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systems have many attractive properties that can be used for future
development of telecommunication services. 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. Further, terminals in neighbour cells also contribute to
the same interference level. This is because all users and common channels
of a cell transmit in the same frequency band when Code Division Multiple
Access (CDMA) technology is used. The load of the cell is directly related to

the interference level of the same cell.

In order to retain stability of a cell, and to increase the capacity, fast
enhanced uplink scheduling algorithms operate to maintain the load below a
certain level. The reason is that the majority of uplink user channels, at least
in WCDMA, are subject to power control. This power control aims at keeping
the received power level of each channel at a certain signal to interference
ratio (SIR), in order to be able to meet specific service requirements. This SIR
level is normally such that the received powers in the radio base station

(RBS) are several dB's below the interference level. De-spreading in so called
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The load of a cell in e.g. a CDMA system is usually referred to some quantity
related to power, typically noise rise or the rise over thermal (RoT). Power
quantities, such as total power level and noise floor (ideally thermal noise),
have to be determined. Determinations of highly fluctuating power quantities
or noise floor according to prior art is typically associated with relatively
large uncertainties, which even may be in the same order of magnitude as
the entire available capacity margin. It will thus be very difficult indeed to
implement enhanced uplink channel functionality without improving the

load estimation connected thereto.

A number of noise rise measures do exist. The most important one is
perhaps the Rise over Thermal (RoT) that is defined as the quotient of the
total interference of the cell and the thermal noise power floor of the receiver
of the RBS. Other measures include e.g. in-band non-WCDMA interference

with respect to the thermal noise floor.
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From the above discussion it is clear that in order to maintain the cell
coverage that the operator has planned for, 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.

One approach to improve load estimation is disclosed in the published
international patent application WO 2006/076969. A minimum value of a
power quantity, preferably a difference between the instantaneous total
received wideband power and the instantaneous sum of powers of all links

used in the same cell, is used as an estimate of an upper limit of the thermal
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regulation of the number of users and corresponding types of traffic that is

allowed for each cell controlled by the RNC.

In order to regulate the number of users the RNC needs to have means for
computation of a measure of the load of a cell. This measure of the load of
the cell is then compared to a threshold, and new users are accepted if the
load of the cell is predicted to remain below the threshold, after the tentative
addition of the new user. An improved load measure for the admission
control function is requested, so that a higher number of users can be

accepted, without sacrificing cell stability limits.

One approach for increasing the useful capacity is to utilize different kinds of
receiver diversity. By using more than one receiver branch, radio signals that
are not entirely correlated can be achieved. MIMO (multiple-input-multiple-
output) and diversity combining algorithms combine the signals from several
receiver branches, in order to enhance the overall performance of the
receiver. Some, but not all, combining methods implicitly assume that the
receiver branches are power balanced, i.e. calibrated. The problem of

calibration of time is at least equally important and has received a
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SUMMARY

A general object of the present invention is to provide improved methods and
devices for load estimation in CDMA wireless communication system with
receiver diversity. A further object is to utilize inherent correlation between
individual receiver branches, while still estimating separate noise floor levels

for the different branches.

The above objects are achieved by methods and arrangements according to
the enclosed patent claims. In general words, in a first aspect, a method for
providing load reference data in a CDMA wireless communication system
with receiver diversity is presented. The method comprises measuring of
received total wideband power for at least a first receiver branch and a

second receiver branch at a plurality of times. The method further comprises
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In a second aspect, a method for admission control in a CDMA wireless
communication system with receiver diversity comprises providing of load

reference data according to the first aspect and controlling of admission

based on the load reference data.

In a third aspect, a method for enhanced uplink scheduling in a CDMA
wireless communication system with receiver diversity comprises providing
of load reference data according to the first aspect and scheduling of

enhanced uplink traffic based on the load reference data.

In a fourth aspect, a method for receiver branch calibration in a CDMA
wireless communication system with receiver diversity comprises providing
of load reference according to the first aspect and calculating of a
compensation measure representing a difference in thermal noise power floor

between the first and second receiver branch.
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obtaining quantities representing measures. The means for estimating is
arranged to operate with selected state variables of an estimation algorithm
corresponding to cell power quantities, and with selected measurement
functions corresponding to quantities representing the measured received
total wideband power of the first receiver branch as well as of the second
receiver branch. The first and second power quantities are related to the
selected state variables, and therefore, the means for estimating is arranged
for estimating the probability distributions for the first and second power
quantities using the selected measurement functions. The arrangement also
comprises means for computing a conditional probability distribution of a
first noise floor measure and a conditional probability distribution of a
second noise floor measure. The means for computing is connected to the
means for estimating. The means for computing is arranged to operate on at
least a number of the estimated probability distributions for the first power
quantity and at least a number of the estimated probability distributions for
the second power quantity. Finally, the arrangement comprises means for
providing load reference data based on the computed conditional probability

distributions of the first and second noise floor measures. The means for



total w deband power of the first and second receiver
branches. A conditional probability distribution of a

WO pG08t143363 se fl oor nmeasure i s conputed based oOPCHBE2007/050345
| east a nunber of the estinmated probability

proviiii {1And K BORL ACEy 0 CEPRITR ofd ot ofé@sEoRle geaps for

comﬂdtﬁ@é. neasure based on at |east a nunber of the
estimated probability distributions for the second
power quantity. The nethod ends with provision of |oad

i o BELET ot uPRRGT P oy SATR T AR ST Lo, wieess

commhgatidOeystaasuitBsreckived deewity espetisesaaneirhadgément for
adm ssion control in a CDOMA wireless comrunication

proviginrg adefreree dots agrortiagtly Bkt aspgrbandi #1y agmission
. i Y i t d
contrgf Hhit FpRREDER AR, BRERIIAhoRidiR JopiTeATREE aci
daLad II_n a third aspect, la met hod for enhanced uplink
scheduling in a CDVA w rel ess co i cation t
In anyerehtrayeice PR RBRREEY u&%&ﬂﬁ? ﬁgﬁéﬁ?aﬁagiaarﬁgggﬁr@% a CDMA
. e . C i .o h i 4 : .
Wi RSl PR e FPE ERaShy Ymmprises an
arradgeaden ef@ar pnoddilag doad meferénoe tdatasgeotrdireg tetthedsiktn aspect
recei ver branch calib ati?n in a COVA wir

C | ess
and @gmRIHIARES nuEQQ{%er?F i1 1P§cé%q}5rc<&?’%%?t§§t E%%r@é‘?s for
proviﬂfﬁ’%i@ic’f‘gedﬁ%ﬁllé@ﬁaﬁgfer ence according to the first
a cal cu

spect an ating of a conpensation neasure
representing a difference in thernal noise power floor
Ina %fr}; ggg%g;gqrfl Ia&?%@%%%&%%gop gecgeelgeGri Fanch %g‘fi%rgﬂo% in a CDMA
wirelB34 T LBhBnl AR HEW syBlEn OUliRH! REERBESidiGersity? comprises an
arrangement for providing load reference data according to the sixth aspect
and means for calculating a compensation measure representing a difference

in thermal noise power floor between the first and second receiver branch.

In a tenth aspect, an arrangement for multiple-input-multiple-output
processing in a CDMA wireless communication system comprises an
arrangement for receiver branch calibration according to the ninth aspect
and a processor arranged for processing a joint multiple-input-multiple-

output channel model of the first and second receiver branch.

In an eleventh aspect, a node of a CDMA wireless communication system
with receiver diversity comprises an arrangement according to the sixth

aspect.

In a twelfth aspect, a CDMA wireless communication system with receiver

diversity comprises an arrangement according to the sixth aspect.
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FIG. 3 is a block scheme of an embodiment of an arrangement for
provision of load reference data;

FIG. 4 is a block scheme of an embodiment of an arrangement for
provision of load reference data in a system having receiver diversity
according to the present invention;

FIG. 5 is a flow diagram of steps of an embodiment of a method for
providing load reference data according to the present invention;

FIG. 6 is a flow diagram of steps of an embodiment of a method for
admission control according to the present invention;

FIG. 7 is a flow diagram of steps of an embodiment of a method for
enhanced uplink scheduling according to the present invention;

FIG. 8 is a flow diagram of steps of an embodiment of a method for
receiver branch calibration according to the present invention,;

FIG. 9 is a flow diagram of steps of an embodiment of a method for
MIMO processing according to the present invention;

FIG. 10 is a block diagram of an embodiment of an arrangement for

MIMO /Rx diversity load estimation according to the present invention;
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FIG. 17 is a block diagram of another embodiment of a CDMA wireless
communications system 89 with receiver diversity according to the present

invention.

DETAILED DESCRIPTION

Throughout the entire disclosure, bold letters in equations refer to vector or

matrix quantities.

In the drawings, corresponding reference numbers are used for similar or

corresponding parts.

The present detailed description benefits from a somewhat deeper
understanding about how to perform load estimation and the problems
connected thereto. Descriptions about reference and measurement points,

power measurements, power control loops, noise rise, observability of noise
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capacity in bits per second. A typical difference AN between the threshold

Ny and the level defined by the thermal noise level P, is typically 7 dB.
However, the noise floor or thermal noise level P, is normally not available

with sufficient accuracy.

Fig. 2 illustrates the contributions to power measurements in connection
with an RBS 20. The RBS 20 is associated with a cell 30. Within the cell 30,
a number of mobile terminals 25 are present, which communicate with the

RBS 20 over different links, each contributing to the total received power by
P*(t). The cell 30 has a number of neighbouring cells 31 within the same
WCDMA system, each associated with a RBS 21. The neighbouring cells also
comprise mobile terminals 26. The mobile terminals 26 emit radio frequency

power and the sum of all such contributions is denoted by P". There may

also be other network external sources of radiation, such as e.g. a radar
station 41. Contributions from such external sources are denoted by P”.

Finally, the P, term, denoting the noise floor power, arises from the receiver

itself.
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foll ow ng description taken together with the
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to the present invention; FIG 6 is a flow diagram of
st eps of an enbodi nent of a method for adnission
€ontrol accordi ng to the present invention; FIG 7 is
a flow di agram of steps of an enbodi nent of a nethod
for enhanced uplink scheduling according to the
pr @¥ht Fhvétion; FIG 8 is a flow diagramof steps (2)
of an embodi nent of a method for receiver branch
calibration according to the present invention; FIG 9
' fk [ enbodi nent of a
and e o R el o T o The pr esent
invention; FIG 10 is a block diagram of an enbodi nent
of an arrangenent for
It can be mathematically proved that a linear estimation of P*"(f) and P, is

wher

not an observable problem. Only the sum P*" + P, is observable from the

available measurements.

The principle used in WO 2007/024166 for estimation of the thermal noise
power floor is to estimate it as a minimum of a measured or estimated power
quantity. The power in question is preferably either the sum of the power of
the noise floor and the power of neighbour and external interference, or the
total received wideband power. The estimate of the thermal noise power floor
obtained by the above ideas is always biased to be higher than the true
value. This follows since the sum of thermal noise floor power, neighbour cell
WCDMA power and non-WCDMA in-band interference power is always at
least as great as the thermal noise power floor itself. A consequence of this is
that the noise rise is underestimated, ie. the load of the cell is
underestimated. The consequence could be too aggressive scheduling,

leading e.g. to cell instability.

With reference to Fig 3, an embodiment of another possible solution provides

a different principle, based on soft estimation of the thermal noise power
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61D, RS Hipg tolr S8 Bopr S oRReRAG e PPBuBiRuel B a fast
powek NMRHtrbP loo Pl L ERI DB EY Idd¥puts comprising power estimates

62A, 63A and corresponding standard deviations 62B, 63B. The output 62A
is an estimate of a power quantity being the sum of neighbor 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. The main scope

of the present invention focuses on problems associated with this block 51.

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 51. Parameters 66 giving information about a prior expected

probability distribution of the noise floor power is in the present embodiment
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floor tfifler Pet Nod$e siscessimpie &5 irepselicsablt campuded ésna conditional

mearf 3EEEE OB ford) REPHUE, B DR PPURE ahoR8Rt: o° e
", the situation becones unstable. A relation 100

between total bit_rate and noise rise Nis known from
MIM@headiesieghnifiuehalivigey roiK Insepsingahlf skwramy inkp ene separate
L | el.s ¢ :
srcs L COURLGEORNIF LT PALLEL IR 0068 oD sty desien
so thpeltaecapashiiytedGenlleiple Benstreanishardrasi wncodretatatieas possible

at th%:%%%é%lylglhéq%ﬁeg‘s gqrtrécsfé:s?n'IqhisAcérX pei.g.a%edgééoerggﬂgﬁeéNwith 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 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.
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exploited for enhancement of the estimation of the load. 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. 4 illustrates one embodiment of a soft estimation of the thermal noise
power floor and the noise rise according to the present invention. In this
embodiment, two receiver branches are present. Specifically, the block 51
receives inputs 61A, 61F comprising the measured received total wideband
power (RTWP) for the first receiver branch 61A and the RTWP for the second
receiver branch 61F. The estimation the extended Kalman filter in block 51
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 as above the estimated

received total wideband power (RTWP) of the first receiver branch and the
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per f or med |n t hree main bl ocks 51, 52, 53. The frrst
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(RT | A, measured code power to interference ratio

(C/I) of channel i 6 1B, beta factors for channel i 6
It (:ar:lL %e rnlloj{TJg (5 &flat"ﬁﬁj e%locciir BEﬁn%eana 53A, B operate separately, i.e.
each of them operates in the same manner as in the arrangement of Fig. 3.
However, the first block 51 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. By having one initial common block
and successive separate blocks thus gives the arrangement of Fig. 4

advantages compared with prior art solutions.

In Fig. 4, only RTWP measurements are indicated as inputs to the first block
51. 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 neighbor cell WCDMA interference power, in-band
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. inputs as
in Fig. 3, but for both receiver branches. Another alternative is to use

additional measures of received scheduled enhanced uplink power, RSEPS,
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measures, as in the embodiment of Fig. 4, but can be utilized in different
aspects in a CDMA wireless communication system with receiver diversity.
In a method for admission control in a CDMA wireless communication
system with receiver diversity load reference data is provided according to
the above principles and admission is controlled based on this load reference
data. Similarly, in a method for enhanced uplink scheduling in a CDMA
wireless communication system with receiver diversity load reference data is
provided according to the above principles and enhanced uplink traffic is
scheduled based on this load reference data. A joint front end processing can
thus be performed for load estimation purposes when MIMO or uplink Rx
diversity receiver chains are fully exploited. These ideas therefore enhances
the RNC admission control function and enhanced uplink scheduling, for the
cases where an uplink MIMO (multiple-input-multiple-output) or Rx diversity
receiver chain is employed. These applications are mainly applicable for

WCDMA and CDMA cellular systems.
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systeiffke sure that the transnmitted bit streans remin

uncorrel ated at the receiving end, at the sane tine as

t he physical size of the antenna is kept small enough.
MoregWérs roare ldversity ralatadyations gnaylalso benefit from the provision

of load reference data according to the above principles. The present
invention also provides means for solving the calibration problem in a
receiver diversity system by the provision of an on-line algorithm for soft
estimation of the thermal noise floor, of each receiver branch. The thermal
noise level of the different receiver branches can then be normalized using
these estimated levels, i.e. the receiver branches can be calibrated. This
enables the use of the alternative MIMO processing and channel estimation

schemes discussed in the background section.

To this end, an on-line, low complexity algorithm for joint estimation of the
thermal noise power floor of each uplink receiver branch, of a MIMO or Rx
diversity receiver of a WCDMA (or CDMA) cellular system is provided. It
exploits input measurements in the form of discretized analogue total
wideband power measurements at any point of the receiver chain. The point
is the same for all receiver branches. Thermal noise power floor estimates
are provided for each receiver branch, exploiting the above discussed

correlation between receiver branches, by means of using the systems noise
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handhel d term nal, although pol arization diversity
appears to be promsing in such applications. In order

WO 08443592 expl oit the M MO concept, a | arge nuPGEBE29)7/050345
dedi cated radi o al gorithms have been devel oped. Now,
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The | oad es ti,0on t echni
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accufe P& irfo¥@ia%idry can beMdddmbgcording to the present
invention, the load estimation is not perforned

separ ately per branch, but instead in a common

One ﬁ’S {?t%ns'tn}%}r?qup st o@re %@Htﬂlweﬁao f136'141'1I %tﬁ?l%.@l%?l ?f th? thermal

I'ng ‘norse ftloor I mat es

noisd pélivet dleak. Boanche estibiatiee guiposes VﬂTeSrrtqasure is the rise over
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he present 1 nvention, is cor ation can
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Noise may a{v% be %?irdted l]’& Xy, in this case the estimation of the thermal
noise power floor, as seen in the digital receiver, appears to be the key

component.

