
Supervision of faults in a receiver chain based on
noise floor monitoring TECHNICAL FIELD The present
invention relates in general to methods and devices
for supervision and fault detection in wireless
communication systems and in particular in receiving
signal chains in the wireless communication systems.
BACKGROUND Faults appear occasionally, also in the
most high-quality communication systems. Many types of
faults do mainly affect only the node in which it is
situated. However, faults occurring in the receiving
signal chain may influence quality or capacity also in
other parts of the communication system. A fault in
the reception of a signal may in many situations be
interpreted just as a signal having poor radio
conditions. Means for regulating powers and
interference levels are available in many systems
today, and such a fault may thus result in increased
use of power, higher interference levels and
eventually lower useful transmission resources. In
some systems of today, equipment is tested for faults
by separate testing routines. However, such testing
events also reduce the total available transmission
resources. Large faults can be detected by sudden
interruptions in the normal traffic. However, smaller
faults or non-optimum operation of different parts are
more difficult to find. Also, when a fault is known to
be present in a receiving signal chain, it typically
takes some efforts to localize where in the chain the
fault appears. A general problem in prior art wireless
communication systems is thus that supervision and
fault detection often is insufficient.SUMMARY An
object of the present invention is thus to provide
improved methods and arrangements for fault detection
in receiving signal chains, i.e. from a receiver front
end out to the antenna. A further object of the
present invention is to provide methods and
arrangements which are operable concurrently with the
normal operation of the communication system. Yet a
further object is to provide methods and arrangements
that do not detrimentally influence traffic quality or
transmission capacity. The above objects are achieved
by methods, arrangements, nodes and systems according
to the enclosed patent claims. In general words, in a
first aspect, a method for supervision of faults in a
receiving signal chain of a wireless communication
comprises providing of data representing measured
received powers in the receiving signal chain at a
number of time instances. The method further comprises
determining of a noise floor value at a number of time
instances based on the data representing measured
received powers. A time evolution of the determined
noise floor values is registered and any occurrence of
a fault in the receiving signal chain is detected
based on the registered time evolution. In a second
aspect, an arrangement for supervision of faults in a
receiving signal chain of a wireless communication
comprises means for providing data representing
measured received power in the receiving signal chain
at a number of time instances and a processor
arrangement. The processor arrangement is arranged for
determining a noise floor value at a number of time
instances based on the data representing measured
received power. The processor arrangement is further
arranged for evaluating a time evolution of the
determine noise floor values and for detecting any
occurrence of a fault in the receiving signal chain
based on the time evolution. In a third aspect, a node
for use in a wireless communication system comprises
an arrangement according to the second aspect.In a
fourth aspect, a wireless communication system
comprises at least one node according to the third
aspect. One advantage with the present invention is
that continuous supervision and fault detection can be
performed simultaneously to normal operation, and
where measurements that in many cases already are
available can be utilized for analyzing any
appearances of faults. This makes it possible to keep
any implementation costs at a low level. BRIEF
DESCRIPTION OF THE DRAWINGS The invention, together
with further objects and advantages thereof, may best
be understood by making reference to the following
description taken together with the accompanying
drawings, in which: FIG. 1 is a schematic drawing of
signal powers in a cellular communication system; FIG.
2 is a flow diagram of steps of an embodiment of a
method according to the present invention; FIG. 3 is a
diagram illustrating a time evolution of a noise floor
measure; FIG. 4 is a block diagram of an embodiment of
an arrangement for determining of noise floor values;
FIG. 5 is a schematic drawing of a receiver chain in a
wireless communication system; FIGS. 6A-B are diagrams
illustrating time evolution of a noise floor measure
determined at different points in a receiver chain;
FIG. 7 is a block diagram of an embodiment of an
arrangement for determining of noise floor values in a
communication system having receiver diversity; FIG. 8
is a block diagram of an embodiment of a cellular
communication system according to the present
invention;FIG. 9 is a block diagram of an embodiment
of a processor arrangement according to the present
invention; and FIG. 10 is a block diagram of another
embodiment of a cellular communication system
according to the present invention. DETAILED
DESCRIPTION Throughout the entire disclosure, bold
letters in equations refer to vector or matrix
quantities. In the drawings, the same reference
numbers are used for similar or corresponding parts.
In the present invention a noise floor value is
utilized for fault detection purposes. The noise floor
is typically determined in different systems for many
other reasons, and the present description will start
with a short review of where to find some examples of
such use. A specific technical challenge in e.g. WCDMA
and similar systems is the scheduling of enhanced
uplink channels to time intervals where the
interference conditions are favourable, and where
there exist a sufficient capacity in the uplink of the
cell in question to support enhanced uplink traffic.
It is well known that existing users of the cell all
contribute to the interference level in the uplink of
WCDMA systems, a s well a s contributions from
terminals in neighbour cells. The load of the cell is
directly related to 



the interference level of the same cell. In order to
retain stability of a cell fast enhanced uplink
scheduling algorithms operate to maintain the load
below a certain level. The reason is that the majority
of uplink user channels are subject to power control.
A momentary increase of the traffic increases the
interference and the power control increases the
powers in order to keep the received power level of
eachchannel at a certain signal to interference ratio.
If the load level is too high, this may lead to an
uncontrolled instability, a so called power rush. The
load of a cell in e.g. a CDMA system is usually
referred to some quantity related to power. Power
quantities, such as total power level and noise floor
(ideally thermal noise), typically have to be
determined. Another important feature that also
requires load estimation for its control is the
coverage of the cell. The coverage is normally related
to a specific service that needs to operate at a
specific SIR to function normally. The uplink cell
boundary is then defined by a terminal that operates
at maximum output power. In order to maintain the cell
coverage it is necessary to keep the interference
below a specific level. This means that load
estimation is important also for coverage. In
particular load estimation is important from a
coverage point of view in the fast scheduling of
enhanced uplink traffic in the RBS. Furthermore, the
admission control and congestion control functionality
in the radio network controller (RNC) that controls a
number of RBS's also benefits from accurate
information on the momentary noise rise of the cell,
which in turn depends on the noise floor measure.
Different useful approaches for estimation of noise
floor values are given further below. In the present
invention it is realized that time aspects of a noise
floor value, i.e. how the noise floor value changes
with time, can be utilized for supervision and fault
detection. Contributions to powers that are measured
in a receiver have different sources. Fig. 1
illustrates a typical wireless communication system
70. Within a cell 30, a number of mobile terminals 25
are present, which communicate with a base station 20
over different links 22, each contributing to a total
received power in the base station 20. The cell 30 has
typically a number of neighbouring cells 3 1 within
the same wireless communication system 70, each
associated with a neighbour base station 21. The links
24 of the neighbouring cells 3 1 also contribute
withradio frequency power detected in the base station
20. There may also be other network external sources 4
1 of radiation. Finally, a term 23 arises also from
the receiver itself, and this term is typically
denoted as the noise floor. In a mathematical
approach, a total wide band power measurement P Lm )
can thereby be expressed by: where P f) is the signal
power of code number i , PN(t) is the noise floor and
P (t) is the power contributions from neighbouring
cells and external sources, i.e.: where PE is the
contribution from external sources and P is the
contribution from neighbouring cells. eRTWP {f) models
measurement noise. It can be mathematically proved
that a linear estimation of PE (t) and PN is not an
observable problem. Only the sum PE +PN is observable
from the available measurements. The noise floor
basically arises due to thermal noise in the receiving
signal chain. An erroneous function of any of the
components in such a receiving signal chain will
typically give rise to a higher noise level than
normally, at any point after the erroneous component.
