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(57) Abstract: The present invention pertains to methods and devices relat-
ing to neighbor cell interference estimation and handling in cellular commu-
nication networks. According to one aspect, there is provided a method for
interference handling performed in a radio network node (1) for a cellular
communication network. The method comprises measuring (A2) a received
total wideband power, RTWP, and a load utilization (A3) experienced at the
radio network node (1). The method further comprises performing (A4) a
vector estimation of neighbor cell interference (6) experienced at the radio
network node (1) based on the measured RTWP and the measured load util-
ization. The vector estimation (A4) comprises decomposition into at least
two scalar component estimations. The method may further comprise obtain-
ing (Al) and using (AS5) tabulated computation support information (3),
which is used when performing the vector estimation (A4) of neighbor cell
interference. According to another aspect, there is provided a radio network
node (1) adapted to perform the method.
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METHOD AND APPARATUS RELATING TO INTERFERECE ESTIMATION IN
CELLULAR COMMUNICATION NETWORKS

TECHNICAL FIELD

The present invention pertains in general to the field of
interference handling in cellular communication networks; and in
particular to the part of this field that is concerned with

neighbour cell interference estimation.
BACKGROUND

Today mobile broadband traffic is exploding in cellular networks
such as, for example, WCDMA (Wideband Code Division Multiple
Access) networks. A technical consequence is a corresponding
steep increase of interference in these networks, or
equivalently, a steep increase of a load. This makes it important
to exploit any load headroom that is left in the most efficient

way.

Moreover, cellular networks are becoming more heterogeneous, with
macro radio base stations (RBSs) being supported by micro and
pico RBSs at traffic hot spots. Also, home base stations (femto

RBSs) are emerging in many networks.

Heterogeneous networks (HetNets) concern effects associated with
networks where different kinds of cells are mixed. These cells

may have different radio properties in terms of e.q.
e Radio sensitivity
e Frequency band
e Coverage
¢ QOutput power

e (Capacity
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e Acceptable load level.

This can be an effect of a use of different RBS sizes (macro,
micro, pico, femto), different revisions (different receiver
technology, software quality), different vendors and of the

purpose of a specific deployment.

One important factor in HetNets is that of air interface load
management, i.e. the issues associated with the scheduling of
radio resources in different cells and the interaction between
cells in terms of inter-cell interference. Hereinafter, the terms
inter-cell interference and neighbor cell interference will be

used interchangeably.

As an example, one can consider a low power cell with limited
coverage intended to serve a hotspot. In order to get a
sufficient coverage of the hot spot, an interference suppressing
receiver like the G-rake+ may be used. The low power cell may
further be located in the interior of but still close to a
boundary of a specific macro cell. Further, surrounding macro
cells will interfere with the low power cell rendering a high
level of neighbor cell interference in the low power cell.
Despite the advanced receiver, this may unacceptably reduce the
coverage in the hot spot. As a result, users of the hot spot tend
to connect to the surrounding macro cells instead, thereby
further increasing the neighbor cell interference experienced by

the low power cell.

From this discussion it should be <clear that it would be
advantageous if a control node, such as a radio network
controller (RNC) or the surrounding RBSs could be informed of an
interference situation and take action, using e.g. admission
control in the RNC or new functionality in the surrounding RBSs
to reduce inter-cell interference and to provide a better
management of, for example, hot spot traffic - in terms of air

interface load.
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It follows that estimation of the neighbour cell interference at
a node such as an RBS is a crucial component in the handling of

interference.

Neighbor cell interference estimation as such based on uplink
power measurements is, for example, described in T. Wigren, “Soft
uplink load estimation in WCDMA”, IEEE Trans Veh. Tech., March,
2009; and in W02007/024166; and also in United States Patent No.
7 912 461.

These teachings rely on estimation by means of a high order
vector estimator of a Kalman filtering type. Kalman filtering is
a specific type of algorithm useful when filtering is performed
on dynamic systems modelled by state vectors. For example, Kalman
filtering is optimal when a dynamic state model is linear and
when an input signal can be modelled with Gaussian stochastic
processes. However, this results in a very high computational
complexity, which puts a corresponding high demand on processing

power in the RBSs.

With the above-mentioned HetNet trend, a significant parameter is
a cost of the new smaller nodes. In particular, implementation of
new functionality, such as support of interference control, needs
to be done without a need for excessive processing power in the

nodes.

Consequently, there is a need for a provision of ways and means
for reduction of the processing demand associated with neighbor
cell interference handling/estimation.

SUMMARY

According to one aspect, the above-indicated problem is solved
with a method for interference handling. The method is performed
in a radio network node for a cellular communication network. The
method comprises measuring a received total wideband power, RTWP,
and a load utilization experienced at the radio network node. The

method further comprises performing a vector estimation of
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neighbor cell interference experienced at the radio network node
based on the measured RTWP and the measured load utilization. The
vector estimation comprises decomposition into at least two

scalar component estimations.

In exemplary embodiments, the method may further comprise
obtaining tabulated computation support information, which is
used when performing the vector estimation of neighbor cell
interference.

According to another aspect, the above-stated problem is solved
with a radio network node for a cellular communication network,
wherein the radio network node comprises processing circuitry,
which is configured to measure a received total wideband power,
RTWP, and a load utilization, both experienced at the radio
network node. Moreover, the processing circuitry is configured to
perform a vector estimation of neighbour cell interference
experienced at the radio network node based on the measured RTWP
and the measured load utilization such that the vector estimation
comprises a decomposition into at least two scalar component

estimations.

In exemplary embodiments, the processing circuitry may be further
configured to obtain tabulated computation support information
and to use the tabulated computation support information during
the performance the vector estimation of neighbor cell

interference.

A main advantages with the scalar component estimations is that
these are computationally optimised in the sense that certain
superfluous operations has been removed from the outset, as will

explained in greater detail later.

A main advantage with the computation support information is that
calculation of tabulated quantities can be avoided or greatly

simplified.
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The invention will now be described further using exemplary
embodiments and referring to the drawings. The persons skilled in
the art will appreciate that further objects and advantages may

be associated with these exemplary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a block diagram illustrating, according to an
exemplary embodiment, a radio network node for a cellular

communication network.

Figure 2 is a flowchart illustrating, according to an exemplary

embodiment, a method of neighbor cell interference estimation.

Figure 3 is a block diagram illustrating, according to an
implementation example, processing circuitry for a radio network

node.

Figure 4 is a block diagram illustrating, according to another
implementation example, processing circuitry for a radio network

node.

Figure 5 is a schematic diagram illustrating, according to an
implementation example, tabulation of computation support

information 3.

Figure 6 is a partial flowchart illustrating an action which

optionally may form part of the method of figure 2.

Figure 7 is a diagram that plots an inaccuracy of a neighbor cell
interference estimate as a function of mean neighbor cell

interference power.

Figure 8 is a table illustrating a result of simulations relating
to a wuse of a coarse tabulation of computation support

information.
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Figure 9 is a flowchart illustrating, according to an
implementation example, one way of performing a vector estimation

of neighbor cell interference.

Figure 10 is block diagram illustrating a radio network for a
cellular communication network, where the radio node is
configured for applying vector estimation of neighbor cell
interference in accordance with teachings of implementation

examples.

DETAILED DESCRIPTION

In the following, embodiments will sometimes be exemplified in
connection with particular cellular technologies, such as, for
example, the WCDMA cellular technology. This, however, is not
done for the purpose of limitation, but only to facilitate
understanding by illustrating embodiments in a concrete context.
Consequently, the teachings presented herein may be applied also
in other cellular technologies, in particular in any CDMA (Code
Division Multiple Access) based cellular technology. Sometimes,
well known technical details may have been left out in order not
to confuse the reader with details which are not necessary for

the understanding the presented inventive teachings.

