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—~ (57) Abstract: An apparatus (UEA) may generate a zero-tail signal to be transmitted in an LTE/LTE-A cell, by introducing time do -
main samples with zero power or very low power in specific positions of a time symbol tail. The apparatus (UEA) may transmit the
generated zero-tail signal to a base station (eNB), such that a first user terminal (UEA) is located in the cell farther away (e.g. on a
cell egde) from the base station (eNB) than a second user terminal (UEB). Thus coexistence of signals sent by user terminals (UEA,
UEB) located at different distances from the base station (eNB) within a same receiver window is enabled without inter-symbol in -
terference. The generated zero-tail signal may also be transmitted from the first user terminal (UEA) or from the base station (eNB)
in an outdoor system that is detectable by a neighbouring indoor system.



DESCRIPTION

TITLE

ZERO INSERTION FOR ISI FREE OFDM RECEPTION

FIELD OF THE INVENTION

The exemplary and non-limiting embodiments of this invention relate generally to wireless

communications networks, and more particularly to signal generation.

BACKGROUND ART

The following description of background art may include insights, discoveries, understand

ings or disclosures, or associations together with dis-closures not known to the relevant

art prior to the present invention but provided by the invention. Some such contributions of

the invention may be specifically pointed out below, whereas other such contributions of

the invention will be apparent from their context.

OFDM (orthogonal frequency division multiplexing) is a form of FDM where carrier signals

are orthogonal to each other. Thus cross-talk between sub-channels is eliminated. Since

low symbol rate modulation schemes suffer less from inter-symbol interference caused by

multi-path propagation, a number of low-rate data streams are transmitted in parallel in-

stead of a single high-rate stream. Since the duration of each symbol is long, a guard in

terval may be inserted between the OFDM symbols, thus eliminating the inter-symbol in

terference. A cyclic prefix transmitted during the guard interval comprises the end of the

OFDM symbol copied into the guard interval, and the guard interval is transmitted followed

by the OFDM symbol.

SUMMARY

The following presents a simplified summary of the invention in order to provide a basic

understanding of some aspects of the invention. This summary is not an extensive over

view of the invention. It is not intended to identify key/critical elements of the invention or

to delineate the scope of the invention. Its sole purpose is to present some concepts of the

invention in a simplified form as a prelude to the more detailed description that is pre

sented later.



Various aspects of the invention comprise a method, apparatuses, computer program

product, and a computer-readable storage medium as defined in the independent claims.

Further embodiments of the invention are disclosed in the dependent claims.

An aspect of the invention relates to a method comprising generating a cyclic zero-tail sig-

nal to be transmitted in a cell, by introducing time domain samples with zero power or very

low power in specific positions of a time symbol tail; controlling the amount of zero power

or very low power samples; transmitting the generated cyclic zero-tail signal between

communication devices.

A further aspect of the invention relates to a first apparatus comprising at least one proc-

essor; and at least one memory including a computer program code, wherein the at least

one memory and the computer program code are configured to, with the at least one

processor, cause the first apparatus to generate a cyclic zero-tail signal to be transmitted

in a cell, by introducing time domain samples with zero power or very low power in specific

positions of a time symbol tail; control the amount of zero power or very low power sam-

pies; transmit the generated cyclic zero-tail signal between communication devices..

A still further aspect of the invention relates to a second apparatus comprising at least one

processor; and at least one memory including a computer program code, wherein the at

least one memory and the computer program code are configured to, with the at least one

processor, cause the second apparatus to receive a zero-tail signal transmitted from a first

user terminal or from a base station in a cell using, the zero-tail signal being generated by

introducing time domain samples with zero power or very low power in specific positions

of a time symbol tail; wherein the first user terminal is located in the cell farther away from

the base station than a second user terminal, and/or wherein the first user terminal or the

base station respectively is located in an outdoor cell that is detectable by a neighbouring

indoor cell.

A still further aspect of the invention relates to a computer program product comprising

program code means configured to perform any of the method steps when the program is

run on a computer.

A still further aspect of the invention relates to a computer-readable storage medium com-

prising program code means configured to perform any of the method steps when exe

cuted on a computer.

Although the various aspects, embodiments and features of the invention are recited in

dependently, it should be appreciated that all combinations of the various aspects, em-



bodiments and features of the invention are possible and within the scope of the present

invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by means of exemplary

embodiments with reference to the attached drawings, in which

Figure 1 illustrates misalignment of UL signals at BS due to different propagation delays;

Figure 2 illustrates time misalignment between two LTE cells using different CP durations;

Figure 3 illustrates using zero-tail signals for keeping the UL signals aligned within the re

ceiver window of BS;

Figure 4 illustrates received signals at the reception window of UEs suffering from different

delay spread;

Figure 5 illustrates a general baseband block of a zero-tail signals transmitter;

Figure 6 illustrates a G matrix implementation according to a second exemplary embodi

ment;

Figure 7 shows a power curve of an exemplary time domain zero-tail SC-FDM signal;

Figure 8 shows a power curve of an exemplary time domain unique zero-tail SC-FDM s ig

nal;

Figure 9 shows a simplified block diagram illustrating an exemplary system architecture;

Figure 10 shows a simplified block diagram illustrating exemplary apparatuses;

Figure 11 shows a messaging diagram illustrating an exemplary messaging event accord

ing to an embodiment of the invention;

Figure 12 shows a schematic diagram of a flow chart according to an exemplary embodi

ment of the invention;

Figure 13 shows a schematic diagram of a flow chart according to an exemplary embodi-

ment of the invention.



DETAILED DESCRIPTION OF SOME EMBODIMENTS

An exemplary embodiment relates to the area of OFDM/SC-FDM signal process

ing/generation, and to zero-tail OFDM/SC-FDM signals.

OFDM modulation format has achieved widespread acceptance among numerous wire-

less communication standards given its capability of converting the time dispersive chan

nel to a number of narrowband frequency domain flat channels, thus enabling simple one-

tap equalization at a receiver as well as straightforward extension to MIMO. SC-FDM ex

ploits similar benefits as OFDM, at the same time limiting its power envelope fluctuations

since the data symbols are sent serially over air rather than in parallel. SC-FDM signals

may be generated as a modified form of the OFDM ones.

An exemplary embodiment may be adopted in a multi-user scenario.

An exemplary embodiment relates to maintaining the time and/or frequency separation at

BS of UL signals sent by UEs located at different distances or over channels with a differ

ent delay spread. The following example refers to this embodiment.

