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(57) Abstract: A distributed transmission system is defined, whereby the distributed antennas are relaying feedback information
to one or more receivers using random beam forming. According to an embodiment, a feedback message (108) is transmitted to a
feedback receiving station (104) via a shared channel which is configured to be shared with at least one further feedback sending
station (102). The feedback message (108) comprises at least two feedback elements (109, 109a, 109b, 109¢) with a random
phase, thereby reducing the likelihood of complete destructive interference of the whole feedback message at a feedback receiving
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DESCRIPTION

Randomly phased feedback elements in a shared feedback

channel

Field of invention

The present invention relates to the field of communica-
tion systems and in particular communication systems
which use a shared feedback channel for providing feed-

back to a feedback receiving station.

Art Background

In the document 3GPP TSG RAN1 No. 4%9b R1-072710 (3GPP =
3rd Generation Partnership Project), available from
http://www.3gpp.org/ftp/tsg ran/wgl rll/tsgrl 49b/docs,
relates to an evolved multimedia broadcast/multicast ser-
vice (MBMS) system, wherein common signalling is used for
uplink feedback. For synchronized user equipments, a com-
mon uplink feedback channel is introduced. In this case,
users transmit feedback using a common seguence and time
frequency region reserved for this transmission in the
uplink frame. Some energy aggregation and threshold com-
parison may be performed to also gauge the approximately
number of responses which may aid in modulation and cod-
ing scheme (MCS) adaption. Multiple orthogonal seguences
may be supported in the same common channel to provide

more feedback possibilities.

In view of the above-described situation, there still ex-
its a need for an improved technique that enables to pro-

vide feedback over a shared channel.
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Summary of the invention

The inventors have discovered that in a shared feedback
channel, different users are interfering with each other

due to random phases introduced by the channel.

The need of providing an improved feedback technique over
a shared channel may be met by the subject-matter accord-
ing to the independent claims. Advantageous embodiments
of the herein disclosed subject-matter are described by

the dependent claims.

According to a first aspect of the herein disclosed sub-
ject matter, there is provided a method of operating a
feedback sending station of a communication network, the
method comprising transmitting a feedback message to a
feedback receiving station via a shared channel. The
shared channel is configured to be shared with at least
one further feedback sending station. Further, the feed-
back message of the method according to the first aspect
comprises two or more feedback elements which have random
phase. Hence, the feedback message may be considered as

being relayed by using at least two random beams.

By providing a feedback element with a random phase, the
likelihood of destructive interference of several mes-
sages/feedback elements received at a feedback receiving
station is reduced. In this regard it is noted that the
term "message" or "feedback element" embraces the physi-
cal signals which correspond to the respective "message"
or "feedback element". Hence "interference of feedback
elements/messages” relates to the physical phenomena of
interference of the respective physical signals, thus
leading to destructive or constructive interference of
the signals (waves), depending on the phases and ampli-
tudes of the individual signals. For example, in an em-
bodiment where two or more feedback sending stations

transmit the same signal (e.g. a negative acknowledgement
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(NACK) message) over the shared channel, destructive in-
terference may result in (almost) complete cancellation
of the signals at the receiver if the phases are shifted

by 180 degrees with respect to each other.

A communication network may be for example a wireless
communication network. According to an embodiment, a com-
munication network as defined herein is a cellular commu-

nication network.

According to an embodiment, the feedback sending station
is a user equipment. For example, according to an embodi-
ment, the user equipment is a mobile phone, a mobile com-
puter, or any other portable or fixed device which is ca-
pable of feeding back a message to a feedback receiving
station. According to an embodiment, a feedback receiving
station is a base station of a wireless communication

network.

It is noted that the concept of the herein disclosed sub-
ject matter is applicable to and embraces any messaging
where two or more sending stations transmit to the same

receiving station by using a shared channel.

Further it is noted that in accordance with the first as-
pect not only a single shared channel, but also two or
more shared channels may be provided in the communication

system.

According to a further embodiment of the first aspect,
the method further comprises providing a precursor of the
feedback element, providing a random phase indicator, and
modulating the precursor according to the random phase
indicator, thereby generating the feedback element which
has a random phase, wherein the random phase corresponds

to the random phase indicator.
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According to an embodiment, the random phase indicator is
a digital random phase indicator. According to other em-
bodiments, the random phase indicator is an analog random
phase indicator. According to a further embodiment, the
random phase indicator is a random number. In any case,
the random phase indicator is used to introduce random-
ness into the phase of the feedback element. As mentioned
above, when having several feedback sending stations of
the type described and when having a single sending sta-
tion transmitting two or more feedback elements each of
which has a random phase, the likelihood of destructive

interference in the shared channel is reduced.

