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A method for scheduling of user termi-
nals to subcarriers in a multi-cell or
multi-sector network using FDM transmis-
sion, a base station, a user terminal

and a network therefor

The invention relates to a method for scheduling of user ter-
minals to subcarriers in a multi-cell or multi-sector network
using FDM transmission according to the preamble of claim 1, a
base station according to the preamble of c¢laim 5, a user ter-
minal according to the preamble of claim 6 and a network ac-

cording to the preamble of claim 8.

Frequency division multiplexing (FDM) transmission schemes
such as Orthogonal Frequency Division Multiplexing (OFDM), sin-
gle carrier Frequency Division Multiple Access (FDMA) or dis-—
tributed FDMA such as interleaved FDMA with multiple terminals
will become increasingly important e.g. for future evolutions
of air interfaces for mobile radio systems. Those radio systems
are currently under discussion e.g. in Third Generation Part-
nership Project (3GPP) Technical Specification Group (TSG) Ra-
dio Access Network (RAN), for Wireless Local Area Networks
(WLANs) e.g. according to standard IEEE 802.l1la, or for a 4"

generation air interface.

Given the licensed bandwidth, transmission capacity from net-
work providers e.g. for picture uploading or video communica-
tion has to be as high as possible for all users to serve as
many subscribers as possible. Further the quality of service
experienced by the user and especially the coverage of the ser-
vice is an important property demanded by the user. So an ac-
cess scheme shall work well at the cell borders of networks

with frequency reuse.
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In cellular systems with a frequency reuse factor of 1 the
signal to interference ratico at the cell border can approach
the factor 1 or 0 dB, so that no useful transmission from a
user terminal to the base station can be kept up if a user ter-
minal from a neighboring cell is near to the considered user

terminal and sends with the same power on the same frequencies.

Therefore in CDMA (CDMA = Code Division Multiple Access) a
soft handover exists and the user terminals always use a dif-
ferent (terminal specific) scrambling code in the uplink. The
reception is then possible using the spreading gain from CDMA.
As is known due to the strong interference the uplink capacity

is considerably limited.

In FDM transmission, frequency groups are allocated to a user
terminal instead of codes in CDMA transmission. In FDMA or-—
thogonal transmission schemes, frequencies are also allocated
to a user terminal. So in these schemes in contrast to CDMA
transmission, interference can be planned and avoided. For
these orthogonal transmission schemes the problem at the cell

border has to be solved as well.

A known concept of frequency planning for the cells is giving

each whole cell a distinct frequency band.

However, frequency distribution to the different cells re-
duces the available uplink resources per cell very considerably
e.g. by a factor of 1/3 or 1/7 and thus the overall system
throughput. It is a waste of resources for the inner area of a
cell.

A frequency reuse of e.g. 1/3 only in the outer part of the

cell is possible but still wastes too much resources.

A possible concept for coordination of the interference be-
tween cells of a network with frequency reuse offering a good
usage of the available resources is to subdivide the overall
frequency resource into frequency subsets. In every cell a
dedicated frequency subset i1s used with a power restriction.

This dedicated frequency subset is assigned by neighbouring
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cells to user terminals approaching this cell.

Such a concept for the downlink is e.g. disclosed in the
document R1-05-0594 with the title "Multi-cell Simulation Re-
sults for Interference Co-ordination in new OFDM DL” presented
at 3GPP TSG RAN WGl LTE Ad Hoc on LTE in Sophia Antipolis,
France, 20-21 June 2005. For the uplink, such a concept is dis-
closed in the document R1-05-0593 with the title "Interference
coordination for evolved UTRA uplink access" presented at RANI1
AdHoc on LTE, Sophia Antipolis, France, 20 - 21 June 2005.

Independent of the distribution of user terminals within a
cell, the user terminals have to be scheduled to subcarriers in
a way to fully exploit the advantages of interference coordina-
tion in a multi-cell scenario, i.e. to guarantee a high cell
throughput, and at the same time to guarantee a minimum bitrate

performance for the individual user terminals.

The object of the invention is thus to propose a method for
scheduling of user terminals to subcarriers in a multi-cell or
multi-sector network using FDM transmission that guarantees a
high cell throughput and a minimum bitrate performance for the

individual user terminals.

This object is achieved by a method according to the teaching
of claim 1, a base station according to the teaching of claim
5, a user terminal according to the teaching of claim 6 and a

network according to the teaching of claim 8.

The main idea of the invention is to measure or to model by
means of the signal to interference ratio measured by user ter-
minals the data throughput of said user terminals dependent on
the frequency subset and to allocate subcarriers preferably to
user terminals with a high signal to interference ratio on said

subcarriers.

