station. First,
scheduling of mobile stations for transmission will be dis-
cussed and then different beam forming concepts will be
discussed.

[0005] Abase station typically includes a scheduler imple-
menting a scheduling algorithm that establishes an order in
which to schedule the mobile stations for transmission. For
example, it is known for the scheduler to establish a priority
vector S, an example of which is shown below in Equation
1.

S<[S. 8. .. S]] @
where Si is a service metric value for mobile station i.

[0006] The priority vector S is a sorted list of service
metric values for the mobile stations to be scheduled, with
each value being associated with one of the mobile stations.
For example, the service metric value may represent the data
history of the mobile user, a channel state, user priority
based on a subscribed quality of service, etc. The scheduler
sorts the values; for example, from lowest to highest, to
establish a scheduling priority for the mobile stations. The
mobile associated with the lowest service metric value
corresponds to the highest priority mobile station and will be
scheduled first. As shown in Equation 1, S, corresponds to
the lowest service metric value, and therefore, mobile station
k will be scheduled first.

[0007] The scheduler of a base station may apply various
scheduling algorithms in determining the service metric
value for each mobile station; for example, an algorithm to
generate a service metric value may combine one or more
measurement values to derive a service metric value. Also,
scheduling algorithms may sort or order the scheduling
priority of the mobile stations in various ways. For example,
these scheduling algorithms may include a round robin
scheduling algorithm, a proportional fair scheduling algo-
rithms, as well as other well-known scheduling algorithms.

[0008] The quality of service the base station provides to
amobile station may be affected by the scheduling algorithm
as will be appreciated from the above description, but may
also be affected by the beam forming approach adopted by
the base station. Typically, a base station employs one of two
types of beam forming: fixed beam forming and adaptive
beam forming. In fixed beam forming, the base station uses
a number of preformed antenna beams to cover the area of
cell. Each mobile station is assigned to one of the preformed
beams. FIG. 1 illustrates a base station 10 having four
antenna elements in a uniform linear array to form four
transmit beams in a sector of the cell serviced by the base
station 10. A base station using fixed beam forming may
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suffer from performance degradation due to interference
when a plurality of scheduled mobile stations are assigned to
a same one of the beams.

[0009] In adaptive beam forming, the base station pro-
vides a individual transmit beam for each mobile station;
namely, as many beams as mobile stations are formed. This
approach provides gains, such as in signal-to-noise ratio and
therefore throughput, when the mobile stations are separated
by a certain angular distance. However, scheduled mobile
stations may suffer from performance degradation due to
interference when this angular distance is less than a thresh-
old angle.

[0010] Unfortunately, existing scheduling algorithms do
not account for the detrimental impact interference may
have as a result of the beam forming approach implemented
at the base station.

SUMMARY OF THE INVENTION

[0011] In the method of scheduling according to the
present invention, an order in which mobile stations are
scheduled is changed based on at least one transmit beam
criteria. The transmit beam criteria is established to reduce
interference that may result because of the beam assign-
ments for the scheduled mobile stations.

[0012] For example, when fixed beam scheduling is used,
the transmit beam criteria may be balanced beam assignment
of scheduled mobile stations. As another example, when
adaptive beam schedule is used, the transmit beam criteria
may be attempting to meet a desired angular difference
criteria between a later scheduled mobile station and at least
one earlier scheduled mobile station. The desired angular
difference criteria may be that an angular difference between
the later scheduled mobile station and the at least one earlier
scheduled mobile station is greater than a threshold angular
difference.

[0013] In one embodiment, changing the order in which
mobile stations are scheduled is also based on a service
metric criteria. As explained, the original schedule of mobile
stations is generated based on a service metric for each
mobile station. The service metric criteria may be that a
difference in service metrics between a mobile station
changing to a higher priority position and a mobile station
originally holding the higher priority position are below a
threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will become more fully
understood from the detailed description given herein below
and the accompanying drawings which are given by way of
illustration only, wherein like reference numerals designate
corresponding parts in the various drawings, and wherein:

[0015] FIG. 1 illustrates a base station having four
antenna elements in a uniform linear array to form four
beams in a sector of the cell serviced by the base station.