An exemplary embodiment relates to designing the numerology of an indoor system and

an outdoor system. In principle, in an outdoor system larger delay spread and propagation

delays are expected, and the numerology design then subsumes the usage of a long CP.

In an indoor system, a shorter CP is typically used. Zero-tail signals allow to use an

unique numerology for both indoor and outdoor systems. The outdoor system may indeed

use the same CP of the indoor system, and apply zero-tail for compensating the extra de

lay spread/propagation delay. The number of zero-samples may be hardcoded in the sys

tem according to a target scenario. This allows an indoor BS/UE to receive signals coming

from the outdoor system, and vice versa. This also allows the same baseband chip design

for indoor and outdoor systems.

UEs may be scheduled in the same time slots but over different frequency chunks. In case

the propagation delay of some UEs is larger than the CP duration, the frequency orthogo

nality of the receiver signals at BS are spoiled, and ICI is generated. This is illustrated in

Figure 1, wherein UEA is located at a cell edge, while UEB is located in the proximity of

BS. Since the propagation delay of UEA is larger than the CP duration, the frequency do-

main orthogonality of the signals sent by UEA and UEB is broken, and ICI is generated.

This affects the throughput performance of both UEs. This persists also in the case in

which UEA and UEB signals are scheduled over adjacent time slots, since UEA spills a

part of its energy in the time window dedicated to UEB, thus generating IS I. Similar situa

tion may occur if UEs have similar distances but the channels have a different delay



spread e.g. due to reflections. In the following, delay will be further discussed. Figure 1

illustrates misalignment of UL signals at BS due to different propagation delays.

Orthogonality of different UL signals sent by UEs located at different distances from BS

may be maintained in LTE in different ways. One way is to introduce an extended CP. In-

stead of putting 7 symbols into a 0,5 ms slot, only 6 symbols are used and the remaining

time is used to allow a longer CP per symbol (see Figure 2 : top normal CP, bottom ex

tended CP). If the extended CP is longer than the longest propagation delay, UL signals

are aligned at the receiver. However, this increases system overhead and reduces the

throughput of each UE, clearly penalizing UEs which are located nearby BS. Since an in-

teger number of symbols needs to fit into a 0,5 ms slot, it is not possible to increase CP to

a specific required value but only in steps corresponding to sacrificing an entire symbol.

Therefore, typically the extended cyclic prefix is too large in a particular environment.

Moreover, if neighbouring cells use different CP lengths, they are not time aligned (see

Figure 2) and this penalizes the usage of advanced techniques such as interference can-

cellation or CoMP. Another way to maintain the orthogonality is to use a timing advance

procedure. UEs which are far from BS are instructed to send their signals with a slight ad

vance, so that each received signal is aligned within the receiver window. However, the

usage of a timing advance procedure may increase the latency, since it requires some

hand-shaking signalling between UE and BS before UE is able to start transmitting. Fur-

thermore, timing advance cannot be used in case of a higher delay spread, because it

then makes the direct path arrive too early and then cause ICI and ISI. Zero-padded

OFDM is yet another alternative to maintain orthogonality.

Figure 2 illustrates time misalignment between two LTE cells using different CP durations.

Their signals are only aligned at the frame boundaries, thus preventing the usage of ad-

vanced physical layer techniques.

An exemplary embodiment discloses methods for generating OFDM/SC-FDM signals hav

ing time domain samples with zero power or very low power (e.g. 20 dB below the aver

age transmit power) in specific positions of the symbol tail. These signals may be referred

to as zero-tail signals. Figure 3 illustrates how the usage of zero-tail signals may resolve

the coexistence within the same receiver window of UL signals sent by UEs located at d if

ferent distances from BS. Assuming the same scenario as in Figure 1, it is illustrated how

the usage of zero-tail signals maintains the orthogonality of the OFDM/SC-FDM symbols

sent by UEA and UEB. Even if UEA and UEB are scheduled in adjacent time slots, the

presence of a zero word in the last part of the time symbols sent by UEA prevents its

power to spill over UEB signals. By assuming the following notation:



TF is the OFDM/SC-FDM symbol duration without CP,

TCP is the CP duration,

TS is the sampling time of the system,

TD is the propagation delay,

TS is the delay spread,

a rounds a to the nearest integer bigger than a , often called "ceil",

a :b indicates the samples from a to b of a vector (Matlab notation).

The time domain zeros needed for preserving the orthogonality at the receiver may be lo

cated in the positions denoted by the following vectors (notated in a Matlab notation a:b

indicating the samples a through b of the vector):

It is noticed that, in case (T + TS ) ≥ 2 TCP , P and P are contiguous or partially over

lapped vectors, i.e.:

By using zero-tail signals, the throughput of only those UEs is reduced which are suffering

from a large propagation delay (and/or large delay spread), without harming UEs located

in the proximity of BS; this is a significant improvement compared to the solution of having

an extended CP per cell. An exemplary embodiment thus enables ensuring coexistence of

UL signals at BS without penalizing the throughput of UEs located in the proximity of BS.



Moreover, UEs which are located far from BS may start transmitting by using zero-tail s ig

nals before receiving a timing advance command from BS, thus avoiding latency.

Figure 3 illustrates the effects of using zero-tail signals for keeping the UL signals aligned

within the receiver window of BS. The time data samples are denoted with S and the zero

samples with 0 . Note that the delay spread is neglected in Figure 3 for simplicity.

Figure 4 shows a close-up of the middle symbol representing the reception at the receiver

of the signals of UEA (top) and UEB (bottom), the former having a delay spread of 3 (i.e.

three delayed path components) which is too much for CP of two samples, the latter one

having a delay spread of only 2 for which CP is sufficient. The samples, indicated by "S" in

Figure 3, are here shown explicitly. Within the receiver window (illustrated by the rectan

gle), the signals of both UEA and UEB are cyclic and, therefore, do not cause any ISI or

ICI after frequency domain equalization (provided that the signals are separated in the

frequency domain e.g. by using different sets of subcarriers, this is not shown in the time

domain Figure 4). Data samples are depicted in non-italic and non-bold characters > 0 ,

CP is indicated in bold, zero samples are represented by 0 , italic font indicates samples

from previous/subsequent symbols. Some of those extend into the receiver window ("0" in

the first position within the receiver window (illustrated by the rectangle) in the 4th line),

but because "0" matches the "0" of the same symbol, the cyclicity is not lost.