According to an embodiment, the feedback element is an
anonymous feedback element, which means that the feedback
element is free of any identifier which allows identifi-
cation of the feedback sending station from the feedback
element. According to a further embodiment, wherein the
feedback message consists of one or more feedback ele-
ments, each of these feedback elements is an anonymous

feedback element.

According to a further embodiment of the first aspect,
the feedback element is a symbol or group of symbols of a
modulation scheme, wherein each symbol transmits at least
one bit. For example, according to one embodiment, the
feedback element consists of a single symbol of a modula-
tion scheme. Further, according to another embodiment, a
feedback element consists of a group of symbols, i.e. two
or more symbols of a modulation scheme. A modulation
scheme may be any suitable modulation scheme of a wire-
less communication system, e.g. orthogonal frequency di-
vision multiplexing (OFDM) or wide band code division
multiple access (CDMA). According to a further embodiment
of the first aspect, the feedback message comprises or
consists of the feedback element and a further feedback
element which also has a random phase wherein the random

phase of the feedback element and the random phase of the
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further feedback element are independent from each other.
In such an embodiment, the likelihood of destructive in-
terference of feedback messages or feedback message
parts/feedback elements at the feedback receiving station

can be further reduced.

According to a further embodiment of the first aspect, the
feedback message is configured solely for increasing the
likelihood of receiving a minimal signal strength, where the
minimal signal strength is smaller than the mean signal
strength corresponding to the number of transmitted feedback
messages at a feedback receiving station. According to a
still further embodiment of the first aspect, the feed-
back message is configured solely for increasing the
likelihood of receiving the mean signal strength corre-
sponding to the number of transmitted feedback messages.
In the latter two embodiments, distinguishing the trans-
mitters for the feedback messages is not necessary and is
not intended to be done. If the feedback messages are,
for example, acknowledgement messages or negative ac-
knowledgement messages, the signal strength for the
shared feedback channel at the feedback receiving station
is an approximate measure for the number of feedback mes-
sages. Hence, the signal strength might be a sufficient
information in some embodiments, for example in a case
where the only type of feedback message in the shared
channel is a negative feedback message indicating that
reception of data at the feedback sending station failed.
An example configuration may be a broadcasting system,
where data are transmitted to a plurality of user equip-
ments (feedback sending stations) and wherein a rough es-
timate of the number of failed data transmissions are

sufficient feedback information.
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According to a second aspect of the herein disclosed sub-
ject-matter, a method of operating a feedback receiving
station is provided, the method comprising receiving at
least two feedback elements having random phases via a
shared channel which channel is configured to be shared
among at least two feedback sending stations. Employing
several feedback elements which have random phases at
each transmitting station reduces the likelihood of de-
structive interference of the feedback elements at the
receiving station. Thus, a more reliable feedback mecha-

nism is provided.

According to a further embodiment of the second aspect,
each of the feedback elements is an anonymous feedback
element which is free of any identifier allowing identi-
fication of the feedback sending station from which the
feedback element has been transmitted. By keeping the
feedback element or feedback message free of any identi-
fier, the load over the shared channel can be reduced.
Further, depending on the application, according to some
embodiments an identification of the feedback sending
station from which the feedback element has been trans-
mitted is not even necessary. For example, in a broad-
casting application, it is not necessary to determine
which user equipment failed to receive the broadcasted
data, but only the number of user equipments for which
the transmission failed is relevant e.g. for adjusting
the transmission parameters (broadcast parameters) of the

feedback receiving station, e.g. the base station.

According to an embodiment of the second aspect, the
method comprises receiving a feedback message from at
least two different feedback sending stations over the
same, shared feedback channel. According to a further em-
bodiment the content of the feedback messages from the at
least two different feedback sending stations is identi-

cal. For example, according to an embodiment, the content
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of the feedback messages is a negative acknowledgement
(NACK) .

According to a third aspect of the herein disclosed sub-
ject-matter, a feedback sending station of a communica-
tion network is provided, the feedback sending station
being configured to carry out a method according to the
first aspect or an embodiment thereocf. For example, the
feedback sending station comprises a feedback message
generator for generating a feedback message, wherein the
feedback message comprises at least two feedback elements
which have random phase. Further, according to an embodi-
ment, the feedback sending station comprises a transmit-
ter for transmitting the feedback message to a feedback
receiving station over a shared channel which is shared

among at least two feedback sending stations.

According to a fourth aspect of the herein disclosed sub-
ject-matter, a feedback receiving station of communica-
tion network is provided, the feedback receiving station
being configured for carrying out the method according to
the second aspect or an embodiment thereof. For example,
according to an embodiment, the feedback receiving sta-
tion comprises a receiver configured for receiving feed-
back elements having random phases via a shared channel
which is shared among at least two feedback sending sta-

tions.

