09/019074 A1 | V0 Y0000 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization | ‘1”1‘

) IO O O OO O

International Bureau

(43) International Publication Date
12 February 2009 (12.02.2009)

(10) International Publication Number

WO 2009/019074 Al

(51) International Patent Classification:
HO4W 28/16 (2009.01)

(21) International Application Number:
PCT/EP2008/058266

(22) International Filing Date: 27 June 2008 (27.06.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

0701825-2 6 August 2007 (06.08.2007) SE

(71) Applicant (for all designated States except US): TELE-
FONAKTIEBOLAGET I. M ERICSSON (PUBL)
[SE/SE]; S-164 83 Stockholm (SE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WIGREN, Tor-
bjorn [SE/SE]; Ekvigen 9, S-756 53 Uppsala (SE).
GORANSSON, Bo [SE/SE]; Silverdalsvdgen 67, S-191
38 Sollentuna (SE).

(74) Agent: HASSELGREN, Joakim; Ericsson AB, Patent
Unit LTE, S-164 80 Stockholm (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,

CH, CN, CO,CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, F1, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(34)

(54) Title: OFDMA UPLINK INTERFERENCE IMPACT RECOVERY IN LTE SYSTEM

Fig. 1

116‘)

(57) Abstract: The present invention relates to methods and arrangements to estimate neighbour cell interference for admission
& control purposes. Information on at least the total estimated neighbour cell interference power and the own cell power for frequency
subsets of tones ft is signalled to neighbouring cells for calculating a vector of impact values describing the interference impact of
transmissions in a first impacting cell on respective impacted neighbour cells. The neighbour cell interference impact caused by a
resource allocation in a first cell is estimated by help of the pre-calculated impact values such that resources are allocated to cause a

minimised interference impact on said neighbouring cells.



WO 2009/019074 PCT/EP2008/058266

OFDMA UPLINK INTERFERENCE IMPACT RECOVERY IN LTE SYSTEM

TECHNICAL FIELD

The present invention relates to a method and an arrangement
in a communication network and more specifically to own cell
interference impact recovery in the uplink of an Evolved
Universal Terrestrial Radio Access Network ({E-UTRAN) ,

sometimes also denotes as Long Term Evolution (LTE) system.

BACKGROUND

The uplink in a cellular radio access network of an E-UTRA
is a combination of single-carrier TDMA and Frequency
Division Multiple Access (FDMA) with dynamic scheduling,
which allows for an orthogonal uplink transmission, thereby
avoiding all intra-cell interference. However, transmissions
between cells are non-orthogonal as a consequence of single
frequency reuse. Thus, the traffic in each «cell will
contribute to an interference that impacts its neighbouring

cells.

Scheduling of user equipments in a cell (i.e. inform user
equipments (UEs) when and on what part of bandwidth they are
allowed to transmit) and admission of new user equipments to

a cell are two of the most basic tasks to be performed in a

cell.

Scheduling in E-UTRAN: Scheduling of time and frequency

resources among user equipments for uplink communication is
complicated by the fact that the scheduler, which is located
in the base station, is not automatically aware of the

resource demand of the users. This includes, e.g., the type



WO 2009/019074 PCT/EP2008/058266

and amount of data that a user intends to transmit but also
depends on which users intend to transmit data. The concept
for uplink scheduling is based on a resource reservation
principle where the user equipment requests permission to
transmit data. The UL scheduler monitors the requests of the
user equipments and distributes the available resources
among the various data flows. Further, the scheduler informs
user equipments of the scheduling decision by issuing a
resource assignment (or grant) for the transmission. Thus,
uplink transmission 1is scheduled by a scheduling mechanism
in the radio base station (i.e. the eNodeB in E-UTRAN)
whereby scheduling grants inform the user equipments (UEs)
when and at what part of the bandwidth they are allowed to
transmit. Figure 1 illustrates the concept of wuplink

scheduling.