The first user only transmits 6 non-zero samples 1 - 5 and 7, i.e. the first user has two

samples less than the second user per symbol. These two samples have to be invested in

order to enhance the robustness against delay spread by one sample. (The same robust

ness may be achieved by selecting a CP of length 3, but this would also have to be done

for the other user which would then suffer). In general, an exemplary embodiment is espe

cially advantageous, if less than 50% of UEs need the higher robustness against delay

spread, which is typically the case.

Figure 4 illustrates received signals at the reception window of UEs suffering from a differ

ent delay spread. A first UE uses both CP and zero-tail for coping with the high delay

spread, while CP is sufficient for a second UE.

An exemplary embodiment combines the usage of CP which is used by the majority of

UEs (those that do not have an excessive delay (spread)), and adding a zero-tail for the

few other UEs on top of CP. This combination of CP and zero-tail enables having a low

overhead for most of UEs and still handling the extreme UEs without generating ISI or ICI

to the other UEs.

It should be noted that the usage of a unique contiguous vector of zeros at the tail, rather



than the two disjoint vectors at positions P and PQ , may be considered a preferred de-

sign choice even in case (TD + TS ) < 2T
CP

, since it allows robustness to the uncertainties

in the estimation of τ and S , despite of a slight throughput loss. In the following, this

option is referred to as a unique zero-tail signal.

A block diagram illustrating an exemplary embodiment is depicted in Figure 5 . The vector
d =[d d ... d- of data symbols is multiplied by a G matrix having a dimension

Nfft x (N - q0) , before undergoing the traditional steps of IFFT and CP insertion. The G

matrix is designed in such a way that the samples of the IFFT output located in the posi

tions given by the vectors P and P are equal to 0 or have a very low power. The total

number n of generated zeros is given by the length of P =P P .

A following notation may be assumed:

FZ is the Z x Z ID FT matrix,

I a is the ax a identity matrix,

0 x is the ax b zero matrix,

(·) denotes the transpose operator,

denotes the Hermitian operator,

\x | I ... \z] denotes the horizontal concatenation of the X , Y, Z matrices,

Z \ l z for OFDM

|_ a J rounds a to the nearest integer smaller than a , often called "floor".

The post-IFFT vector (the CP insertion is excluded for simplicity sake) may then be given

by:

s = F N -G-d

Figure 5 illustrates a general baseband block of a zero-tail signals transmitter. The G ma-



trix is designed such that a part of the last time domain samples are equal to 0 or have

very low power. Generation of the G matrix according to exemplary embodiments will be

discussed below.

Generation of the G matrix according to a first exemplary embodiment

The following n ~ N fft partition of FN may be defined:

P =
NFFL

{P fi N -\)

The Q matrix may be defined as the orthogonal projection into the null space of FP , i.e.

Q = I N - FP (FPFP FP

Then U Q and VQ are defined as unitary matrices having the left singular vectors and right

singular vectors of Q as columns, respectively.

Then it may be defined that:

T = Q -VQ

By assuming q = n , the G matrix may be expressed as:

G = T M C D
N-,

where M s the N
fft

N subcarrier mapping matrix, and C
N-q (N-q 0 )xq 0

The G matrix converts the q virtual zeros in the data vector to n zeros in the time do

main located in the positions defined by the vector P .



Assuming ideal channel transmission (i.e. no distortion, no excessive delays, no additive

noise), by exploiting the properties of SVD the data vector may be retrieved as:

It should be noted that the G matrix only depends on P and n parameters, but not on

the data d and it may therefore be computed offline for a given allocation of subcarriers to

UE. An advantage of this is that the n output samples indicated by P are perfectly zero.

However, it requires that the computation of the Q matrix includes some complex opera

tions, in particular the decomposition of Q (which may be done offline, however, so it does

not have to be done for every slot), and the multiplication of G with the data vector at each

OFDM/SC-FDM symbol.

Generation of the G matrix according to a second exemplary embodiment

In order to have an approximation, it is assumed that the G matrix is defined as follows:

G=MF"ME

where

0 IN { r- q ,0:N-q -l) l:N-q -l,0:N-q -l) 0

with qf +qf +qf =q , and r <N - qf - q .

For the particular case of r =N - qf -qf , the M matrix may be simplified to the follow

ing expression:

M I



A n implementation of the G matrix according to the second exemplary embodiment is il¬

lustrated in Figure 6 . Basically, the data may be processed as follows:

1. For OFDM only, the samples are first converted via IDFT to the time domain via the ma¬

trix - o which performs IDFT. It should be noted that this step is not needed for SC-FDM

signals where data are anyhow to be transmitted in time domain rather than in frequency

domain. In this case E N.qo is the identity matrix.

2 . A number of zeros are multiplexed with data in predefined positions. This may be

achieved by the mapping matrix M .

3 . The samples are converted via DFT to the frequency domain via the matrix F " which

performs DFT.

4 . The DFT output is then mapped over the assigned N subcarriers.

N ffi <
In this case, the usage of G generates a set of n samples with very low power

N

distributed as follows:

in the last

in the intermediate
N ffl r

+ 1 : positions,
N N

N
in the first positions.

N

The low power samples at the beginning of the time symbols vector avoid power regrowth

at the end of the tail of the signals due to the cyclicity (without these samples there would

be an increase of power at the end; the last sample would be as strong as the first sample

after the payload part because it cyclically precedes the first payload sample). Parameters

q f , q f and r may then be set according to the n , P0 and P requirement (with some

margin), while q f may be set to be very small, since its role is simply avoiding power re¬

growth at the edge of the tail. Again, as mentioned above, the usage of a unique zero-tail

signal (i.e. r = N - q f - q f ) is suggested, since it simplifies the practical design. Figure 7

and Figure 8 illustrate the power of a generic zero-tail signal and a unique zero-tail signal,

respectively, obtained with computer simulations; a power rejection of around 20 d B is ex-



perienced.

Assuming again ideal channel transmission, the data vector may be retrieved as:

d = E " -M .FN .M .F N i -st

While the first exemplary embodiment ensures a zero word at the tail of the OFDM/SC-
FDM signal, the N fft x (N - q0) matrix multiplication given by the G matrix has high com

plexity. The second exemplary embodiment does not obtain a perfect zero word in the tail

of the OFDM/SC-FDM signal, but a set of very low power samples. Nevertheless, the

complexity of the G matrix is much lower than in the previous case, since it may be ob

tained as a cascade of two DFT respectively IDFT operations. DFT and IDFT operations

are already implemented efficiently in LTE UEs and base stations for use in SC-FDMA

and have a lower complexity than matrix multiplications. Then it is believed that second

exemplary embodiment is more suited for practical implementation.