[0016] FIG. 2 illustrates the priority vector S generated
according to any well-known scheduling algorithm such as
discussed in the Background of the Invention section as well
as the beam assigned to each scheduled mobile station and
a service metric value difference.
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[0017] FIG. 3 illustrates the priority vector S of FIG. 2
wherein the vector window of the anchor mobile station has
been evaluated.

[0018] FIG. 4 illustrates the priority vector S of FIG. 3
after a priority adjustment.

[0019] FIG. 5 illustrates the priority vector S generated
according to any well-known scheduling algorithm such as
discussed in the Background of the Invention section as well
as an angular difference and a service metric value differ-
ence.

[0020] FIG. 6 illustrates the priority vector S of FIG. 5
wherein the vector window of the anchor mobile station has
been evaluated.

[0021] FIG. 7 illustrates the resultant priority vector S
after a priority adjustment.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] The present invention provides methods of sched-
uling mobile station transmission that account for the beam
forming approach adopted by the base station. First, embodi-
ments of the scheduling method for base stations adopting
the fixed beam forming approach will be described. Then,
embodiments of the scheduling method for base stations
adopting the adaptive beam forming approach will be
described.

Fixed Beam Forming Scheduling Methods

[0023] FIG. 2 illustrates the priority vector S generated
according to any well-known scheduling algorithm such as
discussed in the Background of the Invention section, and
illustrates the beam assignment for each scheduled mobile
station. The methodologies by which the base station may
determine the beam assignment for each mobile station are
well-known and will not be described in detail for the sake
of brevity.

[0024] Also, FIG. 2 shows a service metric value differ-
ence for each scheduled mobile station with respect to the
second scheduled mobile station 1. In FIG. 2, mobile station
1 is the mobile station scheduled after the anchor mobile
station. An anchor mobile station is a mobile station whose
position in the scheduling order may not be changed. Ini-
tially, the first mobile station is the anchor mobile station.
Accordingly, in FIG. 2 the anchor mobile station is mobile
station k.

[0025] Asshown in FIG. 2, AS,  is used to represent the
service metric difference between service metric values S,
and S, (i.e. S, being subtracted from Sm) for the second
scheduled mobile station 1 and the third scheduled mobile
station m. Similarly, AS, , is used to represent the difference
between service metric values S; and S, for the second
scheduled mobile station 1 and the fourth scheduled mobile
station n, and so on.

[0026] In an exemplary embodiment of the present inven-
tion, a scheduler at the base station may change the order in
which mobile stations are scheduled based in part on at least
one transmit beam criteria and a service metric criteria. As
a non-limiting example, the service metric criteria may be
that a difference in service metrics between a mobile station
changing to a higher priority position and a mobile station
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originally holding the higher priority position are below a
threshold value. To meet this service metric criteria, a vector
window AW is established according to empirical study by
the system designer. The mobile stations scheduled after the
anchor mobile station, and having an associated service
metric value difference less than the vector window AW
threshold value, form the set of mobile stations under
consideration. Only mobile stations within this set may have
their positions changed based on the transmit beam criteria.
Furthermore, the vector window threshold value may be
adjustable by a system operator during operation of the
scheduling method.

[0027] FIG. 3 illustrates the priority vector S of FIG. 2
wherein the vector window AW of anchor mobile station k
has been evaluated. As shown, the vector window includes
mobile stations 1, m and n having service metric values S,,
S, and S and beam assignments beam 1, beam 1 and beam
2, respectively. Namely, the service metric differences AS, ;,
AS, .., and AS,  for mobile stations 1, m and n, respectively,
fall below the threshold value of the vector window AW.

[0028] As mentioned above, the scheduler may determine
whether a change in scheduling order is desired based on
whether the beam assignments of the mobile stations in the
set under consideration meet at least one transmit beam
criteria. In one embodiment, the transmit beam criteria is
beam balanced scheduling of the mobile stations. For
example, assume five mobile stations in the set under
consideration, with a total of three beams 1, 2 and 3, an
anchor mobile station assigned to beam 3, and a current
scheduling of these mobile stations such that the beam
assignments are beam 1, beam 1, beam 2, beam 2 and beam
3. This schedule represents an unbalanced beam scheduling
of the mobile stations on the transmit beams. By contrast, a
schedule such that the beam assignments are beam 1, beam
2, beam 3, beam 2, and beam 1 may provide a balanced
beam scheduling of the mobile stations on the transmit
beams.