Furthermore, subcarriers are allocated in clusters to the
user terminals, whereby all clusters offer the same data

throughput for the respective user terminal.
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Further developments of the invention can be gathered from

the dependent claims and the following description.

In the following the invention will be explained further mak-

ing reference to the attached drawings.

Fig. 1 schematically shows the partitioning of an OFDM or
single carrier FDMA frequency band in in this case disjoint
subsets F, and the power restriction of a dedicated frequency

subset F, in downlink.

Fig. 2 schematically shows a sectorized cell pattern with al-
location of dedicated frequency subsets to user terminals in

border region.

Fig. 3 schematically shows the throughput situation for a
user terminal in the border region to a sector with frequency

subset F, being restricted.

Fig. 4 schematically shows a frequency bandwidth allocation
to user terminals arranged according to preferred frequency
subsets F, to F..

Fig. 5 schematically shows data throughput with interference

coordination and balancing out between 8 user terminals.

A network according to the invention comprises user terminals

and base stations.

Each of said user terminals is connected to one or multiple
of said base stations, and the base stations are in turn con-

nected via base station controllers to a core network.

The user terminals comprise the functionality of a user ter-—
minal for transmission and reception in a network for FDM
transmission, i.e. they can be connected to a network by means
of a base station. This can be used in uplink to determine
based on reciprocity the target neighbor base station which is
strongest affected by interference produced by the user termi-

nal.
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Furthermore, a user terminal according to the invention com-
prises at least one processing means adapted for measurement of
the received power levels from serving and interfering cells or
sectors, determination of the cell or sector being the source
for the strongest interference for said user terminal and send-
ing of said received power levels from serving and interfering

cells or sectors to a base station.

The base stations comprise the functionality of a base sta-
tion of a network for FDM transmission, i.e. they provide the

possibility for user terminals to get connected to the network.

Furthermore, the base station according to the invention

comprises at least one processing means adapted for

e cither determination of a potential for signal to interfer-
ence ratio improvement for at least one user terminal if
said at least one user terminal is scheduled to a frequency
subset that is restricted in power in a cell or sector being
the source for the strongest interference for said at least
one user terminal, based on the received power levels from
serving and interfering cells or sectors of said at least
one user terminal, determination of a frequency subset that
is dedicated to bear interference in the cell or sector that
is receiving the strongest interference from said at least
one user terminal and is thus the preferred frequency subset
based on measurements where strongest interference is caused
by a transmission of said at least one user terminal, or al-
ternatively based on power levels from serving and interfer-

ing cells received by said at least one user terminal,

e allocation of said at least one user terminal to a group
that is assigned to said frequency subset that is restricted
in power and that provides for said improvement, if there is
a potential for signal to interference ratio improvement, or
allocation of said at least one user terminal to a group

that is assigned to said preferred frequency subset,

¢ allocation of subcarriers of a dedicated frequency subset in
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equal clusters to user terminals that are allocated to the

group that is assigned to the dedicated frequency subset,

e allocation of extended frequency bandwidth ocutside of said
dedicated frequency subset in an amount offering the same
data throughput as one of said equal clusters to the user
terminals that are allocated to the group that is assigned
to the dedicated frequency subset, when not enough subcarri-
ers are left for allocation in said dedicated frequency sub-

set,

e and allocation of extended frequency bandwidth that is not
yet allocated out of other frequency subsets that no group
is assigned to offering the same data throughput as one of
said equal clusters to user terminals that do not belong to

one of said groups.

In the following, by way of example the method according to
the invention is described in detail making reference to figs.
1 to 5.

The invention is based on partitioning the frequency band

into frequency subsets. Fig. 1 shows in the upper part a number
of R disjoint frequency subsets F F,..Fl; along the frequency

axis f . All these frequency subsets can have the same maximum
power value along the power axis p, i.e. all frequency subsets
are used with the same maximum power. These frequency subsets
may contain frequency diverse frequency patterns to be robust
against a frequency selective fading channel. For simplicity
they are depicted as blocks over the frequency axis f as given

in fig. 1.

A power planning for the use of frequency subsets out of the
frequency bands by the base station of a specific cell is pos-—
sible. Depending on to which cell a base station belongs, in
the downlink a dedicated subset can only be used with a

restricted power in the cell.
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This power restriction is illustrated in the lower part of

fig. 1. Here, it can be seen that the dedicated subset Fn can

only be used maximally with the restricted power pl.

In fig. 2., an interference power planning is illustrated for

sectorized hexagonal cells for the exemplary case of R=9 fre-

quency subsets.