Figure 7 illustrates a power curve of a time domain zero-tail SC-FDM signal (CP is omitted

for simplicity) obtained wit and r =

481 . The signal presents = 5 1 low

N fft r N fft q fpower samples located after position = 820, and = 20 low power sam-
N N

pies at the beginning (zero regions).

Figure 8 illustrates a power curve of a time domain unique zero-tail SC-FDM signal (CP

omitted for simplicity) obtained with N = 1024, N = 600, q + q = 64, r = N~q ~ q

N fft q

N
= 536, f = 12. The signal presents = 8 1 low power samples at the tail

N fft q fstarting from position
N fft r

= 914 and = 20 low power samples at the begin-
N N

ning (zero regions).

The simple implementation of G may cause the loss of some data samples, because at

the end of the data block the power does not drop immediately to zero (or -20dB), there

fore some margin is required which is provided by the extra zeros inserted at the front and

a similar number of zeros inserted at the end. These zeros have to be inserted on top of



the number of zeros to generate the zero-tail according to the first exemplary embodiment,

e.g. at the very beginning as seen in Figures 6 and 7 . Further, the power is not precisely

zero but only about -20 dB in this case, however, this may be tuned by varying the number

of extra zeros and the level of -20 dB may be sufficient in practise, considering that due to

impairments the transmitter noise floor is typically in a similar order of magnitude. The

power of these "almost zero" samples may also depend on the length of the data vector,

the more elements it has the faster the side-lobes decay, making the exemplary embodi

ment particularly interesting for systems with high data rates. It should further be noted

that some of these "almost zero" samples spill over into the next symbol. If this is due to

delay spread (in contrast to a propagation delay) then typically the delayed samples only

have comparatively low power compared to the direct path, therefore the subsequent in

terference is better than -20 dB. E.g. assuming the delayed path as a power of -10 dB and

10% of the samples spill over into the next symbol, then the spilled over energy compared

to the received energy of the next symbol is -20 dB of -10 dB of 10% i.e. -40 dB in total.

Consequently it is well below typical transceiver impairments due to the extra attenuation

of -20 dB.

A similar paradigm to zero-tail signal generation is addressed by the unique word OFDM.

In the unique word OFDM, a zero word is first generated as a part of the time domain

OFDM signal, and then (optionally) replaced by a so called unique word, i.e. deterministic

sequences such as pilots for channel estimation or synchronization. The time domain zero

word is based on the insertion of frequency domain redundant subcarriers. However, the

redundant subcarriers need to be properly distributed across the whole system bandwidth

in order to have reduced power consumption. This may severely affect the scheduling

flexibility, since UE needs then to be scheduled in a wider set of PRBs only for allocating

in the proper frequency positions the redundant subcarriers. In an exemplary embodiment,

UE performs each frequency operation within the set of assigned PRBs, without compro

mising scheduling.

It should be noted that an exemplary embodiment differs from the existing zero-padded

OFDM signal generation which simply replaces CP with a vector of zeros. The zero-

padded OFDM improves robustness to the channel fades, which leads to an increase in

the equalization complexity.

As mentioned above, an exemplary embodiment differs both from unique words and zero-

padded OFDM in that an exemplary embodiment combines the usage of CP which is used

by the majority of UEs, those that do not have an excessive delay (spread), and adding a

zero-tail for the few other UEs on top of the CP. This combination of CP and zero tail a l

lows to have a low overhead for most UEs and still to handle the extreme UEs without



generating ISI or IC I. Exemplary embodiments of the present invention will now be de

scribed more fully hereinafter with reference to the accompanying drawings, in which

some, but not all embodiments of the invention are shown. Indeed, the invention may be

embodied in many different forms and should not be construed as limited to the embodi-

ments set forth herein; rather, these embodiments are provided so that this disclosure will

satisfy applicable legal requirements. Although the specification may refer to "an", "one",

or "some" embodiment(s) in several locations, this does not necessarily mean that each

such reference is to the same embodiment(s), or that the feature only applies to a single

embodiment. Single features of different embodiments may also be combined to provide

other embodiments. Like reference numerals refer to like elements throughout.

The present invention is applicable to any user terminal, server, corresponding compo

nent, and/or to any communication system or any combination of different communication

systems that support an OFDM baseband processing chip. The communication system

may be a fixed communication system or a wireless communication system or a commu-

nication system utilizing both fixed networks and wireless networks. The protocols used,

the specifications of communication systems, servers and user terminals, especially in

wireless communication, develop rapidly. Such development may require extra changes to

an embodiment. Therefore, all words and expressions should be interpreted broadly and

they are intended to illustrate, not to restrict, the embodiment.

In the following, different embodiments will be described using, as an example of a system

architecture whereto the embodiments may be applied, an architecture based on LTE (or

LTE-A) (long term evolution (advanced long term evolution)), without restricting the em

bodiment to such an architecture, however.

A general architecture of a communication system is illustrated in Figure 9 . Figure 9 is a

simplified system architecture only showing some elements and functional entities, all be

ing logical units whose implementation may differ from what is shown. The connections

shown in Figure 9 are logical connections; the actual physical connections may be differ

ent. It is apparent to a person skilled in the art that the systems also comprise other func

tions and structures. It should be appreciated that the functions, structures, elements and

the protocols used in or for PUCCH resource allocation, are irrelevant to the actual inven

tion. Therefore, they need not to be discussed in more detail here.

The exemplary radio system of Figure 9 comprises a network node 901 of a network o p

erator. The network node 901 may include e.g. an LTE base station (eNB), radio network

controller (RNC), or any other network element, or a combination of network elements.