For the MIMO calibration problem, the proposed algorithm achieves a
normalization of the thermal noise power floor levels between receiver
branches, thereby tracking and normalizing varying receiver temperatures
between receiver branches. This captures both varying antenna receiver
noise temperature and signal conditioning effects from the antenna element

to the digital receiver.

An embodiment of a general state space modeling is now described. A joint
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:

x(t+7)=a(x(t))+ w()
y(O)=c(x()+elt) (3)
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joint systens noi se covariance matrix. Fig. 4
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w(t) QUtpelsd cAlql s§hteans WoisetBabtep@sehteshe TAbES] 62Br, and ()
63A, 62C, 63C and correspondi ng standard devi ati ons

deno&2Bthé 3B;a8 oM G3DerPine Bodh piltesé 214 1stities abovainanne block for
estimate_of a

ower yguantity associated with the first .

each, BeqeVlr TBPRAER. A UEISHIDes2EhFs DRFSAA; priiger, dynamic
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moddip oWt Fhe' e hilll 6 henmaSiny o Rl RaT e drcasurement
eceai: L Lot icle he:fifist

vector 4i¥Ats| 2 fBncHaacBRifle RPUEs (EMHEkyRlerhl Binaliy s represents

the itenei wedl t Gt arepradeband thowsanlIN®) pefiddie Imecidred following,

recei.ver br.anch. The power estimate _62A and th
specigfizatigny §d iﬁftq owt@%l%ffi 9 oGP aBHDE othe sge%ffdm%wcts of

emboh AR S A itRk&idbhp idM&tidd St recei ver branch. The
power estimate 62C and the standard deviation 62D are

provided to a second bl ock 52B associated with the
A m%(%ﬁggd fo?cepir\é%gdi%%anl%gd reference data in a CDMA wireless
- communication system with receiver diversity thus comprises measuring of
at least a received total wideband power for at least a first receiver branch
and a second receiver branch at 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, are
estimated a plurality of times. The estimations thus emanates 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. A conditional probability distribution of a first noise floor measure
is computed, based on at least a number of the estimated probability
distributions for the first power quantity. Similarly, a conditional probability
distribution of a second noise floor measure is computed, based on at least a
number of said estimated probability distributions for said second power

quantity. Load reference data is then provided based on the computed
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Each of the second bl ocks 52A and 52B perforns the
functionalities as described in connection with Fig. 3

WO 2(408/143362 sane way, each of the second bl ocks BCESENN7/050345
52B output a respective extrene val ue 64A, 64B of the

bl [ F it o) [t es.
condffel HARHIAGS ASHOGLALAD W UL IEPIRA SSLLTH ice or
mea$idigsar e provided to a respective third bl ock 53A and
53B. The third bl ocks 53A and 53B al so receive the

respective RTWP estimate 63A and 63C and the
Stat@S 3R aeedivel apeaich daVLRE | RS 1636 a@?[ RSP THE s%mc'igd state

bl ocks 53A and 53B uses these inputs for providing
variabdepevtei viefimeids dor cemespasdr to 65 groves Bluarttﬂn@m Ié\e detailed

ticed that t he 2 nd 53A, B opera
emb@ G wte] by FRESAnd Barpst Micaitenens aigavailable is
descfiBBAEIH A?)pbﬁd‘i}h% aChARILIBAtprdfpeliifs betweEAWRNRIvert B@inches,
first block 51 is a commpn block where, in the

c.g. [5Earding spafdel aadmoletieaian ewardakianmeifedts hege to be included.
The %%%Hﬁ%ﬁes%%ehth% UtCOHF S3ss enﬁlgqt aﬂarlybeef Wgogﬁ Xstem noise

remal n|n corre

covadahterrodeling @oyeslativansdieeenBhhaufergnonecdifet bahnches. The
common bl ock and successive separate bl ocks thus gives

jointy pstept HRjeFerRVasIanty COMpEsant HGES RHpAEY @ tlhast one of

sparl eri RN s Dl on L0k T ARSI oo
exemigdifiedein, ApphadispAwer -r el at ed neasurenents and

information can also be utilized in order to achieve a
better estinmation of a power quantity corresponding to

The ﬁﬁﬁf&'@tgﬂ} RetGMREuSS! th \CEMh & NERIL 15515 W5 (HOWR!.» 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 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 2007/024 166
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 state
block 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.
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non- WCDVA i nterference power and thermal noise floor
power. This in turn inproves the noise floor
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The @petinknédn AhpendieAi agddB waswrasdynemithe clsoiakssf the RSEPS

referably enhanced, tao general nam cs, as conmpared. . .
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measalrearardt iogaladidnsdiofe(d), aaec ommeist@etPSdefinad. fBrisalis further
braa](é(gﬁs can be used. Such a common RSEPS

discs§E8 1A
Wartd CahPrd Stituted e.g. by the RSEPS of one of

the branches, an average value for all branches or
dependent on at |east_ one branch RSEPS val ue accordi ng

All quangisige kv novebaen stefinpseandnhsnerispdsdyKplmasalilter can be
1 heq,: il far. est| i.ng p r It
sopHIPOE by | LARARLOR TR 00 R PN BUBILIGHER, moct
accomalinoy eoctdte appendiceshe, BxphdiC £Tht genpral edict@lcdokatman filter
. ri se asures, .as in the enbodinent of Fig. 4, but can
18 pr??@“&?&ﬁ?z%%??ﬁfilé@ferent aspects in a CDVA wirel ess
conmuni cation systemw th receiver diversity. In a
nmet hod for adm ssion control in a CDVA w rel ess
Fig. &ohlustrated imoflow diagram of steps of an embodiment of a method for

providing load reference data according to the present invention. The method
for providing load reference data in a CDMA wireless communication system
with receiver diversity starts in step 200. In step 210, received total
wideband power for at least a first receiver branch and a second receiver
branch are measured at 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, are estimated a plurality
of times in step 212. The estimation is based on 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. As already
mentioned, the selected state variables correspond to cell power quantities
and the selected measurement functions correspond to the quantities
representing the measured received total wideband power of the first and
second receiver branches. In step 214 a conditional probability distribution
of a first noise floor measure is computed based on at least a number of the

estimated probability distributions for the first power quantity and a
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systemw th receiver diversity load reference data is
provi ded according to the above principles and
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adm ssi on contr ol functl on and enhanced upli nk

scheduling, for the cases where an uplink M MO
e (metlioidplceni bputititzedi g ex daaseufor addﬂiomizhlv@nsﬁho;ds within the

wire S Sy 2 ors of TR ch canRPRLATAH O Sicps of an
emb&ﬁﬁiéﬁ@s oENh aneensat @roadh{i@sﬁﬁaéyﬁm N ciransards th@ present
WCDMA, in which new neasurenment and corresioon I ng
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step 200 @64 raéfdref6d ARELds Wbl dicdPay@rdinyd €o @ngethddlor providing
This agrees perfectly with the proposed approach for

load refggenes slada accandng i ing ipsaseThEIVRNEEH 8- 65 thawn in Fig.

5. InRER%Mo SREGLoibA R AR bigcd ST Rl ARNER 206 o, The

cor IS corre i on can be

methidr eredh ancese@B300f the estimation of the so cal | ed
resi dual power, using a nore general Kalman filter
structure. The correlation is then nodelled by the

In Figt 7OCHLRN dRLer0Pn T 6F &tLPE b D &rhBbfiment of a method for
enhanced uplink scheduling according to the present invention is illustrated.
The method for enhanced wuplink scheduling in a CDMA wireless
communication system with receiver diversity starts in step 240. In step
220, load reference data is provided according to a method for providing load
reference data according to the present invention, e.g. as shown in Fig. 5. In
step 242, enhanced uplink traffic is scheduled based on the load reference

data. The method ends in step 249.

In Fig. 8, a flow diagram of steps of an embodiment of a method for receiver
branch calibration according to the present invention is illustrated. The
method for receiver branch calibration in a CDMA wireless communication
system with receiver diversity starts in step 250. In step 220, load reference
data is provided according to a method for providing load reference data
according to the present invention, e.g. as shown in Fig. 5. In step 252, a
compensation measure representing a difference in thermal noise power floor

between said first and second receiver branch is calculated. In step 254
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systens noi se covariance matri x. The present invention

hence gives a performance enhancenent. The perfornmnce
wepwanesSnent shoul d directly be noticeabl e as BEI/SE2007/050345

enhanced overal |l capacity of CDVA and WCDVA syst ens.
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are cahbmtd:dnlgamﬂ phetheboweppniatipplmsastdie Theswthod ends in step
959 i nvention al so provides nmeans for solving the
"calibration problemin a receiver diversity system by
the provision of an on-line algorithmfor soft
estimation of the thermal noise floor, of each
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CDM4c Fefiglssali eeusReniqatiah sYSiRgPEE JectFBn27Po Fhisep 260,
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brandrpldar]]ilbraeiom a@moﬂnnglctb,t}&f paesMnIVﬁ)noeannd |evgra$ tsyhown in Fig.
receiy el lul ar [

7.1n p"‘rt89|%72% aﬂ?ﬁl’éx@ ple’ T ok nhkos ovened et Tngrs of said
first £hd YeB6h 8 eEEH 2NhABHE LR ?Es#dﬂ eRanthBBBI ends i i ﬁtep 279.

nmeasurenents at any point recel ver chain.
point is the same for all rece| ver branches. Ther mal

noi se | oor timat.es royi ded far_ eac . .
A 1o oEERHBCT oSG oPTI <an e BT S0 f¥s dgad estimation
struct@FdLhad IRl WeERErd BERW erhd Fs@ftCIBQ&esﬂﬁnﬁﬁ@ﬁsal(gf)nthms are
usi ng the systens noi secovari ance matri x. The thernal

adaptrsl s@apdiMO fiayrerd Comesponding poranisanentsatherefore have to

be provided with means for handling multiple-input-multiple-output

transmissions.

First, MIMO/Rx diversity load estimation using non-standardised wideband
power will be discussed in connection with Fig. 10. A number N of receiver
branches 70:1-70:N are available. Each receiver branch 70:1-70:N has its
own respective front end electronics 71:1-71:N. In each branch front end
electronics 71:1-71:N a wideband power in the associated receiver branch is
measured. In other words, the front end electronics 71:1-71:N together
constitutes a means 72 for obtaining at least quantities representing
measures 61:1-61:N of wideband power for a number of receiver branches at

a plurality of times. These measures are denoted Power,, i=1.,N. A

common power estimation block 51 receives the measures and provides
estimated, approximately Gaussian probability density functions (PDF) 62:1-

62:N of estimated residual powers, pdf, uu:>» i=L..N of each receiver

branch, possibly smoothed by a Kalman smoother. In other words, the power

estimation block 51 constitutes a means for estimating, a plurality of times,
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calibration algorithm where conpensation values are

cal cul ated. The conpensation val ues may then be
WQpIBIE3F62 0 t he i ncom ng signal of each recei VRET/SE2007/050345

branch, resulting in digitized receiver power streans
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neasure is the rise over thermal, as neasured at the

for esfimating tnpeeailitpeivtsibuttensiamthsonpwer sfiagtttigs using the
selecpe%{ Vl\ﬁ ? I[ee‘“}ﬁél\{F rfu?lrc gﬁlgesrﬂéw ctoprhﬁoﬁalsogvde? {:étlfr%la%o%l Wk 51

nponent *varil at1 ons

also tmevfdﬁser@rsamanteﬂo abprcdngiattaly Gaaessian. phidiss 63@-}6361NS of the
be added. Anyway, in this case the estimation of the
eStlHtﬂ’?é@r?élldehérléieP‘bWWéPf £Relreceiyes BEANER, tHE.di;gil tah--»
receiver, appears to be the key conponent. For the
M MO cal i brati on probl em the proposed al gorithm

The ARRIGHPPORAOBHPLI 42018810 Lhe, iher mal; 001 59 POMPtnput into

oor Wedt T ecelver wEes,
: t
ol BSOS 00 SERL AT YRELT

wherandgenestimeced vigdf 64:1-64:N of the thermal noise power ﬂoor of a

respective receiver branch, pdf,,.;, i=1..,N is computed. Together the

conditional probability distribution estimation blocks 52:1-52:N constitute a
means 77 for computing a conditional probability distribution of noise floor
measures for all the different branches. The estimated pdf 64:1-64:N of the

thermal noise power floor of a respective receiver branch, pdf,,;, i=L...N

from the separate conditional probability distribution estimation blocks
52:1-52:N and the pdf's 63:1-63:N of the estimated wideband power of each

receiver branch, pdf,,, ., i=1..,N from the common power estimation block

51 are input into separate noise rise estimation blocks 53:1-53:N, one for
each receiver branch. The noise rise estimation blocks 53:1-53:N provide
estimated rise over thermal , of a respective receiver branch. The noise rise
estimation blocks 53:1-53:N is one example of a means 78 for providing load
reference data based on the computed conditional probability distributions

of the different noise floor measures.

A MIMO/Rx diversity load estimation using only received total wideband

power will be discussed in connection with Fig. 11. The configuration is very
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noi se tenperature and signal conditioning effects from

the antenna elenent to the digital receiver. An
wepwsd#izent of a general state space nodel i ng PGI/BERA07/050345

descri bed. Ajoint block state space nodel is created.
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cont ai ns one neasur errent bl ock for ea
in thﬂ%@éﬁ%@@l%@lah&sﬂmteﬂ, i apRIeRimgtely) Cayssipn érﬁbfaqéﬁsb 63:N of

the E&@hnatER" ESE@Nt %ééﬁ\?eég?ﬁ;ﬁ't{%tg%{e& qg%‘ggfi 6 LdaBe nr%tc%fvetrh $ranch,

measur enent error tres contaln

Pdf ), 9Ck= 1,01 NeaRinhalBs esheenolyeanied. estnibtibh HREKS 5851J5l$eN base
possi bl'y nonlinear, dynamic nodes, while the vector

their &sxiphdded Bisk Werﬁ@%ﬁhﬁlb&@%f_ﬁ MNEaReT, MRASII. EMESh the estimated
vector, which is a function of the states of the

total w@mem whilebhhyl powe{pwﬁkgvﬂ,tg,zt:hg Nme and T represents
the sanpling period. In the follow ng, specializations
will be introduced to quantify the detail ed aspects of

di nents. of, the current invention. A nethod for
A MIM’&%@CHSH%(&O? feStERREORAESNETese ool Bideland power as

well ‘é@%ﬁ@d'%éﬁﬁ%&”&}%&ﬁc?&cﬁ ﬁ[{ bV&%‘i‘sgﬁM bBYSiscussed in

conpri ses neasuring eas cei ved total
connedti@hawithpdiigr T2r Thte IceaﬁguaatmnshasengeesnhﬂanithBS to the

embo %ﬁ%ﬁ:%? Ollpd r?iel R cﬂffa r?ce%l lflzx;lﬁll d?gc&ésrorseds In the
embodiment of Fig. 12, the branch front end electronics 71:1-71:N measure
a respective 3GPP standardized measured total received wideband power

RTWP,, i=1,.,N and a respective 3GPP standardized measured received
scheduled enhanced uplink power, RSEPS;,, i=1,.,N and provide it as

measures 61:1-61:2N to the common power estimation block 51. In this case
the front end electronics is defined to also include the digital RAKE receiver
necessary to measure RSEPS. The residual power estimates provided by the
common power estimation block 51 can thereby be improved by utilizing a
difference between the RTWP and the RSEPS, as described in the

appendices.