The sectors are denoted St with n indicating the dedicated

frequency subset F, of the respective sector that is used with

n
restricted power, or that is designated in uplink to be bur-

dened by neighbor cell terminal interference and the frequency
subsets [, that are preferrably used by user terminals in the

border regions of the sectors are denoted with the number k.
In the inner area of the sectors, all frequency subsets are

used for uplink or downlink but the respective dedicated subset

F is reduced in power in downlink or in uplink it is burdened

n
more by interference and can only be used under observation of

the strong inter—-cell interference inside this inner area.

User terminals are distributed across cells and are allocated

to a sector as serving sector in case of sectorized cells.

The serving sector is for example a sector where frequency

subset [, is restricted in power.

The object 0of the invention is now to schedule the user ter-

minals to subcarriers inside the serving sector Sx .

Depending on the received power from serving and interfering
sectors it is decided whether a user terminal experiences im-
proved signal to interference ratio in certain frequency sub-
sets that are restricted in power in neighboring cells and are
thus preferred frequency subsets for said user terminal or if
all frequency subsets have the same signal to interference ra-

tio and are thus equally appropriate for scheduling of said
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user terminal e.g. because it is in the inner area of the serv-
ing sector near to the antenna. Or in uplink based on measure-
ments where strongest interference is caused, or alternatively
based on power levels from serving and interfering cells re-
ceived by the user terminal, the frequency subset is determined
that is dedicated to bear interference in the nearest neighbor

cell or sector and is thus the preferred frequency subset.

So the user terminals are sorted into groups or sets
0,,0,,0,,...,0, . The group ©, contains the user terminals that

have no frequency subset preference probably because the user

terminals are located near the antenna. All user terminals in-

side group ®, experience a sector with restrictions in the

frequency subset F, as their strongest interfering sector.

I

Since it is assumed that the frequency subset F, is restricted

in power inside the serving sector Sx , the signal to interfer-

ence ratio achievable in said frequency subset is restricted.

The number of user terminals inside each group 1s denoted

Ny, Ny,...,Np respectively. The user terminals itself can then

also be denoted Ty,1y,...11, 115,115 T oy ThysTp3... @and so on. Now, the

data throughput potential for the user terminals has to be de-

termined. Referring to the so-called Shannon limit, the data
. . ' S .
throughput in the limit would be C'=];kK1+7ﬁ. In this formula

/3 denotes the bandwidth, S denotes the signal strength and [

denotes the interference strength.

Fig. 3 shows the signal to interference ratio and conse-
quently data throughput plotted against the frequency for a

user terminal in the border region to a sector in which the use
of frequency subset F, is restricted in power. The various fre-

quency subsets are depicted along the frequency axis.

For frequencies out of the frequency subset [ an improved
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signal to interference ratio of maybe 3-4 dB due to interfer-

ence coordination is experienced by the user terminal. For fre-

quencies out of the frequency subsets F,, [F,, F; etc. that are

not used with restricted power inside the sector Sx signal to
interference ratio of about 0 dB is experienced and for fre-
quencies out of the frequency subset [, that is used with

restricted power, a signal to interference ratio of only -10 dB

or less 1s seen at the cell border.

From that information, the data throughput for a user termi-
nals can be directly calculated depending on, from which part
of the spectrum frequencies are allocated to the user terminal.

Thus at the y-axis the data throughput values for frequencies

enjoying interference coordination D, and for frequencies

without improvement D, are denoted. The possible data through-
put for frequencies that are restricted in power in the serving
sector is denoted D,. For a user terminal that is in the bad

situation that it experiences as strongest interfering neighbor

a sector in which the same frequency subset F. is restricted in

X

power as in its serving sector, i.e. for a terminal from group

®_, all frequencies can only be used with a signal to inter-

X
ference ratio of at most 0 dB. In the restricted frequency sub-
set itself, because the second strongest interfering neighbor
sector interferes with full power, a signal to interference ra-

tio of only approx. —-4dB occurs. This results in a reduced data

throughput for the frequency subset [ .

For the user terminals that are in group C%, all frequency

subsets besides F. can equally be used with high signal to in-

X

terference ratio which will result in a high data throughput

denoted aD, in fig. 3, and the frequency subset [, can be used

X

with reduced SIR which will result in a data throughput denoted
aD

.
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In uplink in a similar way preferred and unpreferred subsets
are given and due to the power limitation in non-preferred sub-
sets required by the scheme throughput calculations can be

done.

In the following the invention is disclosed for downlink
transmission, but it can be applied to uplink transmission in

an analogue way.

To a user terminal, normally frequencies from its preferred
frequency subset are allocated, but if there are too many user
terminals in the same cell region, a shortage of frequencies in
the preferred frequency subset occurs. So it is seen that some
user terminals need to share a preferred frequency subset while
other user terminals have a whole preferred frequency subset on
their own. In the case of shortage then also frequencies from
other frequency subsets have to be allocated to the multiple

user terminals.