The network node 901 may be connected to one or more core network (CN) elements (not



shown in Figure 9) such as a mobile switching centre (MSC), MSC server (MSS), mobility

management entity (MME), gateway GPRS support node (GGSN), serving GPRS support

node (SGSN), home location register (HLR), home subscriber server (HSS), visitor loca

tion register (VLR). In Figure 9, the radio network node 901 that may also be called eNB

(enhanced node-B, evolved node-B) or network apparatus of the radio system, hosts the

functions for radio resource management in a public land mobile network. Figure 9 shows

one or more user equipment 902 located in the service area of the radio network node

901 . The user equipment or UE refers to a portable computing device, and it may also be

referred to as a user terminal. Such computing devices include wireless mobile communi-

cation devices operating with or without a subscriber identification module (SIM) in hard

ware or in software, including, but not limited to, the following types of devices: mobile

phone, smart-phone, personal digital assistant (PDA), handset, laptop computer. In the

example situation of Figure 9, the user equipment 902 is capable of connecting to the ra

dio network node 901 via a connection 903.

Figure 10 is a block diagram of an apparatus according to an embodiment of the inven

tion. Figure 10 shows a user equipment 902 located in the area of a radio network node

901 . The user equipment 902 is configured to be in connection with the radio network

node 901 . The user equipment or UE 902 comprises a controller 101 operationally con

nected to a memory 102 and a transceiver 103. The controller 101 controls the operation

of the user equipment 902. The memory 102 is configured to store software and data. The

transceiver 103 is configured to set up and maintain a wireless connection 903 to the radio

network node 901 . The transceiver 103 is operationally connected to a set of antenna

ports 104 connected to an antenna arrangement 105. The antenna arrangement 105 may

comprise a set of antennas. The number of antennas may be one to four, for example.

The number of antennas is not limited to any particular number. The user equipment 902

may also comprise various other components, such as a user interface, camera, and m e

dia player. They are not displayed in the figure due to simplicity. The radio network node

901, such as an LTE base station (eNode-B, eNB) comprises a controller 106 operation

ally connected to a memory 107, and a transceiver 108. The controller 106 controls the

operation of the radio network node 901 . The memory 107 is configured to store software

and data. The transceiver 108 is configured to set up and maintain a wireless connection

903 to the user equipment 902 within the service area of the radio network node 901 . The

transceiver 108 is operationally connected to an antenna arrangement 109. The antenna

arrangement 109 may comprise a set of antennas. The number of antennas may be two

to four, for example. The number of antennas is not limited to any particular number. The

radio network node 901 may be operationally connected (directly or indirectly) to another

network element (not shown in Figure 10) of the communication system, such as a radio



network controller (RNC), a mobility management entity (MME), an MSC server (MSS), a

mobile switching centre (MSC), a radio resource management (RRM) node, a gateway

GPRS support node, an operations, administrations and maintenance (OAM) node, a

home location register (HLR), a visitor location register (VLR), a serving GPRS support

node, a gateway, and/or a server, via an interface. The embodiments are not, however,

restricted to the network given above as an example, but a person skilled in the art may

apply the solution to other communication networks provided with the necessary proper

ties. For example, the connections between different network elements may be realized

with internet protocol (IP) connections.

Although the apparatus 901 , 902 has been depicted as one entity, different modules and

memory may be implemented in one or more physical or logical entities. The apparatus

may also be a user terminal which is a piece of equipment or a device that associates, or

is arranged to associate, the user terminal and its user with a subscription and allows a

user to interact with a communications system. The user terminal presents information to

the user and allows the user to input information. In other words, the user terminal may be

any terminal capable of receiving information from and/or transmitting information to the

network, connectable to the network wirelessly or via a fixed connection. Examples of the

user terminals include a personal computer, a game console, a laptop (a notebook), a

personal digital assistant, a mobile station (mobile phone), a smart phone, and a line tele-

phone.

The apparatus 901 , 902 may generally include a processor, controller, control unit or the

like connected to a memory and to various inter-faces of the apparatus. Generally the

processor is a central processing unit, but the processor may be an additional operation

processor. The processor may comprise a computer processor, application-specific inte-

grated circuit (ASIC), field-programmable gate array (FPGA), and/or other hardware com

ponents that have been programmed in such a way to carry out one or more functions of

an embodiment.

The memory 102, 107 may include volatile and/or non-volatile memory and typically stores

content, data, or the like. For example, the memory 102, 107 may store computer program

code such as software applications (for example for the detector unit and/or for the ad

juster unit) or operating systems, information, data, content, or the like for a processor to

perform steps associated with operation of the apparatus in accordance with embodi

ments. The memory may be, for example, random access memory (RAM), a hard drive, or

other fixed data memory or storage device. Further, the memory, or part of it, may be re-

movable memory detachably connected to the apparatus.



The techniques described herein may be implemented by various means so that an appa

ratus implementing one or more functions of a corresponding mobile entity described with

an embodiment comprises not only prior art means, but also means for implementing the

one or more functions of a corresponding apparatus described with an embodiment and it

may comprise separate means for each separate function, or means may be configured to

perform two or more functions. For example, these techniques may be implemented in

hardware (one or more apparatuses), firmware (one or more apparatuses), software (one

or more modules), or combinations thereof. For a firmware or software, implementation

can be through modules (e.g., procedures, functions, and so on) that perform the func-

tions described herein. The software codes may be stored in any suitable, proces

sor/computer-readable data storage medium(s) or memory unit(s) or article(s) of manufac

ture and executed by one or more processors/computers. The data storage medium or the

memory unit may be implemented within the processor/computer or external to the proc

essor/computer, in which case it can be communicatively coupled to the proces-

sor/computer via various means as is known in the art.

The signalling chart of Figure 11 illustrates the required signalling. In the example of Fig

ure 11, a first network apparatus 902 which may comprise e.g. a network element (net

work node, e.g. a first user terminal, UEA) may generate 111 a zero-tail uplink signal to be

transmitted in an LTE/LTE-A cell, by introducing time domain samples with zero power or

very low power in specific positions of a time symbol tail. The addition of the zero-tail may

be triggered e.g. by a previous estimate of the delay spread and/or propagation delay. In

item 112, the first network apparatus 902 may transmit the generated zero-tail uplink s ig

nal from the first user terminal UEA, 902 to a second network apparatus 901 (which may

comprise e.g. a LTE/LTE-A-capable base station (eNode-B, eNB)), wherein the first user

terminal UEA, 902 is located in the cell farther away from the base station 901 than a sec

ond user terminal UEB. In item 113, the second network apparatus 901 may receive the

zero-tail uplink signal transmitted from the first user terminal UEA, 902 to the base station

901 in the cell.

