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COMMUNICATION DEVICES AND
METHODS FOR OPERATING A
COMMUNICATION DEVICE

RELATED APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/455,205, filed on Apr. 25, 2012. The content
of the above-identified application is incorporated by refer-
ence in its entirety for all purposes.

TECHNICAL FIELD

[0002] The present disclosure relates to communication
devices and methods for operating a communication device.

BACKGROUND

[0003] In wireless communication systems, the transmis-
sion of radio signals may be negatively affected by various
effects such as fading and interference which may lead to a
reduction of throughput or loss of signal quality, even loss of
signal. Approaches that allow efficient mitigation of such
effects are desirable.

SUMMARY

[0004] According to one aspect of this disclosure, a com-
munication device is provided including a receiver config-
ured to receive a radio signal from another communication
device via a communication channel; a detector configured to
detect the presence of an impairment of the communication
channel; a determiner configured to determine a type of the
impairment of the communication channel; and a transmitter
configured to transmit an indication of the type of the impair-
ment of the communication channel to the other communica-
tion device.

[0005] According to another aspect of this disclosure, a
communication device is provided including a transmitter
configured to transmit a radio signal to another communica-
tion device via a communication channel; a receiver config-
ured to receive an indication of a type of an impairment of the
communication channel from the other communication
device; and a controller configured to determine, based on the
indication, a mitigation mechanism for mitigating the impair-
ment and to control the transmitter according to the deter-
mined mitigation mechanism.

[0006] According to other aspects of this disclosure, meth-
ods for operating a communication device as described
above, or in other words, methods for operating a communi-
cation system using the communication devices described
above are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Inthe drawings, like reference characters generally
refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead gen-
erally being placed upon illustrating the principles of the
invention. In the following description, various aspects are
described with reference to the following drawings, in which:

[0008] FIG. 1 shows a communication arrangement.
[0009] FIG. 2 shows a communication device.
[0010] FIG. 3 shows a flow diagram.

[0011] FIG. 4 shows a communication device.
[0012] FIG. 5 shows a flow diagram.

[0013] FIG. 6 shows a flow diagram.
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DESCRIPTION

[0014] The following detailed description refers to the
accompanying drawings that show, by way of illustration,
specific details and aspects of this disclosure in which the
invention may be practiced. These aspects of this disclosure
are described in sufficient detail to enable those skilled in the
art to practice the invention. Other aspects of this disclosure
may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the inven-
tion. The various aspects of this disclosure are not necessarily
mutually exclusive, as some aspects of this disclosure can be
combined with one or more other aspects of this disclosure to
form new aspects.

[0015] FIG. 1 shows a communication arrangement 100.
[0016] The communication arrangement 100 includes
radio cells 101 wherein each radio cell 101 is operated by a
respective base station 102. The base stations 102 are for
example part of a radio access network of a mobile commu-
nication network. A mobile terminal 103 located in one of the
radio cells 101 may communicate with the base station 102
operating the radio cell 101 (over the so-called air interface)
and may thus be provided with a communication connection
to another mobile terminal 104 located in the same radio cell
101 or a different radio cell 101 (or even aradio cell of another
mobile communication network), a core network of the
mobile communication network or other communication net-
works such as the Internet or other mobile communication
networks.

[0017] The mobile communication network may be a cel-
Iular mobile communication network according to various
standards. For example, the mobile communication network
is a 2 G, 3G or a 4 G wireless communication system, e.g.
according to one of the following standards:

[0018] GSM: Global System for Mobile Communica-
tions, or GSM is a standard for mobile telephone sys-
tems. GSM utilizes a combination of frequency division
multiple access (FDMA) and time division multiple
access (TDMA) on the air interface. A GSM network
includes several elements: the mobile station (MS), the
subscriber identity module (SIM), the base transceiver
station (BTS), the base station controller (BSC), the
transcoding and rate adaptation unit (TRAU), the mobile
services switching centre (MSC), the home location reg-
ister (HLR), the visitor location register (VLR), and the
equipment identity register (EIR). Together they form a
public land mobile network (PLMN).