Independent of the distribution of the user terminals in the
cells, all user terminals have to be scheduled to subcarriers
in a way to fully exploit the advantages of interference coor-
dination in a multi-cell scenario and at the same time, a mini-

mum bitrate performance has to be guaranteed.

The invention is now to use a scheduler that is parameterized
and is optimally exploiting this situation. That is, the inven-
tion is that the data throughput situation for the user termi-
nals over the R frequency subsets is simply modeled or deter-
mined by measurement and that the frequency bandwidth or the
time-frequency resources over a dedicated number of transmis-

sion time intervals are distributed to the user terminals.

In a preferred embodiment, for maximization of the sector
throughput the remaining frequency bandwidth is allocated to

user terminals having the highest signal to interference ratio.

Thus, according to the invention, the frequency bandwidth or
the time-frequency resources are allocated to the user termi-

nals in border regions exploiting the improved data throughput
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in the preferred frequency subset as much as possible but also
allocating unpreferred frequency subsets to user terminals in
overpopulated border regions. Unpreferred fregquency subsets or
left over frequency bandwidth or time-frequency resources are
also allocated to user terminals in the inner region of a cell.
The approximate data throughput from said allocations is calcu-

lated for the user terminals.

In a preferred embodiment, said allocation of frequency band-

width or time-frequency resources is done until a desired ap-

proximate data throughput YW@S, or a minimum data throughput is
reached for all scheduled user terminals. The desired approxi-
mate data throughput Th, is a parameter that can be varied ac-

cording to needs.

In a preferred embodiment, after said allocation, the remain-
ing frequency bandwidth or time-frequency resources, if avail-
able at this scheduling instant, i1s distributed to user termi-
nals in good reception or transmission conditions so as to
maximize the sector throughput, which relates to the mean user

terminal data throughput.

More specifically, based on the allocation of user terminals
to groups, the approach is that the individual data throughput
of the user terminals, i.e. the minimum user terminal data
throughput or cell edge bitrate that can occur is especially

taken care of and is made as large as possible.

The situation for distributing the preferred frequency sub-

sets to the user terminals is shown in fig. 4.

In fig. 4, the allocation of frequency bandwidth to user ter-
minals in a transmission time interval is schematically shown.
The frequency bandwidth that is allocated to a user terminal is

depicted as an arrow.

The number of user terminals allocated to each frequency sub-

set can be different. According to the example shown in fig. 4,

for frequency subset F, there are four user terminals, for fre-
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quency subset [, there are three user terminals, for frequency
subset f% there are two user terminals and for frequency subset

F, and F, there is only one user terminal.

In each frequency subset now the preferred frequencies are
allocated to the user terminals so that all user terminals do
have the same data throughput. This can be thought in a way
that for all user terminals according to the arrows inside the
frequency subsets by successive allocation the frequencies are

equally allocated. This can be performed until the frequency
subset with the highest number of user terminals F; is com-
pletely distributed or used up. Then for the terminals

I.,.T,,T,,T;,, frequencies from other unpreferred frequency sub-
sets e.g. from F, have to be allocated. So one can say an ex-—
tended bandwidth f,, from other frequency subsets has to be al-

located additionally to said terminals T13,15,,715;,7;, . Because for

said extended bandwidth the signal to interference ratio is
lower and the user terminals experience less data throughput
per frequency or subcarrier compared to the preferred frequency
subset, more subcarriers from the unpreferred frequency subsets
have to be allocated in compensation to achieve the same user
terminal data throughput. At the same time the other user ter-—
minals get also allocated further frequencies from their pre-

ferred frequency subset.

If one considers e.g. the case that the frequency subsets
shall be used up and the frequency subsets of lower load are
fully brought in to support the frequency subsets of overload

one can note the formulas for e.g. two groups of user termi-

nals. The user terminal data throughput 7Th, would then be
1 1 . 1 .
Th,=—D.f+D,f1)=—(D.f,,) with f, =F,=— and f,, <F, if N,>N,
N, N, 7 R
(l1a)

Thus it follows:
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1 1
Tha=_(Dcfp1+Du‘f1;1)=_(Dcfp2) A FB+‘](;41+ P2:2FB
N, N,
(1Db)

In these formulas, j; denotes the frequency bandwidth that

is used from the preferred frequency subset of the first group,

Lﬁﬂ denotes the frequency bandwidth that is used from the pre-

ferred frequency subset of the second group, and f,, denotes

the frequency bandwidth that is used from an unpreferred fre-

quency subset for user terminals of the first group.