Figure 1 is a block diagram illustrating a radio network node 1,
in accordance with an exemplary embodiment, for use in a cellular
communication network. In some exemplary embodiments, the radio
network node 1 may for example be an RBS such as for example a
NodedB of a WCDMA cellular communication network. The radio
network node 1 provides radio access in one or more cells. These
cells will be referred to as own cells herein. One such own cell
4a is shown in the figure. One or more user equipments (UEs) 5a
are currently located in the own cell 4a. The one or more UEs 5a
transmit radio signals to a radio unit 7 of the radio network
node 1 via a radio uplink UL. In some exemplary embodiments, the
uplink UL may be a so-called enhanced uplink (EUL) of a WCDMA

cellular communication network. The cellular network includes
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also one or more neighbor cells 4b which are associated with
other radio network nodes. UE(s) 5b in the neighbor cells 4b
transmit radio signals to the radio network nodes associated with
the neighbor cells. However, these signals may also to some
extent be received (overheard) by the radio unit 7 of the radio
network node 1 were they will appear as so-called neighbor cell
interference 6. The radio network node 1 comprises processing
Circuitry 2 with at least one of its tasks being to perform an
estimation of the neighbor «cell interference 6. The term
processing circuitry should not be construed as relating only to
digital processing but may include other types of processing as
well, such as, for example, processing relating to various forms
of measurements, as will be explained in more detail in the
following. Optionally, the processing circuitry 2 may be located
in a base band unit (not shown) of the radio network node 1.
Optionally, the radio network node 1 may also comprise tabulated
computation support information 3, which may be used by for
facilitating computational operations performed by, for example,
the processing circuitry 2. The tabulated computation support
information 3 may, for example, be stored in a memory in the
radio network node 1. The nature and use of the tabulated
computation support information 3 will be elaborated on

subsequently.

The term UE used above will be used in this description for
denoting a wireless communication device or any device which is
capable of wireless communications. The term user equipment or UE
may thus include any device, which may be used by a user for
wireless communications. Accordingly, the term user equipment or
UE may alternatively be referred to as a mobile terminal, a
terminal, a user terminal (UT), a wireless terminal, a wireless
communication device, a wireless transmit/receive unit (WTRU), a
mobile phone, a cell phone, a table computer, a smart phone, etc.
Moreover, the term user equipment or UE includes MTC (Machine

Type Communication) devices, which do not necessarily involve
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human interaction. MTC devices are sometimes also referred to as

Machine-to-Machine (M2M) devices.

Figure 2 is a flowchart illustrating a method, according to an
exemplary embodiment, of neighbor cell interference estimation,
which may, for example, be carried out by the processing

circuitry 2 of the radio network node 1.

The method starts with an action Al (optional) of obtaining
tabulated computation support information 3. This may entail
retrieving such information from a data storage unit (memory) or
a database. Alternatively, it may also entail actual generation,
and subsequent storing, of the tabulated computation support

information 3.

The method continues with an action A2 of measuring an (uplink)
received total wideband power (RTWP) experienced at the radio
network node 1. Loosely speaking, the RTWP is a total power
received by the radio network node 1 over a wideband channel and
it includes typically signal power relating to transmissions from
the UEs 5a of the own cell 4a, the neighbor cell interference 6
and thermal noise. A more detailed discussion of RTWP and its
measurement will be given later in connection with implementation

examples.

The method continues with an action A3 of measuring a load
utilization experienced at the radio network node 1. Load
utilization is a quotient of a load that is actually used by UEs
S5a in the own cell 4a, and a maximum granted load as determined
by, for example, scheduling. Load utilization is hence a number
between 0 and 1, that expresses how much of the maximum granted
load that is used by the UEs 5a of the own cell 4a. This number
can be thought of as a probability value and will be referred to
as load utilization probability Pmm@) in the following. It can
be noted that, in WCDMA, UEs do not have to use their maximum
granted load, while in the 4G LTE (Long Term Evolution) cellular

system they must. Hence the load utilization is always 1 (one) in
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the LTE cellular system, while it varies with the UL traffic
needs in WCDMA.

The method continues with an action A4 of performing vector
estimation of neighbor cell interference. The vector estimation
in action A4 is performed based on the measured RTWP and the
measured load utilization as input. In vector estimation, a

behaviour of a dynamic system is modelled by vector(s) in a state

space and with operations performed on such vectors. A vector is

here a member of R" - i.e. the n*" Cartesian product of the real
field R. Here n is assumed to be an integer which is equal or

reater than two. Members of R' = R are instead referred to as
g

scalars herein. R" is of course augmented with a vector space
structure by introduction of addition of vectors and

multiplication by scalars in the normal way. In the following,
the space R" will be frequently identified with the isomorphic

space R™ (space of n dimensional column vectors over R), which
allows a convenient use of matrix algebra to express various
forms of operations on vectors, as is well understood by the
persons skilled in the art. As mentioned above, some techniques
for vector estimation of neighbor cell interference are known per
se. However, in the action A4, it suggested that the wvector
estimation is performed via decomposition into scalar component
estimations. This means that vector, or matrix, expressions that
form part of the vector estimation algorithm are subjected to
component projections which result in a number of scalar
expressions. At first, it may appear that nothing would be gained
by such a procedure. However, in the so obtained scalar component
estimations it is possible to remove from the outset certain
superfluous arithmetic operations - something which would have
been impossible to do if the vector estimation was based e.g. on
application of standard vector and matrix routine packages. The
superfluous arithmetic operations can for example be
multiplications where at least one factor is zero or an addition

where a term is zero; subtraction is here viewed as a special
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case of addition. Herein, when referring to scalar component
estimations, it will be assumed that these have Dbeen
computationally optimized, that is, the above-mentioned
superfluous operations have been removed. In implementation
examples to be described later it will be shown that a
considerable computational gain can be achieved by this
procedure. In exemplary embodiments, the method may use a 4-state
/ 2-measurement extended Kalman filtering in performing the

vector estimation.

A main advantage of vector estimation based on the two measured
quantities RTWP and load utilization is that a load utilization
estimate allows the fraction of the RTWP that corresponds to an
own cell power to be estimated as well, in parallel. When an own
cell contribution is known, remaining parts of the RTWP must be
made up of a sum of neighbour cell interference and thermal noise
power. An estimated thermal noise power can be subtracted to
obtain the sought estimate of the neighbour cell interference

power. A detailed example of this procedure will be given later.

The method continues with an action A5 (optional) of using the
tabulated computation support information 3 for facilitating
processing in the radio network node 1. The action A5 is,
however, not to be interpreted such that it follows after the
action A4. Instead, the tabulated computation support information
3 may be used in the action A4 and/or in other forms of

processing performed by the radio network node 1.

A result of the vector estimation of neighbour cell interference
may optionally be used subsequently for a number of functions,
for example, including:

i) Coordinated scheduling, where a scheduler makes use of
the estimated neighbour cell interference power to
determine what amount of own cell load that may be

granted to fill a (power) headroom.
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ii) Dynamic thresholding, where a total grant headroom is
adjusted depending on the estimated neighbour cell
interference. The idea is that neighbour cell
interference is less likely to cause instability of
the own cell 4a. Therefore, a threshold for a load
granted to UEs 5a in the own cell 4a may be higher in
case the estimated neighbour cell interference 6 1is
high.

As mentioned, in exemplary embodiments, the processing circuitry
2 may be configured to perform the method illustrated in figure
2. The processing circuitry 2 may, for example, be implemented
using circuitry with individual hardware components, application
specific integrated circuitry, programmable circuitry or any
combination thereof. The processing circuitry 2 may also fully or
partially be implemented using one or more digital processors and
computer readable memory with program code which may be executed
by the one or more digital processors to perform one or more

functions performed by the processing circuitry 2.

Consequently, in exemplary embodiments, the processing circuitry
2 is configured to measure a received total wideband power, RTWP,
experienced at the radio network node 1. The processing circuitry
2 is further configured to measure a load utilization experienced
at the radio network node 1. The processing circuitry 2 is also
configured to perform a vector estimation of neighbour cell
interference experienced at the radio network node 1 based on the
measured RTWP and the measured load utilization such that the
vector estimation is performed via a decomposition into at least

two scalar component estimations.