A MIMO/Rx diversity load estimation using received total wideband power,
code powers, beta factors, number of code as well as code power references,
for each receiver branch will be discussed in connection with Fig. 13. The
configuration has large similarities to the embodiment of Fig. 11, and only
differences will be discussed. In the embodiment of Fig. 13, the branch front

end electronics 71:1-71:N measure a respective 3GPP standardized
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measur enent functions of the sel ected state vari abl es "

k = 1,00 1t he BSTAMBLieN agor i iihei, Coadiddenal bPsobatildsy 4.,
distribution of a first noise floor measure is b

r=150mputed, HagedeR Bbweasintfol larel! PRe &9GidBREeSk codes

proba_bi [ iy_ distributions for the first power
n, AYANLIATY 5 =91 NN &l F podrer QHtEbIRRLHANARRRE!WEY as commended

i

di stribution of a second noise floor neasure is

onput ed, hagedyon af | gas n | St |
POWCED ORAKI| Iy Trartl oo dhe ?fo?asmeg%’rﬁ?%lgemﬁr%gﬁ%g The

measi#@RldritY - akO/ETREGT SRKC fcﬁa*o%ei Srahen B Srleedobasshtate the

on the conputedconditional probability distributions
readiog efhidref figgre.ahlde sucasuraspicobettivdy daefarddsy 63t aresprovided

and receiver. _branch,bl ocks e .to-be defj.ned. The
to ) e dREid ol dn et RE0R, Bidhs Prly 5 ST saftn he, power
meastREmd¥ChaGdaty i b eSerférriled ahitefl @trihgenh WREEE to obtain
both RTWP and RSEPS neasurements are avallable is

requesssd rqussttijies Appenaridual moovereesimaied popeidedely the common
poefSPABEIIATCED: B ETEIRS e RO ARGPh LB he

additidiealesicbgatémenas gardnidlogy oniph i thesidenef & Wid Y007 /024166 for
. .system naqi se covariance nodeling correlation between .
single gecefiver dyramehese dnveaTtiFHAENERS epfianatsdhfoxest ghantities are

measglglg§ ;%ff PV RN BORS FSceTPUE 1018 Wi RBN PholbRB%nd a sum

of received channel code powers for the different receiver branches.

In the case of utilizing load reference data for e.g. calibration purposes, the
actual calculation of the noise rise measure is not necessary. A MIMO/Rx
diversity front end calibration using measurements of wideband power will
be discussed in connection with Fig. 14. A number N of receiver branches
70:1-70:N are available. Each receiver branch 70:1-70:N has its own
respective front end electronics 71:1-71:N. In each branch front end
electronics 71:1-71:N a wideband power in the associated receiver branch is
measured. In other words, the front end electronics 71:1-71:N together
constitutes a means 72 for obtaining at least quantities representing
measures 61:1-61:N of wideband power for a number of receiver branches at

a plurality of times. These measures are denoted Power,, i=1.,N. A

common power estimation block 51 receives the measures and provides
estimated, approximately Gaussian probability density functions (pdf) 62:1-

62:N of estimated residual power, pdf, . uu;, i =1....N of each receiver branch,

possibly smoothed by a Kalman smoother. The residual power pdfs 62:1-
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spatial diversity covariance and pol arization

diversity covariance. This is also exenplified in
WORWeNEASSK2 A. The next step is to discuss the sRCHBER007/050345

equation of (3), i.e. the avail abl e neasurenent

62:Na'ite‘?re;2 | ves.; The ﬁe'aﬂ%t%gyd}ﬁgﬁ?[ Ie%té %Bﬁhiit(fcplﬁ%lgpf%beability

torr G- at” 1 east 'to t S represen

distr o) %%t%ﬁ&ﬁbﬁ?ﬂw&gaéz V%gg%%%f}%%éeén q;stfrﬂgtéci rvﬁ%ue 164:1-

and second receiver branc erent neasurenen

164:Hl dfetireathierasal heised@nebiivbr B WR-espdctaElPEceiver branch, x,,;,
measurenents are di scussed nore in detail in Appendi x

i =1,.B.N As computeckdThe reshieatebdowdiet et el 66N oduhd thlesmal noise
be based on power neasurenents in a nore genera

powesdimw. offarespeativsréqeindroprgnatposgs,, thé..codérquovidresseparate
of each channel of the own cell can be exploited, at

conditienglr prebabilidy kdistrihutiont estimatiorn hlecks hpH -orRd¥rare input

. The treat ment of 2007/ 024166 and conpl.exit

into FoGoBPRgH. BT nob0 F QSRS o, GUTBERGRHY !z PP BRg 7S The

conditiéhdli preshadfilityh@iRridseitn EseRit oM biicke! B3Ur-8289 comprises in
briefly described here bel ow. The RSEPS state bl ock,

this gmheslépens ddiovBicamsaferproyidingelpegdceafergnes dotie powera value
of thf! tgx%%aloﬂ&s%?&%%{ ‘i’fol??ai%hd&m ¢loff té'{eh Eaﬁa}éionﬁaﬁpobabﬂity
code power St e ocC I VI dua

has its own 1'n

distritadédns ngf ofhedymsige c Sloandnsysiiass. MMhe ecoMp@iisatior measure
The RSEPS neasurenent equations, of each receiyver )
represeaie Hifeeacrs gndbedmal tipiss @ ovsdd Qranes tReas dillerent receiver

brangte T 300 Saa iAot AR A o 8 flergnpe vatues
can lwoused dogcalibfatmeg she groever wdfiesirecainsd foyotheiffdrent deceiver
brang}?gwsires.g? %g/ Pnecl{jl Elllé/ %d'me-l(;lhnes 99} Fgrl galﬁorr%tﬁlrrgi t1:>totv:"vde'r values in the
means 72 for obtaining wideband power measures. In this embodiment, the
measured wideband power is not necessarily equal to the standardized
RTWP, which means that the configuration can operate without having to
decode the signal in advance. This can be important for MIMO applications
since important parts of the MIMO processing may be performed before
decoding of the signals. A processor 75 arranged for processing a joint
multiple-input-multiple-output channel model of the receiver branches is
then advantageously connected to the means for calculating a compensation
measure 73, as shown by the broken lines in Fig. 14. A means 76 for

handling multiple-input-multiple-output transmissions at the receiver

branches is then also preferably provided.

A MIMO/Rx diversity front end calibration using received total wideband
power as well as received scheduled enhanced uplink power will be
discussed in connection with Fig. 15. The configuration has large similarities
to the embodiment of Fig. 14, and only differences will be discussed. In the
embodiment of Fig. 15, the branch front end electronics 71:1-71:N measure

a respective 3GPP standardized measured total received wideband power
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The treatnment in Appendi x A and B was based on the

choi ce of the RSEPS and residual powers as the "main"
w@eHBa43s6However, the state selection is in faREI/SE2007/050345

arbitrary - the only thi ng that matters is that the

BBV T o, RSO P B e
sche@ﬁ%%”déﬁh 31 &ﬁ‘”i‘ﬁt Fbv%? hRygp oW, b?e”z\fjeébﬁeg)r%ﬁe it as

exten ter can be’appli'éd w

meastRER! gqti . QN %attﬁegggﬁ{maﬂd ﬂa‘%&ﬂ,srure%%@étlgﬁd%lloc 51. The

according to the appendices A "B and C. The genera
residel poded dsdimates pfmaded dypitesemmebn rpoAmmefr&hmaﬁon block 51

i llustrates a_ flaw di f st
can (ERGRT REr BTG RY RUIABR DROWIARAG HeUSRCPors BRAEP and the
RSEF’J@t %sa%%&ﬁ'b@a iR the RpESedicesNMEMvERS:, TetHTBt Bafhodiment,
for providing |oad reference data in a CDVA wirel ess

decc@l@@mfr ¢hei @rg@aybt émn neeessagy eifverealthy eresiefyersthrenghi rpefore
calib te(p 200. In step 210, received total w deband power
]faotr ™t least a first receiver branch and a second
recel ver branch are neasured at a plurality of tines.
A probability distribution for a first power quantity

Fig. ndlastgatena GoMA witieless rpmmpyrHcaepny sysfeanetP mgth Teceiver

d1ver§1(%ge&gr%$ ﬁlﬁg at/ ":1 %?tg : I?}Se %f IQ%?e%Elk%% E#Eﬂ}ate load

estinegidrmt Tan the b&seﬁrp@i@mmver,r &S 1rserzrseaemdl nghathethe power
measured received_ total w deband of the first
estimadions, ePneRALERIRK GRINMERICELIoN, E@W&r rné%%ﬁ%ments are in

! s e
soch RO DR SOy 0T TER NChON h epuiceon
systeﬁs Telrresdiy]l Radio Access Network (UTRAN) 88, typlcally a rad1o base
station 20. A mobile terminal 25, having at least two antennas 27, is in radio
contact with a RBS 20 in the UTRAN 88, via at least two receiver branches

92.

In the present embodiment, the RBS 20 comprises an enhanced uplink
scheduling arrangement 93. The enhanced uplink scheduling arrangement
93 comprises an arrangement for providing load reference data 94 and an
enhanced uplink scheduling unit 95 connected to the arrangement for
providing load reference data 94. The arrangement for providing load
reference data 94 comprises means 80 for obtaining quantities representing
measures of received total wideband power for the two receiver branches 92.
Since the actual measurements are performed in the RBS as well, the means
80 for obtaining quantities representing measures of received total wideband
power for the two receiver branches 92 comprises in this embodiment
measuring means 180 of received total wideband power for the two receiver
branches 92. The arrangement for providing load reference data 94 further
comprises means 151 for estimating a probability distribution for a first and

second power quantity associated with a respective receiver branch 92.
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menti oned, the selected state variables correspond to
cell power quantities and the sel ected nmeasurenent

WO 298t14336% correspond to the quantities represkCl/BER§07/050345
the neasured received total w deband power of the

Mearld '=81 afod e8GR INEGEI prRhabilARC H@@crlﬂlﬁlcﬁi% édfindcted to the
conditional probability distribution of a first noise
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conmput ed based on at |east a nunber of the estinmated

brangpehabi | ity di stributions for the second power
quantity. In step 216, |oad reference data is provided
based on the conputed conditional probability

In thai prresdntt enftsodifertie ther atraargdmsemmfmk mobselihpolad reference

ures. The met hod ends | 219. The t.hod
data gg‘ 1pen comprisesyyeans J%Qagﬁ‘ %9 HHIUDI&% ﬁ@&gle Hm%ablhty
d1stritl:hLﬁ1<yﬂ rfl £5%0i60NMRHY ﬁ?ée{ cSHH3L & "Pes#)@cﬂ: vy re@caw@r fﬂr‘é\ﬂch The

di agram of steps of an e od| nment o
mearsd 58 f@n coompuohg ax comdlitignab prhbapildyedistiibugion of a noise

is illustrated. Th hod for ssion control ip a
floor Rgpeuit 81 BRSTEGIHG A dhf RSy s elia cRirstarpopn e bresent
embddiMRht] ttheSbafdiSedieit eBr28Ffovid dgst1ead22&eré@@@ data 94 also
reference data i S provided according to a nethod for

COMpPESesi BRGRNY oke r@frepewélre&tlaadc ﬁQfﬁtﬁ!Tith? tdatahéopreegenpective

receiiah SR pénle@R R E° shland Ao iy Pudleufhug the means

152 fdatcamphienge Theteidscddupliek €bdulingugit 35 @tifitéhe load
di agram of steps of an_enbodi nent of a met hod for

referentradetiapsehnd Wik aohraged abdinr fptfie. t he present

i nvention is illustrated.

In the embodiment of Fig. 16 the RBS 20 also comprises a transmitter 82 for
transmitting the load reference data within the CDMA wireless
communication system 89. The wireless communications system 89
comprises in this embodiment a UTRAN 88 and a core network CN 87. The
RBS 20 is controlled by a RNC 86, which in turn is connected to a Mobile
services Switching Centre/Visitor Location Register (MSC/VLR) 84 and a
Serving General packet radio system Support Node (SGSN) 85 of the core
network CN 87.

Fig. 17 illustrates another CDMA wireless communications system 89 with
receiver diversity. In this embodiment, the RNC 86 comprises an admission
control arrangement 96. The admission control arrangement 96 in turn
comprises an arrangement 94 for providing load reference data and an
admission control unit 97 connected to the arrangement 94 for providing
load reference data. In this embodiment, the means 80 for obtaining

quantities representing measures of received total wideband power for the
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The nmet hod for enhanced uplink scheduling in a CDVA

W rel ess conmmuni cati on systemw th receiver diversity
WQe@Bt435ph step 240. In step 220, | oad ref er enREl/gEA087/050345

is provided according to a nethod for providing | oad

ef n ording to the pr i nventio
two ECHETBERITRE T ERg o] 4 PEaPHE0 TOL kB TR DRerspurement
datatﬂ;’raﬁ'f ithei RBS:d 2l @thebRBTs @O tdaenp@ad inetieiseBastbnt the
The nethod ends in step 249, In Fi 8, a flow di agram
actugl maasHEing ragR Rl cbritcceved tasehatideBAnAepeTgBor the two

rece19élaﬂ‘]&fh&?éé gpation according to the present invention

strated. The nmethod for receiver branch
calibration in a COMA wirel ess conmuni cation system

rece diversity starts in 250. te
In allpAE G ParnER e (e A Pe eEmentdh o o At Tead reference
data Wi ed 4 HisRiONied a9rdRadnésf &1 %ﬂﬁ%&ggﬁ%éj If%dtB RBS's

the present invention, & g. as Shown

20 annd §NQB5XB6.a conpensati on measure representing a
difference in thermal noise power floor between said
first and second receiver branch is calculated. In

The $08P coP4PRNEIedVStlsS chRiRHi e dimated 8ATImMe rkﬁa&ibltemsowers of
first and second réceiver branch are cali brated based

each @powerecenirplnd thameteadsieecelifia prddaroy ellaw a memaspl of own

cell pé)?pgegalig& E&% 9%? %mﬁ%hﬁg}é\/ p?)g\?egr a{gts?%ﬁl%t%eﬁgﬁfthe ift@ntion is that this

redudtibd i ¢fl entHtdIehcp RGLSBER gbﬁCﬂQ:f dhegnbd ddigepfleseMstimation,
invention is illustrated. The nethod for

should impgpee theaccriney of she ovptall spEEmternn stch coRpe, e.g. for
cnabhEAIIBFOITHIL AT B O S 13 608y g s o
treated Gepdiraigly.oSmaetino dohgru tagivgial @omplexity of a general Kalman
filter varies as the number of states raised to the third power, the
consequence of the above is typically an unacceptably high computational
complexity. The computational complexity can, however, be reduced by the
introduction of an approximate block structure in several steps in the
Kalman filter algorithm. The end achievement is a reduction of the
computational complexity to the number of states raised to the second
power. This represents a substantial saving, a factor of 25 in a typical

situation. Such approach is as applied to a single receiver branch described

in WO2007/055626.

During the computation of the conditional probability distribution of a noise
floor measure for a respective receiver branch recursive formulation may be
utilized in order to reduce necessary memory consumption. Such
approaches can reduce the required memory consumption of the noise floor
estimation block to less than 1 percent of previous requirements. A

consequence is that one algorithm per cell can be run, e.g. in the RNC.

31



branch calibration according to the present invention,
e.g. as shown in Fig. 7. In step 272, a joint
WOor00Bi1$35e2 i nput - nul ti pl e- out put channel nodel BET/BEI007/050345
first and second receiver branch is processed The
nds n 279. few. exanples of pres I .