These formulas could also be set up if one considers more
than two, but all groups. Then also a system of multiple equa-

tions has to be solved.

Yet the question to find the frequency subsets that are com-
pletely filled by user terminals assigned to them and the fre-
quency subsets that are only partly filled by assigned user
terminals but also occupied by other user terminals is a multi-

ple decision problem.

This balancing out between the groups is important for the
cell edge bit rate compared to the case of scheduling without
interference coordination. This is shown in the example shown

in fig. 5 for 5 groups and 8 user terminals.

In fig. 5, the data throughput is plotted against 5 frequency

subsets. Here the frequency bandwidth [}, of a frequency subset
is set to 1 and the uncoordinated data throughput D, is set to

% and the coordinated data throughput D, is set to 1. The num-

ber of user terminals in the group allocated to the respective
frequency subset i1s denoted in fig. 5. Without interference co-

ordination the data throughput is (¥ x 5) /8 terminals = 0.31.

The situation with interference coordination is depicted in
fig. 5. The first frequency subset F is allocated to 4 user

terminals, as this is their preferred frequency subset. Addi-
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tionally, said 4 user terminals get frequency bandwidth allo-
cated from the other 4 unpreferred frequency subsets, which is
called balancing out. The data throughput of said 4 user termi-

nals is depicted in black. The other 4 user terminals are all

allocated to another preferred frequency subset I, F;, I, or

F,. With interference coordination and balancing out, the

throughput is (1+4x1/4) /4 terminals = % =0.5 for each termi-
nal. Without balancing out, the lowest data throughput for the
four user terminals with the first frequency subset as their
preferred frequency subset would be 1/ 4terminals = %4 =0.25
which is lower than without using interference coordination.
With balancing out there is still an improvement by interfer-

ence coordination.

In order to solve this distribution problem according to our
approach the following successive filling algorithm can be used

for example.

e The frequency subsets are partitioned in a number of Q fine
parts e.g. with O=100. This can be realized e.g. by consid-

ering { transmission time intervals together and assuming
stationary conditions and doing bitrate calculation over

these (Q transmission time intervals together. If lgm is the

bandwidth of the whole allocatable spectrum, e.g. I, =5 MHz,

ges

the bandwidth per frequency subset is [Fj= ;T. The minimal

or quantized bandwidth that can be allocated to a user ter-

. . FB ges .
minal is then ——=——=/, . The user terminals are sorted

Q RQ

into groups as given above.

e The desired user terminal data throughput is given in ad-

vance as Th, .
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The minimal user terminal data throughput A is set to

Th,,=0. The remaining available bandwidth F,, is set to

rem

F,
Fresz.REBZQ.R.FA .

F is the remaining bandwidth in the spectrum excluding

remn

F . 1t is useful for all user terminals independent of group

X

membership. Therefore F is set to

remn

E’emnZQ.R.FA_Q'FA:Q(R_I)'FA. (The value F

remx

is the remain-

ing bandwidth in F,. So F

ome 18 set to F_ =0-F,.)

One user terminal after the other is allocated incremental
throughput D.-F,. As long as it is possible user terminals
get only allocated from their preferred frequency subset.

The bandwidth allocated in each frequency subset F, and the

remaining bandwidth F and F are counted. The bandwidth

remn remx

in F_ can be distributed also. If there is a user terminal

X
in group ®, at the end, the bandwidth is given to the ©,-
user terminal with the highest signal to interference ratio.

If there is no O,-user terminal, the bandwidth can be given

to another good positioned ®,-user terminal with a high sig-
nal to interference ratio or it is not allocated.

For each round of allocations over all user terminals, the

variable Th,, is normally incremented (until the last low

load region is filled) as ThU" =ThS? +D. F, .

min
- For user terminals in group ©, the amount D./D,-F,=2-F,

is allocated in each allocation round until Th,, is

reached. This allocation can be thought to be in a pre-

liminary region.
- For user terminals in group @0 the data throughput is

counted as Thy,Thy,,.... Depending on their signal to inter-
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ference ratio the incremental bandwidth F, is only allo-
cated if Thy,; <Th, otherwise [, is not allocated.

So this equal data throughput incrementing goes on until the

most occupied frequency subsets e.qg. F; are used up or until

Th,. reaches Th,, .

min
Then the idea of the algorithm is that in the first case it
goes on as before but for the user terminals in the already
used up frequency subsets the allocation is done in un-
preferred frequency subsets while the expected reduced sig-
nal to interference ratio is taken care of in the amount of
frequency bandwidth that needs to be allocated in un-
preferred frequency subsets.