[0019] GPRS: GPRS (General Packet Radio Service)
represents an evolution of the GSM standard, allowing
data transmission in packet mode and providing higher
throughputs as compared with the circuit-switched
mode. This evolution is usually presented under the des-
ignation of 2.5 G to point out that it is a transition
technology between 2 G and 3 G. The GPRS network
architecture reuses the GSM network nodes such as
MSC/VLR, HLR, and BSS. New network nodes have
been introduced for the transport of packet data. These
nodes are the gateway GPRS support nodes (GGSN) and
serving GPRS support nodes (SGSN). The subnetwork
formed by the SGSNs and the GGSNs is called the
GPRS core network.

[0020] UMTS (WCDMA & TD-SCDMA): Universal
Mobile Telecommunications System (UMTS) is a third
generation mobile cellular technology. UMTS employs
wideband code division multiple access (W-CDMA)
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radio access technology to offer greater spectral effi-
ciency and bandwidth to mobile network operators.
UMTS provides several different terrestrial air inter-
faces, called UMTS Terrestrial Radio Access (UTRA).
TD-SCDMA or Time Division Synchronous Code Divi-
sion Multiple Access (also known as UTRA-TDD) uses
Time Division Duplexing (TDD) at the air interface
while WCDMA (also known as UTRA-FDD) uses the
Frequency Division Duplexing (FDD) at the air inter-
face.

[0021] CDMA2000: CDMA2000 is a family of 3 G
mobile technology standards, which use CDMA chan-
nel access, to send voice, data, and signaling data
between mobile phones and cell sites.

[0022] LTE: LTE is a set of enhancements to the Univer-
sal Mobile Telecommunications System (UMTS) which
was introduced in 3rd Generation Partnership Project
(3GPP) Release 8. LTE supports peak download rates up
to 299.6 Mbit/s and upload rates up to 75.4 Mbit/s
depending on the user equipment (UE) category. It pro-
vides support for both FDD and TDD communication
systems as well as half-duplex FDD with the same radio
access technology

[0023] The mobile communication network may also be a
local area network or a metropolitan area network, e.g.
according to a WLAN (Wireless Local Area Network) stan-
dard. The base stations 102 may in this case for example be
access points. It should be noted that aspects of this disclosure
may also be based on other communication networks (not
necessarily being cellular) such as Bluetooth piconets etc.
[0024] A communication device acting as receiver, e.g. the
mobile terminal 103 in case of downlink transmission (i.e.
transmission from the base station 102 to the mobile terminal
103) may detect the nature and statistical properties of an
interferer causing interference to the transmission by using a
variety of techniques. For example, the spectrum of the
received signal may be analyzed. Complex techniques that
use feature extraction and/or statistical analysis to detect the
nature and properties of interferences may also be used. In the
following, basic methods to detect the presence of Adjacent
Channel Interference (ACI) & Co-Channel Interference
(CCI) are described that may be used. These methods are of
exemplary nature and in practice a wide variety of mecha-
nisms may be employed to detect the nature and statistical
properties of the dominant interferer.

[0025] Adjacent channel interference refers to the leakage
of a signal from a neighboring communication channel (in
terms of the allocated frequency resources) into the commu-
nication channel used by the receiver, for example the leakage
of'the GSM signal from a neighboring 270 KHz channel into
the channel used by the receiver in case of a GSM communi-
cation system. Adjacent channel interference may be detected
by comparing the inband signal power and the guard-band
signal power. If P_ib is the inband power (energy of the signal
lying inside the useful 200 KHz band of the signal), and if
P_gb is the guard band power (energy of the signal lying
outside the useful (200 KHz) band of the signal), then the
presence of ACI can be ascertained if P_ib/P_gb>threshold.
Hence the presence of adjacent channel interference may be
detected by analyzing the signal and guard-band power.
[0026] Co-channel interference refers to an inadvertent
leakage of a neighboring communication into the channel
used by the receiver, i.e. a communication in the vicinity, for
example using (at least partially) the same frequency
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recourses as allocated to the channel used by the receiver, e.g.
by the other mobile terminal 104, for example of a neighbor-
ing GSM communication into the receiver’s 270 KHz chan-
nel in case of a GSM communication system. Various blind
and non-blind co-channel interference detection and mitiga-
tion techniques can be used. The presence of co-channel
interference may for example be detected by analyzing the
spectrum of the signal or the estimation noise as in MUD
(Multi-user Detection) and SAIC (Single Antenna Interfer-
ence Cancellation).