According to a fifth aspect of the herein disclosed sub-

ject-matter, a communication system is provided, the com-
munication system comprising at least two feedback send-

ing stations according to the third aspect or an embodi-

ment thereof and at least one feedback receiving station

according to the fourth aspect or an embodiment thereof.

It should be understood that in some embodiments, e.g. in
case of a cellular communication system, the number of

feedback sending stations may dynamically wvary.
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According to a sixth aspect of the herein disclosed sub-
ject-matter, a computer program for processing a physical
object, namely a feedback element, is provided, the com-
puter program, when being executed by a data processor is
adapted for controlling the method according to the first

aspect or an embodiment thereof.

According to an seventh aspect of the herein disclosed
subject-matter, a computer program for processing a
physical object, namely a feedback element, is provided,
wherein the computer program, when being executed by a
data processor, is adapted for controlling the method ac-

cording to the second aspect or an embodiment thereof.

Aspects, embodiments and examples of the herein disclosed
subject-matter may be realized by means of a computer
program respectively software. However, aspects, embodi-
ments and examples of the herein disclosed subject-matter
may also be realized by means of one or more specific
electronic circuits respectively hardware. Furthermore,
the herein disclosed subject-matter may also be realized
in a hybrid form, i.e. in a combination of software mod-

ules and hardware modules.

As used herein, reference to a computer program is in-
tended to be equivalent to a reference to a program ele-
ment and/or a computer-readable medium containing in-
structions for controlling a computer system to coordi-

nate the performance of the above-described methods.

The computer program may be implemented as a computer-
readable instruction code by use of any suitable program-
ming language, such as, for example, JAVA, C++, and may
be stored on a computer-readable medium (removable disk,
volatile or non-volatile memory, embedded mem-
ory/processor, etc.). The instruction code is operable to
program a computer or any other programmable device to

carry out the intended functions. The computer program
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may be available from a network, such as the World-

WideWeb, from which it may be downloaded.

In the following, there will be described exemplary em-
bodiments of the herein disclosed subject-matter with
reference to a method of operating a feedback sending
station and a method of operating a feedback receiving
station. Other exemplary embodiments of the herein dis-
closed subject-matter are described hereinafter with ref-
erence to a feedback sending station and/or a feedback
receiving station. It has to be pointed out that of
course any combination of features relating to different
aspects and embodiments of the herein disclosed subject-
matter is also possible. In particular, some embodiments
have been described with reference to apparatus type
claims whereas other embodiments have been described with
reference to method type claims. However, a skilled per-
son will gather from the above and the following descrip-
tion that, unless otherwise notified, in addition to any
combination of features belonging to one aspect also any
combination between features relating to different as-
pects or embodiments, for example even between features
of the apparatus type claims and features of the method
type claims is considered to be disclosed with this ap-
plication. Further, also a combination of features relat-
ing to a feedback sending station and features relating
to a feedback receiving station is considered to be dis-
closed with this application. Further, while some fea-
tures have been disclosed only for the feedback sending
station or the feedback receiving station, also corre-
sponding features relating to the respective other aspect

are considered to be disclosed in this application.

The aspects and embodiments defined above and further as-
pects and embodiments of the herein disclosed subject-
matter are apparent from the examples to be described
hereinafter and are explained with reference to the draw-

ings, but to which the invention is not limited.
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Brief description of the drawings

Fig. 1 shows a wireless communication system in accor-
dance with embodiments of the herein disclosed subject-

matter.

Fig. 2 shows schematically a feedback message in accor-
dance with embodiments of the herein disclosed subject

matter.

Fig. 3 schematically shows in part a feedback sending
station in accordance with embodiments of the herein dis-

closed subject-matter.

Fig. 4 schematically shows in part feedback receiving
station in accordance with embodiments of the herein dis-

closed subject-matter.

Fig. 5 shows a cumulative distribution function P(x < X)
over the cumulative amplitude x at the feedback receiving
station for four feedback sending stations transmitting
feedback elements with constant amplitude and constant

phase.

Fig. 6 shows a cumulative distribution function over am-
plitude for a case which is identical to that of Fig. 4

except that the feedback elements have random phases.

Fig. 7 shows schematically a further feedback message in
accordance with embodiments of the herein disclosed sub-

ject matter.
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Detailed description

The illustration in the drawings is schematic. It is
noted that in different figures, similar or identical
elements are provided with the same reference signs or
with reference signs which are different from the corre-
sponding reference signs only within the first digit or

an appended character.

Examples of the herein disclosed subject-matter are ap-
plicable to systems where shared negative acknowledgement
channels are employed and where the negative acknowledge-
ment channel can carry more than one feedback element.
The feedback element may be a data symbol in an OFDMA
system, or a spread symbol in a CDMA system. Examples for
such systems are WiMAX (802.16E and 802.16M) and LTE, and
UMTS.