[0029] The transmit beam criteria is established to detect
schedules that may produce undesirable interference condi-
tions. Accordingly, in order to reduce interference, the
transmit beam criteria in the set under consideration is
improved by changing the scheduling order of the mobile
stations in the set under consideration. As will be appreci-
ated, the above discussion provides only one example of the
many possible service metric criteria and transmit beam
criteria that a system designer may establish, and the present
invention should not be construed as limited to these
examples.

[0030] As discussed above, and more generally stated, the
mobile station scheduled a position before the first mobile
station scheduled in the set under consideration is the anchor
mobile station. The position of the anchor mobile station in
the scheduling order may not be changed. The scheduler
may, however, determine whether a change in scheduling
order of mobile stations in the set under consideration may
be made to improve the transmit beam criteria.

[0031] Starting from the first scheduled mobile station in
the set under consideration, the scheduler determines if the
transmit beam criteria has been met. Using the set shown in
FIG. 3 and assuming the transmit beam criteria is beam
balanced scheduling of the mobile stations in the set, the
scheduler may determine the number of mobile stations
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currently permanently scheduled on beams 1,2 and 3 in the
priority vector S. Initially, since only the anchor mobile
station k has been permanently scheduled, the number of
mobile stations permanently scheduled on beam 1 is “17, the
number of mobile stations scheduled on beam 2 is “0” and
the number of mobile stations scheduled on beam 2 is
“0”—hereinafter represented by [1,0,0]. Since the anchor
mobile station k is assigned to beam 1, giving beam 1 the
highest load value of current beam scheduling, the scheduler
determines whether a mobile station exists within the vector
window, illustrated in FIG. 3, which is assigned to a beam
with the lowest load. Since the beam scheduling is currently
[1,0,0] both beam 2 and beam 3 have zero mobile stations
currently assigned to the set, and therefore beams 2 and 3
have the lowest load. Therefore, a mobile station assigned to
either beam 2 or beam 3 should be set to the position
following the anchor mobile station k.

[0032] In an exemplary embodiment of the present inven-
tion, the first scheduled mobile station assigned to a beam
with a lowest load in the vector window may be set to the
position following the anchor mobile station—hereinafter
referred to as a priority adjustment. In the event that no
scheduled mobile station in the vector window is assigned to
a beam with the lowest load, a first scheduled mobile station
assigned to a beam with the next lowest load in the vector
window may be set to the position following the anchor
mobile station, and so on.

[0033] As illustrated in FIG. 3, mobile stations m and n in
the set under consideration are assigned to beams 2 and 3,
respectively. Because mobile station m has the lower service
metric difference (i.c. mobile station m is scheduled earlier
than mobile station n in the vector window), the scheduler
changes the scheduling order so that mobile station m is
scheduled for transmission after mobile station k (ie., a
priority adjustment).

[0034] FIG. 4 illustrates the priority vector S of FIG. 3
after this priority adjustment. The scheduler now assigns
mobile station m as the anchor mobile station, and a new
vector window is determined for the anchor mobile station
m. The beam scheduling is now [1,1,0], as there is one
mobile station assigned to each of beams 1 and 2 in the
permanent portion of the scheduling order.

[0035] Since the beam scheduling is now [1,1,0], beam 3
is now the beam with the lowest scheduling load. The
scheduler may determine whether a mobile station assigned
to beam 3 exists in the vector window for anchor mobile
station m. In accordance with the above-described method,
the scheduler may make a priority adjustment to assign a
mobile station assigned to beam 3 as the next anchor mobile
station to follow the anchor mobile station m in the perma-
nent scheduling order, making the beam scheduling [1,1,1].

[0036] The above described process is repeated for a
length of the vector S, the length being determined by the
system designer. The scheduler will continue shifting to the
next scheduled mobile station as the anchor mobile station,
which continues shifting the vector window.