[0027] The SAIC algorithm proposed by 3GPP uses the
estimation noise statistics to develop interference mitigation
filters. Multi-user detection and SAIC algorithms detect the
nature and statistical properties of the interferer as a part of
their interference mitigation technique.

[0028] Another method to detect the presence of Co-chan-
nel Interference is by analyzing the spectrum of the received
signal. The received signal consists of the useful signal and
the interference signal. Let P_s be the power of the useful
signal determined, and P be the power of the received signal.
Co-channel interference can be seen to be detected when
(P-P_s)/P exceeds a certain threshold.

[0029] Transmission signals, for example received by the
mobile terminal 103 in downlink communication, may also
be affected by fading effects.

[0030] In the following, basic methods to detect the pres-
ence of flat fading and frequency selective fading that may be
used, e.g. by the mobile terminal 103, are described.

[0031] During the process of equalization and demodula-
tion, e.g. of a GSM transmission signal, a model for the
channel, known as the channel impulse response (CIR) is
typically computed. The channel impulse response is typi-
cally given by the channel coefficients. The type of fading
may be approximated by looking at the channel coefficients.

[0032] Delay spread is a measure of the dispersion in the
channel. The greater the delay spread, the lower the coher-
ence bandwidth. Fading may be classified as flat fading or
frequency selective fading based on the coherence bandwidth
and therefore based on the delay spread. The delay spread
may be empirically measured by looking at the channel PDP
(Power Delay Profile). A simple way to do this is to find the
abs-square of each of the channel coefficients. If [h;, h,, h,, .

., h, ] are the channel coefficients, then the PDP can be given
by [1h,1"2, 1h,1"2, . . ., |h,1"2]. If these PDP values are nor-
malized and the range over which the PDP values exceed a
threshold is found the delay spread of the channel can be
approximated. Now, if delay spread >threshold, then fre-
quency selective fading can be ascertained; else the presence
of flat fading can be ascertained.

[0033] The mobile terminal 103 may according to 3GPP
perform uplink measurement reporting. According to 3GPP, a
measurement report is sent from the mobile terminal 103 (e.g.
configured as a UE according to UMTS or LTE) in uplink
which contains parameters Rxlev (representing received sig-
nal power level) and Rxqual (representing received signal
quality), which can be used by the base station 102 to estimate
the downlink channel quality.

[0034] The measurement report message for example has,
according to 3GPP, the content as given in table 1.
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TABLE 1

Information element Type/Reference  Presence Format length
RR management Protocol Protocol M \ Yy
Discriminator Discriminator
Skip Indicator Skip Indicator M \ Ya
Measurement Report Message Type M A\ 1
Message Type
Measurement Results Measurement M \ 16

Results

[0035] The Measurement Results information element (16
octets) is to provide the results of the measurements made by
the mobile terminal 103 on its serving radio cell 101 and also
one or more neighboring radio cells 101.

[0036] The decision for initiating downlink frequency hop-
ping on the base station side may be based on the values of Rx
channel quality and Rxlev reported by the mobile terminal
103 in uplink via the measurement report message. From the
Rxlev & Rxqual values reported by the mobile terminal 103,
it is possible to confirm the presence of interference but from
this, it is not possible for the base station to separately distin-
guish the presence of Adjacent Channel Interference (ACI) or
Co-Channel Interference (CCI) or Flat Fading or Frequency
Selective Fading. Thus, based on the measurement report
message as illustrated in table 1, the base station 102 may not
be able to select the best suitable mitigation technique.
[0037] For example, if presence of fading is confirmed at
the base station side, as mentioned above, the base station
may initiate downlink frequency hopping. However, the base
station 103 may end-up triggering frequency hopping even
for flat fading for which frequency hopping cannot help in
fading mitigation since flat fading is not dependent on the
frequency used. Also, one or more of the frequencies in the
downlink hopping frequencies selected by the base station
103 might get affected more by co-channel or adjacent-chan-
nel interferers when the base station is unaware of them when
selecting the hopping frequencies.

