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(57) Abstract: In various embodiments, a base station may be provided. The base station may include a first determiner config-
ured to determine whether user data has been received from a radio communication terminal by the base station; a second deter-
miner configured to determine whether information from which it may be determined that the user data has been received from the
radio communication terminal by another base station has been received from the other base station; and a transmitter configured
to transmit to the radio communication terminal information indicating whether at least one of the base station and the other base
station has received the user data based on at least one of the result of the determination of the first determiner and the result of the
determination of the second determiner.
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BASE STATIONS, CELLULAR COMMUNICATION SYSTEMS, METHODS FOR
‘CONTROLLING A'BASE STATION, AND METHODS FOR CONTROLLING A

CELLULAR COMMUNICATION SYSTEM

Technical Field

[0001] Embodiments relate to base stations, cellular communication systems, methods for

controlling a base station, and methods for controlling a cellular communication system.

Background

[0002] In various cellular communication systems, a packet may be transmitted from a radio
communication terminal to one or more base station. An acknowledgment may be sent to the
radio communication ténninal in case the packet has been properly received in the base station.
A negative acknowledgement may be sent to the radio communication terminal in case the
packet has not been properly received in the base station. The radio communication may decide
on whether to re-transmit the packet, based on whether an acknowledgment or a negative

acknowledgement is received in the base station.

Summary

[0003] In various embodiments, a base station may be provided. The base station may
include a first determiner configured to determine whether user data has been received from a
radio communication terminal by the base station; a second determiner configured to determine
whether information from which it may be determined that the user data has been received from

the radio communication terminal by another base station has been received from the other base
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station; and a transmitter configured to transmit to the radio communication terminal information -
indicating whether at least one of the base station and the other base station has received the user

- data based on at least one of the result of the determination of the first determiner and the result
of the determination of the second determiner.

[0004] In various embodiments, a base station may be provided. The base station may
include a determiner configured to determine whether user data has been received from a radio
communication terminal by the base station; and an information transmitter configured to
transmit information from which it may be determined that the user data has been received from
the radio communication ténninal by the base station to another base station.

[0005] In various embodiments, a method for controlling a base station may be provided.
The method may include determining by a first determiner of the base station whether user data
has been received from a radio communication terminal by the base station; determining by a
second determiner of the base station whether information from which it may be determined that
the user data has been received from the radio communication terminal by another base station
has been received from the other base station; and transmitting by a transmitter of the base ‘
station to the radio communication terminal information indicating whether at least one of the
base station and the other base station has received the user data based on at least one of the
result of the determining by the first determiner and the result of the determining by the second
determiner.

[0006] In various embodiments, a method for controlling a base station may be provided.
The method may include determining by a determiner of the base station whether user data has
been received from a radio communication terminal by the base station; and transmitting by an

information transmitter of the base station information from which it may be determined that the



WO 2010/123464 PCT/SG2010/000166

user data has been received from the radio communication terminal by the base station to another

base station.

Brief Description of the Drawings

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

which:

| FIG. 1 shows a cellular communication system in accordance with an embodiment;

FIG. 2 shows a base station in accordance with an embodiment;

FIG. 3 shows a base station in accordance with an embodiment;

FIG. 4 shows a base station in accordance with an embodiment;

FIG. 5 shows a base station in accordance with an embodiment;

FIG. 6 showé a cellular communication system in accordance with an embodiment;

FIG. 7 shows a flow diagram illustrating a method for controlling base station in
accordance with an embodiment;

FIG. 8 shows a flow diagram illustrating a method for controlling base station in
accordance with an embodiment;

FIG. 9 shows a cellular communication system in accordance with an embodiment;

FIG. 10 shows a cellular communication system in accordance with an embodiment;
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FIG. 11 shows an illustration of a method for controlling a cellular communication
system in accordance with an embodiment;

FIG. 12 shows a cellular communication system in accordance with an embodiment;

FIG. 13 shows an illustration of a method for controlling a cellular communication
system in accordance with an embodiment;

FIG. 14 shows a cellular communication system in accordance with an embodiment;
and

FIG. 15 shows an illustration of a method for controlling a cellular communication

system in accordance with an embodiment.