Figure 3 1is a block diagram illustrating a non-limiting
implementation example of the processing circuitry 2. The
exemplary processing circuitry in figure 3 is referenced as 2a,
to indicate that this is only a specific non-limiting example.
The processing circuitry 2a comprises measurement circuitry Z2al,

which is configured to perform measurement of RIWP and load
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utilization. The processing circuitry further comprises circuitry
2a2 configured to perform vector estimation of neighbor cell
interference based on the measured RTWP and load utilization
provided by the circuitry 2al. The circuitry 2a2 comprises 1in
particular circuitry 2a3 configured to implement a number (at
least two) of scalar component estimators which perform the
scalar component estimation discussed earlier. In exemplary
embodiments, the circuitry 2al may form one unit and the

circuitry 2a2 may form another unit.

Figure 4 is a block diagram illustrating another non-limiting
implementation example of the processing circuitry 2. The
exemplary processing circuitry in figure 4 is referenced as 2b,
to indicate that this is only a specific non-limiting example.
The processing circuitry 2b comprises measurement circuitry 2bl,
which is configured to perform measurement of RTWP and load
utilization. The processing circuitry 2b further comprises one or
more digital processors 2b4, which may comprise, for example,
microprocessor(s), digital signal processor(s), micro
controller(s), or combinations thereof. The processing circuitry
2b further comprises a computer readable memory 2b5 with program
code which may be executed by the one or more digital processors
2b4. The computer readable memory 2b5 comprises program code 2b2
with program instructions which when executed by the digital
processor(s) 2b4 will cause the digital processor(s) to execute
vector estimation of neighbor cell interference based on the
measured RTWP and load utilization provided by the circuitry 2bl.
In particular, the program instructions 2b2 comprise program
instructions 2b3 implementing (at least two) scalar component

estimations.

Figure 5 1is a schematic diagram illustrating non-limiting
implementation example of the tabulation of computation support
information 3. The exemplary tabulation of computation support
information in figure 5 is referenced as 3a, to indicate that

this is only a specific non-limiting example. The tabulation of
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computation support information 3a comprises here tabulation 3al
of one or more transcendental functions. The tabulation 3al may
include a tabulation 3all of one or more exponential functions, a
tabulation 3al2 of one or more logarithmic functions, a
tabulation 3al3 of one or more power functions, combinations
thereof or functions based thereon. In exemplary embodiments, the

tabulation 3al of at least one transcendental function may

include tabulation of at least one of: 10log(x), 10”° and +x,

where log(x) denotes the logarithm of the base ten.

In exemplary embodiments, the tabulation 3al of the at least one
transcendental function comprises that the tabulation 1is a
“coarse” tabulation 3a2 in the sense that a number of tabulation
entries for each function are restricted below a determined
limit. This 1limit may be different for different transcendental
functions. In particular embodiments, the limit may be 256
entries or less. A benefit of using the coarse tabulation 3a2 can
be significant in case tabulation lookup requires a search in the

tabulation.

In exemplary embodiments the tabulation 3al of at least one
transcendental function may be generated based on a minimum
accuracy limit, which may, for example, be quantified in terms of
dBs of an absolute error between the tabulation values and an
exact function evaluation. This way, it is possible to make the
tabulation 3al as small as possible, while still maintaining the
performance of the application at hand - here the accuracy of the

neighbour cell interference.

A transcendental function is by definition a function that is not
an algebraic function. Loosely speaking, this means that a
transcendental function cannot be evaluated by a finite number of
basic algebraic operations. Strictly speaking, not every power
function is a transcendental function. However, for convenience,
no such distinction will be made here, and power functions will

in general be viewed as being transcendental functions - in
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particular when function evaluation is non-trivial, such as e.g.

in the case of the square root function J;.

Consequently, in exemplary embodiments, the processing circuitry
2 may be configured to obtain tabulated computation support
information 3. The processing 2 may further be configured to use
the tabulated computation support information 3 during
performance of the vector estimation of neighbor cell
interference. In exemplary embodiments the tabulated computation
support information 3 may comprise a tabulation 3al of at least
one transcendental function. In exemplary embodiments, the
tabulation 3al of at least one transcendental function may
comprise tabulation of at least: one or more logarithmic
functions 3al2, one or more power functions 3al3 or one or more
exponential functions 3all, or one or more functions based
thereon. In exemplary embodiments, a number of tabulation entries
for the at least one transcendental function 3al may be
restricted below a limit 3a2. In exemplary embodiments the limit
(3a2) may be 256 entries or less.

In this context it can be noted that certain processing
circuitry, such as digital processors et cetera, often 1is
tailored for computations involving only elementary arithmetic
operations, like additions, subtractions, multiplications and
divisions. This means that such circuitry 1is equipped with
hardware (typically on silicon) that efficiently performs such
operations. However, in case a more complex operations, such as
evaluation of transcendental functions, the computation may have
to be performed with an additional (software) algorithm that
makes repeated use of the elementary arithmetic computations.
Often, many elementary operations may be required for the
computation, and this leads to a long computation time. This is a
significant drawback when real time computations are to be
performed as in the present application. A remedy for the
situation is therefore to use the tabulated computation support

information 3 such that e.g. a processor can look up, or more
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easily compute, a value of a transcendental function, or other
tabulated quantity. This reduces the computation time, at the

expense of use of more memory.

In coarse tabulation, preferably only a relevant range, for the

intended application, may be tabulated for each transcendental

function.

In exemplary embodiments, an extra low computational complexity
can be achieved by application of a binary search in the
tabulation, when computing the value of a transcendental
function. Moreover, accuracy may be achieved by application of
interpolation (typically linear) between adjacent table entries,
for values not explicitly appearing in the tabulation. A binary
search algorithm starts by comparing a mid table entry to the
independent variable value. In case the mid table entry is larger
than the independent variable value, the search is constrained to
the lower part of the table and a new mid table entry is selected
for that half and the procedure is repeated. In case the mid
table entry is smaller than the independent variable value, the
search is constrained to the upper part of the table and a new
mid table entry is selected for that half and the procedure is
repeated. This continues until there is only two adjacent entries
remaining. Finally linear interpolation is performed between the

entries

In exemplary embodiments, the tabulation may be logarithmically
distributed table entries, giving a fixed table resolution per

dB, rather than in the linear domain. It is noted that a range

needed for a coarse tabulation may exceed a factor of 10% yet
in exemplary embodiments only 256 entries may be needed, if the
tabulation is carefully selected in view of the application. This
may be done, for example, by a trial and error methodology. For
example, a performance of the vector estimation of neighbor cell
interference may be tested for various table sizes, so that a
performance is not reduced more than a pre-specified number of

dBs (typically a few tenths of a dB). When using a
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logarithmically distributed table, a search algorithm may be used

to find the table entries in between which an independent

variable is located.

Figure 6 illustrates an optional action A31 which may be part of
the method in figure 2. In the action A3l, an own cell load
associated with the own cell 4a is computed, e.g. by the
processing circuitry 2. The action A3l is performed prior to the
action A4, and the action A4 may use the computed own cell load
as input to the vector estimation; examples are provided later.
Load in e.g a WCDMA uplink is expressed in terms of the
interference power as compared to an unloaded situation. In the
unloaded situation only thermal noise power affects the uplink.
Hence the quotient between the total power in the uplink and the
thermal noise power floor is a relevant quantity, cf. equation
(1) below. As will be described later (see e.g. equation (10)),
the RoT of equation (1) can be expressed in terms of load factors
instead. These load factors describe the load as a fraction of a
maximum load. The own cell 1load is conveniently expressed in
terms of such a load factor, where the contributions then only

come from UEs of the own cell.