The downlink multicast transmission can solve efficiently
a problem of scarce wireless resources when a number of
stations receive the same data stream, e.g. radio or TV.
Since the wireless transmission is broadcast by its na-
ture, the base station can send only one data stream that
will be received by several stations. The wireless trans-
mission i1is prone to errors that may occur due to a faded
channel. As a result one or several stations may fail to
receive correctly data transmitted over the shared multi-
cast channel. Even though it may not be a severe problem
with services such as radio or TV, a user may experience
a bad quality. Furthermore some services, such as emer-
gency services are more critical and may require that all

the data are delivered properly.

On the one hand, the base station can solve the problem
by using the most robust modulation and coding scheme
(MCS) overall the stations that belong to the same multi-
cast group or even a more robust one to ensure a correct

data reception. However, such an approach leads to a very
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bad spectral efficiency. Furthermore, there is no guaran-
tee that a channel does not fade suddenly resulting in a
bad data reception. Thus, a possible solution is deploy-
ing some retransmission mechanism that can improve the
spectral efficiency and correct random reception errors

due to a fading channel.

For informing the base station about reception errors,

feedback is necessary from the user equipment to the base
station. In this embodiment, the user equipment is an ex-
ample of a feedback sending station and the base station

is an example of a feedback receiving station.

The typical way of acknowledging received data is to use
a dedicated feedback channel. In certain situations, such
as multicast and broadcast, where many users benefit from
retransmissions or where the payload has low volume and
the feedback is comparatively costly, shared negative ac-
knowledgement feedback mechanisms can be advantageous.
The trade of between retransmission cost for assigning
fewer users to one shared negative acknowledgement (NACK)
channel but using more shared NACK channels can be as-
sessed analytically. This is possible under certain sim-
plifying assumptions, such as equal (resource allocation)
mapping message (MAP) size for all users and negligible
impact of the amount of shared channel access on NACK re-
ception error probability. It is noted that the simpli-
fied assumptions provide a good starting point for han-

dling more complex cases of mixed MAP message sizes.

The inventors found that one problem that may arise is

that in the shared NACK feedback channel different users
are interfering with each other due to random phases in-
troduced by the channel. Thus, with a few users sharing
simultaneously the NACK channel, NACK reception may fail

because of the destructive interference.
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To avoid such problems, according to an embodiment it is
proposed, to employ complete randomness of the data sym-
bol phases, i.e. the phases are not bound to e.g. codes
or code values. This does not mean that complete random-
ness could not be implemented as pseudo random codes.
However, features of embodiments of the herein disclosed
subject-matter relate to one or more of the following
features: a) The length of codes can be near infinite if
they are used only for generating random numbers; b) The
codes might express a phase rotation only (similar to
CAZAC sequences); and c) Codes are not used for separat-

ing users or groups of users.

It should be pointed out that a mobile station transmit-
ting with random phases to a base station can be under-
stood as an (uplink) beam forming system, creating random
phased “beams”. This is in fact similar to codebook based
beam forming in downlink. These techniques aim at ex-

ploiting diversity.

According to an embodiment of the herein disclosed sub-
ject-matter, a distributed transmission system is de-
fined, whereby distributed antennas (of one or more feed-
back sending stations) are relaying information to one or
more receivers (feedback receiving stations) using random
beam forming. The distributed transmitters are using a
number of successive transmission opportunities to trans-
mit feedback elements of random phase and, according to

an embodiment, of constant amplitude.

The number of distinct transmission opportunities within
allocated channel resources is given to satisfy a minimal
signal to interference noise ratio (SINR) or is given by
system design constraints such as achieving a certain
likelihood to reach a minimum receive amplitude or a cer-
tain likelihood to receive the mean amplitude. For in-
stance, in OFDMA the transmission opportunities may be

the data symbols within a time-freguency tile.
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Fig. 1 shows a wireless communication system 100 in ac-
cordance with embodiments of the herein disclosed sub-
ject-matter. The communication system 100 comprises a
user equipment 102 and a base station 104. The base sta-
tion 104 is configured for broadcasting a data stream 106
to a plurality of user equipments, of which one user
equipment 102 is exemplarily shown in Fig. 1. According
to an embodiment, the user equipment 102 transmits to the
base station 104 a feedback message 108 in the case that
reception or decoding of the data stream 106 has failed.
In this way, the base station 104 is informed about re-
ception failures of the user equipments 102, thus allow-
ing the base station to retransmit the data stream 106 to
the user equipments, possibly by using different parame-

ters for transmission.

Transmission of the feedback message 108 is effected over
a shared channel which is configured to be shared among a
plurality of user equipments. As the user equipment 102
is sending the feedback message 108 and the base station
is receiving the feedback message 108, the user eguipment
102 is a feedback sending station and the base station
104 is a feedback receiving station in the sense of the
herein disclosed subject-matter. The feedback message 108
comprises one or more feedback elements having a random
phase, i.e. the phases of the feedback elements are inde-

pendent from each other.