Description

[0008] The following detailed description refers to the accompanying drawings that show, by
way of illustration, specific details and embodiments in which the invention may be practiced.
These embodiments are described in sufficient detail to enable those skilled in the art to practice
the invention. Other embodiments may be ut_ilized and structural, logical, and electrical changes
may be made without departing from the scope of the invention. The various embodiments are
not necessarily mutually exclusive, as some embodiments can be combined with one or more
other embodiments to form new embodiments.

[0009] The word "exemplary" is_used herein to mean "serving as an example, instance, or
illustration". Any embodiment or design described herein as "exemplary" is not necessarily to be
construed as preferred or advantageous over other embodiments or designs.

[0010] The various base stations, as will be described in more detail below, according to

various embodiments may comprise a memory which is for example used in the processing



WO 2010/123464 PCT/SG2010/000166

carried out by the various devices. A memory used in the embodiments may be a volatile
memory, for example a DRAM (Dynamic Random Access Memory) or a non-volatile memory,
for example a PROM (Programmable Read Only Memory), an EPROM (Erasable PROM),
EEPROM (Electrically Erasable PROM), or a flash memory, e.g., a floating gate memory, a
charge trapping memory, an MRAM (Magnetoresistive Random Access Memory) or a PCRAM
(Phase Change Random Access Memory).

[0011] In an embodiment, a "circuit" may be understood as any kind of a logic implementing
entity, which may be special purpose circuitry or a processor executing software stored in a
memory, firmware, or any combination thereof. Thus, m an embodiment, a "circuit" may be a
hard-wired logic circuit or a programmable logic circuit such as a programmable processor, e.g.
a microprocessor (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" in acqordance with an
alternative embodiment.

[0012] In various embodiments, features may be explained for devices, and in some other
embodiments, features may be explained for methods. It however will be understood that
features for devices may be also provided for the methods, and vice versa.

[0013] FIG. 1 shows a cellular communication system 100 in accordance with an
embodiment. In the cellular communication system 100, a serving base station 102, as will be
explained in more detail below, a first collaborative base station 104, as will be explained in

more detail below, and a second collaborative base station 106, as will be explained in more
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detail below, each may receive data from a radio communication terminal 112. For example, the
serving base station 102 may receive packet data 120 from the radio communication

terminal 112 as indicated by arrow 114. For example, the first collaborative base station 104 may
receive packet data 122 from the radio communication terminal 112 as indicated by arrow 116.
For example, the second collaborative base station 106 may receive packet data 124 from the
radio communication terminal 112 as indicated by arrow 118. The serving base station 102 may
be connected to the first collaborative base station 104 by a first connection 108, for example a
first backhaul link. The serving base station 102 may be connected to the second collaborative
base station 106 by a second connection 110, for examplé a second backhaul link. In various
embodiments, the first connection 108 and the second connection 110 may be direct connections
without relay by another base station, or a radio network controller (RNC) or a remote network
controller (RNC).

[0014] In various embodiments, a serving base station for a radio communication terminal
may be a base station that is responsible for transmitting acknowledgement or non-
acknowledgment, respectively, for a packet transmitted from the radio communication terminal
to the radio communication terminal. In various embodiments, a coliaborative base station for a
radio communication terminal may be a base station, which may receive packets from the radio
communication terminal, but which is does not transmit acknowledgment resp. non-
acknowledgement for the packets to the radio communication terminal.

[0015] In various embodiments, a radio communication terminal may also be referred to as a
user equipment (UE) or as a mobile station (MS).