Some more detailed implementation examples will now be presented.
The details of these examples are not for the purpose of
limitation but rather for the purpose of facilitating
understanding and appreciation of the benefits provided by
exemplary embodiments. Consequently, by way of example, the
implementation examples will be given in the context of a WCDMA
cellular system, the uplink UL will be assumed to be in
accordance with EUL protocols and a diversity antenna system may

be used on occasion.

First will be described measurement and estimation techniques to
measure an instantaneous total load on the uplink air interface

of the radio network node 1.
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It can be shown that the load, at an antenna connector, is given

by a noise rise, or rise over thermal, ROTQ), defined by

RoT(t):—}—)’}‘—JT—"G(—)t), (1)

where P,(f) is a thermal noise level as measured at an antenna

connector. It remains to define 1}n¢@) - that is the RTWP at time
t - more rigorously. This relative measure is unaffected of any

de-spreading applied. The definition used here is simply the
total wideband power according to

PRTWP(t):iPk(t)'i-Pneighbor(t)"’PN(t)' (2)

i=1

also measured at the antenna connector. Here P, h”Q) denotes the

neigh
power as received from neighbor cells 4b, i.e. the power of
neighbor cell interference 6, while }10) denotes a power of UE i
in the own cell 4a. As will be seen below, a major difficulty of
any RoT estimation algorithm is to separate the thermal noise

power from the inter-cell interference 6 from neighbor cells 4b.

Signal reference points are by definition at the antenna
connectors. Measurements are however obtained after an analogue
signal conditioning chain, in a digital receiver (not shown in
figure 1). The analogue signal conditioning chain does introduce
a scale factor error of about 1 dB (l-sigma) that is difficult to
compensate for. Fortunately, all powers of (2) are equally
affected by the scale factor error so when (1) is calculated, the

scale factor error is cancelled as

DigitalRe ceiver Antenna
RoTDIgitalReceiver(t)___ PRTW;P' Y (t) - Y(t)PRTl:?””mM (l) — RoTAnIerma(t) . (3)
pReeleet (i) y)P ()

In order to understand a basic difficulty of neighbor cell

interference, when performing load estimation, note that
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Rxeighbor(t)+PN(t)= El})rueighbar(t)]+E[PN(t)]+APneighbor(t)+APN (t)r (4)

where E[] denotes mathematical expectation and where A denotes a
variation around a mean. If there are no measurements available

in the radioc network node 1 that are related to the inter-cell

interference 6, a linear filtering operation can at best estimate

the sum E[P,,e,.g,,,,o,(t)]+E[PN(t)]. This estimate cannot be used to deduce

a value of E [PA,(?)]. The situation is the same as when the sum

of two numbers is available. Then there is no way to figure out
the values of the individual numbers. It can be proved that the

noise power floor is not mathematically observable.

One state of the art RoT estimation algorithm (sliding window)
can be found e.g. in the above-mentioned article T. Wigren and P.
Hellqvist, “Estimation of uplink WCDMA load in a single RBS”,
Proc.IEEE VTC-2007 Fall, Baltimore, MD, USA, Oct. 1-3, 2007. The
algorithm estimates the RoT, as given by (1). A main task of this
RoT estimation algorithm is an accurate estimation of a thermal
noise floor IV@). Since it is not possible to obtain exact
estimates of this quantity due to the inter-cell interference 6,
an estimator therefore applies an approximation, by consideration
of a soft minimum as computed over a relatively long window in
time. It is important to understand that this estimation relies
on the fact that the noise floor is constant over very long

periods of time (disregarding the small temperature drift).

The above-mentioned sliding window algorithm has the disadvantage
of requiring a large amount of storage memory. This becomes
particularly troublesome in case a large number of instances of
the algorithm are needed. To reduce memory consumption, a
recursive algorithm has been proposed in the article T. Wigren,
“Recursive noise floor estimation in WCDMA”, IEEE Trans. Veh.
Tech., vol. 59, no. 5, pp. 2615-2620, 2010. This algorithm
reduces the memory requirements compared to the sliding window

scheme discussed above at least by a factor of 100-1000.
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Both to the sliding window RoT estimation algorithm and the

recursive algorithm are applicable to the implementation examples
disclosed hereinafter.

Now techniques needed to predict an instantaneous load on the
uplink UL air interface ahead in time will be briefly described.
This functionality is needed by a scheduler (not shown in figure
1) of the EUL. A reason is that the scheduler tests different
combinations of grants to determine the best combinations, e.g.
maximizing the throughput. This scheduling decision will only
affect an air interface load, i.e. the load measured directly at
the antenna connector, after a number of transmission time
intervals (TTIs), each such TTI being 2 or 10 ms, due to grant
transmission latency and UE latency before the new grant takes
effect over the air interface. Time division duplex (TD)
scheduling is further discussed below. Briefly, the time division
duplex divides users to separate time intervals for their uplink

high speed transmissions.

A SIR based prediction of uplink load, for a tentative scheduled

set of UEs and grants, is based on the power relation
N

PRTWP(t)—PN(t)zZLi(t)PRTWP(t)+Rueighbor(t)’ (3)
i=1

where Liﬂ is a load factor of the i:th UE of the own cell 4a and

where f;@wm@) denote the (power of) neighbor cell interference 6,

which is also denoted inter-cell interference. The load factors
of the own cell 4a are computed as follows. First it is noted
that

) LOPeel® L)
D= - 1=alP " P @-(-a L P @ 1-(-a)E,(0)

<~
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L(e)= (c/1),(e)

- , iz,
1+(-aX/ 00" (6)

where [ is a number of UEs 5a in the own cell 4a and a is a
self-interference factor. The (C/I)i(t), i=1.,I, are then related

to a signal to noise ratio (SINR), which may be measured on a
DPCCH channel, as follows

(/1)) SINR,(t) RxLoss

W, G
i} (1 , Borocu )+ Béarcwj(t)"';zcodai ((‘t))ﬁémcm(’ )+ Brsorcen ot )J T (7)

Here W. is a so called spreading factor. The spreading factor

measures an improvement of the signal to noise ratio when the
codes of the WCDMA transmission that overlay the message, are
removed by correlation processing. Rxloss represents missed
receiver energy that is due to the fact that some signal energy
is always missed by the WCDMA receiver. G is a diversity gain,
i.e. the gain from using multiple antennas, and the fB:s are beta

factors that define the power overhead of the respective data
channels with respect to the control channel of a user, assuming

not active channels to have zero beta factors.

The UL load prediction then involves computation of the uplink
load of the own cell 4a by a calculation of (6) and (7) for each

UE 5a of the own cell 4a, followed by a summation

I

Lown(t)zzLi(t)' (8)
i=1

which transforms (5) to

PRIWP (t) = Lown (t)PRTWP (t)+ Pneighbor (t)+ PN (t) M ( 9)

A division with }Q@) then shows that the RoT can be predicted k

TTIs ahead as
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E/AE, 1
L) =L

RoT(t + kT) = "“g"”"’

(10)

The above-described SIR based load factor calculation can be

replaced by a power based one, where the basic definition of the
load factor

L()= _P)

(11)
RTWP()

is used, instead of (6). An advantage is that a parameter
dependence is reduced. On the downside, a measurement of the UE

power is needed.

In implementation examples below, a vector extended Kalman filter
(EKF) - in combination with a separate thermal noise power
estimation scheme - is used in the vector estimation of neighbor
cell interference. However, other forms of vector estimators may
also be used, for example, general vector Bayesian estimation

algorithms or vector maximum likelihood estimation algorithms.

Here will now be proposed an example of a high performing vector
estimator algorithm for neighbor cell interference estimation,,

or equivalently, inter-cell interference estimation. It 1is

intended to perform a joint estimation of ,mx,,,,o,(t)+P ®), PN(t),

P

 amor(f) @nd the load utilization probability p,,(). The proposed

example is provided by a vector extended Kalman filter (EKF).