[0038] Although the base station 102 may assign the uplink
& downlink communication resources to the mobile terminal
103, the base station 102 may not be able to completely detect
the presence of adjacent channel interference (ACI) since an
interfering adjacent channel could be of another network
operator or could belong to the spectrum of other communi-
cation systems. Further, at the base station side, the presence
of co-channel interferer in downlink cannot be estimated.
[0039] According to one aspect of this disclosure, the
knowledge of the nature and statistical properties of interfer-
ence and/or fading estimated at the receiver (e.g. the mobile
terminal 103 in case of downlink transmission and the base
station 102 in case of uplink transmission) can be seen to be
used in a closed-loop fashion along with the transmitter (e.g.
the mobile terminal 103 in case of uplink transmission and the
base station 102 in case of downlink transmission) to improve
the overall efficiency of the system.

[0040] Generally, according to an aspect of this disclosure,
a communication device is provided as illustrated in FIG. 2.
[0041] FIG. 2 shows a communication device 200.

[0042] The communication device 200 includes a receiver
201 configured to receive a radio signal from another com-
munication device via a communication channel and a detec-
tor 202 configured to detect the presence of an impairment of
the communication channel.

[0043] The communication device further includes a deter-
miner 203 configured to determine a type of the impairment
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of the communication channel and a transmitter 204 config-
ured to transmit an indication of the type of the impairment of
the communication channel to the other communication
device.

[0044] In other words, according to one aspect of this dis-
closure, a communication device indicates to another com-
munication device the type of effect which has a negative
impact on the transmission of signals from the other commu-
nication device to this communication device. In other words,
the type of the negative effect is fed back to the other com-
munication device such that the other communication device
may perform the subsequent transmission of signals (e.g.
data, voice, multimedia) to the communication device
according to the type of the negative effect (e.g. type of
disturbance).

[0045] Thetype of impairment in acommunication channel
can be for example a fading type. For example, the type of the
impairment of the communication channel is flat fading or
frequency selective fading.

[0046] The type of the impairment of the communication
channel may also be an interference type.

[0047] The type of the impairment of the communication
channel may be both a fading type and an interference type.
[0048] The type of the impairment of the communication
channel is for example an interference type of a dominant
interferer, e.g. in case of more than one interference types.
[0049] Forexample, the type of the impairment of the com-
munication channel is adjacent channel interference or co-
channel interference.

[0050] According to one aspect of this disclosure, the com-
munication device is a mobile communication terminal and
the other communication device is a base station or the com-
munication device is a base station and the other communi-
cation device is a mobile communication terminal.

[0051] The indication is for example transmitted with a
measurement report message.

[0052] The measurement report message may further
include at least one of an indication of the power level of the
received signal and an indication of the quality of the received
signal.

[0053] For example, the communication device 200 carries
out a method as illustrated in FIG. 3.

[0054] FIG. 3 shows a flow diagram 300.

[0055] The flow diagram 300 illustrates a method for oper-
ating a communication device.

[0056] In 301, the communication device receives a radio
signal from another communication device via a communi-
cation channel.

[0057] In 302, the communication device detects the pres-
ence of an impairment of the communication channel.
[0058] In303,the communication device determines a type
of the impairment of the communication channel.

[0059] In 304, the communication device transmits an indi-
cation of the type of the impairment of the communication
channel to the other communication device.

[0060] The communication device 200 may for example
communicate with a communication device as illustrated in
FIG. 4.

[0061] FIG. 4 shows a communication device 400.

[0062] The communication device 400 may for example
correspond to the other communication device referred to in
the description of FIG. 2.

[0063] The communication device 400 includes a transmit-
ter 401 configured to transmit a radio signal to another com-
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munication device via a communication channel and a
receiver 402 configured to receive an indication of'a type ofan
impairment of the communication channel from the other
communication device.

[0064] The communication device 400 further includes a
controller 403 configured to determine, based on the indica-
tion, a mitigation mechanism for mitigating the impairment
and to control the transmitter according to the determined
mitigation mechanism.

[0065] The other communication device in this context
may for example correspond to the communication device
200.

[0066] Themitigation mechanism is for example frequency
hopping.
[0067] The mitigation mechanism is for example a change

in the frequency or frequencies assigned to the communica-
tion device, e.g. assigned to the communication channel.
[0068] The communication device and the other communi-
cation device may for example be communication devices of
a cellular mobile communication system and the mitigation
mechanism may be a handover (between radio cells). The
mitigation mechanism may also be a new channel assignment
or a physical channel reconfiguration.