[0016] It is to be noted that in the cooperative base station reception for three cells like

shown in FIG. 1, the packet data transmitted to the various base station may result from one
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transmission of the radio communication terminal 112, but due to various transmission
conditions, the packet data received in each of the serving base stations 102, the first
collaborative base station 104 and the second collaborative base station 106 may vary. For
exaniple, transmission errors may occur and lead to the fact that not in éll of the serving base
stations 102, the first collaborative base station 104 and the second collaborative base station 106
the packet data may be received without transmission error.

[0017] Furthermore, it is to be noted that although two collaborative base stations are shown
in FIG. 1, any number of collaborative base stations may be present, for example only one
collaborative base station, or more than two collaborativeb base stations.

[0018] In various cellular communication systems, a packet may be transmitted from a radio
communication terminal to one or more base stations. An acknowledgment may be sent to the
radio communication terminal in case the packet has been properly received in the base station.
A negative acknowledgement may be sent to the radio communication terminal in case the
packet has not been properly received in the base station. The radio communication terminal may
decide on whether to re-transmit the packet, based on whether an acknowledgmlent or a negative
acknowledgement is received in the radio communication terminal.

[0019] FIG. 2 shows a base station 200 in accordance with an embodiment. The base

station 200 may include a first determiner 202 configured to determine whether user data has
beén received from a radio communication terminal (not shown) by the base station 200, a
second determiner 204 configured to determine whether information from which it may be
determined that the user data has been received from the radio communication terminal by
another base station (not shown) has been received from the other base station, and a

transmitter 206 configured to transmit to the radio communication terminal information
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indicating whether at least one of the base station 200 and the other base station has received the
user data based on at least one of (in various embodiments: based on both of) the result of the
determination of the first determiner 202 and the result of the determination of the second
determiner 204. The first determiner 202, the second determiner 204, and the transmitter 206
may be coupled with each other, e.g. via an electrical connection 208 such as e.g. a cable ora
computer bus or via any other suitable electrical connection to exchange electrical signals. In
various embodiments, the first determiner 202 and the second determiner 204 may be one
physical component/circuit but running two times with similar or different determining methods.
[0020] In various embodiments, the information fromr which it may be determined that the
user data has been received from the radio communication teﬁninal by another base station may
be a report message that does not including the user data.

[0021] In various embodiments, the information from which it may be determined that the
user data has been received from the radio communication terminal by another base station is the
user dafa.

[0022] In various embodiments, receiving the user data may be understood as receiving the
user data properly. In various embodiments, receiving the user data may be understood as
receiving the user data free from error. In various embodiments, receiving the user data may be
understood as receiving the user data in a way that transmission errors may be compensated, for
example by receiving redundant data and reconstructing the transmitted data even in the presence
of transmission errors. In various embodiments, receiving the user data may be understood as
receiving data that may be decoded correctly (for example by applying a cyclic redundancy
check (CRC) in automatic repeat request (ARQ) transmission). In various embodiments,

receiving the user data may be understood as receiving data that may be decoded with error but
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may be correctible by forward error control codes (FEC) (for example by applying hybrid ARQ
(HARQ)). In various embodiments, receiving the user data may be understood as receiving data
that may be decoded correctly after combination of two or more re-transmission from Mobile
(for example by applying HARQ); for example, in a first transmission, valll base stations (BSs)
may not decode correctly, and based on HARQ, the serving BS may save the wrong data, and in
the re-transmission phases, the base station, for example a serving BS, may determine based on
the combination of received second or subsequent transmissions and saved data, whether the user
data has been received).

[0023] In various embodiments, it may be determineci whether the user data have been
received properly when determining whether the user data have been received. In various
embodiments, it may be determined whether the user data have been received free of error when
determining whether the user data have been received. In various embodiments, it may be
determined whether the user data have been received in a way that transmission errors may be
compensated, for example by receiving redundant data and reconstructing the transmitted data
even in the presence of transmission errors, when determining whether the user data have been
received.