The feedback sending station 102 comprises a controller
110 for controlling operation of the feedback sending
station 102. Likewise, the feedback receiving station 104
comprises a controller 112 for controlling operation of

the feedback receiving station 104.

The feedback elements with random phase provide for ran-
dom beam forming which in turn provides diversity gain in

a non-coherent fashion. In a more concrete setting of
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shared channel access, an embodiment of the herein dis-
closed subject-matter shapes the cumulative distribution
function (CDF) of the interfered signal received at the
feedback receiving station 104, when incoherent detection
is employed at the feedback receiving station 104. The
CDF is shaped such that a) the mean reception value which
is given by the number of mobile stations accessing the
channel, becomes more likely; and/or b) it becomes less
likely that the received amplitude falls below a certain
threshold.

In other embodiments, each data symbol may have its own
random phase which is independent from the phases of the
other data symbols in the same message as well as from
the data symbols in other messages. In such cases a feed-

back element may consist of a single data symbol.

Fig. 2 shows an example of a feedback message 108 in ac-
cordance with illustrative embodiments of the herein dis-
closed subject-matter. According to an embodiment, the
feedback message 108 is an OFDMA tile, as shown in Fig.
2. Herein, the bold circles indicate data symbols 113.
According to an embodiment, the symbols 113 are guadra-
ture amplitude modulation (QAM) symbols. Further, the
first line of four symbols corresponds to a first feed-
back element 109%a, the second line of four symbols of the
OFDMA tile 108 corresponds to a second feedback element
109b and the third line of four symbols corresponds to a
third feedback element 109c of the OFDMA tile / feedback
message 108. According to other embodiments, each single
QAM symbol is one feedback element (having a random
phase). The OFDMA tile shown in Fig. 2 is in some respect
similar to known examples of OFDMA tiles, as disclosed
e.g. in IEEE 802.16E Ref 2D9, chapter 8.4.6.2.1. However,
in accordance with embodiments of the herein disclosed
subject-matter, each of the three feedback elements 109%a,
109b, 109c (each of which is defined by one line of the
OFDMA tile in Fig. 2) has a random, i.e. usually a dif-



10

15

20

25

30

35

WO 2011/009481 PCT/EP2009/059321
16

ferent phase. In other words, the example feedback mes-
sage 108 in Fig. 2 consists of three feedback elements
109a, 109b, 109c, each of which has a random phase that
is independent from the random phases of the other two
feedback elements. However, other configurations and num-
bers of data symbols per feedback element are possible.
According to a further embodiment, the data symbols of a
group of data symbols, which belong to one feedback ele-
ment, are modulated so as to have the same phase. The
number of data symbols in a group may be four, as shown
in Fig. 2. However, other numbers of data symbols in a

group are also contemplated.

Fig. 3 shows a feedback message generator 114 for gener-
ating the feedback message 108 comprising the one or more
feedback elements 109%a, 109b, 109c having a random phase.
The feedback message generator 114 receives a precursor
l1l16a, 116b, 116c of the feedback element 10%a, 109b,
109¢c. Further, the message generator 114 receives random
phase indicators 118a, 118b, 118c. In order to not ob-
scure the illustration in Fig. 3, feedback elements 109%a,
109b, 109c have been denoted for short as 109%9a,b,c, the
precursors have been denoted as 1l6a,b,c and the random
phase indicators have been denoted as 118a,b,c in Fig. 3.
In operation, the feedback message generator modulates
the precursors 1lloa, 1l6b, 116 by taking into account the
random phase indicators 118a, 118b, 118c, e.g. random
numbers, thereby generating the feedback elements 108a,
108b, 108c each having a random phase corresponding to
the respective random phase indicator 118a, 118b, 118c.
Changing the phase of a precursor signal 116a can be done
in any suitable way, e.g. by modulation, which is well-
known to those skilled in the art. The partially shown
feedback sending station 102 in Fig. 3 further comprises
a transmitter 120 for transmitting the feedback message
108 comprising the one or more feedback elements 109a,
109b, 109c.
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Fig. 4 shows in part the feedback receiving station 104
of Fig. 1. As shown in Fig. 4, according to an embodi-
ment, the feedback receiving station comprises an antenna
122 and a corresponding receiver 124, which are opera-
tively coupled, indicated at 126 in Fig. 4. The receiver
124 is configured for receiving feedback messages 108a,
108b, 108c and 108d.. Each of the feedback messages 108a,
108b, 108c, 108d comprises two or more feedback elements

each of which has a random phase.