[0069] The mitigation mechanism may for example be a
change of the coding scheme used by the transmitter to trans-
mit radio signals to the other communication device.

[0070] According to one aspect of this disclosure, the con-
troller can determine a mitigation mechanism other than fre-
quency hopping or change in frequency assigned if the indi-
cation indicates that the type of impairment is flat fading.
[0071] The controller may for example be configured to
determine the mitigation mechanism further based on the
communication resources available for the communication
between the communication device and the other communi-
cation device.

[0072] The communication device 400 for example carries
out a method as illustrated in FIG. 5.

[0073] FIG. 5 shows a flow diagram 500.

[0074] The flow diagram 500 illustrates a method for oper-
ating a communication device.

[0075] In 501, the communication device transmits a radio
signal to another communication device via a communication
channel.

[0076] In 502, the communication device receives an indi-
cation of a type of an impairment of the communication
channel from the other communication device.

[0077] In 503, the communication device determines,
based on the indication, a mitigation mechanism for mitigat-
ing the impairment.

[0078] In 504, the transmitter is controlled (e.g. by a con-
troller of the communication device) according to the deter-
mined mitigation mechanism.

[0079] It should be noted that aspects described in context
with one of the communication devices 200, 400 are analo-
gously valid for the other communication device 200,400 and
the methods for operating a communication device and vice
versa.

[0080] The various components of each of the communica-
tion devices 200,400 (such as the detector, the determiner, the
controller etc.) may be implemented by a circuit of the com-
munication device 200, 400. A “circuit” may be understood as
any kind ofa logic implementing entity, which may be special
purpose circuitry or a processor executing software stored in
a memory, firmware, or any combination thereof. Thus, a
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“circuit” may be a hard-wired logic circuit or a programmable
logic circuit such as a programmable processor, e.g. a micro-
processor (e.g. a Complex Instruction Set Computer (CISC)
processor or a Reduced Instruction Set Computer (RISC)
processor). A “circuit” may also be a processor executing
software, e.g. any kind of computer program, e.g. a computer
program using a virtual machine code such as e.g. Java. Any
other kind of implementation of the respective functions
which will be described in more detail below may also be
understood as a “circuit”.

[0081] In the following, an example is described in more
detail with reference to FIG. 1 and FIG. 6, i.e. where the
communication device 200 corresponds to the mobile termi-
nal 103 and the communication device 400 corresponds to the
base station 102 operating the radio cell 101 which is used by
the mobile terminal 103 (in other words the serving radio cell
of the mobile terminal 103).

[0082] FIG. 6 shows a flow diagram 600.

[0083] A mobile terminal 601 corresponding to the mobile
terminal 103 and a base station 602 corresponding to the base
station 102 are involved in the flow.

[0084] In 603, the mobile terminal 601 detects whether
adjacent channel interference (ACI) in downlink direction
(i.e. in the transmission from the base station 602 to the
mobile terminal 601) is present.

[0085] In 604, the mobile terminal 601 detects whether
there is co-channel interference (CCI) in downlink direction.

[0086] In 605, if both ACI and CCI are present the mobile
terminal 103 determines the dominant interferer.

[0087] The presence of adjacent channel interference and
co-channel interference in downlink direction can be detected
by the mobile terminal 601 using the methods described
above. It should be noted that the detection methods men-
tioned are of exemplary nature and in practice a wide variety
of mechanisms may be employed to detect the nature and
statistical properties of the dominant interferer.

[0088] In 606, the mobile terminal 601 detects whether flat
fading and/or frequency selective fading are present in down-
link direction for the channel assigned for the downlink data
transmission.

[0089] The presence of flat fading or frequency selective
fading in downlink direction can be detected by the mobile
terminal 601 using the methods mentioned described above.
It should be noted that the methods mentioned are exemplary
in nature and a wide variety of mechanisms can be used to
determine the fading type.

[0090] In 607, the mobile terminal 601 reports the interfer-
ence type and/or the fading type along with the received
signal power level and the received signal quality measure-
ments in an uplink measurement report message 608 to the
base station 602. In presence of both ACI and CCI the mobile
terminal 601 reports only the dominant interferer in this
example.

[0091] The uplink measurement report message 608 may
have the content and structure as illustrated in table 1 (in
accordance with 3GPP).