[0024] In various embodiments, the transmitter may be configured to wirelessly transmit
information to the radio communication terminal.

[0025] In various embodiments, the transmitter may be configured to transmit an
acknowledgement message to the radio communication terminal, in case it is determined by the
first determiner 202 that the user data has been received from the radio communication terminal

by the base station 200.
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[0026] In various embodiments, the transmitter may be configured to transmit an
acknowledgement message to the radio communication terminal, in case it is determined by the
second determiner 204 that information from which it may be determined that the user data has
Been received from the radio communication terminal by the other base station has been received
from the other base station.

[0027] In various embodiments, the transmitter 206 may be configured to transmit a negative
acknowledgement message to the radio communication terminal, in case it is determined by the
first determiner 202 that the user data has not been received from the radio communication
terminal by the base station 200 and it is determined by tﬁe second determiner 204 that
information from which it may be determined that the user data has been received from the radio
communication terminal by the other base station has not been received from the other base
station.

[0028] In various embodiments, the transmitter 206 may be configured to transmit a negative
acknowledgement message to the radio communication terminal, in case it is not determined by
the first determiner 202 that the user data has been received from the radio communication
terminal by the base station 200 for a pre-determined time and it is not determined by the second
determiner 204 that information from which it may be determined that the user data has been
received from the radio communication terminal by the other base station has been recei;/ed from
the other base station for a pre-determined time.

[0029] In various embodiments, the other base station may be a non-serving base station for
the radio communication terminal. In various embodiments, the other base station may be a

collaborative base station for the radio communication terminal.

10
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[0030] In various embodiments, the base station 200 may be configured according to at least
one radio communication standard selected from a list of communication standards consisting of:
GSM (Global System for Mobile Communications); UMTS (Universal Mobile
Telecommunications System); WiMax; LTE (Long Term Evolution); ahd LTE-advanced.

[0031] In various embodiments, the base station 200 and the other base station may be
provided in a cellular communication system, where at least one radio network controller of the
cellular communication system may be provided remote from the base station and the other base
station. According to various embodiments, the base station 200, the other base station and the
radio network controller may be disjoint devices. |

[0032] In various embodiments, the base station may have an interface configured to
communicate with another base station without a radio network controller.

[0033] In various embodiments, a radio network controller or an interface between base
stations may be configured to send radio resource control information, for example radio
resource control messages.

[0034] FIG. 3 shows a base station 300 in accordance with an embodiment. The base

station 300, similar to the base station 200 of FIG. 2, may include a first determiner 202
configured to determine whether user data has been received from a radio communication
terminal (not shown) by the base station 300. The base station 300, similar to the base

station 200 of FIG. 2, may include a second determiner 204 configured to determine whether
information from which it may be determined that the user data has been received from the radio
communication terminal by another base station (not shown) has been received from the other
base station. The base station 300, similar to the base station 200 of FIG. 2, may include a

transmitter 206 configured to transmit to the radio communication terminal information

11
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indicating whether at least one of the base station 300 and the other base station has received the
user data based on at least one of the result of the determination of the first determiner 202 and
the result of the determination of the second determiner 204. The base station 300 may further
include an information requester 302, as will be explained below. The base station 300 may
further include an information receiver 304, as will be explained below. The base station 300
may further include a user data requester 306, as will be explained below. The base station 300
may further include a user data receiver 308, as will be explained below. The base station 300
mﬁy further include a radio transceiver 310, as will be explained below. The first determiner 202,
the second determiner 204, the transmitter 206, the information requester 302, the information
receiver 304, the user data requester 306, the user data receiver 308, and the radio

transceiver3 10, may be coupled with each other, e.g. via an electrical connection 312 such as e.g.
a cable or a computer bus or via any other suitable electrical connection to exchange electrical
signals. In various embodiments, the first determiner 202 and the second determiner 204 may be
one physical component/circuit but running two times with similar or different determining
methods.