Further, the feedback receiving station 104 comprises a
signal strength measuring unit 128 operatively coupled,
as indicated at 130, with the receiver 124. In one em-
bodiment, the signal strength measuring unit 128 is pro-
vided for measuring a cumulative signal strength of the
received feedback elements/feedback messages. In this
way, the number of user equipments 102, for which recep-
tion of the data stream 106 has failed, can be estimated

by the feedback receiving station (base station) 104.

According to an embodiment, the feedback receiving sta-
tion 104 is configured for only determining the cumula-
tive signal strength of the received feedback elements,
without further using the received feedback elements. Ac-
cording to other embodiments, further processing/use of
the received feedback elements is performed by the feed-

back receiving station 104.

It should be understood, that all components of the feed-
back sending station, e.g. the feedback message generator
114 or the transmitter 120 is controlled by a respective
control unit, e.g. control unit 110. Also, any component
of the feedback receiving station 104, e.g. the receiver
124 and the signal strength measuring unit 128 are con-
trolled by a respective control unit, e.g. control unit
112. As disclosed herein, any suitable component of the
feedback sending station 102 or the feedback receiving

station 104 may be provided in the form of respective
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computer programs which enable a processor to provide the
functionality of the respective elements as disclosed
herein. Further it should be understood, that according
to other embodiments, any component of the feedback send-
ing station 102 or the feedback receiving station 104 may
be provided in hardware. This includes embodiments
wherein some of the components are provided in software

whereas some of the components are provided in hardware.

In the following, it is intended to illustrate the effect
of random phases of the feedback elements. These consid-
erations are valid for the exemplary feedback message 108

shown in Fig. 2 as well as for any other configuration.

In a first consideration, where all the phases of the
feedback elements of a feedback message are assumed to be
the same, for the power control system the received sig-
nal at the feedback receiving station 104 can be de-

scribed as

V=

Zakemk - Iz, (1)
k=1

where n is the number of interferences, each arriving at
the feedback receiving station 104 with amplitude ar and

random phase ¢ which comes about by the channel. The no-
tation |x]| denotes the magnitude of the complex variable

X.

Next, the case is considered that the feedback elements
(corresponding in this example to data symbols) are cho-
sen with a random phase at the transmitter, in accordance
with embodiments of the herein disclosed subject-matter.
If there are D data symbols in one slot, the received
amplitude is again the expression of equation (1), but

summed over the data symbols:
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).

We observe that now D times more random variables are
summed compared to equation (l). Here g 1is a superposi-
tion of the random user specific channel phase and the
randomly chosen data symbol phase. For a constant ampli-
tude a of the feedback element, we can no longer expect a

Rayleigh but a Gaussian distribution in the limit.

To illustrate the effect of the random phases, a simula-
tion for an exemplary system has been carried out, where
four users (four feedback sending stations) transmit in
one shared negative acknowledgement channel and where the
feedback messages are identical and are composed of 36
data symbols. For example, the message may be composed of

three tiles of the type shown in Fig. 2.

In one scenario, the 36 data symbol phases are kept con-
stant, hence egquation (1) applies and the respective re-
sult is shown in Fig. 5 where the probability of measur-
ing an amplitude x that is smaller than a limit X
(P(x<X)) 1is depicted over the limit X normalized by an
amplitude a of a single message (X/a). In order to intro-
duce further realism in the simulation, the user ampli-
tudes are varied in a range of -2 dB to +2 dB. It should
be noted that in the system, on which the simulation of
Fig. 5 is based, all 36 data symbols of one user’s feed-
back message slot have the same value (same amplitude and
phase). As can be seen from Fig. 5, there is a 16% chance
that the received NACK signal is below the amplitude a of

a single user.

Fig. 6 shows the result for the same simulation parame-
ters as used for the simulation shown in Fig. 5, except
that for Fig. 6 each of the 36 data symbols is randomly

phased and hence equation (2) applies. As can be seen
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from Fig. 6, mean and median coincide and are at about
2.05 times a. In a simulation where only phases are ran-
dom and the received amplitudes are constant the mean for
the chosen example would be 2 times a. There is an about
0% chance that the received NACK signal is below ampli-
tude 1 times a. Again it should be noted that for the
simulation of Fig. 6 all 36 symbols have the same ampli-

tude a¢ but random phase.

Comparing the results of Fig. 5 and Fig. 6, while the
mean will be similar, the median will shift to the right
for the case of random phases. This leads to less missed
negative acknowledgements due to the switch-like behav-
iour of the link level packet error rate (PER) curve. The
more data symbols can be used the higher the likelihood
that at least an amplitude of A is reached for incoherent
detection at the feedback receiving station. Mean p of x
refers here to the expected value of x, whereas the me-
dian of x refers to the 50%tile of the CDF. Mean and me-

dian are identical for symmetric distributions.