The example vector estimation algorithm will use the following

information

e Measurements of P, (t) , with a sampling rate of

Terwp =KegwpTTl » kprwp€Z+ (i.e. a positive integer). Available

for each antenna branch.

e Computed load factors Lm(t), with a sampling rate of

T, =k,TTI, k,e€Z+. Available per cell. Valid on cell level,
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not necessarily wvalid on antenna branch 1level with Rx

diversity.

e The loop delay T, between the calculation of LWMQ), and the

time it takes effect on the air interface. The loop delay is
dependent on the TTI. Available for and valid per cell.

e Measured 1load factors Z;mﬁ), with a sampling rate of
T; =k;TTI, k;e€Z+. Available per cell. Valid on cell level,

not necessarily valid on antenna branch level with Rx
diversity. Obtained after transmission format combination
index (TFCI) decoding.

e The loop delay 72 between the calculation of Z;MQ), and the
time it takes effect on the air interface. The loop delay is
dependent on the TTI and larger than 7, since the measured

load factor calculation requires TFCI and E-TFCI decoding,

where the E- stands for the E in enhanced uplink.

The states are selected as

%,(6)= Pras(t) (12)
%3 (8)= Praigroar (€)+ P ¢) (13)
x,(t)= AL, (1) - (14)
x,()=x(t~-Tp) - (15)

Since an additional decoding delay of (about) one TTI affects the
loop, .n@) needs to be delayed by an extra state to define the
fact that the load utilization probability measurement is subject
to an additional delay of one TTI. The state x,(f) is used for
this purpose. AL”m@) represents a slowly varying load factor bias

error in the measurement model.
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The first measured signal that is available for processing is
Pkm(t). The scheduled load of the own cell Lm,(t) is a computed
quantity (currently based on SINR measurements), for this reason
a measurement model of 1}mwﬁ) is needed, expressed in terms of

the states, computed quantities and a measurement uncertainty.
Towards this end it is first noted that the load of (6) does not

account for the load utilization probability pMM@). Neither does

it account for the delay T,.

To model the load utilization effect, and to compensate for semi-
constant load factor errors, a look at (5) suggests that load
underutilization can be modeled by a modification of (5) and (6)
to

Lmvn.ulilized(t): ipload(t)l‘i(t - TD)+ AL, (’)‘: Plaad(’)Lm(l e )+ AL, (’) (16)

i=1
PRI‘WP (t) = Lown.un’li:ed (t)PRTWP (t)+ Rreighbor (t)+ PN (t) ( 17 )
which results in

1
-L,,, (t_TD)Pload(t)"'AI_'m(t)

Pawe0)=~ (P )+ 21(0) - 18
After addition of a zero mean white measurement noise eRm(t) and

replacement of variables by the states of (12) - (15), the

following nonlinear measurement equation results

xz( )
e = Aol a9
szm(t)=E'.elzzm(t)J' (20)

Here yRm(t)zPRm,(t) and Rum(t) denotes a covariance matrix of

eRTWP(t) .
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Note that (19) represents a nonlinear load curve, expressed in
terms of the estimated sum of neighbor cell interference and
noise floor power (xz(t)), the estimated load wutilization
probability (xz(t)), and the estimated load factor bias (x3(t)).
Further the computed (“received”) load factor is used in the

nonlinear load curve. Equation (19) relates the momentary
combined effect of the estimated quantities and received
quantities to the left hand side of the equation, i.e. the
momentary measurement of the wideband power.

The measurement can be made available per cell. In a first step
the decoded TFCIs and E-TFCISs show which grants the UE actually

used in the last TTI. This provides the information needed to

compute the actual load factor of the last TTI, i.e. to compute

Z—m(t_ TD)

pload(t): Lm(t—TD) .

(21)

With this modification the measurement model for the 1load

utilization probability measurement becomes
Yioadunitization (t ) =X (t )"’ €1oadUnilization (t ) (22)

R, padvritization ()=E [eloadUn'Iimtion (¢ )]2 . (23)

The transformation (21) essentially replaces the granted load
factor, Lm(t——TD), with the load factor computed based on
received TFCIs and E-TFCIs.

Random walk models are adapted for the state variables xl(t) and
xz(t). In order to avoid a drifting bias correction of the load
factor, an autoregressive model is used for the state x3(t). A

further motivation for this is that the state is expected to
model errors that, over an ensemble, has a zero mean. Hence the

following state vector model results from the states of (12)-(15)
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x(+Tz)Y (1 0 0 0Yx()) (wl)
3 xz(t+Tm) 0100 xz() wz()

W Tm)= iz 0 0 a 0 x3(i) ¥ w3(§) (24)
x(t+T,)) (1 0 0 o)\x,()) (w,()

R ()= B|| 040 ) w) ). 25

W

“Q“)

By setting a=1 a random walk model is obtained for all states.
Again, a diagonal covariance matrix is commonly used. The last
component of the system noise is preferably selected to be very

small, reflecting the pure delay it is intended to model.

The state space vector model behind the vector extended Kalman
filter (EKF) is

x(t + T)= A()x(e)+ B(tu(r)+ w(e) (26)
y(6)=e(x(r))+elt) (27)

Here x@) is the state vector, u@) is an input vector that will
not be used here, y@) is an output measurement vector consisting
of the power measurements performed in the cell i.e. the total
received wideband power, RTWP), 'wG) is the so called systems
noise vector that represent the model error, and e(t) denotes a
measurement error vector. The matrix .A@) is the system matrix
describing the dynamic modes, the matrix:<B@) is the input gain
matrix, while the vector c(x(t)) is the, possibly nonlinear,

measurement vector function which is a function of the states of
the system. Finally ¢ represents the time and 7 represents the

sampling period.

The general case with a nonlinear measurement vector is, by way

of example, considered here. For this reason the vector extended
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Kalman filter needs to be applied. This filter is given by the
following matrix and vector iterations,

Initialization
t=t,

%(0|-1)=x,
P(0|-1)=P,
Iteration

t=t+T

c()- 24,

x=x(dt-T)

K, (6)=P(e|-T)CT (YCUR( e~ T)C7 (1) + R, ()
it 1) =20 |t -T)+ K ()yle) - ol&le | .- 7))
P(e|t)=P(e| ¢~ T)-K  ()CP(t |- T)
X(t+T|t)= AX(| 1)+ Bu(r)
P(t+T|1)=AP(t|1)AT +R,
End (28)

The quantities introduced by the filter iterations (28) are as
follows. i@lr—T) is a state vector prediction, based on data up
to time ¢-T, i(tlt) is a filter update vector, based on data up to
time ¢, P(f|t-T) is a covariance matrix of the state prediction,
based on data up to time ¢-T, and P(t|t) is a covariance matrix

of the filter update, based on data up to time ¢. C(t) is a

linearized measurement matrix (linearization around the most
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current state prediction), Kf(t) is a time variable Kalman gain

matrix, R,(!) is a measurement covariance matrix, and R,(t) is a
system noise covariance matrix. It can be noted that Rl(t) and

Rz(t) are often used as tuning variables of the filter. In
principle the bandwidth of the filter is controlled by a matrix
quotient of R(f) and R,(z).

The vector extended Kalman filter is per se known it is the way
it is applied according to the vector measurement models and
dynamic state vector models that taken together create an example

embodiment.