[0092] The Measurement Results information element (last
row of table 1) may have the following structure (in accor-
dance with 3GPP).
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TABLE 2
8 7 6 5 4 3 2 1
| Measurement Results IEI octet 1
Measurement Results Contents octets 2-17

[0093] Table 3 illustrates the structure of the element ‘Mea-
surement Results Contents’ in CSN.1 notation as it is used
according to one aspect of this disclosure.

TABLE 3

< Measurement Results Contents > ::=
{ <BA_USED : bit (1) >

<DTX_USED : bit (1) >
<RXLEV_FULL_ SERVING_ CELL : bit (6) >
<3G_BA_USED:bit (1) >
<MEAS_ VALID : bit (1) >
<RXLEV__SUB__SERVING_ CELL : bit (6) >
<IS_INTERFERENCE_ FADING_TYPE_PRESENT :
bit (1) >
{ 0 <sparebits : bit(8) >

| 1 <INTERFERENCE_ FADING_ TYPE : bit (3) >

< spare bits : bit (5) >

¥
<RXQUAL_FULL_SERVING_CELL : bit (3) >
<RXQUAL__SUB__SERVING__CELL : bit (3) >

<NO_NCELL_M : { bit (3) :=111 } >
%% -- Padding with zeroes

1
{

<NO_NCELL_M : { bit (3) exclude 111 } >
{ < NCELL Report : < NCELL Report struct >> } * val
(NO_NCELL_M)
{ null | 0** -- Padding with zeroes
|1 <UTRAN__CSG_ Measurement_ Report : <
UTRAN__CSG__Measurement_ Report IE > >
{ null | 0** } -- Padding with zeroes

} & octet (17) ;
< NCELL Report struct > ::=
<RXLEV-NCELL: bit (6) >
<BCCH-FREQ-NCELL : bit (5) >
< BSIC-NCELL : bit (6) > ;

[0094] Compared to the measurement report message
according to 3GPP, an additional octet is added to the element
‘Measurement Results Contents’ and three bits are used in the
same to report to the base station-602 which type of interfer-
ence or fading is present (see the tenth row of table 3).
[0095] The spare bit (present in the measurement report
message according to 3GPP) is in this example used to indi-
cate whether the interference/fading type is indicated in the
measurement report or not (see the eighth row of table 3).
[0096] It should further be noted that compared to the mea-
surement report message according to 3GPP the 27” row of
table 3 indicates the number of octets as“& octet (17)” instead
of'the earlier 16 octets, indicated as “& octet (16)” (in CSN.1
notation).

[0097] The interference or fading type (see ninth row of
table 3) is for example specified according to the following
assignments of the two bits:

INTERFERENCE__FADING__TYPE (3 bits)

0 0 0
0o 0 1

Adjacent Channel Interference
Co-channel Interference

May 28, 2015

-continued

INTERFERENCE__FADING__TYPE (3 bits)

1 0  Frequency Selective Fading

Flat Fading

Both Adjacent Channel interference & Frequency Selective
Fading

Both Co-channel interference & Frequency Selective
Fading

Both Adjacent Channel interference & Flat Fading

Both Co-channel interference & & Flat Fading

[0098] The spare bit is in this example renamed to IS_IN-
TERFERENCE_FADING_TYPE_PRESENT (see eighth
row of table 3) and indicates whether the indication of the
interference or fading type is present in the measurement
message 608 according to the following assignments:

IS_INTEFERENCE__FADING__TYPE_PRESENT (1 bit)

0 spare bit (in accordance with 3GPP)
1 indicates that the next 3 bits contains
INTERFERENCE__FADING__TYPE

[0099] Inthis example, if both CCI and ACI are detected by
the mobile terminal 601 in downlink, then the mobile termi-
nal 601 only indicates the type of the dominant interferer to
the base station 602.

[0100] If both fading & interference are detected by the
mobile terminal 601 in downlink, then the mobile terminal
601 indicates the presence of both to the base station 602. In
such a case, the base station 602 can determine the mitigation
technique to be selected based on the availability of the physi-
cal channel resources.

[0101] The base station 602 selects an interference mitiga-
tion technique and fading mitigation technique based on the
interferer type and the fading type sent by the mobile terminal
601.