Figure 12 is a flow chart illustrating an exemplary embodiment. A first network apparatus

902 which may comprise e.g. a network element (network node, e.g. a first user terminal,

UEA) may generate 121 a zero-tail uplink signal to be transmitted in an LTE/LTE-A cell, by

introducing time domain samples with zero power or very low power in specific positions

of a time symbol tail. The addition of the zero-tail may be triggered e.g. by a previous es

timate of the delay spread and/or propagation delay. In item 122, the first network appara-

tus 902 may transmit the generated zero-tail uplink signal from the first user terminal UEA,

902 to a second network apparatus 901 (which may comprise e.g. a LTE/LTE-A-capable



base station (eNode-B, eNB)), wherein the first user terminal UEA, 902 is located in the

cell farther away from the base station 901 than a second user terminal UEB.

Figure 13 is a flow chart illustrating an exemplary embodiment. A second network appara

tus 901 which may comprise e.g. a LTE/LTE-A-capable base station (eNode-B, eNB), may

receive 131 a zero-tail uplink signal transmitted in an LTE/LTE-A cell from a first user te r

minal UEA, 902 to a base station 901 , the signal comprising time domain samples with

zero power or very low power in specific positions of a time symbol tail. The first user te r

minal UEA, 902 is located in the cell farther away from the base station 901 than a second

user terminal UEB.

An exemplary embodiment discloses generating a zero-tail uplink signal to be transmitted

in a cell, by introducing time domain samples with zero power or very low power in specific

positions of a time symbol tail. However, an exemplary embodiment is not limited to uplink

only, since zero-tail signals may be used for instance in an outdoor system with an hard-

coded number of zeros in order to allow coexistence with an indoor system having shorter

CP.

An exemplary embodiment may also be used for transmitting a generated zero-tail signal

from a base station 901 or UEA in an outdoor system that can be detected by a neighbour

indoor system by using the same numerology (e.g. same symbol length plus CP). Thus,

the outdoor cell may use the same numerology as the indoor cell (i.e. same OFDM symbol

length and CP), and apply a hard-coded zero-tail for compensating for the expected addi

tional propagation delay/delay spread in the outdoor cell. This allows the indoor cell to re

ceive time-aligned outdoor signals, and vice versa.

The steps/points, signalling messages and related functions de-scribed above in Figures 1

to 13 are in no absolute chronological order, and some of the steps/points may be per-

formed simultaneously or in an order differing from the given one. Other functions can also

be executed between the steps/points or within the steps/points and other signalling mes

sages sent be-tween the illustrated messages. Some of the steps/points or part of the

steps/points can also be left out or replaced by a corresponding step/point or part of the

step/point. The apparatus operations illustrate a procedure that may be implemented in

one or more physical or logical entities. The signalling messages are only exemplary and

may even comprise several separate messages for transmitting the same information. In

addition, the messages may also contain other information.

Thus, according to an exemplary embodiment, there is provided a method for providing a

signal in a communications system, the method comprising generating a cyclic zero-tail

signal to be transmitted in a cell, by introducing time domain samples with zero power or



very low power in specific positions of a time symbol tail; controlling the amount of zero

power or very low power samples; transmitting the generated cyclic zero-tail signal be

tween communication devices.

According to another exemplary embodiment, the amount of the zero power or very low

power samples is dependent on a distance between the communication devices.

According to yet another exemplary embodiment, the amount of the zero power or very

low power samples is dependent on a cell size of the cell which a communication device is

connected to.

According to yet another exemplary embodiment, the amount of the zero power or very

low power samples is dependent on synchronization accuracy between the communica

tion devices.

According to yet another exemplary embodiment, the step of transmitting the generated

cyclic zero-tail signal between communication devices comprises transmitting the gener

ated zero-tail signal from a first user terminal to a base station, wherein the first user ter-

minal is located in the cell farther away from the base station than a second user terminal,

and/or transmitting the generated zero-tail signal from the first user terminal or from the

base station in an outdoor system that is detectable by a neighbouring indoor system.

According to yet another exemplary embodiment, the zero-tail signal is generated by in

troducing a zero word in the last part of time symbols to be transmitted.

According to yet another exemplary embodiment, the first user terminal is located in an

outdoor cell and the second user terminal in an indoor cell, wherein the generated zero-tail

signal is transmitted from the first user terminal or from the base station in an outdoor sys

tem that is detectable by a neighbouring indoor system.

According to yet another exemplary embodiment, the first user terminal is located on an

edge of the cell, wherein the generated zero-tail signal is transmitted from the first user

terminal to a base station, and the first user terminal is located in the cell farther away

from the base station than the second user terminal.

According to yet another exemplary embodiment, the second user terminal is located in

the proximity of the base station.

According to yet another exemplary embodiment, the method comprises enabling coexis

tence of uplink signals sent by user terminals located at different distances from the base

station within a same receiver window.



According to yet another exemplary embodiment, the method comprises enabling main

taining of orthogonality of symbols sent by the first user terminal and the second user te r

minal.

According to yet another exemplary embodiment, the zero-tail signal being an OFDM sig-

nal.

According to yet another exemplary embodiment, the zero-tail signal being a SC-FDM

signal.

According to yet another exemplary embodiment, the time domain zeros being are in the

zero-tail signal in positions defined by vectors

TF - ( D + S ) T - T
+ 1: F C and

wherein

TF is an OFDM/SC-FDM symbol duration without a cyclic prefix,

TCP is a cyclic prefix duration,

TS is a sampling time of the system,

TD is a propagation delay,

TS is a delay spread,

a rounds a to a nearest integer bigger than a ,

a : b indicates samples from a to b of the vector.

According to yet another exemplary embodiment, in case (TD + TS ) ≥ 2 TCP , P and P

are contiguous or partially overlapped vectors, wherein



According to yet another exemplary embodiment, the method comprises using

unique contiguous vector of zeros at the tail, or

two disjoint vectors at positions P and P B .

According to yet another exemplary embodiment, a vector d = [d d ... dN _ of data

symbols is multiplied by a G matrix having a dimension N fft x (N-q ) , before IFFT and

cyclic prefix insertion, wherein the G matrix is such that samples of IFFT output located in

the positions given by the vectors P and P are equal to 0 or have a very low power.

According to yet another exemplary embodiment, a post-1 FFT vector

FNfft -G -d T ,

wherein

Fz is a Z x Z ID FT matrix,

I a is an a x a identity matrix,

0 x¾ is an a b zero matrix,

( denotes a transpose operator,

denotes a Hermitian operator,

\x \Y I...\z] denotes horizontal concatenation of , Y, Z matrices,

|_ a J rounds a to the nearest integer smaller than a .