From a single value of the noise floor it is very
difficult to determine if any fault is present.
However, by monitoring or registering a time evolution
of the noise floor or a best estimate of a noise
floor, information about changes in the noise level
can be achieved. Some changes may be explained by
normal occurring factors, such as inaccuracies in
estimation principles or natural changes in
temperature.However, other changes can be used as
detections of a likely occurrence of a fault. Fig. 2
illustrates a flow diagram of an embodiment of a
method according to the present invention. The method
for supervision of faults in a receiving signal chain
of a wireless communication starts in step 200. In
step 210, data representing measured received powers
in the receiver signal chain is provided at a number
of time instances. A noise floor value is determined
in step 220 at a number of time instances based on the
data representing measured received powers. In a
preferred embodiment, the determining step 220
comprises a step 221 of obtaining power related
quantities at a number of instances based on the data
representing measured received powers whereby the
determination of the noise floor is based on these
power related quantities. In step 230, a time
evolution of the determine noise floor values is
registered. Any occurrence of a fault in the receiving
signal chain is detected in step 240, based on the
registered time evolution. In a preferred embodiment,
the step of detecting comprises comparing of the
registered time evolution with a model time evolution
and indicating a fault if a measure representing a
difference between the registered time evolution and
the model time evolution exceeds a threshold value.
The model time evolution may be fully or partly based
on a statistical treatment of previous registered time
evolutions for similar conditions. The model time
evolution may also be fully or partly based on
theoretical models of expected time evolutions for
similar conditions. A tentative situation is
illustrated in Fig. 3 . The time evolution 101 of a
noise floor value is here illustrated in a diagram. In
the beginning the noise floor value follows a
relatively slow-varying, typically periodic,
variation. Such variations may be dependent on
inaccuracies in noise floor estimation routines or may
be a result of a natural temperature variation.
However, at time t0, a drastic deviation from normal
behaviour is seen. Such changes can not be explained
by natural causes in a well operating system and are
therefore likely to indicate that a fault has
appeared. A model time evolutionis indicated by a
curve 102. As mentioned above, the model time
evolution could be based on statistical treatment of
earlier noise floor values and/ or on theoretical
considerations. By defining a difference measure
between the registered time evolution of the noise
floor values and the model time evolution, a measure
can be obtained reflecting a deviation from normal. If
such a difference exceeds a certain threshold, the
deviation can be considered as likely being caused by
an introduction of a fault. There are numerous methods
in prior art for finding difference measures between
two series of data, e.g. time evolutions. The
provision and analysis of the difference as such is
therefore known from prior art. The actual preferred
methods selected in the present invention depend on
the application and the type of difference measures
used. The details of these steps are, however, not of
particular importance for achieving the basic
advantages of the application of the main inventive
ideas and are therefore 



omitted from the present description. Anyone skilled
in the art has the knowledge to find suitable methods
in any basic standard detection theory literature for
implementing this part invention. As mentioned above,
noise floor values are already today requested for
different purposes in wireless communication systems.
Almost any prior art method for providing such
measure, based on measurements of received powers, can
be utilized for the purposes described in the present
invention. One approach to provide noise floor values
used to improve load estimation is disclosed in the
published international patent application WO
2006/076969. A minimum value of a power related
quantity, preferably a difference between data
representing at least two different types of received
powers, is used as an estimate of an upper limit of
the thermal noise floor. In a further preferred
embodiment, the difference is a difference between the
instantaneous received total wideband power and the
instantaneous sum of powers of all links used in the
same cell. In absence of any more information, such an
upper limit can be used as an estimate of the
noisefloor itself. In a preferred embodiment, the
minimum value is determined within a certain time
period, thereby giving a presently best estimation of
the noise floor. The noise floor values obtained in
this manner may advantageously also be utilized along
the principles of the present invention. An optimal
and soft algorithm for noise rise estimation based on
a similar basic idea of minimum values is disclosed in
the published international patent application WO
2007/024166. Here, an estimation technique based on
Kalman filtering is disclosed, resulting in
information about a noise floor as an intermediate
result. In such an approach the obtaining step
comprises estimation of probability distributions for
a power quantity based on the provided received
powers. The determination of a noise floor value
useful in the present invention then comprises
computation of a conditional probability distribution
of a noise floor measure based on at least a number of
the estimated probability distributions for said power
quantity. From this conditional probability
distribution of a noise floor measure, a noise floor
value is easily obtainable. With reference to Fig 4,
an embodiment of determining a noise floor is based on
soft estimation. In the most advanced form, the
possible noise rise estimation is performed in three
main blocks 51, 52, 53. The first block 51, i.e. the
power estimation block, applies an estimation
algorithm for estimation of certain power quantities
that are needed by subsequent processing blocks. In
the present embodiment, the estimation is a so-called
extended Kalman filter. Specifically, the block 5 1
receives a number of inputs 6 IA-E in the present
embodiment comprising the measured received total
wideband power (RTWP) 6 IA, measured code power to
interference ratio (C/I) of channel i 61B, beta
factors for channel i 61C, number of codes for channel
i 6 ID, corresponding to code power to interference
ratio commanded by a fast power control loop 6 IE, and
provides outputs comprising power estimates 62A, 63A
and corresponding standard deviations 62B, 63B. The
output 62A is an estimate of a power quantitybeing the
sum of neighbour cell WCDMA interference power,
in-band non- WCDMA interference power and thermal
noise floor power, and the output 63A is the estimated
received total wideband power (RTWP) and the output
63B is the corresponding variance. Together with the
estimated mean values of the power quantities, the
variances of the power quantities define estimated
probability distribution functions (PDF's) of the
power quantities. When the outputs are from an
extended Kalman filter arrangement, these parameters
are the only ones needed to define the estimated
(approximate) Gaussian distributions that are produced
by the filter. Thus, enough information is given to
define the entire probability distribution information
of the power estimates. A second block 52 applies in
the present embodiment Bayesian estimation techniques
in order to compute a conditional probability density
function of an extreme value 64 of one of the above
mentioned power quantities. The estimation is based on
a number of estimated probability distributions from
the first block 5 1. Parameters 66 giving information
about a prior expected probability distribution of the
noise floor power is in the present embodiment
provided to the conditional probability distribution
estimation block 52, in order to achieve an optimal
estimation. From this conditional probability density
function of an extreme value 64, a noise floor value
can be determined. In this particular embodiment, a
third block 53 performs noise rise estimation, which
however is outside the main scope of the present
invention. In the present embodiment, this is
performed by a calculation of the conditional
probability distribution of the quotient of the
momentary estimated RTWP distribution 63A, 63B from
block 51, and the conditional probability distribution
of the noise power floor 64. The noise rise estimate
65 is preferably computed as a conditional mean of the
conditional probability distribution of the
quotient.For larger systems and more exact models,
computation complexity easily becomes large.