[0102] Specifically, in 609, if the presence of interference
(ACI, CCI or combination of both (where only the dominant
interferer is considered for interference mitigation, i.e. the
base station 602 treats the situation as if only the dominant
interferer was present) is confirmed by the mobile terminal
103 via the measurement report message 608, the base station
102 either does a frequency change (via a handover com-
mand, or a new channel assignment or a reconfiguration mes-
sage) or initiates frequency hopping based on the available
resources (frequencies) at the base station 102 (in other words
in the radio cell 101 operated by the base station 102). This
means that if sufficient frequency resources for frequency
hopping are not present at the base station 602 (i.e. in the radio
cell 101), the base station 602 initiates a frequency change of
the assigned channel for the mobile terminal 601. If the base
station 602 has sufficient resources to perform a frequency
hopping, the base station 602 selects frequency hopping as
the interference mitigation technique.

[0103] In 610, in case of frequency hopping or frequency
change (via a handover command, or a new channel assign-
ment or a reconfiguration message), the—frequencies are
selected based on the interference type reported by the mobile
terminal 601 and the channel frequencies already assigned by
the base station 102 (e.g. already assigned for the communi-
cation with other mobile terminals located in the radio cell
101).
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[0104] According to one aspect of this disclosure, in case of
ACI reported by mobile terminal 601, the frequencies for
downlink frequency hopping or frequency change are
selected such that they are not adjacent to the channel fre-
quencies already assigned by the base station 602 to this
mobile terminal 601, since these would be the probable stron-
gest interferers. However, in case of CCI, the base station 602
can select the downlink-frequencies which are adjacent to the
channel frequencies already assigned by the base station 602
to the mobile terminal 601.

[0105] In 611, if presence of fading is reported by mobile
terminal 601 by means of the measurement report message
608, for frequency selective fading the base station 602 does
a frequency change (via a handover command, or a new
channel assignment or a reconfiguration message) in case that
resources for frequency hopping are not available (or not
sufficient) or initiates frequency hopping for fading mitiga-
tion in case that recourses for frequency hopping are avail-
able. The hopping frequencies (in case of fading mitigation
via frequency hopping) or the new channel frequency (in case
of fading mitigation via frequency change) are selected based
on the channel frequencies already assigned by the base sta-
tion 602.

[0106] For flat fading, the base station 602 does not to
initiate any frequency hopping or frequency change since in
case of flat fading frequency hopping does typically not help
in mitigating the fading. In such a case, error correction
coding or interleaving may be used. Hence the base station
602 for example changes the coding scheme (e.g. including
error correction and interleaving) in case of flat fading.
[0107] In 612, In case of both fading and interference, the
mitigation method is selected based on availability of
resources, e.g. physical channel resources (such as available
frequencies etc.)

[0108] In 613, the base station 602 performs the selected
interference mitigation technique and/or fading mitigation
technique for the downlink transmission to the mobile termi-
nal 601.

[0109] In summary, according to an aspect of this disclo-
sure, one or more of the following is provided:

[0110] (i) The base station 602 is made aware of the
presence of Adjacent Channel Interference (ACI) in
downlink, so that it can use the same for mitigating ACI.

[0111] (i) The base station 602 is made aware of the
presence of Co-Channel Interference (CCI) in downlink
direction, so that it can use the same for CCI mitigation.

[0112] (iii) The base station 602 is enabled to separately
distinguish the presence of adjacent channel interfer-
ence (ACI) or co-channel interference (CCI) or flat fad-
ing or frequency selective fading in downlink direction,
which can help the base station 602 to do better interfer-
ence/fading mitigation.

[0113] (iv) The base station 602 avoids initiating down-
link frequency hopping in case of flat fading.

[0114] (v) The base station 602 is enabled to select hop-
ping frequencies which are least probable to be affected
by CCI or ACI again, according to capabilities of the
mobile terminal 601.

[0115] (vi) Feedback from the mobile terminal 601 is
used to perform more effective downlink interference
and fading mitigation compared to a wireless commu-
nication system without such feedback.
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[0116] (vii) The base station 602 may also allocate the
channel to a SAIC (DTS1/DTS2) capable mobile
depending on the type and extent of interference.

[0117] (viii) The resources available at the base station
602 are taken into consideration prior to selecting the
fading/interference mitigation technique.

[0118] (ix) The base station 602 is aided to perform the
interference/fading mitigation technique with fewer fre-
quency resources.