So in detail, for the user terminals with a used up pre-

the amount F of extension

extij

ferred frequency subset e.g. T
bandwidth is counted and is incremented by (D./D,)-F,. For
the other regions the allocation goes on as before until

Th, . reaches Th, or until F reaches 0.

min remn

If this is the case all the frequency spectrum needed for
certain user terminals is allocated.
Now the preliminary regions have to be solved up and possi-

bly remaining spectrum has to be allocated. For that the
cases have to be distinguished whether there is a O, -user
terminal or not.

- If there is no user terminal in group ©®, a special dis-

tribution DD takes place to first distribute F,,,, band-
width, before the algorithm goes on as given below.

- If there is at least one O,-user terminal the distribu-
tion of the spectrum goes as written in the following.

Now for the user terminals in the already used up frequency

subsets that have filled preliminary regions and for the ©O -

user terminals and the O,-user terminals the remaining spec-—

trum is allocated in the amount as was calculated before. So
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for T, for example F,,;/F, increments of F, are allocated

from the first free frequency subset. This goes on until all

preliminary regions are solved up again.

If F or F

emn eme WAS greater than zero there is still some
spectrum remaining. The idea is now that his spectrum is al-

located to user terminals to boost the sector data through-

put. So if a ®,-user terminal is available the spectrum is
totally allocated to the ®,- user terminal with the best

channel condition or if no ®,-user terminal is available it

is allocated to the user terminal from the available user
terminals with the best channel condition as described in
the special distribution DD. Thus the desired minimum user
terminal throughput should be guaranteed while the maximum

sector data throughput should be achieved.

Special distribution DD: The best ©,-user terminals that are

in only partially filled regions are identified and the pre-

ferred frequency subset is allocated to them in the amount of

F_ . Then the preliminary regions are solved up as described

remn

already.

Since Th,, can be changed the whole algorithm allows imple-

mentation of a parametric scheduler, which can be used to try

out several settings.

The algorithm could also be used in a way until a certain

F_=F is reached.

rem rem des

In the following, a method for an analytic bandwidth calcula-

tion is proposed.

The scheduling algorithm can be thought of in the following
way: First the virtual allocation amount or credits are calcu-
lated analytically and then the corresponding real allocation
to user terminals 1s carried out on this basis, in a final

step.
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If one calculates the consumed bandwidth for each user termi-
nal or group o0f user terminals depending on their reception
condition assuming a given minimum user terminal data through-
put, the total bandwidth consumed for this guaranteed bit rate

5 scheduling can be calculated and it can be checked if it is be-
low the total available bandwidth. If this is the case the re-
maining bandwidth is given to the user terminals in the best

reception conditions to maximize the sector data throughput.

In this sense the step 5 to 7 of the method described above

10 can now also be approximated analytically when the reference
data rate D, -F, that is allocated is counted by the number of
virtual reservation cycles ¢ . Then it can be said that for a

certain data throughput th for all user terminals in group ®,

C A

P . th , ,
/s :j;:nnm{ 7 N”Q] times the bandwidth out of the pre-
15 ferred frequency subset F, will be allocated. If the normalized

data throughput is expressed in reservation cycles ¢ the ex-

pression vaiznﬂnGH%,Q) is the number of F, allocated out of F,.

I

can be reached.

—(max) — 2
N

Now as maximum c,

i

If the preferred subsets are used up

T o= —  —(max D .
20 Lﬁxc):num{a(c—c; Uﬁ@jil} gives the amount of F, that has to
U

be allocated from unpreferred frequency subsets to get the de-

sired terminal throughput if i#x and i#0.
So it can be calculated that the sum

R

Z{min(ENi,Q) +ma){0, (€ —c™ N, %H

i U
i#x
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gives the amount of bandwidth (in F,) used for all user ter-—
minals in the groups O, with i#x and i#0. Using the defini-
tion s,=D,/D,and s,=D,[(aD,) the bandwidth (in F,) used for

®, -user terminals and O,-user terminals is given by:
5 CN_s, +CNys, .

Now the total available bandwidth F

remmn

=(R-1)-0-F, nhas to be

larger than this bandwidth needed to achieve the data through-

put or cycles ¢. So the inequality:

R
(R-1)Q > (N5, + Nys, )+ {min(@N,,0) + max[0,(@ - )N,s, |}
i=l
_Tn,
10 needs to be tested for ¢, = <«
D -F,

If it is not fulfilled Th,, can not be reached in this sched-

uling instant. A certain value ¢, 1is instead determined for

which the corresponding equality is fulfilled.