Scheduling grants are transmitted to the user equipments
using the downlink shared control channel. A scheduling
grant includes information on the user ID and the resources
that are to be wused for uplink data transmission (e.q.
location in frequency domain, (recommended) modulation
scheme, antenna configuration, etc.) The grant may address a
specific radio bearer (or logical channel) rather than only
a specific UE. This enables the scheduler to enforce
priorities between flows from single user equipments. In its
simplest form the scheduling grant is valid only for the
next UL TTI. However, 1in order to reduce the amount of
required control signalling, persistent scheduling (i.e. the
network signals a “scheduling pattern” to the |user

equipment) may be considered.

Admission control in E-UTRAN: Decisions to admit new users

to a cell must consider the interference impact of such a
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new user on neighbouring cells (as already explained above)
and within the own cell as well as the impact from said
neighbouring cells. It is preferable to allocate new traffic
to frequencies with low interference from neighbour cells.
This ensures that the interference level for the new traffic
will be low, at the same time as only a small amount of
traffic in neighbour c¢ells 1is 1likely to be negatively
affected by the interference generated by the new scheduled
traffic.

On top of eNodeB scheduling, the admission of users needs to
be supervised and controlled at a higher level. This is done

by the admission control function.

When a user equipment transmits on a subset of tones in the
uplink of an E-UTRAN, the corresponding tones of the uplinks
of neighbour «cells are affected by a corresponding
interference. It 1is hence 1less Dbeneficial to schedule
traffic in neighbour cells to these tones. Furthermore, in
case the interference level increases above acceptable
thresholds for certain sets of tones in terms of bandwidth,
the admission control function preferably does not allow any

further user equipments to use these tones.

As a consequence, neighbour cell interference is preferably
accounted for when the admission decisions are taken. In
order to determine the neighbour c¢ell interference in a
specific frequency band, the thermal noise power and the own
cell power in said frequency band needs to be measured or
estimated, and subtracted from the measured total signal

power in said frequency band.

Noting that the interference from <cells affects all

surrounding cells, the impact of one specific cell on
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another specific neighbour cell cannot be obtained by only
estimating the total perceived neighbour cell interference
jevel. It is thus not possible to perform optimal scheduling
and admission control decisions accounting for inter-cell

effects.

International patent applications WO 2007/024166 and WO
2008/004924 disclose soft estimation of neighbour cell
interference exploiting techniques for soft noise floor
estimation applicable for UTRAN. Given the availability of
algorithms for estimation of the conditional probability
distribution of the thermal noise power floor for the
complete uplink frequency band, said documents disclose soft
estimation of the discretized <conditional ©probability
distribution of the thermal noise power floor of individual
tones of the wuplink. Further, given measurements of the
total uplink power and the own cell uplink power of the
tones, said documents disclose algorithms and means for
estimation of the discretized <conditional probability
distribution of the neighbour cell interference, for each
tone or subset of tones. The optimal estimate of the
neighbour cell interference, as perceived in the cell,
together with the corresponding optimal estimate of the
variance, may then be computed as conditional means as
described in prior art.

Prior art thus discloses means that estimate the perceived

neighbour cell interference from other close cells.

SUMMARY

For scheduling and admission control of radio communication
in cells of a radio access network it is crucial to have

information on consequences of such scheduling and control
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measures not only for the total power in the own cell but
also, in particular in frequency reuse-1 systems, for the
total power in the neighbouring cells.

Thus, the present invention generally relates to problems of
inadequate scheduling and admission control in radio access
networks due to the interference that cells generate in
their respective neighbour cells. More particularly, power
control mechanisms for cells in E-UTRAN consider power
impacts generated by radio transmissions in their own cell
and from interfering neighbour cells but cannot consider the
power impacts of radio transmissions in their own cell on

their neighbour cells.

It is thus an object of the present invention to achieve in
the cells of a radio access network methods and arrangements
for supporting an efficient scheduling and admission control
by terms of minimising the consequences of said control

measures on the interference in neighbouring cells.

When estimating the perceived cell interference caused by a
given cell on its neighbouring cells it is desirable to know
the impact of the interference caused by uplink
transmissions in said cell on a per-cell basis, 1i.e. the
individual impact of the interference on each neighbour
cell.