A tfiBar BPpBRaEatgnr e Ao At arie iRt clR! Rafiafion FoRER) shmprises
mear®d elislirfisuissie dypratlybbétvéenl e RIBY tad®@ad RNCL MBid WBS can be

algorithnms are adapted to a M MO front end.

equinpad 8 gorRYisky lard aririsicesdaterds ome Kxomnle, sae RBS can be
: | e S I

cau P b RER IR (a0 bBomaly, sl fhe RERY and to

cachtM)’a%cﬂseveﬂ(mrt yndamﬂ‘eest'l oedicionas i pgal:nad:nhty distribution of

st anday di sed wi deband _power wi Il be di scusse
such ipae Oéﬁn\ﬁﬁﬁﬂrq:i'gh f’% ﬁﬂr?é%‘ilalﬁ Hes fg‘é‘?r measure and

prefepé@‘lp'c 7 L | RPN rﬁé&s@f’é}héﬁ{"e&c} ':_f@§EP‘Se?§éé’§£re%@rﬁ‘t° o the

as Its own respective front end el ectronics
RNC. 7ThelRNI3 ‘tRenl hasathe hnforomatiommeasdaey dot perfocs: admission
} 1-71: N a wi deband power in the associ ated receiver
contiplanch is neasured. In other words, the front end
el ectronics 71: 1-71 : N together constitutes a neans
72 for obtaining at Ieast quantities representin
The pressmtein@ntion girovidest mwd]éb@sﬂ:‘carﬁ@g@s, fsome afurbdeh owill be
preseﬁggﬁ L}?eggwb ;Agﬂg‘gﬁ%][e%taua ﬁ% %{I‘ OFXSSlng'ﬁtrlAC%gﬁng% Bgﬁép a load
estim@I{dTBtdPRoDIRFK thah 6186 @edEset BeaiBRs ERRIARM. The structure
provi des estimated, approximately Gaussian probability

inclugepsit Jegstnat tfm@sve(dv lewidebagrl poyferesrgamtrement, for each
recen?egifé%h p@ Elall gfstfsl? gﬁ%ﬂ%et % 1%Chld€% ﬁ‘[ ggc&llled RSEPS
meassironidig( .foﬂ Baoh heceiver dganiche ’Ipm/\/etructure eXp101ts a correlation
between receiver branches, preferably by means of using the systems noise
covariance matrix of the Kalman filter. One residual power quantity and a
corresponding variance, is estimated for each receiver branch, to be used for
further load estimation steps for the respective receiver branch. Optionally, a
total wideband power quantity and a corresponding variance, is estimated
for each receiver branch, to be used for further load estimation steps for the

respective receiver branch, in particular when a of a noise floor value is

requested.

Furthermore, an on-line, low complexity algorithm for joint estimation of the
thermal noise power floor of each uplink receiver branch, of a MIMO or Rx
diversity receiver of a WCDMA (or CDMA) cellular system is achieved. The
algorithm exploits input measurements, being discretized analogue total
wideband power measurements, at any point of the receiver chain. The point
is the same for all receiver branches. One residual power quantity and a
corresponding variance, is estimated for each receiver branch, to be used for

further noise floor estimation steps, for the respective receiver branch. The
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estimation block 5 1 constitutes a nmeans for

estimating, a plurality of tines,a probability
WQRMBA#I362 | on for a nunmber of power quantiti esPCHSE2007/050345

menti oned further above, the power estimation block 5
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.the prohabili i stribytions for, the power quantities
achiqying g qaﬁ r@é@éﬁ\{lﬁ\éaﬁa@w&ﬁ%ﬁ( rRGIRCKSCSHET- The conmon
power estimation block 5 1 also provides estimated,

approxi mately Gaussian pdfs 63:1-63: N of the estinmated
The embetamdnpowlescubedaadtpweezrd e bebnadetstopdfeRoarfew, iliustrative

1,... . The residual. power .pdfs 62:1-62: I €. . .
exaniiies oLt proscntopventioR. T¢ grll e sidetsfed yaitiss skilled in
the a¢PRHA vapRusPhRRBREAIbN s dbStbiRAibRS H7l CABhes MAhPIS made

52:1-52: N, where an estimated pdf 64:1-64:N of the
to thaeegmbodimwiesss poidrout] clepasting feypechevecopeedlethe present

. Fanch, fflo0rive i =, ... LS COQ fe Toget her ..

inverf B0 T RFHGHES. HiftsnT ey safuid ot Pk StereaiqrgRodiments

can Bt ogdeBbhisd In58tiNrCc epaliplitd Bods Madite 7echericoymitdsiigle. The
a conditional, probability distribution of noise floor

scopqreh e Psesatt Wvention i Hosveyer, delined &y, thmappendeghciims.
pdf 64:1-64: N of the thermal noise power floor of a
respective receiver branch, pdfboori , i=l,...,Nfrom
APPHNBDé@par at e conditi onal probability distribution
estimation bl ocks 52:1-52: N and the pdfs 63: 1-63: N of
the estimated w deband power of each

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 rise measure, a two state model needs to
be 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.
Further choices are discussed below. In case the objective is limited to the
estimation of a noise floor measure, it is possible to use a one state model.

This possibility is also outlined below.

Noting that these states describe powers and are therefore necessarily
positive, they need to include a nonzero mean value. Such mean values are
modeled as random walk components. It is assumed that any power

measurements defined logarithmically using e.g., the dBm scale has been
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recei ver branch, pdfPoweri , i=l,...,Nfromthe comon
power estimation block 5 1 are input into separate
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recei ver branch. The noise rise estimation bl ocks

3:1-53: rovi de estimated.ri,se over thernal f a :
transfairiad:io, 4% BOSRE o ranen it ng: BEoT B Fpndbs Gtoction
of stdtb8@&fTheJresant Bxhfeetiax asadete®the seerNGeTi8itioers:

providing | oad reference data based on the conputed
condi tional probability distributions of the different
noi se fl oor easur es. A MM)YRx diversity | oad

esti WHS@W'”’SSI ng only received total w deband power

Wil | di scussed | onpection Wt ig. 11. e
conf Lgur éitéiﬂ@nweij,i J‘(/@Fysi_ il aARiE@Potvehiéflj nbg‘d'fme’mj@f }i g.
10’ a. dRﬁg;A’J’OyEI'Dg1L))IicI,iér46ﬂ>es OM AE{SER’E) vmqu(s %mrgyﬂmkg,ﬂé
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wi debaMcesipepyepics Sesifrwe-'éf yved schedul ed enhanced
uplink power will _ be discussed in connection with Fig.

12. The confﬁ@br-afvim@ﬂxeshas large simlarities to the (A2)

XRSEPSPower,l (t)
X Residual 1 (f )
x(t)= 5 (A3)

X RSEPSPower ,Ng,quen (t)

X Residual N g, e, (t)

W RSEPSPower 1 (t )
w Residual 1 (f)

W RSEPSPowet \N gygmen (t )

W residual N Branch (t

Here (A3) refers to (3).xRSEPSP0W’,.(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, Xjgsgsspmwernymanics. (t)

denotes the power state variables that are used for modeling of the dynamics
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enbodi nent of Fig. 11, and only differences will be
di scussed. In the enbodi nent of Fig. 12, the branch
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quar®ityl Mid Gotadidtd iEeaed ViRAné Olor! thé dghandtipSWeiat ¢Rederibe the
_ powers, beta factors, nunber of code as well as code
residpebhowest er ences, for each receiver branch will be
di scussed in connection with Fig. 13. The
configuration has large simlarities to the enbodi nent
At tlefs foint 1is, strebsed! yhai fiter epeastit lthabeisditsceséetl into the
t he enbodi nent of Fig. 13, the branch front end .
subsggaeRt swits pewer flopr esiimation: eegs (enpder caghggppiver branch)

o oo CESRRSARCS, L0, LEEeL Y50 1 SohapduRotlcponaing
coinlc RS ROLCALL S SRETDE Gy by o Mo s
=

moda&l,...,M,i =l,...,Nof each power controlled channel,
t he number of codes ni k, k=1,..., M., i =\,...,N
of a power controlled channel as well as commended
x(t+T)= Al)x(t)+wl(t), (A5)

where the system matrix A(¢) is given by

1 A}iSEPSPawer,l (t ) 0 ’
0 A??SEPSPower,l(t) 0 - :
0 0 1 AlResidual,l (t ) 0
: 0 Alituary ) o
A()= o -
1 A)ESEPSPower,NE,,,,,,,, (t) 0 )
0 Absursroner iy, 1) O 0
: 0 1 A]RSEPSPowar,NBm,. (t )
0 0 0 Afesgpspower,N,,,,,,.d. (t) .

(A6)

Note that (A6) is a special case of the first equation of (3), since

a(x(r)) = A(r)x().

35



power Prefj, k>, k=l,...,M, i =l,...,Nof a power
control |l ed channel. The neasurenents are denoted only

WO 2108@4%36Dbranch in order to facilitate the realCHHE29P7/050345
the figure. The nmeasures, collectively denoted by 61,

are provi dto th 0 ower,.esti.mati on bl ock 51.
1t refiefpRl @' @fhe' Pt "l AL REPEIS o TRl Hpdes holde. These
quanpRidsOhrenaddled e aadid Tralidsigh ko rAcfRtRAINN IR gNRTESSEs. As

quantities. The residual power estimates provi ded by
compaggdc §Pmbriopowls eytrelpgiarbrs birgerdycad chgfwasar appwags of one

y by, i tian o A
recelARARNALDY W B Gl a) (RANLCRRRG Brancries
using ehei yesteht awibe covhniapmet imathiar , THibeiseat sitahgdn pthwtr can be
uantities are neasures of a difference hetween .
expeclederdie Rot IR aELER PIRE rvaTiRA e et MBIO, seasiviag systems
| code powers for the different receiver
ared%?%%%ﬁ%s In the case of utilizing |load reference data
for e.g. calibration purposes, the actual calculation
of the noise . rise.neasute i s not. necessary. A M M) Rx
As anjerafIyIe,Pir 7 SKPICEH F TR BRERt GRCHSI GG Y Ak bt 5gpmed to
fulfiim deband power w || be di scussed in connection wth
Fig. 14. A nunber N of receiver branches 70:1-70:N are
avai | abl e. Each receiver branch 70:1-70:N has its own
respective front end electyonics 71: 1-71 ;N Inyeach
brangh, f ront rel ect I! *Zsroved- 71: N a i deband
power i 7 HHE SS@W@F@QQ cei ver braR¢h, s, measunéd.
In other words, the front end electronics /71:1-71:N
t oget her conﬁiLLyNggmg,neans 72 for obtaining at |eastyA7)
quantities representing nmeasures 61. 1-61 : N of
wi deband power for a nunber of receiver branches at

R, resiual i 0
E[W Residual i (t)w gesidual J ([)] - [ I,ReO’dl l R ] )

1,ResidualDynamics i

i=1.,N (A8)

Branches ?

0

‘R esidual i .
E [W RSEPSPower i (t)wfi’esidual i (t)] = ( ]‘RSEP;R vl 0) » L= 19---, N Branches * (Ag)

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 i

Rl,RSEPSPower,i 0 Rl, RSEPSResidual i 0
0 R L 0 0
1,RSEPSPowerDynamics i
R, = . (A10)
RI,RSEPSResirIuaI W 0 ‘RI,Residual,i 0
0 0 0 R

1,Residua{Dynamics,i
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a plurality of times. These nmeasures are denoted Powe
[ N . A common power estimation block 5 1
WO 20981143562 t he neasures and provi des esti nat ed, PCT/SE2007/050345
approxi mately Gaussian probability density funct| ons
(pdf) 62:1- 62: N of estimated residual power,
pdfresidualJd , i =1,..., N of each receiver branch,
In tI@@SQ]bM@éféiﬁggﬂ?ﬁgrzlelc@;ertiﬁigfﬁ”@@%lbdhce_ahﬂbebﬁsiaﬂU&he states
ower_ . pdf s i.e. pdfresi i
correépenﬁﬁ%gn o H2® ’?&ﬁ%‘ﬂ%]t @O@@ﬁdﬁﬂfioﬂ%ﬁ %ﬁEBﬁbppwey ‘whereas the

tl
corfith BB BB 400, DERISE 1 AL ypphetdas 5o cho

correpotven betvoreroftha dgﬂaanbsvef ithe erastdubl puoter xiabrthe, RSEPS

=, .., NI uted. The esti mat ed |l ue.164: 1-1
powegs Npge ta‘?é’reﬁﬁf SEOHER ?m@? FQYSE BPS%I%?%S darpyall Sorrelation

eleméSEEAME TP IARAR, mXP9SES) Thd Fk@blem M ftﬁé’H‘th'éedét%Pﬁﬁﬁ&ﬁon of a
condi tional probability distribution estimtion blocks

large5eumisz: of anéniompucotrelation qamapre teeank Fimw of thls the above

cal,culating a co ation su 73. The candjtiona
assUFRHON, S GELPPBING o TS K ARGHT S G deds: ?h%zcwrelaﬂon
betwEQTPOESS withifhhsmemedseat the nmeans for providing

| oad reference data, since a value of the thernal

noi se power floor is derived fromthe conditional

It rer%ﬁp apl h&é&’elddh%tédr%'f oS, % t&zggn”c%' 259%1%0& diifttdhtYeceiver

nmpensdati on neas nts erences In

brandiiey. n@brf&&ﬁ@nppﬂ@erfcﬂeeobeﬂﬁ)&teﬁﬁ esceliéf eranthesceig efegarding
branches. The conpensation neasure conprising these
spatig] f peflealaiizrtien corrdlatigne elfests chrver 40i s tipgluded. The

estim2H a“f Ililﬁ‘ﬁ’nr E‘gy IFTSs uéréf@?aﬂxegﬁs% ?5&3‘?}1" 61§ ovarlance

ranch Ing a or ca
modqmm@,ercoradalaemm rbdthveeneahs aﬁfémhtobecmlmmgammbhleandl‘he joint
ower, neasures. In this enbodi nent, the sure
systel JUHsh CPERETGEs CABIPTIRGS BXOFF Pefe Eﬁ%t one of spatial

diverSifn@¥ HiZ8& 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.