The quantities of the vector EKF for estimation of neighbor cell
interference, 1load wutilization 1load factor bias can now be
defined. Using (19)-(20) and (22)-(25) it follows that

o[G0 &0 & o ) -
S e A T 50
U 3 T e e o
()= 501 Try) (32)

(l_Lm(t_TD)il(t|t"Tm)+i'3(t|t"‘Tm ))2

C,()=1 (33)

z(r)z[ ) Neam® e,,,.,.,t,,,m(»}( wl) Bl e

loadUnIzza:wn R2 12 (t) R2 22 (t
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£2(t|t—Tm)
. I_Lm(t‘TD)il(tlt“Tm)+i3(t|t“Tm)
o(&(t)1- Ty ))= (35)
J‘e.t(tlt“Tm)
1 00 0
0100
A= 00 a 0 (36)
1 0 00
B=90 (37)

Wl(t)
R()-E ‘28 () W) ) w )
W4(t)
Rl,ll (t) RI,IZ (t) Rl,13 (t) Rl.14 (t)
RI,IZ(t) Rl,Zz(t) Rl,23 (t) Rl,ZA(t)
= Rnl) Ral) Rn®) Rinl)
Rl®) Ronl) Ronl) Rul)

(38)

In order to execute the vector EKF, the state vector prediction
and the state covariance prediction at time ¢t given by the

following equations are needed,

il(t|t—Tm)
3,(t11-T;y,)
-ia(tlt—Tm)
£4(t|t"Tm)

()t -Tpy )= (39)

Pu(‘l"Tm) Pn("’_Tm) Pl3(t|t_TTI7) Pu(tlt'Tm)
Pot11-Try) Poltlt=Tm) Pu(tlt-Tr) Poltlt=Tm)l (40)
Pls(t“—Tm) st(tlt"Tm) Psa(t“—rm) Pu(tlt_Tm)
Pyt1t-Tyy) Pultlt-Trn) Pa(lt-Tr) Pultlt=Tr)

P(t|t—Tpy)=
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The equations (29)-(40) define the vector EKF completely, when
inserted in (28). The final step is to compute the neighbor cell

interference estimate as
Poenart18)=5,(t12)- P (2)2), (41)

where i&@lﬂ is the estimated thermal noise power floor, obtained

as described above.

Here will now be illustrated how the vector estimation can be
decomposed into scalar component estimations with superfluous
operations removed for heightened computational efficiency. With
the matrix definitions (29)-(38) and after quite some algebra (in
particular the Kalman gain matrix computation needs to be divided
into steps) the vector extended Kalman filter iteration can Dbe
decomposed into the following sets of recursive scalar component

estimations.

Iteration over t

t=t+T

J‘Ez(t“"Trn)
(t_TD)il(tlt_Tm)"’is(t|t—Tm)

cl(i(t“"Tm)): 1-L

cz(i(”t—Tm)):ils(t't—Tm)

) Lo (t =T Yo (11— Ty )
Cn(t)“ (I_LM(I_TD)fl(ﬂt—Tm)+£‘3(t | t—Tm))2

1
I—Lm(t_TD)il(”t"Tm)+£3(t|t-_Tm)

Cu@)z

_ J‘A'z(tlt—Tm)
(I"Lm(t-TD)fl(t|t"Tm)+£3(t|t—Tm))2

C13(t):

Cult)=1



WO 2014/148998 30 PCT/SE2014/050356

(CPC™ +R, ), ()= C2 (P (e 1~ T )+ 2C, (IC (VP (e £ Ty
+2C, ()C,; (IR (¢ 11~ Ty )+ C ()P (t 1 £~ Ty )
+2C;, (6)C, ()P (18~ Ty )+ C ()P (1 £ - Ty )
5 (CPC™ +R, ), (6)= C.()Co (0Pt 11 - Ty )+ Coo (O0C,u ()P (e 1 £~ Ty )
+Cis (1)Cos (1) (¢ | 1= Ty )
(CPC™ +R, ), ()= CL ()P (¢ 1 £~ Ty

(cPCT +R,), (1)

(CPCT + Rz)n (tXCPCT +R, )zz(t)‘((CPCT +R, )12 (t))z
~(cpc™ +R,), ()

(cPC™ +R,), (CPCT + R, ),,(1)-(CPCT +R, ), ()

oo VL (cPCT +R,), (1)
L R e L0 (e RO

(crc™ +R, ) ()=

(cpc™ +R, ), ()=

Kf,u(t)z(cu(t)Pu(t|t‘Tm)+C12(t)Plz(t|t-Tm)+C13(t)P13(t|t_Tm )
x(CPC™ +R, ) ()+ Cou ()P (t | £ - Ty JCPCT + R, ) (1)
Kf,lZ(t)= (Cn(t)Pu(t‘t_Tm)"’ Cp(t)Ry (12— Ty )+ Cs(O)Ps (e |t~ Ty )

. x(CPC™ + R, ) () + Cou ()Pt | £~ T JCPCT +R, ), (1)

Kf,zx(t)=(cu(t)Plz(t|t‘Tm)+C12(t)P22(tlf“Tm)+C13(t)1)23(t|t'Tm))

x(CPCT +R, ). ()+ C,u ()P ¢ | £ - Ty JCPCT + R, ), (1)
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K ;2 (t)=(Co ()P (e | £ =Ty )+ Co(0)Py (1 = Ty )+ Cis ()P (¢ £~ Ty ))
<(CPCT + R, J1(0)+ Cou(0IPu 11~ Tr YCPCT + R, 1 ()
K ;51(0)=(Cu(e)Ps (14 =T )+ Cop ()P (¢ 1 = Ty )+ Cy ()Pt | £~ Ty )
x(CPCT +R, ) (t)+ C,(t)P (¢t | £ — Ty XCPCT +R, ), (¢)
. K 5(0)=(Co(0)Rs (1= Ty )+ Co(0)Py (¢ 1 £ = Ty )+ Ciy ()P (¢ | £~ T )
«(CPCT + R, )1 0)+ Cat0)Pule 11~ T YCPCT + R, )1 (0)
K a(t)=(Co@)Palt |t =Ty )+ Co ()Pt £ - T )+ Ciy ()Pt £~ Ty, )
x(CPCT +R, ), 1)+ Cou (0Pt 11- T YCPCT + R, ) )
K ()= (Co(OOR e 1= Ty )+ Coo 0P (111~ Ty )+ C (0)Pau e | - Ty ))

% (CPCT + R, ) (£)+ Cou ()P (¢ | £ - Ty JCPCT + R, ), (1)

10
in(t!t)z il(tlt'. Tm)+Kf.ll(thRm(t)_cl(i(t I t“Tm)))
+K,) (yloadUtili.zaﬁon(t)_CZ (i(t |t =Ty )))
iz(t|t)=£2(t|t-Tm)‘*’Kf,zl(txykm(t)‘cl(i(t “‘Tm)))
15 +K;p (yloadUtilizarion(t)—CZ (i(t |t =Ty )))

i‘a(t | t)= f3(’ | t—Tm)"' Kf,Bl(thRTWP(t)—cl(i(t |t = Tppy )))
+K .3 ()’Ioadumizazion (t )— Gy (i(t | t-T, 7! )))

£,(616)= 2,01t~ Ty )+ K ;s @ X3 prme () - (&2 | £ = T )))
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+K,p ()’zaaduuﬁzaﬁon (t )" 93 (i(t |t-Tiy )))

(KCP), (1) = K 11 (OXCo (P61 £ -T 1y )+ Cy (0P (018 = Ty ) + iy (005 (e £~ Ty ))
+K 10 ()Cou ()Pt 11~ T )

(KCP), (1) = K ;1 (I XCu ()Pt 18 =T 1y )+ Co0)Poy (¢ 18 = Ty )+ Ca ()Pt | £ = Ty )
+K 1 (0)Co ()Pt | £ = Ty )

(KCP), ()= K 1 (XCu ()P (t1£ =T oy J+ Col6)Pis (11 = T )+ Cis ()P (e £ = T )
+K (00 ()Pt | =Ty )

(KCP),, ()= K ., (EXCu ()P (t1£-T 1)+ Coo ()Pu (e 1= T )+ Cis (Pt 11~ Ty )
+K 1o (o4 (0)Pus e | £ = Ty )

(KCP),, (€)=K ;.1 (XCo (VP (¢ 1 £ Ty )+ Co0)Pos (11 £ = T )+ Cis ()P (e £~ T )
+ Ky ()Cu ()Pt £ - Ty

(KCP),5()= K ;. (XCu O)R (¢ 12 -T 1 )+ Co (0P 1 £ = Ty )+ Cis ()P (e~ Tr,))
+ K  (OC 0Pt £~ To)