It is therefore an further object of the present invention
to achieve a method and arrangement for estimating and
signalling required information between eNodeBs to achieve

information of said neighbour cell interference impact.

It is the basic idea of the present invention to use
available estimates of the total neighbour cell interference

power for a given cell within an estimation cluster for
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determining the interference impact of said given cell on
its neighbour cells within said cluster.

This is achieved by means of combining said estimates (and
their corresponding variances) from all <cells in said
estimation cluster for transformation into a matrix of
estimated impact values for the cells in said estimation
cluster. The impact values describe for each of a subset of
tones the impact of the cell power of a given (impacting)
cell on the interference power in the other (impacted) cells
of the estimation cluster to be used for model of the power

impact of a given cell on its neighbour cells.

According to one aspect, embodiments of the present
invention comprise methods and arrangements for signalling
of one or several of the estimated interference powers,
corresponding variances, noise floor, and cell 1IDs. Such
properties can be signalled either between all other cells
(i.e. base transceiver stations) of a measurement cluster or

to a central estimation node.

According to a second aspect, embodiments of the present
invention comprise methods and arrangements for transforming
estimated neighbour cell interference powers to estimated
impact factors; said impact factors describing the
interference power impact in each cell of the measurement
cluster depending on the own signal power in a sub-set of
tones in the own cell. The estimation step computes for each
received set of neighbour cell interference information the
neighbour cell interference impact of traffic in one cell on
each of the other cells of the estimation cluster. This
estimation step can be performed in number of ways, as

described in the detailed description.
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cells in the context of the present description are
understood as the coverage area for one or several user

equipments served by a transceiver unit.

Embodiments of the present invention relate to estimations
of neighbour cell interference and transformations between
estimated neighbour cell interference power and an impact
factor. The provided information can be applied, inter alia,
for scheduling of traffic in the eNodeB and/or for admission
control functionality in the communication system.

It is thus an advantage of the present invention to allow
improved admission control and scheduling of user equipments
in a cell due to the improved knowledge of the neighbour
cell interference impact of wuplink transmission in said

neighbouring cell.

Still other objects and features of the present invention
will become apparent from the following detailed description
considered in conjunction with the accompanying claims and
drawings. It is to be understood, however, that the drawings
are designed solely for purposes of illustration and not as
a definition of the 1limits of the invention, for which
reference should be made to the appended claims. It should
be further understood that the drawings are not necessarily
drawn to scale and that, unless otherwise indicated, they

are merely intended to conceptually illustrate the

structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a part of a cellular communication
system consisting of an estimation cluster of cells for

which the present invention can be applied.
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Figure 2 illustrates a flowchart for performing a method for
determining a vector of impact values describing the
interference impact of transmissions in a first cell on its

neighbouring cells.

Figure 3 illustrates a flowchart for performing a resource

scheduling applying said impact values.

Figure 4 illustrates an arrangement adapted to perform the

methods according to embodiments of the present invention.

DETAILED DESCRIPTION

The present invention relates to an algorithm that uses
estimated neighbour cell interference values in the uplink
of a set of LTE cells, together with corresponding
variances, as input values. These values are assumed to be
available for a number of known sub-sets of tones of the LTE
uplink, for a consecutive sequence of Transmission Time
Intervals (TTI) or, possibly, for each TTI. The latter case
is likely to be a pre-requisite in case embodiments of the

present invention shall be applied for scheduling purposes.

The decision on grant for resource scheduling, and also
allocation of frequency bands for the UE transmission, would
benefit from knowledge of the interference in all available
frequency bands. This follows since it 1is preferable to
allocate new traffic to frequencies with low interference
from neighbour cells. This ensures that the interference
level for the new traffic will be low, at the same time as

only a small amount of traffic in neighbour cells is 1likely
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to negatively affected by the interference generated by the
new scheduled traffic. It can hence be concluded that it is
essential to be able to estimate the interference for each
frequency band of the uplink channel of the LTE cellular

system.