X1 (t )
Xy (t )
Xreceived (f) — (Al 1)
N Branch 1 (t)

KN et (t)

in the antenna array with multiple Rx diversity receiving branches is given

by

p received (D recieved E[ recerved wcezved I)Xx rece:vea' -x ;‘ fz(:ved ( ))T kD recieved )"1

fl ue
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RTWP, whi ch neans that the configuration can operate
Wi t hout having to decode the signal in advance. This
W@ 2W8he3Sphportant for M MO applicati ons since PEYBE208T950345

parts of the M MO processing may be perforned before

decoding of the signals. ﬁmpggpes r_{$ arranged for

procegsing a joi M nul-ti pre”i npup- il ti|pl e- out put

channgl npdel of the receiver brpgltees |is then

advantjageously connected to the neans flor calculatin

a conpensation neasure ‘73, as showr by [t he broken

lines [ig¥¥ig. 14. A neéans 76 for handi i|ng

nmul ti \p}lé@l—%m,plut - PAN,LA Pl e- outPut transm gsions at the

recei ver branches is then also preferably provided. A

M MY Rx diversity front end calibration using received

total w deband power as well as received schedul ed
Hereenhaderdtagplthek cpomdation| bebeeah ssyumsn ipowanmease ohetween

with Fig. 15. The configuration has large simlarities
adjacemtt tesesrayodiamehesof xjf G (1L dermes dhey“tdilet deamdiéional mean)

w || be discussed. In the enbodi ment of Fig. 15, the
receipecsigndlr The staddekré ctevoatias nvdtrie PI“RH nsasiuer by

respecti ve 3GPP standardi zed neasured total received

wi deband powerRTWP i -I,...,N and a respective 3GPP

st andar di i ved schedul ed enhanced

uplink po = ,...Q,Na-nd provi delit as

measures G1:1-61: N to the conmon power estimation A13)

bl ockR*“BY.=[The resiidual power estimates provi ded by tﬁe

common pover estination block 5:1 can thergby be

i nproved Ry utilizing a difference ) e

and the RSEPS, as(Hescribedmin't%evggmamg5ééswmwaﬂj
However, in this enbodi nent, decoding of the signals
is necessary for each receiver branch before

It should be noted that more general assumptions are possible. However, the

9a12)

model (A12) 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
(Al2) 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 5 of every second

antenna element, gives

R received _ E[(X received (f) _ Xreceived (t)XX received (f) _x received ( f))T J

true True

38



calibration. Fig. 16 illustrates a CDVA w rel ess

comruni cations system 89 with receiver diversity
WQWpH#35phg at | east one node 90 benefiting frBEA/SE2007/050345

accurate |l oad estimations. In the description above,

It is ass d that the power gstjmatjygns\concern

upl i nk cormuni cati o The pder med urepents are in

such cased performedlby a-node 90 im & Unli ver sal

nmobi E®"t¥l|ecomuni catj on ‘syst em Terrest ri[BI*'Radi o

Access hbtwgﬁhm@UTRAN) 88, typjcally ? rgdi o base

station 20.” A, iI(;_‘N;glrm"nal 25, hav ng (at | east two

antennas 27° is”inPradio contdt with!a RBS 20 in the

UTRAN 88, via at |east two receiver branches 92. In

t he present enbodi nent, the RBS 20 conprises an

provigBAaneedyupl igkveghadiing aigrasdenenéld3n tHeodd case.

i

enhanced upl'i nk schedul ing arrangenent 93 conprises an
arrangement for providing |oad reference data 94 and

an enhanced uplink scheduling unit 95 connected to the
The gpmbigakieont dlother eQirglatipn oaerwesnerereivenabrrghesrpnd the

systefhd q{kgggeégvafrﬂng %éﬁﬁ)@%fl Qagir{gfé §e8BRRr MBteh M is the case.
conp ans 80 fo I'n

rrses mnean r obtarn gquantities
Wher ephelsienhgngt peatexrethaf eackeifvidee eletmaents oEHAAR),poWES) (and

e S SRS LT BLETER  ull T g st
of tHEAR B WrLRUAI MY FHAWL LSSt T8RS CRERWIAG block matrix

nmeasures of received total w deband power for the two

formuletminy ean lireaotees e Iraund) s@s ) i-n(A 1) saredrbagli (A )
nmeasuri ng means 180 of received total w deband power
for the two receiver

R, (0)= Elw(ow" ()
Wl(t)

(A14)

T T
= E (W t (t) o w N, Branch (t )
w N Branch (t)
1
RZ 0 .. .. 0
1
0 R}
) 1
R 12’N Branch -1 0
1
0 0 R?,
I Inp Ip|Nam.d-—2| Iﬂp|NEmnch"ll
177,0 1 " IplNunmd.—zl
1 o R | I7p
I npll_NEmnrhl Ip 2"' NanchI I ”p I
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branches 92. The arrangenent for providing |oad

reference data 94 further conprises neans 151 for
W@20BH#IShhg a probability distribution for a fPEEBEXANTHS0345

second power quantity associated with a respective

receiyef branch 92. Means 151 for estimating a

probduktltyodlstrlbutlon i spconnected to the neans 80

for obtalnlmg quantities representing nmeasures of

recelqu tngal wi deband power. |The estimation is nmade

fromja | east quantities representing the neasured (A15)

recelved total w deband power of both receiver

brandhes. In the gresent enbodinment, the arrangenent

for providing | oad'tef2rence data 94 further conprises

nmeang 2 for conputdng gonditional probability

di stribution of a nol se flgbsmeasure for a respective

recei ver branch. The nmeans 152 for conputing a

condi tional probability distribution of a noise floor

This BBaFERS theai¥tREsash bo thé €irgaftation 4OB) eéf.)pH&H if68 MIMO /
In the present enbodi nent, the arrangemsnt for

Rx diyessityiopyl potimatign padcer ealibradipm| so conpri ses neans
153 for providing load reference data for a respective
recei ver branch, connected to the neans 151 for
Note ehht nhttengranthty eaﬂi&&ﬂ@&sl&i therahweapiieindg — thkedetails depend
enhanced uplink sc rgg % unit 95 utilizes the | oad
on the,ppfeiea sgammetry At f aJraﬂ@H%wgﬂa@ehasmgw ¢-gapplagization
dnmxgﬁy.he enbodi nent of Fig. 16 the RBS 20 al so conpri ses
a transmtter 82 for transmtting the |oad reference
data within the CDVA wirel ess comruni cati on system 89.
The wirel ess conmmuni cati ons system 89 conprises in
this enbodi mrent a UTRAN 88 and a core network CN 87.

APPENISIX B

The measurement of powers and modeling 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 is used as a
model embodiment. Received total wideband power (RTWP(t)) and the
received scheduled enhanced uplink power ( RSEPS(z‘)) 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 expressed as a fraction of the RTWP

measurement that is defined for joint measurement (defined on exactly the
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RBS 20 is controlled by a RNC 86, which in turn is
connected to a Mibile services Swi tching
W@ &35e3 si t or Location Regi ster (MSC/ VLR) 84PGHHEE2007/050345

Servi ng Ceneral packet radi o system Support Node

same( Stﬁ’ﬁ@) iBerfAl ()it he 1§ Of1gal el.thvé‘&r hfré:l\lnégsuférﬁen@ e%uatlon becomes

["'ust rat es anot her rel ess communi cat

nonlsme’ﬁtlsmwmlnrhearemasswememﬂnodql islgivehity enbodi nent
the RNC 86 conprises an adm ssion control arrangenent
96. The admi ssion control arrangement 96 in turn

conpri ses an arrangenment 94 or pro di ng Ioetgjl
(BI)
ad

r ef ersEES "t @ndgap, ADHSY rmrPSBom 'EFRSEPEHMI
connected to the arrangenment\ 94 RWP’iSeF”éSe'”“"’di)ng
reference data. In this enbodi nent, the neans 80 for
obt ai ning quantities representing neasures of received

t t al f t het ' b hes 92
Here! gL, ESRNGLROVEE (F AOELUSr IESTNERSCANENES 22 ()
t he RBS The RBS 2 t .
donclg? %@éﬂffﬁﬁ@%@%ﬁ%ﬁmﬁr FERREESH G cdenobl is the
auert GEpph ISR NG RLRT ARS8 Y8le R1B0P 1880 hromont
is similamiy dlefthddgad refer ence data can be a distributed

arrangenent e.g. conprising parts of both RBS' s 20 and
RNCs 86. The npst conplicated setup conprises

esti nedfemeli| var | @ /power,s, of each,powe
cont RATaa el g drer I?E grerzdual  pprepe (0 Gpri) % 30)-

renmoval of own cell power before the noise floor pomeQBQ)
is estimated. The intention is that this reduction of
interference, as seen by the thermal noise floor

Where therr%’f‘\)?/P is measured in dBm and where all power state variables
are in Watts. The notation parallels that of the RSEPS measurement. The
measurement disturbances are assumed to be zero mean, Gaussian and

white, with
E [eRSEPSPower (ZL)]2 = RZ,RSEPSPower (B3)

E[ RTWP (t)] ‘R2 RTWP (B4)

The quantization is normally fine enough to be neglected. Here it is assumed

that the quantization is neglected.

Note that the treatment of proprietary measurements of the total wideband

power can be treated similarly as the RTWP measurement.
First, logarithmic relative measurements are described. In this embodiment,
the original definition of (B1l) is retained, with the quantization effects

neglected. This gives, after a Taylor series expansion
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shoul d i nprove the accuracy of the overall estinmator.
In such a case, e.g. for enabling additional
WO 084363 on e.g. on beta factors, each channePCHaE200TG050345
treated separately. Since the conputational conplexity
of a general Kalman filter varies as the nunber of
states raised to the third power, the consequence of

t he o Sk M [ 1y,(an u eptjabl y\ hi gh
conpze?&g‘?gna E}mﬁ)é&g( . n&gsgg%))a bﬁ@mpp@@Wéth)ﬂBa

can, however, be reduced Reb""”’ m'i’: f“F’gr uction of an

appr oxi mat e bI ock structure in several steps in the

Kal man filter algorithm The end achievenent is a
whergeducti on of the conput ational conplexity to the

nunber of states raised to the second power. This

represents a substantial saving, a factor of 25 in a

typi @ig situati ogyI)ZSuch approach is as applied to a

si ngl e "FEEETYEI“Dranch described i n WO2007/ 055626.

During the.\g nputatlon of Me con i tional proba I|ty
di st Eibﬂf_ua of _a ndise fI ZRTWP 2RSEPS
recei (1) AN TPEETFETVde)F or T at REFPSHES BB ({t

in order to reduce necessary nenory consunpti on Such
approaches can reduce the required nmenory consunpti on (B6)
of the noise floor estimation block to less than 1
percent of previous requirenments. A consequence is

Here | Ny pre-akgon() N, per j6glsroan=behe exfle Tditififal power

RNC. A typi cal nfirguration of an arrangenent
measRABhEgitanirC ¥t tk@@ﬂl%éﬂﬂ@s&vﬁéﬁ;@ﬂl éﬁ(ﬂlgﬁﬁjeﬁre Solved for the

typically between a RBS and a R The RBS can be
stateé'@madﬂ@@ Asiprlevitgeatrpent pbfRR)ereseligain. As one

exanpl e, the RBS can be equi pped to neasure the RTWP

and optionally also the RSEPS and to

‘RTTWPIOE easemert (t) ~10 loglo (xRSEPSiner (t) +Xx Residual (t)) + 30+ elog RTWPcompersated (t) ’

(B7)

where

2 2
E [elogRTWPCampensaled (t)]z z( 19 ) {( ,1. ” )) RZ,RTWp] : (BS)

lo g(l O) RTW P poverneaswement (t
Furthermore, the cross coupling becomes

E I.elog RTWPCompensated (t)elog RSEPSCompensated (t)_,

2 2
10 1
~— R . BO
( lo g(l O)J (( RTIW P Povermeasuenent (t)) 2,RTWP j ( )

It follows that the measurement equations corresponding to (3) can be

formulated as
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cal cul ate a noise floor nmeasure or conditional

probability distribution of such noise floor neasure.
WapWsmRBB62 hen signals the noise floor neasure BEHSE2007/050345

preferably al so an RTWP neasur enment and RSEPS

nmeas e RNC. The RNC then has the

i nfo?gﬁ??gﬁ(t) gg@Qsary to perform adm ssion control. (B10)

The present invention provides nmany advant ages, sone

of which will be presented bel ow. A new neasurenent

pr oceftzi_ RSEPSUREUFE” (1) pr use in a |load estimation

stepY¥or w;pplbgham'en@r@ ecei ver branch is achieved.

The structure includes’”at | east a received total

wi deband power neasurenent, for each receiver branch.

Optionally, the structure also includes the so called

RSEPS neas remsn&é for xeach r@cei vgr branch. The

str ugﬁg@e: x H o8t RSEPP:” (gt yeen 1 eceiver g,
br anches’,~ pr ef er abl* grypene/dirse: gﬂ img the systens
noi se covatitngelnmbsix(df 2the KAFABN filter. One

resi dual power quantity and a correspondi ng vari ance,
is estimated for each receiver branch, to be used for
further (oad esti mat(ll)§n steps for the respective

[

(B11)

recek?ﬁ; %%éﬁ@h@wﬁﬁt nally, a total w deband power (B13)
guantity qggmﬁh@g&géé ondi ng variance, is estimated

for each receiver branch, to be used for further |oad
estimation steps for the respective receiver branch,

in particular when a of a noise floor value is

requested. Furthernore, an on-line, |ow conplexity
algorithmfor joint estimation of the thermal noise

power floor of each uplink receiver branch, of a M MO

Rl

log(10)

1 -1
) ( R SEP S powermeasurement j [ R TWP powermeasm‘ement ( t))

0 1
RTWP powermeasurement (t)

RZ,RSEPSPower O )

0 RZ,RTWP

( 1
p— 0
RSEPS powermeasurement

_q ] (B14)
( RTWP powerneasurement (f)] [ RTWP powermeasurement ( t)J

Note again that the above assumes that there are no states that model
dynamics in (B10)-(B14).

Now, Separated linear measurements are described. In this subsection, the

measurements are first linearized. Towards that end it is assumed that
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di versity receiver of a WCDVA (or CDVA) cel |l ul ar
systemis achieved. The algorithmexploits input

worzMs+4¥EmEnt s, being discretized anal ogue t ot aPCT/SE2007/050345
wi deband power neasurements, at any point of the

RTW%@ %gép (ﬂhoi‘ s | 1%%' e fo’ilot\ﬂﬁﬁt fé@ro@;‘?ﬁtaﬂdn bf ‘(:lg'l)vqftsmg a

e residual” power

T@ﬂd;géﬁ@pggg&ﬁgoﬁarlance i's estlnated for each receiver
branch, to be used for further noise floor estimation
steps, for the respective receiver branch. Thethermal

noi se pomer floor estinates, capadvantageously be used

for recei B ]pu

lneal Illeﬂ suremen r p o S @% ower t
cal i BS&Son al goffﬁﬁHtcalculates %onpen€ﬁ?tuﬁlvazﬁes.
The conpensation val ues are applleaﬁtﬂﬂ e e g

signal of each receiver bj‘canch, tt)‘her y resulting in
di gi tti{—@d—ﬂ%@”é’/—e&f@:—ﬁge branch with (B15)
appro%hmamé Y *tshrerosd hesifd)+ nai-se. f)oor, i . e.

achieving a calibrated M MY Rx diversity radi o
recei ver. The enbodi nents descri bed above are to be
“4nchg§ﬂ§£pod as a fewillustrative exanples of the
present invention. It wll be understood by those
skilled in the art that various nodifications

C O rTb I n at I O n S am[?ll SHremen b e rrad e }{ [lnLal meqswe HCH
embo&SHEAPEW i t hou I(’iﬂ% g’@tstzuw +f’¢m@mmte, éﬁ e ()
present invention. In particular, |(ltsferent part

sol uti,ons |n??pg di f f gnent erbodirmei) s ca@ beg onbi ned
in ot héP™&wht | guatrens, (wher f)beghnica tD)yR% i bl e.

The scope of the present i nvention 1s, however,

def i megl, by, (b appendead,.cl.As. APPENDI X A | f both (B16)
RTWP and RSEPS neasurements are available, in order to
provi de an estinmate of the residual pomer in the

Fmal?y,gasts%lmtrnegcfrlﬁlependen%e ]:t)e %fere(retct%evggwer noises, it follows that

2 linearmeasurement 2
E eRSEPSPowerCompensated (t)] ~ (RS EP S (t)) RZ,RTWP + RZ,RSEPSPower ‘ (B 17)

A similar treatment of (B2) results in

R TWPmeamremm (t)

R pineareasiement (t) _ 10[ 10 J _30

= (‘xRSEPSPower (t) + xResidual (t)) + eRTWPIinear (t) (B 1 8)

Hence the variance of (B18), and the cross-coupling with (B16) becomes

E[eRTWPIinear (t)]2 = R2,RTWP (B ]' 9)

E [eRSEPSPowerCompensated (t)eRTWPIinear (t) ]2 = _(RS E P S fincameastrement (t))RZ,RTWP . (B 2 O)
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wi deband power minus the received schedul ed enhanced
upl i nk power (shared)), and to conpute a noise rise
WOorzW843862 a two state nodel needs to be i ntrodRCEEE20THEN0345
sel ection of states is, as usual, arbitrary. However,
0 ea | a d b
Next OB AR GRS SpbSo LSk 0BLELS 19 S9800) DFollows
that tﬂn@ npeasITenhe tee geaino esl Cbhl&:spesudmglto ®wean beufotrherlated as
choi ces are discussed below. In case the objective is
limted to the estimation of a noise floor neasure, it
isp L ate nodel. This possibilit
i's a?gz élgu’tg(t)?ﬂoe%I gﬁnerl\%lpl ng that these states (B21)
descri be powers and are therefore necessarily

positive, they need to inglude a nonzero nean val ue.