[0037] Furthermore, it will be appreciated that when an
anchor mobile station is reached with a beam scheduling of
[1,1,1],[2,2,2] or any other beam scheduling in which each
of the beams has an equal number of permanently assigned
mobile stations, the scheduler may operate as if the beam
scheduling was [0,0,0]. In this embodiment, the mobile
station scheduled after the anchor mobile station may be
assigned as the next anchor mobile station, irrespective of its
beam assignment.
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[0038] Furthermore, if mobile station 1 had been assigned
to beams 2 or 3 in the example of FIG. 3, then the scheduler
would have maintained the position of mobile station 1.
Next, the scheduler would have made mobile station 1 the
anchor mobile station, and the process of determining the set
under consideration, etc. would have been repeated with
respect to anchor mobile station L.

[0039] Adaptive Beam Forming Scheduling Methods

[0040] FIG. 5 illustrates the priority vector S generated
according to any well-known scheduling algorithm such as
discussed in the Background of the Invention section. Fur-
thermore, FIG. 5 illustrates service metric differences deter-
mined in the same manner as discussed above with respect
to the embodiment illustrated in FIG. 2. Namely, the anchor
mobile station is initially set as the first scheduled mobile
station, mobile station k, and the service metric differences
are determined with respect to the next scheduled mobile
station, mobile station 1.

[0041] Inthis embodiment, each mobile station is assigned
abeam according to any well-known adaptive beam forming
methodology such as discussed in the Background of the
Invention section. Each assigned beam is considered to
radiate from the base station along an associated vector.
FIG. 1 illustrates and example of this. Accordingly, an
angular difference between two vectors may be determined
for each possible pair of mobile stations. In this embodi-
ment, this angular difference is referred to as the angular
difference between the mobile stations. FIG. 5 shows the
angular difference between each mobile station within the
priority vector S and the anchor mobile station. As shown,
A, , is used to represent the angular difference between
mobile stations k and L. Similarly, A@, ,, is used to represent
the angular difference between mobile stations k and m, and
so on. The methodologies by which the base station deter-
mines the angular difference between mobile stations are
well-known and will not be described in detail for the sake
of brevity.

[0042] In an exemplary embodiment of the present inven-
tion, a scheduler at the base station may change the order in
which mobile stations are scheduled based in part on at least
one transmit beam criteria and a service metric criteria. As
a non-limiting example, the service metric criteria may be
the same as discussed above with respect to the embodiment
of FIGS. 2-4; namely, that a difference in service metrics
between a mobile station changing to a higher priority
position and a mobile station originally holding the higher
priority position are below a threshold value. To meet this
service metric criteria, a vector window AW is established
according to empirical study by the system designer. The
mobile stations scheduled after the anchor mobile station,
and having an associated service metric value difference less
than the vector window AW threshold value, form the set of
mobile stations under consideration. Only mobile stations
within this set may have their positions changed based on the
transmit beam criteria. Furthermore, the vector window
threshold value may be adjustable by a system operator
during operation of the scheduling method.

[0043] FIG. 6 illustrates the priority vector S of FIG. §
wherein the vector window AW of anchor mobile station k
has been evaluated. As shown, the vector window includes
mobile stations 1, m and n having service metric values S,
S, and S, and angular differences A@, ), A@, ., and A@, ,
respectively. As discussed in more detail below, the angular
differences are determined somewhat differently when the
anchor mobile station is not the first scheduled mobile
station.
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[0044] As mentioned above, the scheduler may determine
whether a change in scheduling order is desired based on
whether the angular differences of the mobile stations in the
set under consideration meet a transmit beam criteria. In one
embodiment, the transmit beam criteria is that the mobile
station scheduled one position after the anchor mobile
station has angular differences with the anchor mobile
station and the mobile stations scheduled before the anchor
mobile station greater than a threshold angle. The transmit
beam criteria is established to detect schedules that may
produce undesirable interference conditions. Accordingly, in
order to reduce interference, the transmit beam criteria in the
set under consideration is improved by changing the sched-
uling order of the mobile stations in the set under consid-
eration.

[0045] As will be appreciated, the above examples provide
limited examples of the many possible service metric and
transmit beam criteria that a system designer may establish,
and the present invention should not be construed as limited
to these examples.