The decision to admit new users would also benefit from
knowledge of the neighbour cell interference impact of one
specific cell on all other surrounding cells which are close
enough to be affected of the interfering cell, in all
available frequency sub bands (tones). This follows since it
is preferable to allocate new traffic to frequencies with
low interference from neighbour cells. This ensures that the
interference level for the new traffic will be low, at the
same time as only a small amount of traffic in neighbour
cells is 1likely to Dbe negatively affected by the
interference generated by the new scheduled traffic. It can
hence be concluded that it 1is essential to be able to
estimate the interference impact of a specific cell, on
neighbour cells for each tone or group of tones of the

uplink channel of the LTE cellular system.

Figure 1 illustrates a part of a cellular communication
system including a plurality of cells whereof a certain
number of neighboured cells 1lla-11f is, within the scope of
the present invention, seen as an estimation cluster 10. The
present invention addresses problems resulting from the
interference impact caused by an uplink transmission 14 of a
user equipment (UE) 12 within a cell 1lla (for reasons of
distinction also denoted as first cell) to the base
transceiver station 13a (i.e. a radio base station or
transceiver unit covering a certain area) serving said first

cell 1la. Said interference impact constitutes interfering
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power contributions 15 in the respective frequency bands of
the neighbouring cells 11b-11f. The unit that performs the
method steps according to embodiments of the present
invention can be an integrated part of the base transceiver
station 13a or, alternatively, located in an external unit

l6.

The detailed description discloses estimation techniques and
signalling means that recovers the individual cell-to-cell
interference impact for the uplink of the LTE communication

system.

Signalling of perceived neighbour cell information: In order

to describe the signalled information, the following
notation for the respective frequency sub-set /i is applied

(i=1,..,1; I denoting the total number of subsets)

e f, denotes the tones of frequency sub-set i,

. R?W denotes the total estimated power,

o E?m denotes the total estimated own cell power,

. Rﬁ%“”’ denotes the total estimated neighbour cell

interference power,

. wawmm“ denotes the total estimated self interference

power,

* N,denotes the thermal noise power floor.

The relation of the total estimated power, P/*, the total
estimated own cell power,ff”, the total estimated neighbour

. eighb 3
cell interference power, Rf“ 7, and the thermal noise power

floor all in a frequency sub-set i, can be described as

P-Zolal (f) — N_/; ([) + Pf(‘)wn ([) + P;'eighbox:r (f) .

10
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The actually signalled gquantities, from each cell, consist
of optimal estimates and, possibly, corresponding variances
of the above quantities. Estimates are denoted by X where x
is the quantity of interest, and variances by &3

Quantities that are considersd to be of particular interest
include the thermal noise floor ‘Nﬁ and the total estimated

Neighbour

neighbour cell power P, The following shows, by means

of examples not excluding other combinations of guantities,
combinations of implicit or explicit quantities that can be

of interest within the scope of the present invention:

\ ) Neighbou Own =2
. N_f‘ ' sz\egh " P ! P\dghhuur ’ O-‘,,o..,. P celllD
7 D Neighbour nOwn
s N, P , P, celllD
4 D Neighbour | ») ~Own
[ ] NLIPL /Nf;’Pﬁ /Nf /O-P\fxboow/Nj IO-Ovn/Af[celllD

, f)f:\’eighbaur /](// , f)}(;)wn/](/f , Ce”]D .

As a non-limiting example, in E-UTRAN any of the above (or
other) quantities can be signalled to the central access
gateway (AGW) or any other control node, e.g., over the Sl
interface for purposes of admission control. For purposes of
scheduling and/or admission control, any of the above (or
other) quantities can be signalled to all other eNodeBs in

the estimation cluster, e.g., over the X2 interface.