Complexity reduction procedures concerning such
algorithms are further disclosed in the published
international patent application WO 2007/055626, and
are advantageously also applied in the field of the
present invention. When considering the provision of
data, there are two basic embodiments. In a first
embodiment, the method includes the measuring itself
of received power in the receiving signal chain. The
time instances of the measurements are thereby easily
controllable and integrated in the remaining method.
In another embodiment, a separate method is
responsible for the actual measuring, and the
provision of data according to the present invention
will in such case simply comprise the reception of
data representing measured received power in the
receiving signal chain. Information about measuring
time instants is preferably attached to the data, to
be used during the subsequent computational steps. In
a receiving signal chain, a fault can be determined
according to the above principles in any component
from the antenna to the point at which the power is
measured. In Fig. 5, a schematic receiving signal
chain 15 is illustrated. An antenna 10 is connected to
a network 13 via a series of signal handling units
1IA-D. Received signal power can in principles be
determined at different stages 12A-E during the signal
handling in the receiving signal chain 15. If powers
are measured or otherwise determined at e.g. stage
12C, faults occurring in the antenna 10 or the signal
handling units H A and H B can be detected by the
principles described above. However, faults in signal
handling units H C and H D cannot be detected. If
powers instead are measured at stage 12E, faults in
all signal handling units HA-D may be detected.
However, in such a case, it may instead be cumbersome
to 



distinguish where in the receiving signal chain 15 the
error occurred. If instead powers are measured at more
than one stage, i.e. at at least two positions in a
receiving signal chain 15, more information can be
provided. Ifindependent power measurements are
performed at e.g. stage 12B and 12E, a fault can be
detected anywhere in the receiving signal chain 15.
Furthermore, it is likely also to be able to localize
the fault to be present before or after stage 12B.
This is further illustrated in the diagram of Figs. 6A
and 6B. The time evolution of noise floor values based
on measurements at stage 12B and 12E of Fig. 5 are
illustrated as curves 103 and 104, respectively, in
Fig. 6A. The differences in noise floor are typically
associated with additional noise arising in the signal
handling units 11B-D. In Fig. 6A, at time tl, the
curve 104 associated with measurements made at stage
12E presents a strange behaviour. However, the curve
103 associated with measurements made at stage 12B
follows a more normal path. By comparing the curves,
it can be concluded that a fault is likely to have
appeared in the receiving signal chain 15 between the
measurement positions, e.g. in any of the signal
handling units 11B-D. Analogously, time evolution for
another situation of noise floor values based on
measurements at stage 12B and 12E of Fig. 5, are
illustrated as curves 105 and 106, respectively, in
Fig. 6B. Here both curves present unexpected
behaviours at time t2. The unexpected behaviour
indicates that a fault is present. Since both curves
are suffering from these changes, it can be concluded
that a fault is likely to have appeared in the
receiving signal chain 15 before the first measurement
position, i.e. in the antenna or the signal handling
unit 1IA. If time evolutions of noise floor values are
available from more than one point in the receiving
signal chain, they can first of all be utilized as
redundancy for the fault detection. Furthermore, they
can, as described above, be utilized as mutual model
time evolutions, which enable some kind of spatial
determinations of faults. In other words, data
representing measured received powers at at least two
positions in a receiving signal chain is provided. The
determining of a noise floor then comprises
determining of separate noise floor values for the at
least two positions. Thedetection can thereby be based
on a comparison between the registered time evolutions
of the determined noise floor values of the at least
two positions. Noise floor determination at several
positions is particularly advantageous in systems
presenting receiver diversity. MIMO radio techniques
utilise receiver diversity. MIMO radio techniques
divide/ mix incoming bit streams into one separate
stream for each transmitting branch. These branches
are preferably designed so that the transmitted
multiple bit streams are as uncorrelated as possible
at the receiving receiver branches. This can e.g. be
accomplished with the use of different polarization
and/ or by using transmitting branches that are
located at different enough locations (spatial
diversity). The advantage of the MIMO concept is that
if the correlation between bit streams is sufficiently
low at the receiving end, the capacity can be
increased by a factor equal to the number of
transmitting branches. This is due to the fact that
each transmitting branch can be viewed as a separate
channel, exploiting the complete spectral bandwidth of
the allocated channel. The technical challenge is to
make sure that the transmitted bit streams remain
uncorrelated at the receiving end, at the same time as
the physical size of the antenna is kept small enough.
This can be very tricky in a small handheld terminal,
although polarization diversity appears to be
promising in such applications. In an embodiment of
the present invention, where the wireless
communication system is provided with receiver
diversity and the receiving signal chain therefore
comprises at least two receiver branches, the method
of fault detection preferably comprises a
determination of separate noise floor values for the
at least two receiver branches. In embodiments
utilizing intermediate power related quantities, the
power related quantities are related to received
powers at the at least two receiver branches. This
means that the detection can be based on a comparison
between the time evolutions of the determined noise
floor values of the at least two receiver branches. An
initial difference can be treated as a calibration
between thereceiver branches, whereas following
differences between the branches are indications of
differences in operation, e.g. an occurrence of a
fault. In order to fully exploit the MIMO concept, a
large number of dedicated radio algorithms have been
developed. Now, an important pre-requisite for the use
of MIMO processing schemes is a model of the involved
channels. Typically, these channel models need to be
created individually for each MIMO branch. The reason
for this is that component variations result in scale
factor variations (for the power) between the receiver
branches of more than a dB. An alternative would be to
calibrate the receiver branches and compute channel
models by processing of all measurements
simultaneously. It can be expected that such a
procedure would be more efficient, e.g. since more
prior information is available, i.e. the receiver
branches are calibrated. Such calibration is however
costly. When estimation algorithms are used together
with receiver diversity systems, mutual influences
between the different receiver branches can instead be
modelled and included in the algorithm. This generally
increases the reliability of the estimation. In one
such embodiment, data of measures of received total
wideband power for at least a first receiver branch
and a second receiver branch at a plurality of times
is provided. The determination of noise floor values
comprises estimating, a plurality of times, a
probability distribution for a first power quantity
and a second power quantity, both being related to
selected state variables of an estimation algorithm,
from quantities representing the measured received
total wideband power of the first receiver branch as
well as of the second receiver branch using selected
measurement functions of the selected state variables
of the estimation algorithm. The selected state
variables correspond to cell power qu antities and the
selected measurement functions correspond to the
quantities representing the measured received total
wideband power of the first and second receiver
branches. The determination further comprises a
computation of a conditional probability distribution
of a first noise floor measure based on at least a
number of the estimated probabilitydistributions for