[0035] In various embodiments, the information requester 302 may be configured to transmit
to the other base station a request for information. In various embodiments, this information may
be used to determine whether the user data has been received from the radio communication
terminal by the other base station.

[0036] In various embodiments, the information receiver 304 may be configured to receive

the information requested by the information requester 302.

12
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[0037] In various embodiments, the information requester 302 may be further configured to
transmit the request in case the first determiner 202 determines that the user data has not been
received from the radio communication terminal by the base station 300.

[0038] In various embodiments, the user data requester 306 may be'conﬁgured to transmit to
the other base station a request for transmission of the user data.

[0039] In various embodiments, the user data receiver 308 may be configured to receive the
user data requested by the user data requester 306.

[0040] In various embodiments, the radio transceiver 310 may be configured to wirelessly
communicate with the radio communication terminal. |

[0041] In various embodiments, at least one of the information requester 302, the
information receiver 304, the user data requester 306 and the user data receiver 308 may use a
predetermined interface for communication. The interface may include an interface for a direct
connection between the base station 300 and the other base station. In various embodiments, the
interface may include an X2 interface. According to various embodiments, the X2 interface may
be an interface to allow base stations to interconnect with each other.

[0042] In various embodiments, the base station 300 may further include an
acknowledgement determination circuit (not shown) configured to determine whether to
acknowledge the reception of the user data to the radio communication terminal, based on a
determination whether the user data may be reconstructed free of error based one at least one of
the user data received by the base station 200 and the user data received by the other base station.
[0043] FIG. 4 shows a base station 400 in accordance with an embodiments. The base
station 400 may include a determiner 402 configured to determine whether user data has been

received from a radio communication terminal (not shown) by the base station 400, and an

13
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information transmitter 404 configured to transmit information from which it may be determined
‘that the user data has been received from the radio communication terminal by the base

station 400 to another base station (not shown). The determiner 402 and the information
transmitter 404 may be coupled With each other, e.g. via an electrical connection 406 such as e.g.
a cable or a computer bus or via any other suitable electrical connection to exchange electrical
signals.

[0044] In various embodiments, receiving the user data may be understood as receiving the user
data properly. In various embodiments, receiving the user data may be understood as receiving
the user data free from error. In various embodiments, reéeiving the user data may be understood
as receiving the user data in a way that transmission errors may be compensated, for example by
receiving redundant data and reconstructing the transmitted data even in the presence of
transmission errors. In various embodiments, receiving the user data may be understood as
receiving data that may be decoded correctly (for example by applying a CRC check in
automatic repeat request (ARQ) transmission). In various embodiments, receiving the user data
may be understood as receiving data that may be decoded with error but may be correctible by
forward error control codes (FEC) (for example by applying hybrid ARQ (HARQ)). In various |
embodiments, receiving the user data may be understood as receiving data that may be decoded
correctly after combination of two or more re-transmission from Mobile (for example by
applying HARQ); for example, .in a first transmission, all base stations (BSs) may not decode
correctly, and based on HARQ, the serving BS may save the wrong data, and in the re-
transmission phases, the base station, for example a serving BS, may determine based on the
combination of received second or subsequent transmissions and saved data, whether the user

data has been received).

14
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[0045] In various embodiments, it may be determined whether the user data have been received
properly when determining whether the user data have been received. In various embodiments, it
may be determined whether the user data have been received free of error when determining
whether the user data have been received. In various embodiments, it rrnvay be determined
whether the user data have been received data in a way that transmission errors may be
compensated, for example by receiving redundant data and reconstructing the transmitted data
even in the presence of transmission errors, when determining whether the user data have been
received.

[0046] In various embodiments, the base station 400 fnay be a non-serving base station for
the radio communication terminal. In various embodiments, the base station 400 may be a
collaborative base station for the radio communication terminal.

[0047] In various embodiments, the other base station may be a serving base station.