Such RWEP&BSW&W@”W%@@)ed as random wal k

conp§ In8mA® G hat any power measur ement $822)
def i ned Iogarlthnically using e.g., the dBm scal e has

beentransfornmed to the |inear power domain before
processi ng. For the selection of states of the present
exa t1h|Os leé)dsOtO theOstate definitions: Here

(A3) d noteaIthe state correspondi ng {§23)
t he rece| schedu‘e enhahced uplink power of

receiver br anch f, that is neasured as the logarithmc
fracti onal RSEPS quant ity, denotes the power state

vari a q&gg&ugwmmgge for nodeling of the dynanicsof
t he ﬁgté pressed by the RSEPS quantity, fdB24)

[
recei ver \br ar?@ﬁ’”"f‘"(?)xTh s dynam cs is described by the
matrices and , where the tinme variation is introduced
mainly to allow for the introduction of tine variable

adap ect @SBt RSSIN as des ri bed
bel 0\'% Y?%unaﬁ?b{)‘sﬂs he pr aegs”ﬁ%’fs‘”é’ (IR . Ehe

st ochast nmodel i ng &rror) 2,RTWP

0
. B25
(_ RSEPS linearmeasurement (t) 1 J ( )

The above equations define the linearized embodiment of the measurement

process.

Now, relative linear measurements are described. In this embodiment, the
original definition of (B1) is only transformed to the linear power domain,
with the quantization effects neglected. This gives, after a Taylor series

expansion

( RSEPS linearmeasirement (1) ]
10

RSEPS linearmeasurement (f) =10 ~ X RSEPSPower (t )
X Residual ([) + xRSEPSPower (t )

N € RsEPSPower (t ) __ Xrserspower (t )eRTWP (t )

X Residual (t) + X RSEpspower (t) (xResidual (t) + X psepspower (t)) ’

45



of the power of receiver branch i , corresponding to
the fractional RSEPS quantity. The notation is the

W@ 298/143362 t he quantities that describe the resPdUakE2007/050345
power. At this point is stressed that the quantity

that is tp be f 1‘3 into the subsequent noi se power
fl ooe%ﬁ%&%&—s&ep&&g&gp@&;@each recei ver branch)B26)
i s gi veauby)tHesestd mated xRes al (t) , i= . NBrnthes

and the correspondi ng estimated vari ance (see bel ow)

The final result of this subsection is the state

Herenodel where the systemmatrix A(t) is given by Note
that (A6) is a special case of the first equation of
(3), sincelt remains to define the statistical
properties of t@ﬂ process noise. These quantities are
node skt /lGaussi an zero mean random processes.
As conpared to prior art, correlationis |ntroduced

bet we g RIBREINE 66 (1§ rece| ver branch, as
bet V\E R aSzeaQiremerm i arm 11 UQ'EPE’}@VW B27)
t he syst'em noi se co | ance rix. This i

situation that can be expected when Rx di verS|ty and

sonme variants of M MO receiving systens are desi gned.
A sinfifaratreakaept ©f (B2aresyditc & enbodi nent, each recei ver

branch is assuned to fulfill: Here E[] denotes

statistical expectation. Note that the special case

wi t hout power dynam c&g.s-2gdi | y obtained by del etion

of ttﬁﬂn&%&@&p@n@ n%@t ates and (511atr| X bl ocks.

= (xRSEPSPower (t) + xResidual (t)) + eRTWPIinear (t) (B28)

Hence the variance of (B28), and the cross-coupling with (B26) becomes
E [eRTWleeal (t)] RZ RTWP (829)

RSEPS linearmeasurement (t)
R TWP linearmeasurement

E [eRSEPSCompensated (t )e RTWPlinear (t )]2 = _( )RZ,RTWP . (B30)

It follows that the measurement equations corresponding to (3) can be

formulated as

y(e) = e(x())+e(r) (B31)

linearmeasurement
()= (RSEPS (¢ J (B32)

RTWP linearmeasurement (f)
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To summarize, the follow ng describes the systens

noi se covariance, for receiver branch iln the above
wepwsd#izent correlation is introduced between PEESE2007/050345

states corresponding to the residual power and the

RSEPS power, whereas t cokrel ati on between power and

dynanj [ RSE |/ as is the correlation
bet mén{?&?))ﬁ X ehymare Sfsata¥g |r esi dual power and the (B33)
RSEPS powek X zdk-e-

.ala 8¢t ups are of course
possi bl e, where all correlation elenents are left in
the matrices. The problemis then the determ nation of

a | arge nunber of Q nown correlation paranmeters. In
Vi eweQ} = Risgscopdrecihpve assunption seems reasonabl e, (B34)
since It ca@m,rng,s(t)at | east the correl ati on between

powers within a matrix block. It remains to nodel the
correl ati ons, between the powers of different receiver

branches. rrelation properties between receiver
branches, [¢.g. redardi ng)spatRS&PSand“pél ani zati on
corr azzﬂlt)' Efpetegeasranpe | t D phgypinetaydect (t) e

estimation al goriyhm conpri'ses prgferabl'y”a joint
syst em noi se covari ance nodel i ng correl ation between
' { system

the different receiver ranche§. The \ oi
noi se }govari ance g‘o r|i es—ﬂ%hl;—ggw;%”r—egj"—g}am at | east
one df =yarial di ver $ilt WRI¥KAArT ance and ppl ari zati on B35)
di verisi t yOcovar Rapge RS TRy & "t yipi cal embodi ment
with an antenna array mp@@edaw-erm@ra es uniformy
distributed, with correspondi ng recel’ver “si gnal

chains, it is reasonable to assune that the

correl ations between an arbitrary stationary received
Therposver pebsihility to re-use the existing single-input solution of the load

estimator, by changing the input signal from RT WP(z‘) to
RSEPSPowerCom D lemen t(f) = (1 — RSEPS kinearmeasurement (l‘))RT'WP linearmeasurement (t) . (B 3 6)

Note that two measurements are still needed, however these are combined
prior to the processing of the Kalman filter. It is also possible to use the

artificial nonlinear measurement
RSEPSComplement(t) =1~ RSEPSemearenent () (B37)

However, that measurement needs to be augmented with the RTWP
measurement in the filtering in order to produce an absolute power value

necessary for further processing.
The above follows since the two measurements reflect the fraction of the total

power that is not scheduled enhance uplink power (B37), and the

corresponding power (B36). This “trick” defines new artificial measurements

47



in the antenna array with nmultiple Rx diversity
recei ving branches is given byHere p denotes the
WQ 0Ba43d63 on bet ween systens power noi se bet weREI/SE2007/050345
adj acent receiver branches. denotes the "true"
that (eﬁ%n P&ok@ﬁ%aﬁ@ﬁg)oi" RRE] ﬂ‘ﬁ@tﬁhgp%m ?Bshoﬁﬁﬁd the residual

deviation matrix j)'eaeved Is glven

powardtseslf.tHat datails gbtler aingls snpmpt Kaimaalr ﬁltpngl bl e.
However, the nodel (A 12) is commonly enployed in the
state of the art, when spatial diversity is discussed.
Whenipigladizhiatl on diversity is at hand, different
nodel s apply. It may then be assuned that the
correl ati on between adjacent antenna elenents with
di f f erent irt hﬂ?onaﬁlmpol arization is small, whereas
t he Eorréo toi o/ T 60 | ows (A 12) for antenna el enent s

with 63 nz | ari zati on. Non-orthogonal

pol ari zat fo ; of course be applied in case the
nunber_ ofg@ntenna el ements exceeds 2. As an exanpl e,
assu rthogonal polarization diversity with a
renainlng pol ari zation error correlation of h of every
second antenna el ement, givesprovided that NBanch is
evenltefatsomi | ar expression holds in the odd case. The
conbi nation of the correlation between receiver
branches and the systens noi se covariance natrix of a
single_jegeiver branch is the case. Wien conbining, it
'S clear that each of the elenments of (A 12), (A 14)
(and o&ﬂg varlgﬂwgfpp_U@e correlation matrix) affects

al | e %im‘(ﬂmgfw of the receiver branch.
Thi s msanst at t 'éfc)lﬁ ng bl ock matrix formul ation
can_bewelt & negs f: 4 O
14) Thi g %ij"[ et Eeps t?ﬂle&m}scgﬁzs@%rfﬁgf r%)eRSB?q?Ef %uat ion
of (%)mm’%ﬂpj Efl&tt , tM7b;D II(RSEPC PRSEPC(ZLI . T)

S RSEPC (l‘+T| t)szSEPC (l‘lt)

P RSEPC (t +T] l‘)= p RSEPC (l‘ l l‘) + RIRSEPC

(B38)
End.

In (B38) RSEPC is an abbreviation for RSEPSPowerComplement, cf. (B36).
x™FC(¢|£~T) denotes the one step prediction of the RSEPC while x™(¢|¢) is

the Kalman filter estimate. The corresponding variances are P (¢|t-T)

and P™% (¢|1), respectively. K *°(¢) is the time variable Kalman filter gain.

Now when the different options are presented in a more simple form,
multiple receiver branch applications can be discussed. First, an
embodiment using only RTWP measurements is presented. Here, complete

measurement equations of (3), corresponding to the dynamic model (Al)-(A4)
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Rx diversity |oad estimation and or calibration. Note
that there are many variations on the above thene -

WO pwsdersel | s depend on the antenna geonetry anBCT/BE2007/050345
transm ssion technology (e.g. polarization diversity)

and R Coher PR ocThor i RviBR PR AIGIREE, Tl zotates

corre%EBﬁHﬂlg &6 elheeRSPIRB plowelherd easoted SThet cdr@eOpsediig entries
the treat maFigl wi th unnecessary detail when the )
of thewmetriepenAlrhland nBt iaresreneve] sthe seatesTreraspeading to the
..for multiple branches is, discussed further bel .
resicRb P 1Ep SHPLG mSeiie FEHESEPRE Ha v dBea g WP, Lo the
subs@ﬁgt kRBS B AN B BiBR AL NESH T8r BRI WBTWP and RSEPS
nmeasurenents i s used as a nodel enbodi nent. Received
total w deband power (RTWP(t)) and the received

schedul ed.ephanced uplin wer RSEPS( t ar.e
the £§irda® Ay T BB PR s S s sk ifd ey
definitions. On top of this, proprietary neasurenents
may be perfornmed, immedi ately after of even before
LogagHamig tielatiyedngpsuresntier si on. Noting that the RSEPS
measurenent is expressed as a fraction of the RTWP
measurenent that is defined for joint measurenent
(defined ﬁgﬁg%a@hhqug sane time interval), it is
cl ear &h t thé peasur nt equati on becones nonli near
The M@ | near nmeasurengnt nodel is given by Here (B39)
denot es | Rgmrae-powgy)|of the RSEPS quantity, denotes
the corr spongVWg measurenent uncertainty and is the

10108 (x gy 1 (1)) + 30
c(x(t)) = : (B40)
10108 (¥ gy, ()+30

elog RTWPCompensated 1 (t )

or)= 5 (B41)

€ g RTWPCompensated Np, ... (t)

2
10 RZ RTWP.i .
()= RIVP, , i=L.,N,. B42
Rz’l (t) (10 g(l O)J ( R TW P povermeasurement ( / )2 : Brancl ( )
Ry, (1) 0
R,(t)= : (B43)
0 Ry iy, ()

Separated linear measurement:

In this case ¢(x(¢))= C(t)x(¢). The results become
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quanti zati on function of the RSEPS neasurenent. The
RTWP neasurenent is simlarly defined, Were the RTW

WO 2008843562 ed i n dBm and where all power state RGF/BEIIDEES0345
are in Watts. The notation parallels that of the RSEPS
measur enent. The measurenent di sturbances are assuned
to be zero nean, Gaussian and white, with The
qguanti za RQWGW§WW@WWHW) fi ne enough to be negl ect ed.
Her e t%_ s assuned that |the quantization is neglectegl?44
Not eY¥hat the trieatnent |of proprietary nmeasurenents )
t he t ot al REWKRIBEHE"BEWE) can be treated sinilarly as
the RTWP neasurenment. First, logarithmc relative
measurenents are described. In this enbodi nent, the
origin efinitign of (Bl) is retained, wth the
quang%@tfaoﬁ)eff bslﬁé@k t@d. This gives, after a (B49S)
Tayl or series expansi onwhere Here a n d ) are the
artificial power nmeasurenents in watts, that result
when (BZ)(?pz (B5) gj e ol ved for the state vari abl es.
A sim | an treatnent of (|[B2) results in where
Furt B§)rore, the cross doupling becomes It follows (B46)
that the sure t ations corresponding to (3)
can be f ?ﬁﬁlateg?E%MSQ again that the above assunes
that there are no states that nodel dynamcs in
(B10) - (B14).

€ RTWPlinear,1 (t )

e(t)= : (B47)

€ RTWPlinear N e (t)

R2,i (f) = RZ,RTWP,i » =L, N (B48)
R,, 0
R,(t)= : (B49)
0 RZ»Nand.

Next, measurements of both RTWPs and RSEPS for multiple receiver

branches are presented.

Logarithmic relative measurement:

RSEP Sllog measurement (f)
R TWB log measurement (f)
y()= : (B50)
Rsgpszemes()
RTWP log measurement (f)

Nyrance
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Now, Separated |inear nmeasurenments are descri bed.
the neasurenents are first
i s assuned

t hi s subsecti on,
WO 298/a#3562d. Towards that end it

In

PCT/SE2007/050345

t hat RTWP(t)" eRTWP (t)

This inplies the follow ng

appr oxi matyon of (Bl), u3|ng a T@ | or erles

expansi on, | whi qip1iglies Fismatr-yY assu

i ndependenge betmee b o734 o]o) }+ngage§) |t folloms t hat
Asim | ar tyeat ults nce the
variaggag_ (é ﬁﬂ’“?'gaﬁéﬁﬁﬁ”mgz F€ with (B 12&51)
beco Xf, usin the arti-ficial asurengnt defi ne

by (B 16) fiﬁom it fdhh&w&rmggﬁgehe melasiur enent

equati ons len to ( £an pe f() mul at ed as

The above uaqbgh A 5 A IT%@§?1EM_ gnbodi ment

of the nea s;smo@eegs,@( NS wyiaud, @), ,a{ )i near

measurenents are descri bed.

In this enbodi nent, the

original definition of (Bl)

is only transforned to the

i near ppwer domai n,
negl ect ef.
expansi o
Henc
mﬁthgq%z
equat i on

l_b{JgQTﬁCowenmeal,l
vari ance of (BzZ

) becones It f(ﬁ
%@ﬂ@&ﬂ&@ﬂﬂdﬁﬁd

)t
mﬁ@EéSCDgﬂe'v'e@w ]

the quantization effects
flter a Taylor series
tireatment of (B2) results in
8), and the cross-coupling
| ows that the neasurenent

o (3) can be fornul ated

(B52)

asThere 8 |I|t

singl e-i pﬁ?mgm'm?fgﬁ “of
changi ng the input signa
two neasurenents are stil
conmbi ned prior to

It is also(pqgsi

Ras (t) - log(l O)

€ procegssing

f

i

to re-use the existing

the | oad estimtor, by
fromRTWP{t) to Not e t hat

| needed, however these are
t he KalLman fil

tier
RTWP powermeasurement (f)
i
1
RTWP powermeasurement (f)
i

0

1

|

powermeasiremen 1
RSEPS;

] 0

-1

) RZ,RSEPSPoweI' 0 J .
0 RLRNW (
1= 1,..., NBranch
Ry, () ’

Separated linear measurement

’
1
powernieasurement ( ) powermeasurement ( )
RTWP 1)) \RTwP ‘

(B53)

(B54)

Ry, )
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artificial nonlinear

measur enent However,

t hat

nmeasur enent needs to be augnented with the RTWP

WOoRWsatErknt in the filteri

ng in order to prodRCESEN07/050345

absol ute power val ue necessary for further processing.

The above
the frac
enhance
powe ng
nmeas

resi dual

SlGE:

#&ﬁ%? O%dle t ot

| p IRTHKP BUEr < ("887)

36). This: "trick"
ant St hat aEﬂ asuyen,
BSGRIPyvert fe

details Ef Ritepisirrgiesi(py

Initiali

abbreviation for

ati on “Fter ati on

4
el

End.
RSEPSPower Conpl enent ,

e two neasurenents refl ect
power that is not schedul ed
, and the correspondi ng
defines new artificia

xi mati ons of the fractional
dual power itself. The
Ut Kalman filter is

In (B38) RSEPC is an
cf. (B36).