(KCP),u (1) = K 1. (XCo (0P (e V¢ T )+ Co0)Poy (111 = T )+ Cs ()P (e £ = T ))
+ K (O0Cou OPult) £~ Ty)

(KCP),, ()= K 5, (XCoy ()P (¢ 1£ =T 17 )+ Coo(€)Prs (¢ 1 £ = T )+ Cis ()P 2| £ = Ty )
+K ;5 ()Cu ()Pt |t~ Ty

(KCP), (€)= K ;3 (XCL (WPt 1 £ =T 1y )+ Coo (0Pt £ = Ty )+ Ca ()P (¢ £ = Ty )
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+Kf,32(txj24(’)P44(t|t"Tm)
(KCP)M(t)= Kf,41(tXCn(t)Pl4(t|t_Tm)+ Clz(t)Pz:t(t | t'Tn1)+C13(t)P34(t | t- Tm ))

+Kf,42(ty:24(t)P44(t lt— Tm)

5 Py (t1t)=P,(t1t - Ty, )-(KCP), ()
Pa(e12)= Pyt £~ Ty ) - (KCP),, ¢)
Py(t12)= Pyt 1t~ T, )~ (KCP),, (1)
R(t12)= Pyl 11~ Ty ) - (KCP), (1)
P, (t16)= Py e |t - Tpp, )~ (KCP),, (¢)
10 Py(e1t)= Pyl |~ Tpp, )- (KCP),, ()
P, (t18)= Pyt |t~ Trp )~ (KCP),, (¢)
Py(t1t)= Pyt 1t - T )- (KCP),, (1)
Py(t16)= Pyt 11 ~Try )~ (KCP),, (¢)
Py(t11)= P (11 =Ty )~ (KCP),. (1)
15
£+ 11)=2(10)
&+ Ty 18)=2,(e10)

)=
& (t+ T 1£)= a%,(11)

J‘Ea.(t"'Trn |t)=i'1(t|t)
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Pyt +T |2)=P,(t]0)+ Ry, (1)
Pyt +Tm |8)= Pyt 1)+ Ry ,0(0)
Po(t+ Ty |t)=aP,(t]t)+ R, (t)
Ryt + Ty 1)= Py (e12)+ R u(0)
Py(t+ T 1)= Pyt |2)+ R »(t)
Bo(t+ T |t)=aPy(t|t)+ R 5 (t)
Pu(t+ Ty 1£)= B, (t]£)+ R (2)
P,(t+Typ; |t)=a’Py(t]t)+ R ()
Pu(t+ Ty |8)=aP,(t] 1)+ R, (t)
Pu(t+Tm |£)= P, (t]t)+ R 4 ()

End. (42)

In (42) the fact that covariance matrices are symmetric has been

used to eliminate 6 of 16 scalar sets of equations.

The final step is to compute the neighbor cell interference

estimate as

é.eighbor(”t):iz(tlt)"i))v(tlt)l (43)

The computational gain associated with the above example of
vector estimation of neighbor cell interference will now be
investigated in detail; it will be seen to be significant. For
generality, the iterated EKF is treated. A standard EKF can be
obtained by setting the number of iterations equal to 1.
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Initially, the computational complexity of the iterated vector
EKF will be analyzed. The operations needed in order to complete
one update of the vector EKF, without computing scalar component
estimators, and assuming that the filter is implemented using
generic vector and matrix operations. Hence no advantage due to

zero entries in vectors and matrices materialize in this case.

The following operations are needed - it is assumed that
quantities are computed only once, re-used whenever possible, and
that covariance symmetry is used when readily recognized:

State covariance matrix scaling: 1 divide, 6 multiply.

Output vector prediction: 1 addition, 1 multiply and add, 1

division.

Linearization of the measurements matrix: 1 addition, 1 multiply

and add, 4 multiply, 1 divide.

Kalman gain matrix computation

C,()P|t-T)C (t)+R,(¢): 3 addition, 44 multiply and add.
(C.0)P(1-T)CT(€)}+R,(r)) : 1 multiply, 1 multiply and add, 3 divide.

P |- T)C (NG, (Pl 1t -T)CT )+ R, () + 60 multiply and add.
State vector update: 2 subtract, 8 multiply and add.
Covariance matrix update: 10 addition, 64 multiply and add.
State vector prediction: 16 multiply and add.

Covariance matrix prediction: 10 addition, 104 multiply and add.

Summing up results in 20+4 additions, 2 subtractions, 6+5
multiplies, 185+98 multiply and adds, and 1 +4 divisions.

Assuming equal weighting gives 326 arithmetic operations.
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Turning now to the computational complexity of the iterated EKF
reduced to scalar component estimation form in accordance with
the above-described example. The corresponding count with all
vector operations decomposed to scalar component estimations with
superfluous operations removed is obtained by a study of the
equation (42). The result is:

State covariance scaling: 1 divide, 6 multiply.
Output prediction: 1 addition, 1 multiply and add, 1 division.

Linearization of the measurements matrix: 1 addition, 1 multiply
and add, 4 multiply, 1 divide.

Kalman gain computation: 3 addition, 2 subtract, 38 multiply, 21
multiply and add, 3 divide.

State update: 2 subtract, 8 multiply and add.
Covariance update: 10 addition, 40 multiply and add.
State prediction: 1 multiply and add.

Covariance prediction: 3 addition, 2 multiply, 3 multiply and
add.

Summing up results in 14+4 additions, 2 subtractions, 9+42
multiplies, 45+47 multiply and adds, and 1 +4 divisions. Assuming

equal weighting gives 168 arithmetic operations.

The conclusion is that with the EKF, the scalar component
estimator formulation reduces the computation complexity by about

50%.

Considering the real time complexity for each algorithm instance,
results in 16800 arithmetic operations/second for 10 ms TTI, and
84000 arithmetic operations/second for 2 ms TTI. One algorithm
instance is needed per cell. Hence the total processing need for
one RBS will be less than 2-3 million arithmetic

operations/second.
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As stated above, the use a tabulation of transcendental functions
3al, is intended to reduce the computational complexity for
processing circuitry that lack support for transcendental
function evaluation. However, without details about hardware
data, it is not possible to state any figures for the complexity
reduction. In general, however, the transcendental function
evaluation is replaced by 8-10 compares and table lookups and a
total of about 5 additions or multiplies due to the linear

interpolation.

A short discussion on simulation results will now follow.

A basis for data generation is a large set of uplink power files
generated in a high fidelity system simulator. The files
represent bursty traffic, with a varying mix of speech and data
traffic, at different load levels.

These data files are then combined in different ways by a MATLAB
code which generates the uplink UL power components, i.e. own
cell traffic, inter-cell traffic, thermal noise and the summed up
RTWP. The 1load factor of the own cell 4a is also computed. The

simulater e.g. allows to:

e Select average power levels of the components, with respect

to the thermal noise floor level

e Select a number of neighbors generating inter-cell

interference.

e Select a load utilization probability of the own cell, fix

or varying between two limits.

e Select a loop delay of the load factor (related to grant
loop delay).

e Set daily load patterns, and perturb these day to day by a

randomization algorithm.
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A MATLAB reference code implementing the disclosed algorithm was
used for performance simulations. Each run was 720000 10 ms TTIs
i.e 2 h of traffic. The load utilization probability was varied.
The variation was very fast with changes every few TTIs. The mean
power levels of the neighbor cell interference and the own cell

were also varied between simulations, as was the 1load factor
bias.

Repeated simulations were then used to characterize the scalar
component estimator performance. First, an accuracy of the
neighbor cell interference estimate is addressed as a function of
the involved power levels. Figure 7 plots the inaccuracy of the
neighbor cell interference estimate, as a function of the mean
neighbor cell interference power. The scheduled mean own cell
interference power is 5 dB above the thermal noise power floor

level.