Estimation of the neighbour cell interference impact

In order to relate the perceived estimated neighbour cell
interference powers of cells to the impact of a particular

cell to the other cells, the present invention introduces a

set of impact values &,, describing an estimation of

neighbour cell interference impacts. A first index of said

11
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impact values denotes the frequency sub-set f, for which the
impact is considered as said values differ for the various
frequency sub-sets. A second set of indices /m denotes the
cells for which the impact factor is considered, where |/
(/=1..C) denotes the impacting cell [ (/=1..C) and m
(m=1..,C,m=l) denotes the impacted cell. C 1is the total
number of cells in the estimation cluster. Impact values
need thus to be determined individually for each cell (as
impacting cell) of the estimation cluster. The impact
factors can be interpreted as an average uplink pathloss
from terminal(s) operating in the frequency band f, in the
cell / to the uplink receiver in cell m . In case only one
terminal is allocated to a frequency band, then the impact
factor refers to that terminal alone. The sum denoted in

equation (1), hence, is the sum from all terminals in cells

close to cell m leading to the impact equation

helghbour ij o Own ’)_i_e‘;‘gfhb""’ ([) m= ],C , 0= 1] (1)

I:m

and the equation
N (r)= E[e}:‘ffhbm(l)]z = 6';;:5.,,,., (1) m=1..C,i=1..1 (2)

denoting the mathematical formulation of the assumption that

the disturbance eﬁfmwﬁ) is zero mean Gaussian. In equation
(2) ﬁmﬂO) denotes the formal error covariance, E[] denotes
statistical expectation, e}f?“”ﬁ) denotes the estimation

-

error, whereas GNWWWO) denotes the measurement variance.

j}m
The notation assumes, without intend to restrict for

generalisations, that frequency sub-bands are equal between

the eNodeBs. Also, the number of equations increases

12



WO 2009/019074 PCT/EP2008/058266

linearly with C while the number of unknowns increases
guadratically. Hence, it will be necessary to combine

measurements from several TTIs when estimating the impact

factors k,,, -

Equations (1) and (2) define measurement equations. As will
be seen, these can be cast in a generalized linear
regression form. To generalize the concept, dynamic models
for the evolution of the impact factors can be introduced in
order to allow a Kalman filter to be applied. Using a random

walk assumption, the model is

&meﬂ):kwxﬂ+4ﬂm0), i=l..,1,1=1.,C, m=1.C,m=#l (3)

Elw, P =t i=lool , 1=1.,C, m=1..C,m=l. (4)

The difference equation (3) is a so called random walk model
(cf. T. Séderstrdm, Discrete-Time Stochastic Systems-
Estimation and Control. Hemel Hempstead, UK: Prentice Hall,
1994.), which 1is commonly used in estimation to model

parameters that are allowed to drift slowly. The quantities
“im@) are denoted the systems noise. As expressed by
equation (4) they are assumed to be zero mean Gaussian
random variables. The quantities r,, are denoted the systems

noise covariances.

Without restricting the general idea of the present
invention, the following describes by means of example three
embodiments of the present invention for calculating an
impact vector Kk, =(khn ...... kﬁﬁty, which can according to a

further embodiment of the present invention be used for

estimating the neighbour cell interference impact.

13
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Generally, after having signalled 22 information on at least

. . Neighbo
the total estimated neighbour cell interference power P/

and the own cell power R?” for frequency subsets of tones f

21 to neighbouring cells in the estimation cluster described

above, the impact values of said impact vector k, are

calculated 23 for each frequency subset of tones f, 21 from
at least a regression vector comprising received values of
the own cell powers P of neighbouring cells in said
cluster and from received values of said estimated neighbour
cell interference power R:WM“’, whereby each impact wvalue

describes the interference impact of transmissions in said

first cell on a respective other cell in said cluster.

A first embodiment of the present invention does not make
use of uncertainty information for a static estimation case.
In this embodiment, equations (2), (3), and (4) are not
exploited but, instead, a least squares solution is applied
to derive the impact factors. This can be illustrated when
considering estimates of the neighbour cell interference in
the measurement cluster from the TTIs r=1...N. Then, for the
i:th subset of tones and for an estimation cluster
containing C cells (as described above), the following
linear regression model can be set up from eguation (1)

where m (m=1..C) denotes the impacted cell:

14



WO 2009/019074 PCT/EP2008/058266

Pf[lv',:l-ighbaur (l) ! ( P Own ( ) . Pj(,)"n (1))( + }e]lg"bour (1)