(B55)

X

[t-T) denotes the one step prediction of the RSEPC

whi | 1|e t.he0 KAl rfan...f
corr s n@ var achﬁ ar
respectiv he tinme

Now when the dlfferent opt

idter est te. The

jF’R’E :ME@# T) and P | , (BSO)
vari abl e Kalman filter gain.
ions are presented in a nore

sinple form rmultiple receiver branch applications can

be di SCUSSEgpshibSlmaeAl)eibodi ment using only RTWP
measur e nt S LS pr eS(F)nt ed.| Here, conpl ete nmeasurenent
equat %ﬁTme or'respgndi ng to the dynam ¢ node
(A1)e(()es4 and (A 13) are uged, with the followi ng S7)
nodi ficats ons. The statqg corresponding to the RSEPS
RSEPSPowet Conpensal. ch . .
power arje renoved. T torirespondi ng entries of the
matrices A(t@uwwmiﬁﬁu e venoved. The states
corresponding to the
Rz)i ( t) ~ 1 —RSEP Silinea;-measzq-ement (f . ‘RZ,RSEPSPower,i 0
0 1 0 Ry rrwe,i
1 0
: A =L, Ny nen B58
(_ R SEPS’.Imearmeasuremenl (f) 1} Branch ( )
R,, () 0
R,(t)= (BS9)
0 R2’N Branch (t)
Relative linear measurement
RSEP. SllirJearmeasurement (f)
R TW.PI linearmeasurement (t)
yQ)= : (B60)

RSEPS linearmeasurement

N Branch

R TWP linearmeasurement

N, Branch

)
©)
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resi dual power are equal to states corresponding to

the RTWP, i.e. the subscript "Residual" may be
wewRasger for "RTWP'. The results for all thePCI/SE2007/050345

measur enent alternatives above are |isted here.

Logarithm relatixe measyt enent : \Separated | i near

nmeasur enent : IMM%EP ‘ )) EC(t)x(t) . The

results be orrewe,ggp,,we,m@isu,rﬁem s of both RTWPs and
lthpAP.@owei ?(¢Fﬂ-'¥lgstdunp(tan0hes are pr esent ed
relative measurenent: Separated |inear (B61)

RSEPS f or
Loga( n

rreasuﬁxgtprgl Rel at |)ye | i near asur enent APPENDI X C To
BT Qe dynam cs and

descri be t
measur enmen xeﬂuagugmef)b&@wmemi f)lsimplicity that no

dynami cs | x)}sELS?,,wer d () 2 S ai(e) model . Define new
states by: Mere 1's &™hon- si ngtfar “t r ansf or mati on

matri x. Note that when such a matri x has been defi ned,
the states are used in the state nodel of the Kal man

filter. Hﬁ@@%%ﬁ@ nt equations are forned,
correspopdin ( he al ternatives di scussed above, by

i nserting th P”f’eel n In the nmeasurement equations.

The ¢k procedure a outlined above, using Taylor (B62)

series expansions, (x}s then followed to arrive at the
RSEPSCompensgiell . .

remai ni n uant i )es required for processing with the

ext ended\ K&kmram«t4)| ter. The fol | ow ng are inportant

speci al casesAPPENDI X D The general extended Kal man

filter is given by the followi ng matri x and

1 j [ _ R S E P Silinenrmeasurement J

R 2 (f ) = [ R TWP’ linearmeasurement R TWR linearmeasurement (f)
0 1

0 RZ,RTWP,i

! 0
R2 RSEPSP. . 0 RTWP. linearmeasurement
s ower,i f .
) _ R S E P S linearmeasurement ) 1= 1" B NBl'anch
" 1

R TWE linearmeasurement ( f)

(B63)

R, () 0

R, ()= : (B64)
0 RZ,N Branch (t)
APPENDIX C
To describe the procedure of defining dynamics and measurement equations,

assume for simplicity that no dynamics is included in the state model.

Define new states by:
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vector iterations, The quantities introduced by the
filter iterations (D) are as follows. denotes the

W@ emB@43362di cti on, based on data up to tinme t PCISE2007/050345
denot es the fiIter updat e, based on data up to tinme t

, de 9%9 rianceftrix of the state
pred ‘rﬁase2 o’ﬁEPﬁﬁf’éD;p totimt - T, and P(t (Cl)
11) tlh€t23 v’ézwdnazr( matrix of the filter

update, based on data up totinet . C(V) denotes the

i neari zed neasurenent matrix (linearization around
HereNDst current state prediction), Kf (t) denotes the

time variable Kalnman gain matrix, R2(t) denotes the

neasure Nt zepvari ance matrix, and R1(t) denotes the

syst drr pl;é ovariance matrix. It can be noted that (C2)

{O are often used as tuning vari abl es of

the f||ter In principle the bandwi dth of the filter

is controlled by the matrix quotient of RL(t) and
is a Meftdinghear tdamfoirRatioht inaltiizeWddy thaowrkdénguol ti alatrix has

val ues to and Note that the total power pdf s of each
beendefigiagethsrsfatss t hat is needed by the final RoT

estimation step of |oad estimation algorithnms, are

obtai ned fromthe expected val ue of the out put

corr §lt( ding to the RTWP neasurenentas well as the

expeEt jcovarl ance of the output corresponding to t hdC3)

RTWP urenment. This follows since approxinmate

Gaussianity can be assuned. Wth the state sel ection

as above wth states for the residual power and the
are DSERSiPoves statk MEsdat of ythol Kawsahhailtdr! ONewhiBabtirement

follows that Note that further performance
equatinhsrrsentornzed sepyespndingetp bye péisrastings discussed above, by

inserting the relation

x RSEPSPower (t)J (tll t12 J_l (xl (t)] C4
( xResiduaI (t) 21 23 X 2 (t) ( )

In the measurement equations. The same procedure as outlined above, using
Taylor series expansions, is then followed to arrive at the remaining
quantities required for processing with the extended Kalman filter. The

following are important special cases

X RsEPSPowert (t ) {1 O X psgpspower (f )
( xRTWP(t) j—_(l 1J( ‘xResidual(t) J (o)

X Residual (t ) (0 T\ Xpempspavert (f )
(xRTWP (t))_(l J( chsidual(t) J (C6)

54



the Kalman filter by a Kal man snoot her. REFERENCES WO
2006/ 076969 WD 2007/ 024166 WD 2007/ 055626CLAI M5 1.
WORWRAEBS6220) for providing |oad reference datBCT/BE207/050345

CDVA wi rel ess conmuni cation system (89) with receiver
APPEfN $Hty, conprising the steps of: neasuring (210)

recel ved total w deband power (6 1:1-61:N) for at

|l east a first receiver branch and a second receiver

branch at a plurality of tipes; estim 12), a .
The general; extegded; fedman Jligaby gign dis iﬁﬁb?ﬁlfqyﬁln@am@m and
vecto@%té}lbufo?f a first power quantity and a second power

uantity, both being related to selected state

varlabl es of an estimation algorithm fromquantities

representg % sai d neasured received total w deband

povve(j ,()Q a %"'st of said first receiver branch as

wel | as ofoxsal cond receiver branch using sel ected

measur ement functi onf of said selected state variables

of sKid)esP( et TH0 (B Qo] T )65+ Be(iPct ed state

vari abl es correspondl(,g(g to cell power quantities; said
w

sel egfr ¢ -n¥(ajur BJveKt, (¢ + GG porFRsponding to said

quantities representl ng sai d nmeasured received total

wi deBénd) pP(r - 69 - 8aj (O(@)PEt -afifl second recei ver

br anches;

_ oa(x)
AD="

%(t+71t)= Ax(t|¢)+Bu(r)

|xes(ar)

P(t+7|t)=AP(|)A” +R,(t). (D1)

The quantities introduced by the filter iterations (D1) are as follows. i(t |t =T )
denotes the state prediction, based on data up to time ¢~T, %(¢|¢) denotes
the filter update, based on data up to time f, P(¢|t-7) denotes the

covariance matrix of the state prediction, based on data up to time ¢-T, and

P(¢|¢) denotes the covariance matrix of the filter update, based on data up to
time ¢. C(f)denotes the linearized measurement matrix (linearization around

most current state prediction), K f(t) denotes the time variable Kalman gain

matrix, R,(¢) denotes the measurement covariance matrix, and R, (t) denotes
the system noise covariance matrix. It can be noted that R,(t) and R, () are

often used as tuning variables of the filter. In principle the bandwidth of the

filter is controlled by the matrix quotient of R,(f) and R, (¢)

The filter is initialized by providing initial values to &(t|¢—7T) and P(t |2-T).
Note that the total power pdf's of each receiver branch that is needed by the
final RoT estimation step of load estimation algorithms, are obtained from

the expected value of the output corresponding to the RTWP measurement
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conmputing (214) a conditional probability distribution
(64: 1-64:N) of a first noise floor neasure based on
WQR00BA#S62 a nunber of said estinated probabil i PGI/SE2007/050345
di stributions for said first power quantity, and a
as wlp RE tueoeﬁbeéteab@ch}driéﬂcedbﬂﬁé bukhar c@f‘re%p%%@@ﬁ% tBHRERTWP
| oor neasure based on at |east a nunber 0f sa
mea%memmted‘fps dbHbwisi sipcdi @pnomnam]ﬁetmmamty st dgdassumed.
wer n and rOVI 21 ad_reference
wich RS A, BB T i 2o sEF P BhEH PR Fgr and the
RSERE; @bwdﬁlithmIﬂﬁecﬂl@ﬂely]foﬁéWN)tmfc said first and second
noi se floor nmeasures. 2 . Method according to claim1,
wherein said estinmation algorithmconprises a joint
syst em ngjyse, covari nodel i ng correl ati on between
sald%FV?gD “AFrEeed d'g@ﬁéveL branches. 3 . Met hod (D2)
according to claim1 or 2, wherein said joint system
noi se covariance conprises at | east one of spatia
Fromdwhésls it follooxathz@nce and pol ari zati on diversity
covari ance. 4. Method according to any of the clains 1
to 3, mherein said first and second receiver branches
are Wtili or nul £zinpu I tiple-output
transﬁV &“§W“WEpHgL d@@ﬁr@Iﬁ; to any of the (D3)
clains 1 to 4, further conprising the step of:
neasuring a recei ved common schedul ed enhanced upli nk

S a| dﬁ}g{y 8 I(t '§P‘L ﬁm%%PElEIE gtqgi’ é?gE%Sgogg Rera“u/sa(}:zqiL l%? ' b ' an C h eS f O r

irali
+ P Residual ,RSEPSPower i (t I ¢ ) + P Residual i (t I t) . (D 4)

Note that further performance enhancements can be obtained by replacing

the Kalman filter by a Kalman smoother.
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whereby said step of estimating is based al so on
guantities representing said neasured recei ved conmon
w@2mweddserl enhanced uplink power. 6. Method acRGY/EE0(7/050345

to any of the clains 1 to 4, further conprising at
| east one of the steps: ¢ﬁi§imggpg recei ved schedul ed
enhanced uplink power fo irst receiver branch
for said plurality of instances; and neasuri ng
recei ved schedul ed enhanced uplink power for said

1. sebmitode2810)eforbpenwddirfpiomhirdfarbncalddty of a CDMA wireless

I nst ances; saj,d step of. estimating | s based
comy R o oy P e B it rten S Eeo kb WBBAST A (38 5Heps of

MeA/HRFHAE e wdréc%hrerévltsfialeahmh bivBEK @qwmf for at

said first receiver branch and quantlt es representi
leastsaifttshwaseived hrecehy eddse redohddreneirearcbramgh iatka miwmahty of

tlmefor sai d second receiver branch. 7. Method according
%Yo claim6, wherein at |east one of said first power

qué@ﬁhﬁﬁuﬁ?@ZB@'@1ﬁﬁﬁ@ﬂﬂy@@Wﬁﬁeﬂy@@hbbﬁbﬂﬁyﬂd@@ﬂﬁuh@n(62iL
of a difference between received total w deband power

62:Nhder eetisst @overhauansidy eamdirec @GC@@dl mvvpbmantdry, shotd bemg

el 00 SR 55U B AU RSN s

repre$efipihigs safll ahecheasdd aveeivbdt hrabtwigebam@apdindrd(61:1-61:N) of
recei ved channel code powers for said first receiver
said firghdRCEIFEr Jpachl aﬁaWﬁklya%fof i prdelapraond gageiver branch using

selected measurement functions of said selected state variables of said
estimation algorithm;

said selected state variables corresponding to cell power quantities;

said selected measurement functions corresponding to said
quantities representing said measured received total wideband power of said
first and second receiver branches;

computing (214) a conditional probability distribution (64:1-64:N) of a
first noise floor measure based on at least a number of said estimated
probability distributions for said first power quantity, and a conditional
probability distribution of a second noise floor measure based on at least a
number of said estimated probability distributions for said second power
quantity; and

providing (216) load reference data based on said computed
conditional probability distributions (64:1-64:N) of said first and second

noise floor measures.
2. Method according to claim 1, wherein said estimation algorithm

comprises a joint system noise covariance modeling correlation between said

first and second receiver branches.
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measuri ng recei ved channel code powers for said second
recei ver branch for said plurality of instances;

wWopWBakIp6kai d step of estimating is based al soPGHSER007/050345
| east one of: quantities representing said neasured

recel hannel cod owers for _said first .receiver .
3. b HeekB GG e R PR Pe Buritr whReliny SRBLBRIGH/Som noise
covafigfieé vVedniprasiel atc ddasPovyes Sof dpaaild deeen raseireice and
branch. 9. Method according to claim38, wherein at
polanizafign Giversity avaTigost power quantity and said second
power quantity is a nmeasure of a difference between
recei ved total w deband power and a sum of received
4. chMwtebdcacrioverts dor of dhd dlainss latwl 35 acherkin eszdd Vitxst and

branch, respectively. 10.,.l\/béh d according to cl %i_mS
seconfl TECOlfIr HTATSREY fepUublizedt fQfathH @sn%a%@u tiple-output
tranSaidsi®id ng, a plurality of times, a probability

distribution for a third power quantity and a fourth
power quantity, said third and fourth power quantity

bej a.total .w deband r guantit f.sa,d first . .
5. anfelbOdRPREgNIS & BPAREIE CEURR L ety Tither gompsing the
step 68r adm ssion control in a CDVA wi rel ess communi cation
systemw th receiver diversity, conprising the steps

of megswwing Aagrqcz2®@d roauneefwhedided emndaamasek diphigkt power for
..any of .the clains. 1 to 10, and controlli. 23 )
said % Qud 5T e Phef . FERh Rl o FiShnces;

whereby said step of estimating is based also on quantities

representing said measured received common scheduled enhanced uplink

power.

6. Method according to any of the claims 1 to 4, further comprising at
least one of the steps:

measuring received scheduled enhanced uplink power for said first
receiver branch for said plurality of instances; and

measuring received scheduled enhanced uplink power for said second
receiver branch for said plurality of instances;

whereby said step of estimating is based also on at least one of
quantities representing said measured received scheduled enhanced uplink
power for said first receiver branch and quantities representing said
measured received scheduled enhanced uplink power for said second

receiver branch.