the first power quantity, and a conditional
probability distribution of a second noise floor
measure based on at least a number of the estimated
probability distributions for the second power
quantity. The provision of the noise floor value is
then based on the computed conditional probability
distributions of the first and second noise floor
measures. The load estimation techniques of WO
2007/024166 are possible to apply also in cases of
receiver diversity and MIMO. According to a present
embodiment, the load estimation is not performed
separately per branch, but instead in a common
processing of power quantities of all branches, 



however, still providing noise floor estimates for the
individual branches. In receiver diversity
applications and MIMO, the receiver branches are
ideally uncorrelated to each other. In reality,
however, a certain degree of correlation remains. By
use of the present embodiment, this correlation can be
exploited for enhancement of the estimation of the
noise floor. More particularly, the correlation
enhances the estimation of the so called residual
power by using a more general filter structure than
used before. The correlation is then modelled by the
introduction of correlation in the joint systems noise
covariance matrix. Fig. 7 illustrates one embodiment
of a soft estimation of the thermal noise power floor
according to the present invention. In this particular
embodiment, the noise floor measure is also used for
load estimation purposes. In this embodiment, two
receiver branches are present. Specifically, the block
5 1 receives inputs 6 IA, 6 IF comprising the measured
received total wideband power (RTWP) for the first
receiver branch 61A and the RTWP for the second
receiver branch 6 IF. The estimation the extended
Kalman filter in block 5 1 is thus based on inputs for
both receiver branches. The Kalman filter provides
outputs comprising two sets of power estimates 62A,
63A, 62C, 63C and corresponding standard deviations
62B, 63B, 62D, 63D. The output 62A is as above an
estimate of a power quantity associated with the first
receiver branch. The output 62C is an estimate of a
power quantity associated with the second receiver
branch. The output 63A is asabove the estimated
received total wideband power (RTWP) of the first
receiver branch and the output 63C is the estimated
received total wideband power (RTWP) of the second
receiver branch. The power estimate 62A and the
standard deviation 62B are provided to a second block
52A associated with the first receiver branch. The
power estimate 62C and the standard deviation 62D are
provided to a second block 52B associated with the
second receiver branch. Each of the second blocks 52A
and 52B performs the functionalities as described in
connection with Fig. 4 . In the same way, each of the
second blocks 52A and 52B output a respective extreme
value 64A, 64B of the power quantities associated with
the power estimates 62A and 62C, respectively, i.e. an
approximate value of the noise floor. In this
embodiment, these extreme values 64A, 64B are provided
to a respective third block 53A and 53B. The third
blocks 53A and 53B also receive the respective RTWP
estimate 63A and 63C and the associated standard
deviations 63B and 63D. The third blocks 53A and 53B
uses these inputs for providing a respective noise
rise measure 65A and 65B. However, the operation of
the third blocks 53A and 53B are outside the main
scope of the present invention. It can be noticed,
that the blocks 52A, B operate separately, i.e. each
of them operates in the same manner as in the
arrangement of Fig. 4. However, the first block 5 1 is
a common block, where, in the present embodiment, the
extended Kalman filter encompasses all input
measurements and is designed to model also the
remaining correlations between the different receiver
branches. In Fig. 7, only RTWP measurements are
indicated as inputs to the first block 5 1. However,
other power-related measurements and information can
also be utilized in order to achieve a better
estimation of a power quantity corresponding to a sum
of neighbour cell WCDMA interference power, inband
non-WCDMA interference power and thermal noise floor
power. This in turn improves the noise floor
estimation. It is thus possible to use e.g. inputsas
in Fig. 4, but for both receiver branches. Another
alternative is to use additional measures of received
scheduled enhanced uplink power, RSEPS, as input to
the estimator. The estimated power quantity provided
to the second blocks 52A and 52B could then preferably
be related to the difference between the RTWP and the
RSEPS for each receiver branch. Variants of handling
the nonlinear measurement then preferably have to be
specified. The modelling of power dynamics is also
preferably enhanced, to general dynamics as compared
to the random walk modelling previously exploited.
Adaptive spectral estimation is included in the front
end, for estimation of such general dynamics. In an
alternative embodiment, a common RSEPS value for all
receiver branches can be used. Such a common RSEPS
value can be constituted e.g. by the RSEPS of one of
the branches, an average value for all branches or
dependent on at least one branch RSEPS value according
to some other relation. The common RSEPS value can
then be utilized for estimating the power quantities
for the different receiver branches. An embodiment of
a general state space modelling is now described.
Ajoint block state space model is created. The generic
state space model that is used to describe the powers
of the cell used in the noise rise estimator is: Here
x(t) is a state vector consisting of various powers of
relevance to a specific cell. In particular, x( )
contains one block of power states for each receiver
branch. y(t) is an output vector consisting of the
power measurements performed in the cell (e.g. the
total received wideband power, RTWP). Also y(t)
contains one measurement block for each receiver
branch. w(t) is the so called systems noise that
represents the model error, and e(t) denotes the
measurement error. Both these quantities contain one
block for each receiver branch. a(x( )) describes the,
possibly nonlinear, dynamicmodes, while the vector
c(x( )) is the, possibly nonlinear, measurement
vector, which is a function of the states of the
system. Finally t represents the time and T represents
the sampling period. In the following, specializations
will be introduced to quantify the detailed aspects of
embodiments of the current invention. States and
receiver branch blocks are to be defined. The selected
state variables are defined to correspond to cell
power quantities. A detailed embodiment where both
RTWP and RSEPS measurements are available is described
in Appendix A. Correlation properties between receiver
branches, e.g. regarding spatial and polarization
correlation effects have to be included. The
estimation algorithm comprises preferably a joint
system noise covariance modelling correlation between
the different receiver branches. The joint system
noise covariance comprises more preferably at least
one of spatial diversity covariance and polarization
diversity covariance. This is also exemplified in
Appendix A. The next step is to discuss the second
equation of (3), i.e. the available measurement
alternatives. The selected measurement functions
correspond at least to the quantities representing the
measured received total wideband power of the first
and second receiver branches. Different measurement
alternatives, based on both RTWP and RSEPS
measurements are possible, of which one is discussed
more in detail in Appendix B. As mentioned further
above, the method could also be based on power
measurements in a more general sense. For load
estimation purposes, the 



code powers of each channel of the own cell can be
exploited, at the price of a Kalman filter with a very
high order. The treatment of WO 2007/024166 and
complexity reductions of WO2007/055626 can be
generalized along the lines of the present invention
disclosure as briefly described here below. The RSEPS
state block, of each receiver branch, are replaced
with code power blocks, one block for each channel of
the cell. Each code power stateblock has its own
individual modelling of dynamics and systems noise
covariance. The RSEPS measurement equations, of each
receiver branch, are replaced with one code power
measurement for each channel of the own cell. The
modelling alternative in Appendix B may need additions
to cover e.g. SIR measurement definitions from which
code powers can be derived. The details are omitted.