15 In any case then ¢, =min(c,,.,C, ) i1s determined.

Then the number of cycles with preferred allocation is given

as

= _ s (max) =
Cpi - mln(cpi E] Ctot)

If ¢, 1is bigger than the number of maximum preferred cycles
20 afmthen the number of unpreferred cycles ¢, is given by

ui tot c pi *

From that the number of preferred and unpreferred allocations
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(or credits) for the user terminals in group O, is given by:

fpi (Emt) = Zvl .Epi and

JuiCot)=N;5,C

The user terminal group ®,  now gets
f.€,)=N,-s,-¢, allocations and finally
the user terminal group ®, gets

f.(z y=N,-s,-c.. allocations (credits).
0\ >rot 0 h

tot

The number of allocations then has to be rounded to the next
integer value. If the rounding up is not as frequent as round-
ing down it may happen that the allocation does not exactly
match what is available as resources but this can simply be

solved in a practical application in a real-time scheduler.

As next step of the scheduler, if there is bandwidth left
over, this bandwidth is allocated e.g. to the ©,-user terminal

with highest signal to interference ratio to boost the sector

throughput as described before.

As final step, based on the virtual allocations or credits

the real allocations to the user terminals based on the credits
take place using a real time scheduler that allocates [, band-

width portions to the terminals until all credits are used up.
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Claims

A method for scheduling of user terminals (T) to subcar-
riers in a multi-cell or multi-sector network using FDM
transmission with interference coordination and with the
frequency band used for FDM transmission being subdivided
into at least two frequency subsets (Fl1 F2.FR), character-—

ized in, that

e cither for at least one user terminal (T), the cell or
sector (Sl) being the source for the strongest inter-
ference for said at least one user terminal (T) is de-
termined, and based on the received power levels from
serving and interfering cells or sectors (S1-S8) meas-—
ured by said at least one user terminal (T), a poten-
tial for signal to interference ratio improvement for
said at least one user terminal (T) 1is determined if
said at least one user terminal (T) is scheduled to a
frequency subset (Fl) that is restricted in power in
said cell or sector being the source for the strongest
interference for said at least one user terminal (T),
or based on measurements where strongest interference
is caused by a transmission of said at least one user
terminal (T), or alternatively based on power levels
from serving and interfering cells received by said at
least one user terminal (T), the frequency subset (F1)
is determined that is dedicated to bear interference in
the cell or sector (S1) that is receiving the strongest
interference from said at least one user terminal (T)

and is thus the preferred frequency subset,

e if there is a potential for signal to interference ra-
tio improvement, said at least one user terminal (T) is

allocated to a group that is assigned to said frequency
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subset (Fl) that is restricted in power and that pro-
vides for said improvement, or said at least one user
terminal (T) i1s allocated to a group that is assigned

to said preferred frequency subset (F1l),

e subcarriers of a dedicated frequency subset (Fl) are

allocated in equal clusters to user terminals (T) that
are allocated to the group that is assigned to the

dedicated frequency subset (F1l),

¢ when not enough subcarriers are left for allocation in

said dedicated frequency subset (Fl), extended fre-
quency bandwidth outside of said dedicated frequency
subset is allocated in an amount offering the same data
throughput as one of said equal clusters to the user
terminals (T) that are allocated to the group that is
assigned to the dedicated frequency subset (F1l),

¢ and extended frequency bandwidth that is not yet allo-

cated out of other frequency subsets is allocated in
an amount offering the same data throughput as one of
said equal clusters to user terminals that do not be-

long to one of said groups.

A method according to claim 1, characterized in, that the
data throughput for at least one user terminal (T) over at
least one frequency subset (F1 F2..FR) is determined by

means of the signal to interference ratio.

A method according to c¢laim 1, characterized in, that
over a dedicated number of transmission time intervals,
subcarriers are allocated to user terminals (T) until a
desired or minimum data throughput over said dedicated
number of transmission time intervals is calculated to be
achieved in approximation or 1s achieved for the user ter-

minals (T).

A method according to claim 3, characterized in, that

subcarriers that have not yet been allocated to user ter-
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minals (T) are distributed to user terminals (T) with the

highest signal to interference ratio or best reception or

transmission conditions in order to maximize the cell or

sector throughput.

5. A base station (BS) for scheduling of user terminals (T)

to subcarriers in a multi-cell or multi-sector network us-

ing FDM transmission with interference coordination and

with the frequency band used for FDM transmission being

subdivided into at least two frequency subsets (F1 F2..FR),

characterized in, that the base station (BS) comprises at

least one processing means adapted for

either determination of a potential for signal to in-
terference ratio improvement for at least one user ter-—
minal (T) if said at least one user terminal (T) 1is
scheduled to a frequency subset (Fl) that is restricted
in power in a cell or sector (Sl) being the source for
the strongest interference for said at least one user
terminal (T), based on the received power levels from
serving and interfering cells or sectors (S1-58) of
salid at least one user terminal (T), or determination
of a frequency subset (Fl) that is dedicated to bear
interference in the cell or sector (Sl1) that is receiv-
ing the strongest interference from said at least one
user terminal (T) and is thus the preferred frequency
subset (F1l) based on measurements where strongest in-
terference is caused by a transmission of said at least
one user terminal T), or alternatively based on power
levels from serving and interfering cells received by