7. Method according to claim 6, wherein at least one of said first power
quantity and said second power quantity is a measure of a difference
between received total wideband power and received scheduled enhanced

uplink power for said first and second receiver branch, respectively.
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12. Method for enhanced uplink scheduling in a CDVA
W rel ess conmuni cati on systemw th receiver diversity,

W BN #35bhg t he steps of: providing (220) | 0adPCT/SE2007/050345
reference data according to any of the clains 1 to 10;

an ' Wl fj i
8. SR PodRabal b R RNOHE RUPRCL Wb Sho PP Bonfiising at
leastrogredivére Sregsch cal i bration in a CDVA wirel ess
communi cation systemw th receiver diversijty, .
coPSASSITHE Prreitea (551&8@@? 593%99%8?9@@@ Bt receiver branch
for sdiflRLEARE, BEHNtdhREs n@ny of the claims 1 to 10; and
calcul ati'ng (252) a conpensati on nmeasure representing
a didaserang eecaivele channebi coslep pamvers| for sbad veesonglairgeeiver

first an econd r.ecei ver branch. 14. Method according
branglhy foy g2 R@ra@% 1459 ECRe further step of:

cahRi-eby Reid 8B4 oPe¥@matHgRShaSEEhIRMoRtatakastedsé of:
one of said first and second recei ver branch based on

sai d conpeastiticerreprasenting mid vpeasdrgcdreceived channel code
mul:t i plerknput - mul tipl e-ou t processing in a CDVA
powe( fon Bl LTSt HPsfiniy

em conprising the steps
of : per f@tﬁﬂhﬂﬁleé@keé@@@hg aJaibraBabueal irbe@ivednchannel code
according to any of the clains 13 to 14; and
poweps deesaidngeqorrbieceiyey hfanch.
mul ti pl e-i nput-mul tiple-output channel nodel of said
first and second receiver branch. 16. Arrangenent (94)
9. f oMephodtiaticogdirgado cédietd &)oehedia aifleasCOiA of said first power

quantity and said second power quantity is a measure of a difference
between received total wideband power and a sum of received channel code

powers for said first and second receiver branch, respectively.

10. Method according to claim 8 or 9, wherein said step of estimating
comprises estimating, a plurality of times, a probability distribution for a
third power quantity and a fourth power quantity, said third and fourth
power quantity being a total wideband power quantity of said first and

second receiver branch, respectively.

11. Method for admission control in a CDMA wireless communication
system with receiver diversity, comprising the steps of:

providing (220) load reference data according to any of the claims 1 to
10; and

controlling (232) admission based on said load reference data.

12. Method for enhanced wuplink scheduling in a CDMA wireless
communication system with receiver diversity, comprising the steps of:
providing (220) load reference data according to any of the claims 1 to

10; and
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Wi rel ess communi cation system (89) wth receiver
di versity, conprising: neans for obtaining (80) at

WO 28t143362ant i ti es representi ng neasures of recRCT/EER007/050345
total w deband power (6 1:1-61:N) for a first receiver

br QeﬁQdﬁhng g(Qth%Hh@ﬁc%gj &gcel ¢8 '{:%gdnga:sgaai%&o%% \l{ggerence

representi Sures o
datafor a second receiver branch at said plurality of

tinmes; nmeans for estimating (151), a plurality of

times, a probability distribution (62: 1-62: for a

13. Ti MadthRevWgreQHant | etefred Brﬁ@&?n@alﬁﬁ%forﬂgﬁng' @Dl\é[%akxqreless

nmeans for estimting (151) being connected to sal
commpiameation syBternnwith negeiveyhverisitiye songmisisgnttiensteps of:

ar PRI S FERLRete Pop EhLTTbnd hua, af Tapairgy 1 to 10;

and an estimation algorithm corresponding to cell power
quantities, and with selected neasurenent functions
co?@@éﬁé@ﬁﬂgr@ﬁ% Feempensatiorepnessund neprasca tingasudidirence

in th{alﬁ?lg% %%gse Béfler \ﬂo%? qjﬁqulegﬁ\/%ld (flqr%t %nglaﬁ,e&%gfgg%cgwer branch.

rece ver  branc as’o
recei ver branch; said first and second power
quantjties belng related to said selected state
14. vaMf’éBP@saCC\%@¥%§ﬂ> sk ﬂrﬁaﬁ@nmrsmgtth@afprrﬁger( gtep)of:

e 0SS 95 SELAIT A SR PAORAN, Ll s ot end
secompbweceigerbtahcle basedran saublc@xeﬂpe@kadome@&asaaant

functions; neans for conputing (152) a conditional
probability distribution (64:1-64:N) of a first noise

15. flME"LhHEaW% 1 Seﬁgﬂ'g’J ﬁilﬂﬁg ?ﬁo}?ﬁﬁefé c;c}éssm 11&1 a CDMA

di stribution nol s sure,
Wirelmnsmfmunmtmn spgtamej ogmprising the steps of:

performing (260) receiver branch calibration according to any of the
claims 13 to 14; and
processing (272) a joint multiple-input-multiple-output channel

model of said first and second receiver branch.

16. Arrangement (94) for providing load reference data of a CDMA
wireless communication system (89) with receiver diversity, comprising:

means for obtaining (80) at least quantities representing measures of
received total wideband power (61:1-61:N) for a first receiver branch at a
plurality of times and quantities representing measures of received total
wideband power for a second receiver branch at said plurality of times;

means for estimating (151), a plurality of times, a probability
distribution (62:1-62:N) for a first power quantity and a second power
quantity, said means for estimating (151) being connected to said means for
obtaining (80) quantities representing measures;

said means for estimating (151) being arranged to operate with

selected state variables of an estimation algorithm corresponding to cell
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connected to said neans for estimating; said neans for
conputing (152) being arranged to operate on at |east

W 209818362 of said estimated probability distriPCE/BEA87/050345
(62 1 -62 :N) for said first power quantity and at

powy 35k n PN TR B S0 BB SBESE RN S ods capppeponding 1o
quaﬂfﬁ@é&ﬁréﬁes@h@h‘lgdsm InEastiBed 1Bteiveatot &l fL@AsEndPAver (61:1-
based on said conputed conditional probability

61: thgﬁﬁi%ﬁﬁtoﬁ%e(‘@l bragehngs vellsas af saidssecam! seesiver branch;
19578) SL8P Ao AP pei b EANEeh e RE P elfnd LRi] Brccnca

statesairtasteans for conputing (152). 17. Arrangenent
according to, Ial m 16, vvherel n said neans for
esPiPEEPHg P4 arnrlﬁ%%d foror estimeting atidy bgisRntarranged for

estmﬁaytﬁ&ogegh ?%angﬂgﬁg'cﬁgﬁ?oﬁﬁéﬁé r(@grlcabfﬁi oay %[m%@e%%{a second

sai ond recelve anch
poweArqueniféties Lisatg saill sglettedhmasutément fancedoersei n sai d

oi nt €m noi Se. covariance co rissat | east one
b TS APT QPOBIRIHE dgod) | aneeuaniPyg) srppabilay distribution

(64 1d64q\¢)SIotfya09y§tr ifnse- 1d& rﬁééﬁﬁ‘&e% @C&ﬁ{&ji'tﬁgla%lop%yablhty

of the claim16 to 18, further conprising neans
distrifartiin nf arﬁﬁcp:npil Jeoxsnrﬂaonmleasprce sait pueans dos pbgiwiisg being

rran cordlngto any of the claims 16
Conn%%te)fg% W@r ﬁgi AUHZy “obt ai ni ng (80)
QU fric@% s ﬁﬂfcﬁﬁﬁ?hh@@ (1523 WetSg lagranigdes o%ferréfegsﬁ at least
for obtaining quantities representlng measur és of

a numbesiof sgid ateshpbakilibn Higtcidatigns (62:po00RMN) fbr said first
powei%l glafn't{@t a%rHj aECRA rgc%um{)er of said estimated probability

distributions for said second power quantity; and

means for providing (75;78;153) load reference data based on said
computed conditional probability distributions (64:1-64:N) of said first and
second noise floor measures, said means for providing (75;78;153) load

reference data being connected to at least said means for computing (152).

17. Arrangement according to claim 16, wherein said means for
estimating is arranged for incorporating a joint system noise covariance

modeling correlation between said first and second receiver branches.

18. Arrangement according to claim 16 or 17, wherein said joint system
noise covariance comprises at least one of spatial diversity covariance and

polarization diversity covariance.
19. Arrangement according to any of the claim 16 to 18, further

comprising means for handling multiple-input-multiple-output

transmissions (76).
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branches for said plurality of instances; whereby said
means for estimating is arranged to operate al so on

W@ 2008/1¢p36Nt i ti es representi ng sai d nmeasur es of PEI/SE2007/050345
recei ved comon schedul ed enhanced uplink power. 21.

Ar | y [ 6140 : -
20. | RSRSHTALPARLEATE L5 Y oPnbEhtl 18 AE10HRrcin seid
means pfors erfitanginge 480) equantitisst represaraingedmfezstsures is further

obt ai ni n uantities representing reasures of received .
arrangail dor o GLARHREC AURRIIING JGREFSTUIME apiparrirge Of & reccived
comth8A&HRIAEARGTh e SabANR! pEwet Tt Hidl ﬁﬁt%%ec%ﬁ érgceiver

quantities representing neasures of received sche
branehés fereshidppliurklifjowéingtancesi d second recei ver branch

for,said pluralit f instances. whereby said an .

f o PEZe Prpr et for estipRlingdy AT anged 49 ongraly givogn said
quantRast repfeintiad eAdaRiddifesr 8PrL£s@RBbived $Bnsnon scheduled

nmeasures of received schedul ed enhanced uplink power

enhanged dplink posterr ecei ver branch and said quantities
representing said neasures of received schedul ed
enhanced uplink power for said second receiver branch.

21. 22ArAingergent piccacdiapdidanyool tiaé MlZitns eI 10 atvherein said
| east one of said first go_vver quantity and said second
meargpvier QPaaining i(80h aeastifiesofrcRrefcitti®nmeaserapets further

i yed . d : i dul ed -
e K50 40 SRR A5, ARG P hecived
schedelee vahalbcadc biplings pestdry 6ty saZd. firdtr ssgevmanbranch for said

plura?i%eo(r)fl iirq%térgceasr,]yaga E}Egn%ltlaeisn?‘eégeste%tiln% rvnwgaetégiens So?"i geceived
scheduled enhanced uplink power for said second receiver branch for said
plurality of instances;

whereby said means for estimating (151) is arranged to operate also
on at least one of said quantities representing said measures of received
scheduled enhanced uplink power for said first receiver branch and said
guantities representing said measures of received scheduled enhanced

uplink power for said second receiver branch.

22. Arrangement according to claim 21, wherein at least one of said first
power quantity and said second power quantity is a measure of a difference
between received total wideband power and received scheduled enhanced

uplink power for said first and second receiver branch, respectively.

23. Arrangement according to any of the claims 16 to 19, wherein said
means for obtaining (80) quantities representing measures is further
arranged for obtaining quantities representing measures of received channel
code powers for said first receiver branch for said plurality of instances, and
quantities representing measures of received channel code powers for said

second receiver branch for said plurality of instances;
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means for obtaining (80) quantities representing
nmeasures is further arranged for obtaining quantities

WO 298a4¥Em i ng neasures of received channel codeCHBHRINE050345
for said first receiver branch for said plurality of

ins anc S, d quantitie res ng neasur
il hePHBS ot s5ish S (184 0F EBnHcd dectraate also
on abﬂ@ﬁ@th ofrfél' oﬁeﬁaddphuéﬂhhb}é RApreBshaAL esaihaialy1redi 6F received
means for estlmatlng (151) is arranged to operate also

changgl sgodeawerse fof saidd figerieceives begnes eand ngaishiqnantities
repreg,? l?lr e$aidl nlBeEirdE f%é@@%h g{’aqlenﬁo Ieg&%rﬁ&ds id second

ecei ver branc sai uant represen I'ng
receig@t Brawetsur es of recelved channel code powers for said
second receiver branch. 24. Arrangenent according to
claim 23, wherein at |east one of said first power

24, UASHRRCH: SR ARRORLRMEL VAR L e SeuAS U St
poweangian Stynmanfl $a=jde$a®cd1_cb paWﬂquLmttetypxsv\& rmeasmres af d difference

first and se .recei br anc res tivel
betwagth Theaed: Ol BTSN PaTer Fg:n SHIbp! et Chapael code

powePB S shiRr ﬁP§ttéﬁ@ts'eBSnéll~'éééwb§ brdhERCFeHdRRBRA for
estimating, a plurality of times, a probability

d| stribution for a third povver guantity and a fourth

uant | d t h| our ua
S Rt i 2. Pk PR pleans for
estm@ﬁfhgs‘ﬂg!ﬂ}j i§ geetyar abf&'ﬂ)g“é'(‘], f(heéﬁﬁﬁ{dt Ya \A%ﬁlrahty of t1mes a
Arrangenent according to claim 16 or ereby said

probajeidifg dmtrlbmwrmfng @.76hirds poys3) QM@mltB’eﬁéllder&:efodatfa power
quan!t&yf é'lerutdhﬁ'{lrg e (t"o&lgtht 180%%1" %urée %Pcy B‘e%[lgeas tEotmil wﬂ%band power

quantity of said first and second receiver branch, respectively.

26 Arrangement according to claim 16 or 25, whereby said means for
providing (75; 78; 153) load reference data is further connected to said

means for estimating.

27. Admission control arrangement (96) in a CDMA wireless
communication system with receiver diversity, comprising:

an arrangement (94) for providing load reference data according to
any of the claims 16 to 26; and

an admission control unit (97) connected to said means for providing

(153) load reference data.

28. Enhanced uplink scheduling arrangement {(93) in a CDMA wireless
communication system with receiver diversity, comprising:
an arrangement (94) for providing load reference data according to

any of the claims 16 to 26; and

63



27. Adm ssion control arrangenent (96) in a CDVA
W rel ess conmuni cati on systemw th receiver diversity,

W@ #35bhg: an arrangenent (94) for provi di ngPCHaER007/050345
reference data according to any of the clainms 16 to

%Q'xdnae}{]ce?igﬁ]p%%kog ocﬂ.!'ll r%lé &1;11 L9Eg97<) 0§ %}dc}l& eans for

Sal nmeans pr OVI er ence

providéng FrBG)road ﬁﬁ}ﬁéﬂdﬂte&ﬂ:&t@dul ing arrangenment (93) in a
CDMA wi rel ess conmuni cati on systemw th receiver
di versity, conprising: an arrangenent (94) for

h
29. prﬂ}[fﬂig{égn%rgﬁgg?eg& SE ahehaEEfg’Fpé@ 1 e%y cPMANGrireless

cl alns ndan enhanced u [1ng unit
com@hjcatimmeysien itk atdeivendsversity pcomiptisigg( 153) | oad

reference data. ngenent f.or receiver branch

o B ERRERN ORI PEI1080 TE A e A P Slanto any of
the CYMIHJS 16GBIMBrafiversity, conprising: an arrangenent

for providing |oad reference data according to any of

t heeolnsi fr té8lawlatieg G aecompénsatian coleasiing I(@S?S@tmg a
it B O TS S SR B S0E st fomc receiver

brandigcond receiver branch. 30. Arrangenent according to
claim?29, further conprising: nmeans for calibrating
(74) power val ues received at at |east one of said

30. ﬁ% %?né?r?‘ﬁ: 8890&&8& 't§ %rlal% %C I?upﬁlsé?dco(?ﬂpﬁ@irgg

ion nea
means for calibrating (74) power values received at at least one of

said first and second receiver branch based on said compensation measure.

31. Arrangement for multiple-input-multiple-output processing in a
CDMA wireless communication system, comprising;:

arrangement for receiver branch calibration according to claim 29 or
30; and

a processor (76) arranged for processing a joint multiple-input-

multiple-output channel model of said first and second receiver branch.

32. Node (90) of a CDMA wireless communication system (89) with
receiver diversity, comprising an arrangement according to any of the claims

16 to 31.

33. Node according to claim 32, wherein said node is a radio base station
(20).
34. Node according to claim 32, wherein said node is a radio network

controller (86).
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31. Arrangenent for multiple-input-nmnultiple-output
processing in a COMA wi rel ess communi cation system

W@ #35bhg: arrangenent for receiver branch PCT/SE2007/050345
calibration according to clain129 or 30; and a

o5. DY RCCENTA ekl FARSRE Bl S GRINTERT i P crrs

comprii$isig e&mdrﬁmgﬁ“rdene@ewﬁhngrtarm{y oBthe brdmnd 98)tod 1.2
CDMA wi rel ess conmuni cati on system (89) with receiver
di versity, conprising an arrangenent according to any
of the clains 16 to 31. 33.__Node according to claim
32, wherein said node is a radio base station (20).
34. Node according to claim 32, wherein said node is a
radio network controller (86).35. A CDVA wreless
comruni cation system (89) with receiver diversity,
conpri sing an arrangenent according to any of the
clains 16 to 31.
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