The treatment in Appendix A and B was based on the
choice of the RSEPS and residual powers as the "main"
states. However, the state selection is in fact
arbitrary - the only thing that matters is that the
dynamics and the measurement equations of (3) are
consistently defined. This is further discussed in
Appendix C. All quantities have now been defined and
the extended Kalman filter can be applied with any
combination of state model and measurement model
according to the appendices A, B and C. The general
extended Kalman filter is presented in Appendix D. An
arrangement for supervision of faults in a receiving
signal chain of a wireless communication comprises
mainly two parts. A first part is involved in
providing useful data, i.e. a means for providing data
representing measured received power in a receiving
signal chain at a number of time instances. A second
part is involved in processing this data in order to
achieve information about any occurrence of a fault.
This second part is typically performed by a processor
arrangement. Such a processor arrangement is in one
embodiment a single processor in a single node of the
communication system. However, in another embodiment,
the processor arrangement is a distributed arrangement
comprising parts of more than one processor. The
different processors may even be physically situated
at different sites in the communication system or any
network connected thereto.Fig. 8 illustrates a
schematic block diagram of one embodiment of a
wireless communication system 70 comprising an
arrangement 90 for supervision of faults in a
receiving signal chain. In this embodiment, the
arrangement 90 for supervision of faults in a
receiving signal chain is comprised in a node for use
in the wireless communication system 70, in this
embodiment a radio base station (RBS) 20. The RBS 20
comprises means 80 for ordinary operation of the RBS
20, and is connected to at least one antenna 10 and is
further connected to a core network 8 1 of the
wireless communication system 70. The arrangement 90
for supervision of faults in a receiving signal chain
comprises means 92 for providing data representing
measured received power in a receiving signal chain at
a number of time instances. In the present embodiment,
the means 92 for providing data comprises measuring
means 93 arranged for measuring received power in a
receiving signal chain at a number of time instances.
The arrangement 90 for supervision of faults further
comprises a processor arrangement 9 1. The processor
arrangement 9 1 is connected to the means 92 for
providing data and is arranged for operating a fault
supervision based on the data provided from the means
92 for providing data. One embodiment of a processor
arrangement 91, useable in e.g. the arrangement of
Fig. 8, is illustrated in Fig. 9. In this embodiment,
the processor arrangement 9 1 comprises a section 58
arranged for determining a noise floor value at a
number of time instances based on data provided from a
means for providing data representing measured
received power in a receiving signal chain at a number
of time instances (c.f. Fig. 8). In the present
embodiment, the section 58 comprises a block 59
arranged for obtaining power related quantities at a
number of time instances based on said provided data.
In the present embodiment, this block is arranged in
accordance with the first block 5 1 described in
connection with Fig. 4. If receiver diversity is
utilised, the block 59 is instead preferably arranged
according to the first block 5 1 described in
connection with Fig. 7 . Theobtained power related
quantities are provided to a noise floor block 55, in
which the noise floor value is determined based on the
obtained power related quantities. In the present
embodiment, this is mainly performed by a second block
52 in accordance with Fig. 4 or Fig. 7. For the
details of the operations of the blocks 5 1 and 52,
references are made to the discussions in connection
with Figs. 4 and 7. The processor arrangement 9 1
further comprises a section 56, connected to the
section 58, for evaluating a time evolution of the
determined noise floor values. The processor
arrangement also comprises a section 57, connected to
the section 56, for detecting any occurrence of a
fault in the receiving signal chain based on the time
evolution. Preferably such detecting is performed by
comparing the time evolution with a model evolution
and indicating a fault if a measure representing a
difference between the time evolution and the model
evolution exceeds a threshold value. The model
evolution is in this particular embodiment based on a
statistical treatment of previous time evolutions for
corresponding conditions. The section 56 for
evaluating a time evolution outputs a signal
representing a detected fault or a situation of no
fault. This output can be utilized by other parts of
the system and/ or external parts for performing
suitable actions, e.g. reporting of any fault to an
operator. In a further embodiment, the measuring means
93 is arranged for measuring received power at at
least two positions in a receiving signal chain at a
number of time instances. The section 58 is
accordingly arranged for determining a separate noise
floor value for each position. The section 57, for
detecting any occurrence of a fault then bases the
detection on a comparison between the time evolution
of the determined noise floor values of the at least
two positions. Fig. 10 illustrates a schematic block
diagram of another embodiment of a wireless
communication system 70 comprising an arrangement 90
for supervision of faults in a receiving signal chain.
In this embodiment, thearrangement 90 for supervision
of faults is comprised in a node 82 of the core
network 8 1 of the wireless communication system 70.
In the present embodiment, the means 92 for providing
data comprises a data receiver 94 for quantities
related to measured received power in the receiving
signal chain at a number of time instances. The data
receiver 94 is preferably connected, directly or
indirectly, to a base station 20, in which the actual
measurements are performed. In this way, the fault
supervision can be performed remotely, and preferably
in a coordinated manner for a number of 



base stations. The embodiments described above are to
be understood as a few illustrative examples of the
present invention. It will be understood by those
skilled in the art that various modifications,
combinations and changes may be made to the
embodiments without departing from the scope of the
present invention. In particular, different part
solutions in the different embodiments can be combined
in other configurations, where technically possible.
The scope of the present invention is, however,
defined by the appended claims. APPENDIX A If both
RTWP and RSEPS measurements are available, in order to
provide an estimate of the residual power in the
digital receiver, i.e. the received total wideband
power minus the received scheduled enhanced uplink
power (shared), and to compute a noise floor measure,
typically a two state model for each branch is
introduced. The selection of states is, as usual,
arbitrary. However, one natural choice is to use one
state that describes the RSEPS and one state that
describes "the rest" of the power, here denoted the
residual power. In case the objective is limited
solely to the estimation of a noise floor measure, it
is possible to use a one state model.Noting that these
states describe powers and are therefore necessarily
positive, they need to include a nonzero mean value.
Such mean values are modelled as random walk
components. It is assumed that any power measurements
defined logarithmically using e.g., the dBm scale has
been transformed to the linear power domain before
processing. For the selection of states of the present
example, this leads to the state definitions:Here (A3)
refers to (3).xRSEPSPower,i(t) denotes the state
corresponding to the received scheduled enhanced
uplink power of receiver branch i , that is measured
as the logarithmic fractional RSEPS quantity,
xRSEPSPowerDynamics,i(t) denotes the power state
variables that are used for modelling of the dynamics
of the power that is expressed by the RSEPS quantity,
for receiver branch i . This dynamics is described by
the matrices RSEPSPower , i and RSEPSPower , i whe, re
the time variation is introduced mainly to allow for
the introduction of time variable adaptive spectral
analysis processing, as described below. The quantity
WRSEPSPower , i is the process noise (i.e. the
stochastic modelling error) of the power of receiver
branch i , corresponding to the fractional RSEPS
quantity. The notation is the same for the quantities
that describe the residual power. At this point is
stressed that the quantity that is to be fed into the
subsequent noise power floor estimation steps (one for
each receiver branch) is given by the estimated
xResidual, i(t), i 1,...,N Branches , and the
corresponding estimated variance (see below) . The
final result of this subsection is the state modelNote
that (A6) is a special case of the first equation of
(3), since a(x(t)) = A(t)x(t). It remains to define
the statistical properties of the process noise. These
quantities are modelled as white Gaussian zero mean
random processes. As compared to prior art,
correlation is introduced between powers of one
receiver branch, as well as between powers of
different receiver branches using the system noise
covariance matrix. This is a situation that can be
expected when Rx diversity and some variants of MIMO
receiving systems are designed. As an example of a
typical embodiment, each receiver branch is assumed to
fulfil: Here E[.] denotes statistical expectation.