In the following, the improvement of mean estimation is
quantified. If we interpret r of equation (1) as a random
variable which for a given n has realizations r;,, we can

express equation (2) as

o = 2 )

and conseqgquently
2.7, r Vadr)
varlr, , )=va —~ |=Dvar =+ |=—2%4 ).
) ZDJ {DJ D

As known, the probability mass around the mean scales
with the variance for the Gaussian distribution. It can
be shown that the probability mass within a certain in-
terval around the mean p scales with «ﬁSfor parameters as
in the chosen examples. That is, there will be a \ﬁ5
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higher likelihood to observe the mean at the receiver
when using D random phased data symbols compared to the

data symbols having constant phase.

Next, an implementation of the herein disclosed subject-
matter in WiMAX (IEEE 802.16M) is described. IEEE 802.16M
specifies the resource for fast feedback channels similar
to 802.16E Rev. 2 D9. For instance, hybrid automatic re-
peat reguest (HARQ) feedback is assigned to feedback mini
tiles (FMT) and several FMTs make one feedback channel.
Depending on the level of error protection wanted, one or
more of those FMTs taken together can be used also for
shared NACK feedbacks. For instance, one feedback channel
may comprise three FMTs in the time(t)-frequency (f)
plane, each FMT having two OFDMA subcarriers and six
OFDMA symbols as shown in Fig. 7. The whole channel can
thus hold 36 data symbols. This structure shown in Fig. 7
may be used for a shared NACK channel and transmittance
of feedback messages according to the herein disclosed
subject-matter. According to an embodiment, the shared
NACK channel is accessed in case a negative acknowledge-
ment i1is to be sent. In case of positive acknowledgement

nothing is transmitted on the channel.

One shared NACK channel may comprise one, two, or more
FMTs, e.g. three FMTs as shown in Fig. 7. Each of symbols
Co,0 . Cz2,11 1s modulated with the constant amplitude and
random phases. According to an embodiment, the amplitude
is constant for all messages. Hence, each of symbols Coy,o
Cy,11 corresponds to a feedback element, some of which
are indicated at 109 in Fig. 7. A pseudo random phasing
may be employed, using the mobile ID as a seed for the
random number generator. A feedback sending station (e.g.
user eguipment or mobile station) may always use the same
seed and hence the same random phasing. According to
other embodiments, different seeds for the random number

generator may be used.
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As already stated above, reference to an OFDMA system is
made only for illustrative purposes. Besides OFDMA, em-
bodiments and aspects of the herein disclosed subject-
matter may also be implemented in other existing or fu-
ture technologies, e.g. in long-term evolution (LTE).
However, LTE uses a single carrier frequency division
multiple access (SC-FDMA) and the implementation may dif-
fer from WiMAX therefore only in the arrangement of the
data symbols on the time-frequency (symbol-subcarrier)
plane. Feedback channel ACK-NACK signals in LTE may be
implemented as both computer generated (CG) CAZAC (con-
stant amplitude zero auto-correlation) sequences with
different cyclic shift values and Walsh-DFT (discrete
Fourier transform) orthogonal sequences. Thus, certain
randomness is present. However, sequence length appear to
be limited to three or four values and the amount of dif-
ferent sequences is limited to about 16 in one embodi-
ment. This leads to the conclusion that those channels
were not designed for improving the likelihood of receiv-
ing a minimal amplitude, or exploiting diversity in the

feedback channel.

Further, in CDMA, the feedback elements (or symbols or
“transmission opportunities”) are realized as scrambling
or spreading codes. Hence for employing the herein dis-
closed subject matter in CDMA, as in OFDMA several sym-
bols are random phased and then those several symbols are
scrambled or spread with different codes in order to
achieve a reduced destructive interference likelihood at

the receiver.

In a CDMA system as UMTS this can be done as follows: In
HSUPA, a scrambling code or set of scrambling codes for
the feedback channel or set of feedback channels is re-
served. The feedback sending station needs to have the
capability to add the feedback scrambling code(s) to
their normal mobile station specific scrambled signal.

The power of the feedback code can be a bit lower, as low
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as noise floor considerations allow. For signalling, a
feedback sending station either random phases segments of
the scrambled code within the frame or, when using sev-
eral scrambling codes, the feedback sending station ap-

plies random phases to these scrambling codes.

It should be noted that the term “comprising” does not

W ” W ”

exclude other elements or steps and that “a” or “an” does
not exclude a plurality. Also elements described in asso-

ciation with different embodiments may be combined.

It should also be noted that reference signs in the
claims should not be construed as limiting the scope of

the claims.