M
Pfi\/e"lfirlyotlr (1) ol ( P O\srn P()un 1))( f he]lﬁhbour )
M
ﬁfi\/‘?ghbaur (1) oF ( POnn ( )’ " Pf(')‘g’ (] ))(f te }‘:e:'ghbour (l)
M (5)
15 Neighbour ( N) ( POun ( POv.n )( +e \'ughbaur )
IR 2 5 TE7
M
Pf\f’lf,hb(mr (N) (P Own (N )“ . }:7?1 (N))( + ef\l'z ighbaur (N)
M

Neighbour | pOwn Oun \'elghbour

Peg (N)=¢C(Pf,,1 ( - Py (N)(f+ €r.c N)

wi contains the relevant own cell powers for the particular
impact at the appropriate location of the vector and the
impact factor vector kﬁzz&ZJl kﬁﬁcy contains all impact

factors of the estimation cluster. The details of the
ordering of components in the equation system (5) can be
performed in a very large number of ways. It should be noted

in particular that the regression vector ¢] does not depend

on the own cell power for the cell for which the neighbour

cell interference is estimated.

Next, the measurement equations of (5) are stacked as
ﬁ i\ifi’xghbour (l)

= M (6)
jsz'N:cggllbnur ( ]V)

13 Neighbour

15
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This results, using equation (5), in the linear regression
model

ry Neighbour _

by =@k, . (8)

It is well known that the solution to the corresponding

linear least squares problem is

~

T =1 T 1y Neghbour
k, = (@0, ] o] peatnr (9)

The so obtained estimated impact factors are then ready to
be used for prediction of the power impact, using equation

(1) without the disturbance term.

A second embodiment of the present invention makes use of
the uncertainty information for a static estimation case. In
this embodiment, equations (3) and (4) are not exploited and
a so called best linear unbiased estimate (BLUE) results.
This solution implies the advantage that the uncertainty

(i.e. variance) is used to weight the measurements.

Towards this end, consider estimates of neighbour cell
interference from r=1..,N starting with the linear

regression model (5) augmented with uncertainty information,

i.e. with

e }\;'f'llghbour (] )

E M (e;;/fl"ghbaur (1) . e;’t‘ghbnur (N )) . ( 10 )
e z’i{:hhour ( N)

~
]

16
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The stacking order is the same as for (6) and (7) in (10)}.

It can then be proved that the optimal estimate of the

impact factors is

A

. Ty -l -1 o T 1y -1 p» Neighbour
k, =(@R"®, ] @[ RPJ . (11)

A diagonal version results, at no extra cost, by computation
of the conditional variance of the estimated one-dimensional
conditional probability distribution of the neighbour cell

interference. Using that information leads to

A third embodiment of the present invention makes use of the
uncertainty information in a continuous estimation case: In
this embodiment, equations (3) and (4) are exploited to
obtain a Kalman filter formulation, resulting in a recursive
update of the impact factor vector kﬁzz@ZJl kﬁﬁcy The

following state model results from (3) and (4)

k, ((+)=1k ())+w () (13)
O 0

I§==Ebvﬁw;]= Moot ) (14)
0 0

where the stacking order of w, corresponds to that of the

impact factor vector.

17
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The measurement equations are given by (cf.(5))

o) (o (20 O PZE Q) (e ()
M M M

s ()| =| 2 (P27 (). P2 W) #| 20 as)
M M M

e ()] ol (P @) b220))  \ef )

which is abbreviated as

f,;'elghbour (’) — d)([ )kf‘ ([) + e}"mlghbaur (f) ( 16 )
. 0"2“_2"15“"” ) 0
R \ (f) _ E[C %L‘Ighbour (1 e-l}ieighbour (1 ))] ]: O (17)
0 d,f;fghh,,,, (1)

Following the same procedure as for equations (10) and (12),
the above equations (13)-(17) then results in the Kalman

filter

K, (0)= Pt 11107 (00U 11~ Ty Y0 ()4 R, (1)

x(t]1)= 311 -1)+ K, (()yle)- 2()x(r |1 -1))

P(t|1)=P(t|r-1)-K ()P -1) (18)
f(r+110)=x(r)1)

P(t+1]1)=P(|1)+R, .