Note that the special case without power dynamics is
readily obtained by deletion of the corresponding
states and matrix blocks. To summarize, the following
describes the systems noise covariance, for receiver
branch iIn the above embodiment correlation is
introduced between the states corresponding to the
residual power and the RSEPS power, whereas the
correlation between power and dynamics is left
unaffected, as is the correlation between the dynamics
of the residual power and the RSEPS power. More
general setups are of course possible, where all
correlation elements are left in the matrices. The
problem is then the determination of a large number of
unknown correlation parameters. In view of this, the
above assumption seems reasonable, since it captures
at least the correlation between powers within a
matrix block. It remains to model the correlations,
between the powers of different receiver branches.
Correlation properties between receiver branches, e.g.
regarding spatial and polarization correlation effects
have to be included. The estimation algorithm
comprises preferably a joint system noise covariance
modelling correlation between the different receiver
branches. The joint system noise covariance comprises
more preferably at least one of spatial diversity
covariance and polarization diversity covariance.
Considering a typical embodiment with an antenna array
with receiver branches uniformly distributed, with
corresponding receiver signal chains, it is reasonable
to assume that the correlations between an arbitrary
stationary received power signal.in the antenna array
with multiple Rx diversity receiving branches is given
by Here p denotes the correlation between systems
power noise between adjacent receiver branches.
XReceived {t) denotes the "true" (conditional mean)
received signal. The standard deviation matrix
Dreceived is given by It should be noted that more
general assumptions are possible. However, the model
(A 12) is commonly employed in the state of the art,
when spatial diversity is discussed. When polarization
diversity is at hand, different models apply. It may
then be assumed that the correlation between adjacent
antenna elements with different orthogonal
polarization is small, whereas the correlation follows
(A12) for antenna elements with the same polarization.
Non-orthogonal polarization may of course be applied
in case the number of antenna elements exceeds 2. As
an example, assuming orthogonal polarization diversity
with a remaining polarization error correlation of h
of every second antenna element, givesprovided that
NBranch is even. A similar expression holds in the odd
case. The combination of the correlation between
receiver branches and the systems noise covariance
matrix of a single receiver branch is the case. When
combining, it is clear that each of the elements of (A
12), (A 14) (and other variants of the correlation
matrix) affects all the corresponding states of the
receiver branch. This means that the following block
matrix formulation can be obtained from (A4), (A7) -
(A10) and e.g. (A 14)This completes the discussion of
the first equation of (3), applied for MIMO / Rx
diversity load estimation and or calibration. Note
that there are many variations on the above theme -
the details depend on the antenna geometry and the
transmission technology (e.g. polarization diversity)
. APPENDIX B 



The measurement of powers and modelling of measurement
covariances here below are described for a single
receiver branch. The reason is not to obscure the
treatment with unnecessary detail when the measurement
alternatives are discussed. The situation for multiple
branches is discussed further below, where
corresponding measurement alternatives are available.
An embodiment using both RTWP and RSEPS measurements
of a number of receiver branches is used as a model
embodiment. Received total wideband power {RTWP{t))
and the received scheduled enhanced uplink power
(RSEPS{t)) are assumed to be defined according to the
3GPP release 7 definitions. On top of this,
proprietary measurements may be performed, immediately
after of even before analogue to digital conversion.
Noting that the RSEPS measurement is typically
expressed as a fraction of the RTWP measurement that
is defined for joint measurement (defined onexactly
the same time interval), it i s clear that the
measurement equation becomes nonlinear. For each
branch i : Here RSEPSPower,i(t) denotes the true power
o f the RSEPS quantity o f branch i , e R S E P the
corresponding measurement uncertainty and q RSEPS (.)
i s the quantization function o f the RSEPS
measurement. The RTWP measurement i s similarly
defined, Where the RTWP i s measured in dBm and where
all power state variables are in Watts. The notation
parallels that o f the RSEPS measurement. The
measurement disturbances are assumed t o b e zero
mean, Gaussian and white, with The quantization i s
normally fine enough t o b e neglected. Here it i s
assumed that the quantization i s neglected. In the
present embodiment, logarithmic relative measurements
o f RSEPS are assumed. The original definition o f
(B1) i s retained, with the quantization effects
neglected. This gives, after a Taylor series
expansionwhere Here RTWPi powermeasurement (t) and
RSEPSi powermeasurement (t) are the artificial power
measurements in watts, that result when (B2) and (B5)
are solved for the state variables. A similar
treatment of (B2) results in where Furthermore, the
cross coupling becomes The nonlinear measurement model
with reference to (3) is given by:Code assignment in
HS-SCCH less operation mode TECHNICAL FIELD The
present invention relates to a method and a system for
assigning codes. In particular the present invention
relates to a method and a system for assigning codes
in a cellular radio system employing a High Speed-
Shared Control Channel (HS-SCCH) less mode of
operation BACKGROUND Today mobile broadband services
over cellular systems are becoming more and more
common. One underlying reason is the introduction of
High Speed Packet Access (HSPA) radio bearers in live
networks. There is also an increased interest in IP
Multimedia Subsystem (IMS) based services, such as
Voice over IP (VoIP), and Push to talk over Cellular
(PoC) . HSPA introduces the possibility of downloading
and uploading data with a speed of several Mbits/s,
but there is also standardization work ongoing in 3GPP
to boost VoIP capacity. In High Speed Downlink Packet
Access (HSDPA) a shared channel is employed. The use
of a shared channel results in that several
channelization codes are shared between users on a per
2 ms TTI basis for transmission. In HSDPA the basic
shared channel structure includes a number of codes,
for example 8. which are available for High
Speed-Downlink Shared Channel (HS-DSCH) transmission
every 2ms TTI. A user can use all codes, such as all 8
if 8 codes are available, or the codes can be divided
between users during the 2 ms Transmission Time
Interval (TTI). Dividing codes between different users
is usually referred to as code multiplexing, i.e. the
users are multiplexed on the same TTI by being
assigned different codes. The UMTS Terrestrial Radio
Access Network (UTRAN) assigns a number of High Speed
Shared Control Channels (HS-SCCHs) to match the number
of code multiplexed users.Although a mobile station is
only required to be able to listen to a maximum of 4
HSSCCHs more than 4 HS-SCCHs can be deployed per cell.