said at least one user terminal (T),

allocation of said at least one user terminal (T) to a
group that is assigned to said frequency subset (F1l)
that is restricted in power and that provides for said
improvement, if there is a potential for signal to in-
terference ratio improvement, or allocation of said at
least one user terminal (T) to a group that is assigned

to said preferred frequency subset (Fl),
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e allocation of subcarriers of a dedicated frequency sub-

set (Fl) in equal clusters to user terminals (T) that
are allocated to the group that is assigned to the

dedicated frequency subset (F1l),

e allocation of extended frequency bandwidth outside of
said dedicated frequency subset (Fl) in an amount of-
fering the same data throughput as one of said equal
clusters to the user terminals (T) that are allocated
to the group that is assigned to the dedicated fre-
quency subset, when not enough subcarriers are left for

allocation in said dedicated frequency subset (F1l),

e and allocation of extended frequency bandwidth that is
not yet allocated out of other frequency subsets in an
amount offering the same data throughput as one of said
equal clusters to user terminals that do not belong to

one of said groups.

A user terminal (T) for FDM transmission with interfer-
ence coordination in a multi-cell or multi-sector network
and with the frequency band used for FDM transmission be-
ing subdivided into at least two frequency subsets (F1
F2..FR), characterized in, that the user terminal (T) com-

prises at least one processing means adapted for

¢ measurement of the received power levels from serving

and interfering cells or sectors (S1-88),

¢ determination of the cell or sector (Sl) being the
source for the strongest interference for said user

terminal (T),

¢ and sending of said received power levels from serving
and interfering cells or sectors to a base station
(BS) .

A user terminal (T) according to claim 6, characterized

in, that said at least one processing means is adapted to



10

15

20

25

30

35

WO 2007/107453 PCT/EP2007/052137

25

perform determination of the data throughput for the user
terminal (T) over at least one frequency subset by means

of the signal to interference ratio.

A network (CN) comprising base stations (BS) and user
terminals (T) using FDM transmission with interference co-
ordination with the frequency band used for FDM transmis-—
sion being subdivided into at least two frequency subsets
(F1 F2..FR), characterized in, that the base station (BS)

comprises at least one processing means adapted for

e cither determination of a potential for signal to in-
terference ratio improvement for at least one user ter-—
minal (T) if said at least one user terminal (T) 1is
scheduled to a frequency subset (Fl) that is restricted
in power in a cell or sector (Sl) being the source for
the strongest interference for said at least one user
terminal (T), based on the received power levels from
serving and interfering cells or sectors (S1-S8) meas-—
ured by said at least one user terminal (T), or deter-
mination of a frequency subset (F1l) that is dedicated
to bear interference in the cell or sector (S1) that is
receiving the strongest interference from said at least
one user terminal and is thus the preferred frequency
subset based on measurements where strongest interfer-
ence 1s caused by a transmission of said at least one
user terminal (T), or alternatively based on power lev-
els from serving and interfering cells received by said

at least one user terminal (T),

¢ allocation of said at least one user terminal (T) to a
group that is assigned to said frequency subset (F1l)
that is restricted in power and that provides for said
improvement, if there is a potential for signal to in-
terference ratio improvement, or allocation of said at
least one user terminal (T) to a group that is assigned

to said preferred frequency subset (Fl),

e allocation of subcarriers of a dedicated frequency sub-
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set (Fl) in equal clusters to user terminals (T) that
are allocated to the group that is assigned to the

dedicated frequency subset (F1l),

e allocation of extended frequency bandwidth outside of
said dedicated frequency subset (Fl) in an amount of-
fering the same data throughput as one of said equal
clusters to the user terminals (T) that are allocated
to the group that is assigned to the dedicated fre-
quency subset (Fl), when not enough subcarriers are
left for allocation in said dedicated frequency subset
(F1),

e and allocation of extended frequency bandwidth that is
not yet allocated out of other frequency subsets in an
amount offering the same data throughput as one of said
equal clusters to user terminals that do not belong to

one of said groups,

and that the user terminal (T) comprises at least one

processing means adapted for

¢ measurement of the received power levels from serving

and interfering cells or sectors (S1-88),

e determination of the cell or sector (S1) being the
source for the strongest interference for said user

terminal (T),

¢ and sending of said received power levels from serving
and interfering cells or sectors to a base station
(BS) .
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