[0119] (x) The base station 602 is allowed to select dif-
ferent mitigation techniques than frequency hopping,
which are more targeted/specific to the type of inter-
ferer/fading.

[0120] It should be noted that an analogous scheme as
described with reference to FIG. 6 may also be implemented
for the uplink direction. In this case the roles of the mobile
terminal 601 and the base station 602 are exchanged such that
the processing carried out by the mobile terminal 601 as
described with reference to FIG. 6 would be carried out by the
base station 602 and vice versa. In this case, for example,
frequency hopping would be initiated by the mobile terminal
601 for interference or fading mitigation.

[0121] Whilethe invention has been particularly shown and
described with reference to specific aspects, it should be
understood by those skilled in the art that various changes in
form and detail may be made therein without departing from
the spirit and scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated
by the appended claims and all changes which come within
the meaning and range of equivalency of the claims are there-
fore intended to be embraced.

What is claimed is:

1. A communication device comprising:

a receiver configured to receive a radio signal from another
communication device via a communication channel;

a detector configured to detect the presence of an impair-
ment of the communication channel;

a determiner configured to determine a type of the impair-
ment of the communication channel; and

a transmitter configured to transmit an indication of the
type of the impairment of the communication channel to
the other communication device.

2. The communication device of claim 1, wherein the type
of the impairment of the communication channel is a fading
type.

3. The communication device of claim 1, wherein the type
of'the impairment of the communication channel is flat fading
or frequency selective fading.

4. The communication device of claim 1, wherein the type
of the impairment of the communication channel is an inter-
ference type.

5. The communication device of claim 4, wherein the type
of the impairment of the communication channel is an inter-
ference type of a dominant interferer.

6. The communication device of claim 1, wherein the type
of the impairment of the communication channel is both a
fading type and an interference type.

7. The communication device of claim 4, wherein the type
of the impairment of the communication channel is adjacent
channel interference or co-channel interference.

8. The communication device of claim 1, wherein the com-
munication device is a mobile communication terminal and
the other communication device is a base station or wherein
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the communication device is a base station and the other
communication device is a mobile communication terminal.

9. The communication device of claim 1, wherein the indi-

cation is transmitted with a measurement report message.

10. A method for operating a communication device com-

prising:

the communication device receiving a radio signal from
another communication device via a communication
channel;

the communication device detecting the presence of an
impairment of the communication channel;

the communication device determining a type of the
impairment of the communication channel; and

the communication device transmitting an indication of the
type of the impairment of the communication channel to
the other communication device.

11. A communication device comprising:

a transmitter configured to transmit a radio signal to
another communication device via a communication
channel;

areceiver configured to receive an indication of atype of an
impairment of the communication channel from the
other communication device; and

a controller configured to determine, based on the indica-
tion, a mitigation mechanism for mitigating the impair-
ment and to control the transmitter according to the
determined mitigation mechanism.

12. The communication device of claim 11, wherein the

mitigation mechanism is frequency hopping.

13. The communication device of claim 11, wherein the

mitigation mechanism is a change in the frequency or fre-
quencies assigned to the communication device.
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14. The communication device of claim 11, wherein the
communication device and the other communication device
are communication devices of a cellular mobile communica-
tion system and the mitigation mechanism is handover.

15. The communication device of claim 11, wherein the
mitigation mechanism is a new channel assignment or a
physical channel reconfiguration.

16. The communication device of claim 11, wherein the
mitigation mechanism is a change ofthe coding scheme used
by the transmitter to transmit radio signals to the other com-
munication device.

17. The communication device of claim 11, wherein the
controller determines a mitigation mechanism other than fre-
quency hopping or frequency change if the indication indi-
cates that the type of impairment is flat fading.

18. The communication device of claim 1, wherein the
controller is configured to determine the mitigation mecha-
nism further based on the communication resources available
for the communication between the communication device
and the other communication device.

19. A method for operating a communication device com-
prising:

the communication device transmitting a radio signal to

another communication device via a communication
channel;

the communication device receiving an indication of a type

of an impairment of the communication channel from
the other communication device;

the communication device determining, based on the indi-

cation, a mitigation mechanism for mitigating the
impairment and controlling the transmitter according to
the determined mitigation mechanism.

#* #* #* #* #*