In order to recapitulate the above-described embodiments
of the present invention one can state: A distributed
transmission system is defined, whereby the distributed
antennas are relaying feedback information to one or more
receivers using random beam forming. According to an em-
bodiment, a feedback message is transmitted to a feedback
receiving station via a shared channel which is config-
ured to be shared with at least one further feedback
sending station. The feedback message of each transmit-
ting station comprises at least two feedback elements
with random phase, thereby reducing the likelihood of
complete destructive interference of the whole feedback

message at a feedback receiving station.
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List of reference signs:
100 communication system
102 feedback sending station
104 feedback receiving station
1006 data stream
108, 108a, 108b, 108c, 108d feedback message
109, 10%a, 10%b, 109c feedback element

110 controller
112 controller
113 data symbols

114 feedback message generator

l1ea, 1leb, 1llec precursor of feedback element

118a, 118b, 118c random phase indicator

120 transmitter
122 antenna
124 receiver

126 operative coupling
128 signal strength measuring unit

130 operative coupling
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CLAIMS:

1. A method of operating a feedback sending station (102) of

communication network (100), the method comprising:

— transmitting a feedback message (108) to a feedback re-
ceiving station (104) via a shared channel which is con-
figured to be shared with at least one further feedback
sending station (102);

— the feedback message (108) comprising at least two feed-
back elements (109, 10%a, 10%b, 109c, 109d) wherein each
feedback element has a random phase;

— thereby relaying said feedback message using at least two

random beams.

2. Method according to claim 1, further comprising:

— providing a precursor (llea, 1l6b, 1ll6c) of each feedback
element (10%a, 10%b, 109c);

— providing a random phase indicator (118a, 118b, 118c) for

each feedback element;

— modulating said precursor according to said random phase
indicator, thereby generating said at least two feedback
elements (109, 10%9a, 109b, 109c, 109d) having a random
phase corresponding to respective random phase indicator

(118a, 118b, 118c).

3. Method according to claim 2, wherein said random phase in-

dicator (118a, 118b, 118c) 1is a random number.

4. Method according to one of the preceding claims, wherein
each feedback element (109, 10%a, 109b, 109c) is an anonymous
feedback element (109, 109a, 109b, 109c) which is free of any
identifier allowing identification of the feedback sending

station (102).
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5. Method according to one of the preceding claims, wherein
each feedback element (109, 10%9a, 109b, 109c) is a symbol or
group of symbols of a modulation scheme, wherein each symbol

transmits at least one bit.

6. Method according to one of the preceding claims, wherein
feedback message (108) is configured solely for increasing
the likelihood of receiving a minimal signal strength, where
the minimal signal strength is smaller than the mean signal
strength corresponding to the number of transmitted feedback

messages at a feedback receiving station (104).

7. Method of operating a feedback receiving station (104),

the method comprising:

— receiving feedback elements (109, 10%a, 109b, 109c) having
random phases via a shared channel which configured to be

shared among at least two feedback sending stations (102).

8. Method according to claim 7, further comprising:

— measuring a cumulative signal strength of said received

feedback elements (109, 10%a, 10%b, 109c).

9. Method according to one of claims 7 or 8, wherein each of
said feedback elements (109, 10%a, 109b, 109c) is an anony-
mous feedback element (109, 109%a, 109, 109c) which is free
of any identifier allowing indentification of the feedback
sending station (102) from which the feedback element (109,
109a, 109b, 109c) has been transmitted.

10. Method according to one of claims 7 to 9, wherein each

feedback element (109, 10%a, 109b, 109c) is a symbol or group
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of symbols of a modulation scheme,

mits at least one bit.

11. A computer program for processing
namely a feedback element (109, 109a,
puter program, when being executed by
adapted for controlling the method as

the claims 1 to 6.

12. A computer program for processing
namely a feedback element (109, 109a,
puter program, when being executed by
adapted for controlling the method as

the claims 7 to 10.

13.
(100),

Feedback sending station (102) of

the feedback sending station

— a feedback message generator (114)
(108)

109a,

back message

ments (109, 109b, 109c)

ment has a random phase; and

— a transmitter (120)

(108)

14. Feedback receiving station (104)

work (100),

— a receiver (124)

channel feedback elements (109,
random phases.
15. Communication system (100)

back sending stations (102)

(102)

to a feedback receiving station

the feedback receiving station

PCT/EP2009/059321

wherein each symbol trans-

a physical object,
109b, 109c¢c), the com-
a data processor, is

set forth in any one of

a physical object,
109b, 109c¢c), the com-
a data processor, is

set forth in any one of

a communication network

comprising:

for generating a feed-
comprising at least two feedback ele-

wherein each feedback ele-

for transmitting the feedback message

(104) .

of a communication net-

(104) comprising:

configured for receiving over a shared

109a,

109b, 109c) having

comprising at least one feed-

according to one of claims 13 and



WO 2011/009481 PCT/EP2009/059321
28

at least one feedback receiving station (104) according to

claim 14.
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