According to yet another exemplary embodiment, the method comprises assuming
q = n , the G matrix is expressed as:

G = T M C D N-,

wherein a following n ~ N fft partition of FN is defined:

=FN P , N -\),

wherein a Q matrix is defined as the orthogonal projection into the null space of FP such

that:

Q = IN - FH (F FH F

U Q and VQ being defined as unitary matrices having left singular vectors and right singu

lar vectors of Q as columns, respectively, wherein

T = Q -VQ

where M is a N x N subcarrier mapping matrix,

the G matrix converting the q virtual zeros in a data vector to n zeros in the time do

main located in the positions defined by the vector P , wherein the data vector is retrieved

as:



N
H -CT -M T -U" F

According to yet another exemplary embodiment, the method comprises assuming that

the G matrix is defined as:

G=MF"ME

where

0q x.{N-q
IN { r- q ,0:N-q -l)

qfx(N-q
- qf +l:N-q -l,0:N 0

q N- q

with q +qf +qf =q , and r <N - qf -qf , or

M q x(N-q ) l N-q 0
+q (N - q

wherein the samples are first converted via IDFT to the time domain via an EN.qo identity

matrix which performs IDFT, if the zero-tail signal is an OFDM signal,

wherein a number of zeros are multiplexed with data in predefined positions by mapping

the M . matrix, the samples being converted via DFT to the frequency domain via the

matrix which performs DFT, wherein a DFT output is then mapped over the assigned N

subcarriers, wherein the usage of the G matrix generates a set of n samples
N

with very low power distributed in



the last

interme positions, and

the first positions,
N

where parameters qf , qf and rare then set according to a n , P and P requirement,

while qf is be set to be very small, wherein a unique zero-tail signal is provided such that

r = N -qf - q ) , wherein the data vector is retrieved as:

d
"

= E
N
"

- q
-M " -F

' N
-M T

According to yet another exemplary embodiment, there is provided a first apparatus com

prising at least one processor, and at least one memory including a computer program

code, wherein the at least one memory and the computer program code are configured to,

with the at least one processor, cause the first apparatus to generate a cyclic zero-tail s ig

nal to be transmitted in a cell, by introducing time domain samples with zero power or very

low power in specific positions of a time symbol tail; control the amount of zero power or

very low power samples; transmit the generated cyclic zero-tail signal between communi

cation devices.

According to yet another exemplary embodiment, there is provided a first apparatus com

prising at least one processor, and at least one memory including a computer program

code, wherein the at least one memory and the computer program code are configured to,

with the at least one processor, cause the first apparatus to perform any of the method

steps.

According to yet another exemplary embodiment, there is provided a second apparatus

comprising at least one processor; and at least one memory including a computer pro-

gram code, wherein the at least one memory and the computer program code are config

ured to, with the at least one processor, cause the second apparatus to receive a zero-tail

signal transmitted from a first user terminal or from a base station in a cell using FDM, the

zero-tail signal being generated by introducing time domain samples with zero power or



very low power in specific positions of a time symbol tail, wherein the first user terminal is

located in the cell farther away from the base station than a second user terminal, and/or

wherein the first user terminal or the base station respectively is located in an outdoor cell

that is detectable by a neighbouring indoor cell.

According to yet another exemplary embodiment, there is provided a computer program

product comprising program code means configured to perform any of the method steps

when the program is run on a computer.

According to yet another exemplary embodiment, there is provided a computer-readable

storage medium comprising program code means configured to perform any of the

method steps when executed on a computer.

It will be obvious to a person skilled in the art that, as the technology advances, the inven

tive concept can be implemented in various ways. The invention and its embodiments are

not limited to the examples described above but may vary within the scope of the claims.

List of abbreviations

BS base station

CoMP cooperative multi-point

CP cyclic prefix

DFT discrete Fourier transform

IC I inter-carrier interference

ISI inter-symbol interference

IDFT inverse discrete Fourier transform

IFFT inverse fast Fourier transform

LTE long term evolution

M IMO multiple input multiple output

OFDM orthogonal frequency division multiplexing

PRB physical resource block



SC-FDM single carrier - frequency division multiplexing

UE user equipment

UL uplink

FDM frequency division multiplexing

SVD singular value decomposition



CLAIMS

1. A method for providing a signal in a communications system, c h a r a c t e r ¬

i z e d by

generating ( 1 11, 12 1) a cyclic zero-tail signal to be transmitted in a cell, by intro

ducing time domain samples with zero power or very low power in specific positions of a

time symbol tail;

controlling the amount of zero power or very low power samples;

transmitting the generated cyclic zero-tail signal between communication devices.

2 . A method according to claim 1, c h a r a c t e r i z e d in that the amount of the

zero power or very low power samples is dependent on a distance between the communi

cation devices.

3 . A method according to claim 1 or 2 , c h a r a c t e r i z e d in that the amount of

the zero power or very low power samples is dependent on a cell size of the cell which a

communication device is connected to.

4 . A method according to claim 1, 2 or 3 , c h a r a c t e r i z e d in that the amount

of the zero power or very low power samples is dependent on synchronization accuracy

between the communication devices.

5 . A method according to any of claims 1 to 4 , c h a r a c t e r i z e d in that the

zero-tail signal is generated by introducing a zero word in the last part of time symbols to

be transmitted.

6 . A method according to any of claims 1 to 5, c h a r a c t e r i z e d in that the

step of transmitting the generated cyclic zero-tail signal between communication devices

comprises

transmitting ( 1 12, 122) the generated zero-tail signal from a first user terminal

(UEA, 902) to a base station (901 ) , wherein the first user terminal (UEA, 902) is located in

the cell farther away from the base station than a second user terminal (UEB); and/or

transmitting ( 1 12, 122) the generated zero-tail signal from the first user terminal

(UEA, 902) or from the base station (901) in an outdoor system that is detectable by a

neighbouring indoor system.



7 . A method according to claim 6, c h a r a c t e r i z e d in that the first user te r

minal (UEA, 902) is located in an outdoor cell and the second user terminal (UEB) in an

indoor cell, wherein the generated zero-tail signal is transmitted from the first user terminal

(UEA, 902) or from the base station (901) in an outdoor system that is detectable by a

neighbouring indoor system.