Here, i0|1)=ﬁﬁ(th) is the state estimate of the Kalman
filter, whereas I%HI) is the corresponding state covatriance
matrix expressing the estimation error. Finally, K/Q) is the

so called Kalman gain matrix, with which the state update is

performed recursively (cf. T. Soéderstrdm, Discrete-Time

18
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Stochastic Systems- Estimation and Control. Hemel Hempstead,

UK: Prentice Hall, 1994. for details on Kalman filtering).

As illustrated in the flowchart of figure 3, after having
calculated a vector of impact values for each f£frequency
subset of tones, the neighbour cell interference impact in
response to a resource allocation 31, e.g. caused by an
uplink transmission of a UE in said cell, on the
neighbouring impacted cells can be estimated 33, for each
subset of tones 32, from the sum of the reported total
estimated own cell power of said neighbouring cells weighted
with the pre-calculated impact value that 1is specific for
the impacting cell and each corresponding impacted cell and
the tentatively scheduled <c¢ell power due to said US
transmission. Thus, the interference impact of tentative
scheduling decisions can be evaluated beforehand from a
combination of the impact factor with the tentatively
additionally scheduled cell power. Hence the scheduler may
search for a best overall scheduling of resources,
accounting for the impact of all tentative scheduling
decisions. Thus, resources, e.g. for a UE transmission, are
preferably allocated 34 to the frequency subset having a

minimised interference impact on said neighbouring cells.

Arrangements according to the embodiments of the present
invention can be implemented in a unit 40 connected to or
integrated in a base transceiver station 13a of a
communication system, whereby this base transceiver station
13a serves a cell 1lla that is part of a cluster 10 of
neighbouring cells. Said unit 40 comprises a first processor

41 adapted to provide information on at 1least the total

estimated neighbour cell interference power ﬂf@“” and the
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own cell power lj”" for frequency subsets of tones [, for

signalling to neighbouring cells 11b-11f in said cluster 10
and a second processor 42 adapted to provide such
information as received from said neighbouring cells 11b-11f

for further processing by a third processor 43 adapted to

estimate for each frequency subset of tones f, the vector of
impact values kf from at least said received information,

whereby each impact value describes the interference impact
of transmissions in said first cell 1la on a respective
other cell in said cluster. The impact vector can, e.g., be
stored in a storage unit 44 to be used for estimating the
neighbour cell interference.

For resource scheduling on frequency subsets of tones f,

e.g. for a UE transmission 14, the unit 40 applies an
estimator 45 adapted to estimate the neighbour cell

interference impact of a resource allocation in one of the

frequency subsets of tones f in said first cell 1la from the

sum of the reported total estimated own cell power of said
neighbouring cells 11b-11f weighted with the pre-calculated
and stored impact value that is specific for the impacting
cell and each corresponding impacted cell. Then, a scheduler
46 can schedule the UE transmission 14 to the frequency
subset having a minimised interference impact on said

neighbouring cells.
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CLAIMS

1. A method in a unit (40) connected to or integrated in a
bagse transceiver station (13a) of a communication system,
said base transceiver station (13a) serving a first cell
(11a) being part of a cluster (10) of neighbouring cells
(11b-11f) served by base transceiver stations, said method
for determining impact values for transmissions in said
first cell (1la) on the interference in neighbouring cells
of said cluster (10),
characterised by

signalling (22) information on at 1least the total

estimated neighbour cell interference power ‘%fwmm and the

own cell power Rf“ for frequency subsets of tones f, to
neighbouring cells (11b-11f) in said cluster (10);

calculating (23) for each frequency subset of tones f, a

vector of impact values kL from at least a regression vector

comprising received values of the own cell powers 1?”" of
neighbouring cells in said cluster and from received values

of said estimated neighbour cell interference power P/""

whereby each impact value describes the interference impact

of transmissions in said first cell on a respective other

cell in said cluster.

2. The method according to claim 1, whereby the signalled
information includes a variance indication for one or more

of the signalled power measures.