The HS-SCCH carries information about which
channelization codes that a mobile station is to
decode, the User Equipment (UE) identity, which
identifies the receiver of the in formation. Hybrid
Automatic Repeat Request (HARQ) parameters and
Transport Format and Resource Combination (TFRC) i.e.
modulation scheme, channelization code set and
transport block size. etc. Studies show that in order
to allocate many VoIP calls in a single cell more than
4 HSSCCHs must be used. By allocating more than 4
HS-SCCHs per cell and spread out the UEs on these in a
smart way higher code multiplexing than 4 can be used.
However, as the VoIP service is comparably low rate
service the HS-SCCH overhead may be high. Therefore a
study item in 3GPP called continuous packet
connectivity (CPC) investigated several schemes to
improve services like VoIP, with focus on reducing
overhead, see [3GPP TR25.903]. One improvement was the
so called HS-SCCH less operation mode. Basically in
HS-SCCH less mode, the HS-SCCH overhead can be reduced
by simply being removed or introducing discontinuous
transmission. The disadvantage is that only a few
transport format combinations (TFC). i.e. packet
sizes, can be used which are semi-static and
configurable per UE. The UE makes a so called blind
decoding assuming the configured packet sizes. In the
currently proposed standard, two (2) different
Transport Block (TB) sizes are allowed in HS-SCCH less
operation, and four (4) different TB sizes are allowed
in Reduced Complexity HS-SCCH-less operation. If other
TFCs or TB sizes are needed than these two or four,
then the normal High Speed Dedicated Physical Control
Channel HS-DPCCH must be used. For VoIP this is not a
critical limitation. In normal operation mode the
network receives feedback information such as channel
quality indications and ACK/NACKs, on the uplink
channel HS-DPCCH. The network utilizes that
information in the downlink scheduling decision and in
the HARQ process. The downlink HS-SCCH indicates to
the user which HS-DPSCH it shall decode, the HARQ
process number and a CRC. Both parts employ a terminal
specific masking, which is used by the mobile
station/terminal to determine that the data is
actually intended for it. Finally the mobile
station/terminal despreads the data sent on the
HS-PDSCHs.IfHS-SCCH less operation is used, each VoIP
user in HS-SCCH less operation is assigned a specific
code, or HS-PDSCH channel, at the start of the
session. Hence, the code assignment is highly
important, and care should be taken to avoid code
blocking as the mobile stations in HS-SCCH less mode
only try blind decoding on the given pre-defined
HS-PDSCH code, i.e. channelization code. It is of
course possible to change this code, but not
instantaneously since it requires an RRC message, see
3GPP TS 25.308. Code blocking is when the scheduler
assigns two or more users to transmit in the same TTI.



but since they use the same HS-PDSCH code this is not
possible. In normal operation the code assignment is
done on the fly by using the HS-SCCH to point out the
HS-PDSCH code. Today there exist no solution to handle
this situation. One solution could be to assign x out
of C possible HS-PDSCH codes, for all VoIP users, and
all other codes (C-x) for other (non CPC) services,
such as web browsing, etc. It should be noted that the
network cannot transmit during the same TTI to users
in HS-SCCH less operation which are assigned the same
code. However, when the number of VoIP users increases
in the cell such a solution is less efficient. When
the number of VoIP users increases and dominates the
traffic in cell the probability to simultaneously
transmit to many VoIP users increases. And since the
code limit is fixed, there is always a chance that the
need for codes exceeds that code limit. Without
HS-SCCH less operation and CPC. 4 users per TTI was
typically the code limit. This since the standard
stipulated that each UE only listens up to 4 groups of
codes (HSSCCH channels). Furthermore, it is not
obvious how to spread the users among the codes
available. Hence, there exist a need for a method and
a system that is able to handle many VoIP calls in a
single cell. SUMMARY It is an object of the present
invention to overcome or at least reduce some of the
problems associated with set up of many VoIP calls in
a cell of a cellular radio system.It is another object
of the present invention to provide a system and a
method that enables efficient assignment of codes to
mobile stations in order to achieve efficient
transmission and capacity. These objects and others
are obtained by the method and system as set out in
the appended claims. Thus, by providing a good spread
of users per code, the VoIP capacity limit can be
increased and maximized. This since it is not possible
to transmit to two users with the same code during one
TTI. Instead a traffic load value such as an intensity
value, is estimated per user. As input to the
estimation function a value related to the current
load in the system can be used. For example input to
the estimation function may include parameters such
as. MAC-hs buffer level, packet arrival time number of
retransmissions, etc. The estimated intensity value
can be used by the network to assign the HS-PDSCH code
for users in HS-SCCH less operation, and may also be
used in the dynamic transmission process, i.e. which
codes are to be used by which user during this and
future TTIs. If one code is over a given utilization
threshold, where the threshold is set in order to
avoid code blocking of VoIP users, enough users can be
re-assigned to a different code. In the case that all
of the current codes used in the HS-SCCH less
operation model are over the utilization threshold,
yet another code is preferably made available for
HS-SCCH less operation. BRIEF DESCRIPTION OF THE
DRAWINGS The present invention will now be described
in more detail by way of non-limiting examples and
with reference to the accompanying drawings in which:
- Fig. 1 is a view illustrating a cellular radio
network where a number of mobile stations are enabled
to communicate using a HS-SCCH less operation mode. -
Figs. 2a and 2b are illustrations of a switching
scheme between different operation modes in a cellular
radio system, and - Fig. 3 is a flow chart
illustrating a procedure for assigning codes in a
cellular radio system. DETAILED DESCRIPTIONIn Fig.l a
view illustrating a part of an exemplary cellular
radio system 100 is shown. The system 100 is enabled
to operate in a HS-SCCH less mode. The system 100
comprises a number of base stations, NodeBs. 101
whereof one is depicted in Fig. 1. Each base station
101 can be used to establish radio communication with
a number of mobile stations 103, User equipments UE.
camping with in the coverage area of a base station.
The base station 101 comprises a module 105 for
assigning codes to the mobile stations and also the
base station 101 comprises a unit 107 for estimating
the load of in the cell serviced by the base station
as is described more in detail below. In normal,
non-HS-SCCH less, operation, the maximum number of
HS-PDSCH codes used by the base station 101 of Fig. 1
are for example equally divided by the (maximum four)
users, i.e. the code assignment is done on the fly.