[0046] Returning to the example of FIG. 6, and assuming
for purposes of example only that the threshold angle is
assumed to be 30°, the first scheduled mobile station in the
set under consider following the anchor mobile station k
having an angular difference with mobile station k which is
greater than the threshold angle 30° is mobile station m,
wherein A@, ,=64°. Accordingly, the scheduler changes the
scheduling position of mobile station m to follow anchor
mobile station k. The scheduling position of mobile station
1is now one position after its initial scheduling position. This
adjustment to the scheduling order in response to the trans-
mit beam criteria is referred to as a priority adjustment.

[0047] FIG. 7 illustrates the resultant priority vector S
after the priority adjustment. As shown, mobile station m is
positioned after mobile station k, which causes all mobile
stations scheduled between mobile station m and anchor
mobile station k, before the priority adjustment, to be
scheduled one position after their initial scheduling positions
in the priority vector S. The priority vector S is now S=[S,,
S.,S,S, .. ..S,]
[0048] As another example, if there is no mobile station
within the vector window with an angular difference greater
than the threshold angle, the scheduler should select the
mobile station in the vector window with the largest angular
difference to follow the anchor mobile station after the
priority adjustment.

[0049] Having completed this operation for the first
mobile station, the scheduler may move to the next mobile
station, now mobile station m, as the anchor mobile station
and repeat the operation described above. However, the
determination of the angular difference for anchor mobile
stations other than the first anchor mobile station differs. For
each mobile station subsequent to the anchor mobile station,
the scheduler determines the angular difference between that
mobile station and each anchor mobile station. Then, the
minimum angular difference is selected as the angular
difference for the mobile station.

[0050] For example, if the anchor mobile station is m, then
the angular difference for a mobile station p scheduled after
anchor mobile station n may be described as A@,_,,, , where
ADy IS the minimum angular difference of the angular
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differences between mobile station p and mobile stations k
through anchor mobile station m.

[0051] The above described process for determining pri-
ority adjustments is then repeated using the determined
angular differences. For example, assume priority vector S is
S=[Sy, S, S;» S So» S, - - . S,], that the current anchor
mobile station is m, that mobile stations n, o and p are within
the vector window for mobile station m, that the threshold
angle is 30°, and the angular differences are A@, _,, ,=14°,
ADy m ,=28°%, and AD,_,, =78°. Because mobile station p is
the first mobile station in the set under consideration meet-
ing the transmit beam criteria, a priority adjustment is made
to position mobile station p after mobile station m.

[0052] The scheduler will continue shifting to the next
scheduled mobile station as the anchor mobile station, which
continues shifting the vector window.

[0053] The exemplary embodiments of the present inven-
tion being thus described, it will be obvious that the same
may be varied in many ways. For example, the present
invention is not limited to the examples (e.g., number of
beam, transmit criteria, etc.) used in describing the present
invention. Such variations are not to be regarded as a
departure from the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be
included within the present invention.

1. A method of scheduling, comprising:

changing an order in which mobile stations are scheduled

based on at least one transmit beam criteria.

2. The method of claim 1, wherein the transmit beam
criteria is balanced beam assignment of scheduled mobile
stations.

3. The method of claim 1, wherein the transmit beam
criteria is to maintain a desired angular difference criteria
between a later scheduled mobile station and at least one
earlier scheduled mobile station.

4. The method of claim 3, wherein the desired angular
difference criteria is that an angular difference between the
later scheduled mobile station and the at least one earlier
scheduled mobile station is greater than a threshold angular
difference.

5. The method of claim 4, wherein the threshold angular
difference is 30 degrees.

6. The method of claim 3, wherein the transmit beam
criteria is to maintain a desired angular difference criteria
between the later scheduled mobile station and each earlier
scheduled mobile station.

7. The method of claim 1, wherein the changing step
changes the order in which mobile stations are scheduled
based on at least one transmit beam criteria and a service
metric criteria.

8. The method of claim 7, wherein the service metric
criteria is that a difference in service metrics between a
mobile station changing to a higher priority position and a
mobile station originally holding the higher priority position
is below a threshold value.

9. The method of claim 8, wherein the threshold value is
adjustable.
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