3. The method according to claim 1 or 2, whereby the
signalled information includes a measure of the thermal

noise power floor.
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4. The method according to claim 2 or 3, whereby one or more
of the signalled power measures are expressed relative to

the variance or thermal noise power floor.

5. The method according to one of claims 1-4, whereby the

T P Neighbour

~ -1
vector of impact values is calculated by k, =(¢f¢%) o, P, .

where ®, denotes a vector of the transposed regression

vectors.

6. The method according to claim 5, whereby the calculation

of the vector of impact values implies a weighting of the

vector @, of transposed regression vectors by a weighting

matrix R denoting the statistical expectation of the
estimation error of the estimated neighbour cell

i Neighb
interference power Pf%lmm.

7. The method according to one of claims 1-4, whereby the
vector of impact values k,(/) is derived as the state estimate

of a Kalman filter performing the steps of

employing a dynamic model of the variation of said
impact values, and

adjusting said state estimate according to an estimated
Kalman gain based on variance parameters describing accuracy

and size of the measurement error of said dynamic model.

8. A method in a unit (40) connected to or integrated in a
base transceiver station (13a) of a communication system,
said base transceiver station (13a) serving a first cell
(1l1a) being part of a cluster (10) of neighbouring cells

served by base transceiver stations, said method for
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estimating the interference impact on the other cells of

said cluster (10) when performing a resource scheduling on
one of a frequency subset of tones f, for a UE transmission

(14),
characterised by
estimating (33) the neighbour cell interference impact

of a resource allocation for each frequency subset of tones
f; in said first cell (lla) from the sum of the reported

total estimated own cell power of said neighbouring cells
weighted with a pre-calculated impact value specific for the
impacting cell and each corresponding impacted cell and the
tentatively scheduled cell power due to said Us
transmission;

allocating (34) resources for the UE transmission (14)
to the frequency subset having a minimised interference

impact on said neighbouring cells.

9. The method according to claim 8, whereby said impact

values are calculated according to the method according to

one of claims 1-7.

10. A wunit (40) connected to or integrated in a base
transceiver station (13a) of a communication system, said
base transceiver station serving a first cell (lla) being
part of a cluster (10) of neighbouring cells (11b-11f)
served by radio base stations, said unit (40) adapted for
determining impact values for transmissions in said first

cell on the interference in neighbouring cells of said

c¢luster,
charactezrised in
a first processor (41) adapted to provide information on

at least the total estimated neighbour cell interference
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power Rfm“”’ and the own cell power Rf“ for frequency

subsets of tones f for signalling to neighbouring cells in

said cluster;
a second processor adapted to provide information on at

least the total estimated neighbour cell interference power

P} and the own cell power P for frequency subsets of

tones f received from neighbouring cells in said cluster;
a third processor adapted to estimate for each frequency

subset of tones f, a vector of impact values £, from at
least a regression vector comprising said received values of
the own cell powers Pf” of neighbouring cells in said

cluster and from said received values of said estimated

neighbour cell interference power R:@M”', whereby each

impact value describes the interference impact of

transmissions in said first cell on a respective other cell

in said cluster.

11. A wunit (40) connected to or integrated in a base
transceiver station (13a) of a communication system, said
base transceiver station (13a) serving a first cell (lla)
being part of a cluster (10) of neighbouring cells (11b-11f)
served by base transceiver stations, said unit (40) adapted
for estimating the interference impact on the other cells of
said cluster (10) when performing a resource scheduling on

frequency subsets of tones f for a UE transmission (14),

characterised in
an estimator (45) adapted to estimate the neighbour

cell interference impact of a resource allocation in one of
the frequency subsets of tones f in said first cell (11la)

from the sum of the reported total estimated own cell power
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of said neighbouring cells weighted with a pre-calculated
impact value specific for the impacting cell and each
corresponding impacted cell and the tentatively scheduled
cell power due to said US transmission;

a scheduler (46) for scheduling the UE transmission
(14) to the frequency subset having a minimised interference

impact on said neighbouring cells.
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