However, this is not possible for users using HS-SCCH
less operation. Therefore, it is important to
carefully assign the codes to the HS-SCCH less users
so that code blocking does not occur between the
HS-SCCH less users or between other users. Hence,
optimally the HS-SCCH less users should be assigned
codes by the base station 101 in such a way that
during high load situations there are no holes/gaps in
the time/code structure. To achieve a transmission
pattern where no are no holes/gaps in the time/code
structure exists an estimation algorithm/function as
described below can be used. Thus in order to evenly
spread the HS-SCCH less users the system is provided
with the unit 107 for estimating the load, i.e. the
relative time the service needs to transmit in the
down link. For example take VoIP using an Adaptive
Multi Rate (AMR) codec as an example assume a certain
activity rate l , e.g. a packet will be transmitted
every 20ms (activity rate of 1/1 0). By summing the
total activity rate for a certain service (in our
example VoIP) a measure of how often the service will
utilize the down link channel is acquired. As long as
the sum is lower than a certain threshold the same
HS-PDSCH can be used. When the threshold is exceeded,
a new HS-PDSCH code is assigned to the new users. In a
preferred embodiment the service load per code, taking
VoIP as example is based on one or more of the
following parameters:The number of conversational
(VoIP) RABs The packet arrivals per TTI
Retransmissions Buffer levels Additionally radio
resources/conditions such as transmitter power and
signal strengths can be taken into account. The
HS-SCCH mobiles are assigned a HS-PDSCH code according
to the total service load above. Further the HS-PDSCH
code assignment is preferably continuously updated for
the codes to be spread evenly, since some users will
hang up or be inactive for a longer period. In Fig. 2a
a flow chart illustrating steps performed when
switching between a normal mode and a HS-SCCH less
mode in a base station is shown. Thus if the system is
handling users in a normal mode of operation and the
maximum number of codes or other radio resource such
as power and signaling overhead required to maintain
operation is below a first threshold value. Threshold
1. as determined by comparing a first function with
the first threshold value, the operation can continue
in a normal mode of operation. If however it is
determined by comparing said first function of
existing users with the first threshold that at least
some of the users need to be transferred to a HS-SCCH
less mode of operation at least some of the users are
transferred to the HS-SCCH less mode. Similarly in
Fig. 2b a flow chart illustrating steps performed when
switching between a HSSCCH less mode and a normal mode
in a base station is shown. Thus, if the system is
handling users in a HS-SCCH less mode of operation and
the maximum number of codes or other radio resource
such as power and signaling overhead required to
maintain operation is above a second threshold value,
Threshold2. as determined by comparing a second
function with the second threshold value, the
operation will continue in HS-SCCH less mode of 



operation. If however it is determined by comparing
said second function of existing users with the second
threshold that at least some of the users can be
transferred back to a normal mode of operation at
least some of the users may be transferred to the
normal mode. The first and second function and
thresholds used for detepnining switching between the
two modes may but don't have to be the same functions
and thresholds, respectively.In Fig. 3, a flow chart
illustrating a procedure for assignment of codes in a
system supporting a HS-SCCH less transmission mode for
users in a HS-SCCH less mode of operation. First in a
step 301 the load generated by each user is
determined. The load can for example be determined
using a function of a number of parameters indicative
of the load such as packet arrival rate number of
re-transmission, buffer level, etc. Next in a step 303
for each of the available codes the combined load by
all users assigned to that particular code is
determined. Next, in a step 305, each new user is
assigned to a code which satisfies the condition that
the estimated additional load added by the new user
and the existing load of that code together is below a
threshold value for that particular code. Next, in a
step 307 the procedure continuously or periodically
checks the load for each code against the determined
threshold for each code. If the load for a particular
code is exceeded, one or more users using that
particular code is re-assigned to another code. If no
code is available to transfer such users to a new code
is generated. In equation form this can be expressed
as follows; n Lx :Load on code x [eq 1] Sn :Service n
K :number of services gn :load of service,, by user,
[eq2] N :number of users f : function l : packet
arrival rate [eq3] rtx : number of retransmissions bl
:buffer level The function in equation 3 may simply be
the packet arrival rate plus a filtered retransmission
value for example as a mean value that could apply to
the buffer level.If the load is larger than a
threshold value, the network is adapted to re-assign
HS-SCCH users to a different code. In accordance with
one embodiment, the code multiplexing can be increased
if all codes have higher load than the given
threshold. This is illustrated in equation 4. // Lx
>Th, then assign user, to Ly where L1+gn l  Th [eq4]
Equation 3 gave three input parameters to estimate the
contribution to the load value of a user. However,
other input parameters such as power usage and
interference levels and similar may be added to the
function. The threshold value of equation 4 may also
be used to accomplish different objectives such as;
equal power usage per code equal share of traffic per
code Using the method and system as described herein
will avoid that system (VoIP) capacity and the
capacity of similar services is unnecessarily limited
due to code shortage. Further, the interference spread
per user will be decreased.CLAIMS 1. A method of
assigning codes for users in a cellular radio system
operating in a High Speed (HS-SCCH) less mode of
operation characterized by the steps of: - determining
(301, 303) the system load generated by a user
communicating with the system in a HS-SCCH operation
mode, and - assigning a code (305, 307) for the user
in response to said determined system load. 2. The
method according to claim 1, characterized in that the
assigned code is a High Speed Physical Downlink Shared
Channel (HS-PDSCH) code. 3. The method according to
any of claims 1 or 2, characterized in that the system
load determination is based on one or many of the
following parameters; MAC-hs buffer level packet
arrival time, number of re-transmissions, transmit
power usage, and interference level. 4. The method
according to any of claims 1 - 3, characterized by the
step of: - determining if one used code is above a
predetermined utilization threshold value. 5. The
method according to claim 4. characterized in that if
a used code is determined to be above a predetermined
utilization threshold value, one or more users
assigned to that code is re-assigned to another code.
6. The method according to any of claims 1- 5,
characterized by the step of: - making another code
available if all used codes exceed their respective
predetermined utilization threshold values. 7. The
method according to any of claims 1- 6, characterized
by the step of: - continuously or periodically
determining the load caused by all users of a
particular code and comparing said combined load to a
pre-determined threshold value. 8. The method
according to claim 7, characterized in that if a used
code is determined to be above a predetermined
utilization threshold value one or more users assigned
to that code is re-assigned to another code. 9. A node
(101) of a cellular radio system (100) operating in a
High Speed (HS-SCCH) less mode of operation adapted to
assigning codes for users (103) characterized by:-
means (107) for determining the system load generated
by a user communicating with the system in a HS-SCCH
operation mode, and - means (105) for assigning a code
for the user in response to said determined system
load. 10. The node according to claim 9, characterized
in that the assigned code is a High Speed Physical
Downlink Shared Channel (HS-PDSCH) code. 11. The node
according to any of claims 9 or 10. characterized by
means for determining the system load based on one or
many of the following parameters: MAC-hs buffer level.
packet arrival time, number of re-transmissions,
transmit power usage, and interference level. 12. The
node according to any of claims 9 - 11, characterized
by: - means for determining if one used code is above
a predetermined utilization threshold value. 13. The
node according to claim 12, characterized by means for
assigning one or more users assigned to a code is
re-assigned to another code that if the used code is
determined to be above a predetermined utilization
threshold value. 14. The node according to any of
claims 9 - 13, characterized by: - means for making
another code available if all used codes exceed their
respective predetermined utilization threshold values.
15. The node according to any of claims 9 - 14,
characterized by: - means for continuously or
periodically determining the load caused by all users
of a particular code and comparing said combined load
to a pre-determined threshold value. 16. The node
according to claim 15, characterized by means for,
re-assigning one or more users assigned to another
code if a used code is determined to be above a
pre-determined utilization threshold value. 