It is evident that a first factor that affects the inaccuracy is
the signal to noise ratio of the neighbor cell interference in
the simulated signals that are used for estimation of the
neighbor cell interference power. The inaccuracy is reduced when
the simulated neighbor cell interference grows on the expense of
the own cell power. This is however true only up to a limit where
the mean RoT becomes too high. Then the estimator has to work in
a very steep region of the load curve, and above a certain level
the estimation seems to become too sensitive, resulting in a

rapidly increasing inaccuracy.

The result means that the accuracy of the scalar component
estimators are good in the regions where neighbor cell
interference is high and when it is affecting performance (well
above the thermal noise power floor, and when it is large as
compared to the own cell power). This holds up to interference
levels of about 10 dB mean RoT. It should be noted that mean RoTs
above 10 dB represent a very high load, with RoT peaks at least
at 20-25 dB. Hence the results indicate that the estimator should
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be capable to provide useful estimates in the majority of the
interference region of interest.

In order to illustrate the effect of coarse tabulation 3a2
simulation with and without coarse tabulation was performed for 6
cases, keeping the own cell mean power 3dBs over the thermal
noise power floor, and the neighbor cell interference 6dB over
the thermal noise power floor. Furthermore, the load utilization

probability was between 0.6 and 0.9. The results are available in
a table of figure 8.

As can be seen, there is no significant performance loss even
when very coarse tabulation 3a2 is used. The thermal noise power
floor estimation does however start to deteriorate for table
sizes less than 256. For that reason 256 is a recommended table

size.

Figure 9 is a flowchart that illustrates one exemplary way,
herein referenced as Ada, of performing the vector estimation of
neighbor cell interference according to the principles the above-

discussed implementation examples.

The vector estimation Ada comprises an action Adal of scalar

component decomposition which involves an initialization of a

scalar component EKF with the components of i«H—J)zxo and

%0|-1)=x,.

The vector estimation Ada further comprises an action AdaZ2 of a

time increase corresponding to one TTI.

The vector estimation Ada further comprises an action Ada3
(optional) of using tabulated computation support information 3

in the action Adal.

The vector estimation Ada further comprises an action A4ad of
decomposition into scalar component estimations which involves a

computation of the Kalman gain and performance of scalar
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component state and covariance updates. Here, yRmW@)=1§MW@),

L, () and y,.um.(t) are provided as input, and %,(t{t) is output.

The vector estimation Ad4a further comprises an action A4a5
(optional) of using tabulated computation support information 3

in the action A4a4 and in as subsequent action A4aé6.

The vector estimation Ada further comprises an action Ad4a6 of
decomposition into scalar component estimations which involves a

performance of a propagation of scalar component state and

covariance.

The vector estimation A4a further comprises an action A4a7 of

obtaining the neighbor cell interference estimate as

i)na'ghbor(tlt)ziZ(t|t)_ﬁN(t|t) .

After the action A4a6 the method may return to action Ada2 for a

further iteration.

Figure 10 is block diagram illustrating a radio network node la
specifically suitable for applying vector estimation of neighbor
cell interference in accordance with some of the implementation
examples presented earlier. The radio network node la may be a
radio base station, for example, a NodeB of a WCDMA cellular
system. The radio network node la comprises processing circuitry
2c. The processing circuitry 2c¢ comprises at least one power

meter 101 configured to measure a received total wideband power
f}m?@) based on signals received from an antenna 119 via a

radio unit (not shown). The processing circuitry 2c further

comprises a load utilization meter 103 configured to measure a

load utilization probability pmMQ) based on measured load

factors Z;mﬁ) and computed load factors me@) received from a

TFCI decoder 115 and a scheduler 115, respectively. The
processing circuitry 2c further comprises circuitry 105 for

performing vector estimation of neighbor cell interference. The
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circuitry 105 comprises circuitry 107 configured to implement
decompositions into scalar component estimations which may

involve scalar component EKF interference estimation, as

described above. The circuitry 107 is configured to use pwmQ)

and IGWTO) as input and to output the estimate ié&lﬁ, which, as
before, is an estimate of a sum of neighbor cell interference
and thermal noise. The circuitry 105 further comprises a

subtraction unit 109 configured to calculate an estimate of

neighbor cell interference émﬂwith) as
Preignr (10)= 35t £)= Pt 1) -

Here f}@lﬁ is a noise floor estimate which is provided by a

noise floor estimator 113 comprised in the processing circuitry

2c. The noise floor estimator 113 is configured to generate

ﬁ;@lﬁ based on Iﬁn”(ﬂ provided by the power meter(s) 101.

Moreover, in this example, the estimate ‘émﬂM,Qlt) is further

provided as input to the scheduler 117 which may therefore base
its scheduling of wuplink communications on this estimate.
Optionally, the circuitry 105 may also be configured to use a
tabulation of computation support information to facilitate
computations. Here, by way of example, the tabulation may be a

coarse tabulation 111 of one or more transcendental functions.

In exemplary embodiments, the blocks depicted in figure 10 may be

located in a base band unit of the radio network node la.

Above, the invention has been illustrated with various exemplary
embodiments. These embodiments are intended solely as examples,
and the scope of protection is instead defined by the appending

claims.
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CLAIMS

1. A method for interference handling performed in a radio
network node (1) for a cellular communication network, the method
comprising:

measuring (A2) a received total wideband power, RIWP,
experienced at the radio network node (1):

measuring (A3) a load utilization experienced at the radio
network node (1); and

performing (A4) vector estimation of neighbour cell
interference (6) experienced at the radio network node (1) based
on the measured RTWP and the measured load utilization, the
vector estimation (A4) comprising decomposition into at least two
scalar component estimations.

2. The method according to claim 1, wherein the method comprises:
obtaining (Al) tabulated computation support information
(3); and
using (A5) the tabulated computation support information

(3) when performing (A4) the vector estimation.

3. The method according to claim 2, wherein the tabulated
computation support information (3) comprises a tabulation (3al)

of at least one transcendental function.

4. The method according to claim 3, wherein the tabulation (3al)
of at least one transcendental function comprises tabulation of
at least: one or more logarithmic functions (3al2), one or more
power functions (3al3) or one or more exponential functions

(3all), or one or more functions based thereon.

5. The method according to any one of the claims 3 to 4, wherein
a number of tabulation entries for the at least one

transcendental function (3al) are restricted below a limit (3a2) .
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6. The method according to claim 5, wherein the limit (3a2) is

256 entries or less.

7. A radio network node (1) for a cellular communication network,
the radio network node (1) comprising processing circuitry (2),
wherein:

the processing circuitry (2) is configured to measure a
received total wideband power, RTWP, experienced at the radio
network node (1):;

the processing circuitry (2) is configured to measure a
load utilization experienced at the radio network node (1); and

the processing circuitry (2) is configured to perform a
vector estimation (2a2;2b2) of neighbour cell interference
experienced at the radio network node (1) based on the measured
RTWP and the measured load utilization such that the vector
estimation (2a2;2b2) comprises a decomposition into at least two

scalar component estimations (2a3:2b3).

8. The radio network node (1) according to claim 7, wherein:

the processing circuitry (2) is configured to obtain
tabulated computation support information (3); and

the processing circuitry (2) is configured to use the
tabulated computation support information (3) during performance

of the vector estimation.

9. The radio network node (1) according to claim 8, wherein the
tabulated computation support information (3) comprises a

tabulation (3al) of at least one transcendental function.

10. The radio network node (1) according to claim 9, wherein the
tabulation (3al) of at least one transcendental function
comprises tabulation of at least: one or more logarithmic
functions (3al2), one or more power functions (3al3) or one or
more exponential functions (3all), or one or more functions based

thereon.
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11. The radio network node (1) according to any one of the claims
9 or 10, wherein a number of tabulation entries for the at least
one transcendental function (3al) are restricted below a limit
(3a2).

12. The radio network node according to claim 11, wherein the

limit (3a2) is 256 entries or less.
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