8 . A method according to claim 6 or 7 , c h a r a c t e r i z e d in that the first user

terminal (UEA, 902) is located on an edge of the cell, wherein the generated zero-tail s ig

nal is transmitted from the first user terminal (UEA, 902) to a base station (901), and the

first user terminal (UEA, 902) is located in the cell farther away from the base station than

the second user terminal (UEB).

9 . A method according to claim 6, 7 or 8 , c h a r a c t e r i z e d in that the second

user terminal (UEB) is located in the proximity of the base station.

10. A method according to any of claims 1 to 9 , c h a r a c t e r i z e d by enabling

coexistence of uplink signals sent by user terminals located at different distances from the

base station within a same receiver window.

11. A method according to claim 6 , 7 , 8 or 9, c h a r a c t e r i z e d by enabling

maintaining of orthogonality of symbols sent by the first user terminal (UEA, 902) and the

second user terminal (UEB).

12. A method according to any of claims 1 to 11, c h a r a c t e r i z e d by the

zero-tail signal being an OFDM signal.

13. A method according to any of claims 1 to 12, c h a r a c t e r i z e d by the

zero-tail signal being a SC-FDM signal.

14. A method according to any of claims 1 to 13, c h a r a c t e r i z e d by time

domain zeros being located in the zero-tail signal in positions defined by vectors

and



wherein

TF is an OFDM/SC-FDM symbol duration without a cyclic prefix,

TCP is a cyclic prefix duration,

TS is a sampling time of the system,

TD is a propagation delay,

is a delay spread,

rounds a to a nearest integer bigger than a ,

a : b indicates samples from a to b of the vector.

15. A method according to claim 14, c h a r a c t e r i z e d in that, in case

(T + TS ) ≥ 2TCP , P and P are contiguous or partially overlapped vectors, wherein

16 . A method according to claim 14 or 15, c h a r a c t e r i z e d by using

unique contiguous vector of zeros at the tail, or

two disjoint vectors at positions P and P .

17. A method according to claim 14, 15 or 16, c h a r a c t e r i z e d in that a vec

tor d = [d d symbols is multiplied by a G matrix having a d i

mension N fft x (N - q0) , before IFFT and cyclic prefix insertion, wherein the G ma-

trix is such that samples of IFFT output located in the positions given by the vec

tors PQ and P are equal to 0 or have a very low power.

18. A method according to any of claims 14 to 17, c h a r a c t e r i z e d in that a

post-IFFT vector

s t = F N fft G d T ,



wherein

Fz is a Z x Z ID FT matrix,

I a is an a x a identity matrix,

axb
is an a b zero matrix,

( denotes a transpose operator,

denotes a Hermitian operator,

[ 1 I ... \z\ denotes horizontal concatenation of , Y, Z matrices,

D
Z \ l z for OFDM

Fz for OFDM

\_ a J rounds a to the nearest integer smaller than a .

19. A method according to any of claims 14 to 18, c h a r a c t e r i z e d in that by
assuming q =n , the G matrix is expressed as:

G =T M C D
N-q

wherein a following n x N fft partition of FN is defined:

F =FN (P , N -\),

wherein a Q matrix is defined as the orthogonal projection into the null space of Fp such

that:



0 = 1N fft
- F

P
(FP F

P
1

P '

U and V being defined as unitary matrices having left singular vectors and right singu

lar vectors of Q as columns, respectively, wherein

T =Q-V
Q

where Mis a N xN subcarrier mapping matrix,

C
N-q (N-q q r .

the G matrix converting the q virtual zeros in a data vector to n zeros in the time do

main located in the positions defined by the vector P , wherein the data vector is retrieved

as:

20. A method according to any of claims 14 to 19, c h a r a c t e r i z e d by as

suming that the G matrix is defined as:

G =MF" Μ Ε

where

0qf x(N-q : - ,0 :N- % -l) |0 _ - + l :N- ¾ -l,0 :N- % -l)



with q + qf + qf = q , and r < N - qf -qf, or

wherein the samples are first converted via IDFT to the time domain via an £ - o

identity matrix which performs IDFT, if the zero-tail signal is an OFDM signal,

wherein a number of zeros are multiplexed with data in predefined positions by

mapping the M . matrix, the samples being converted via DFT to the frequency domain

via the F " matrix which performs DFT, wherein a DFT output is then mapped over the

assigned N subcarriers, wherein the usage of the G matrix generates a set of

samples with very low power distributed in
N

the last positions,
N

intermediate positions, and

N
the first fflQf positions,

N

where parameters qf , qf and rare then set according to a n , P and P re

quirement, while qf is be set to be very small, wherein a unique zero-tail signal is pro

vided such that r = N -qf - qf ) , wherein the data vector is retrieved as:

d = E " -M -F^M F "
fft

-st .

2 1 . A first apparatus (902) comprising at least one processor; and at least one

memory including a computer program code, c h a r a c t e r i z e d in that the at least



one memory and the computer program code are configured to, with the at least one

processor, cause the first apparatus to

generate a cyclic zero-tail signal to be transmitted in a cell, by introducing time

domain samples with zero power or very low power in specific positions of a time symbol

tail;

control the amount of zero power or very low power samples;

transmit the generated cyclic zero-tail signal between communication devices.

22. A first apparatus according to claim 21, c h a r a c t e r i z e d in that the at

least one memory and the computer program code are configured to, with the at least one

processor, cause the first apparatus to perform any of the method steps of claims 2 to 20.

23. A second apparatus (901) comprising at least one processor; and at least one

memory including a computer program code, c h a r a c t e r i z e d in that the at least

one memory and the computer program code are configured to, with the at least one

processor, cause the second apparatus to

receive a zero-tail signal transmitted from a first user terminal (UEA, 902) or from a

base station (901 ) in a cell using FDM, the zero-tail signal being generated by introducing

time domain samples with zero power or very low power in specific positions of a time

symbol tail,

wherein the first user terminal (UEA, 902) is located in the cell farther away from

the base station than a second user terminal (UEB), and/or

wherein the first user terminal (UEA, 902) or the base station (901 ) respectively is

located in an outdoor cell that is detectable by a neighbouring indoor cell.

24. A computer program product, c h a r a c t e r i z e d by comprising program

code means configured to perform any of method steps of claims 1 to 20 when the pro

gram is run on a computer.

25. A computer-readable storage medium, c h a r a c t e r i z e d by comprising

program code means configured to perform any of method steps of claims 1 to 20 when

executed on a computer.
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