[0048] In various embodiments, the base station 400 may be configured according to at least
one radio communication standard selected from a list of communication standards consisting of:
GSM; UMTS; WiMax; LTE; and LTE-advanced.

[0049] In various embodiments, the base station 400 and the other base station may be
provided in a cellular communication system, where at least one radio network controller of the
cellular communication system may be provided remote from the base station and the other base
station. According to various embodiments, the base station, the other base station and the radio
network controller may be disjoint devices.

[0050] In various embodiments, the base station may have an interface configured to

communicate with another base station without a radio network controller.
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[0051] In various embodiments, an interface between base stations or a radio network
controller may be configured to send radio resource control information, for example radio
resource control messages.

[0052]  FIG. 5 shows a base station 500 in accordance with an embodiment. The base

station 500, similar to the base station 400 of FIG. 4, may include a determiner 402 configured to
determine whether user data has been received from a radio communication terminal (not shown)
by the base station 500. The base station 500, similar to the base station 400 of FIG. 4, may
include an information transmitter 404 configured to transmit information from which it may be
determined that the user data has been received from the fadio communication terminal by the
base station 500 to another base station (not shown). The base station 500 may further include an
information request receiver 502, as will be explained below. The base station 500 may further
include an user data request receiver 504, as will be explained below. The base station 500 may
further include a user data transmitter 506, as will be explained below. The base station 500 may
further include a radio receiver 508, as will be explained below. The determiner 402, the
information transmitter 404, the information request receiver 502, the user data request

receiver 504, the user data transmitter 506, and the radio receiver 508 may be coupled with each
other, e.g. via an electrical connection 510 such as e.g. a cable or a computer bus or via any other
suitable electrical connection to exchange electrical signals.

[0053] In various embodiments, the information request receiver 502 may be configured to
receive from the other base station a request for information.

[0054] In various embodiments, the information transmitter 400 may be further configured to
transmit to the other base station the information requested from the information request

receiver 502.

16
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[0055] In various embodiments, the user data request receiver 504 may be configured to
receive from the other base station a request for transmission of the user data.

[0056] In various embodiments, the user data transmitter 506 may be configured to transmit
to the other base station the user data requested from the user data reqﬁést receiver 504.

[0057] In various embodiments, the radio transceiver 508 may be configured to wirelessly
receive from the radio communication terminal.

[0058] In various embodiments, the base station 500 may further include a radio receiver
(not shown) conﬁguréd to wirelessly receive from the radio communication terminal.

[0059] In various embodiments, at least one of the information transmitter 404, the
information request receiver 502, the user data request receiver 504, and the user data
transmitter 506 may use a predetermined interface for communication. The interface may include
an interface for a direct connection between thé base station 400 and the other base station. In
various embodiments, the interface may include an X2 interface. According to various
embodiments, the X2 interface may be an interface to allow base stations to interconnect with
each other.

[0060] In various embodiments, the base station 400 in FIG. 4 or the base station 500 in
FIG. 5 may be what.is referred to as “the other base station” in the explanation of the base
station 200 in FIG. 2 or the base station 300 of FIG. 3. Vice versa, “the other base station” in the
explanation of the base station 400 of FIG. 4 or the base station 500 in FIG. 5 may be the base
station 200 in FIG. 2 or the base station 300 of FIG. 3.

t0061] FIG. 6 shows a cellular communication system 600 in accordance with an
embodiment. The cellular communication system 600 may include a first base station, for

example the base station 200 of FIG. 2 or the base station 300 of FIG. 3 explained above, and a
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second base station, for example the base station 400 of FIG. 4 or the base station 500 of FIG. 5
explained above. The first base station and the second base station may be connected by a
link 602 which may implement the pre-determined interface explained above.
[0062] FIG. 7 shows a flow diagram 700 illustrating a method for.cbntrolling a base station
in accordance with an embodiment. In 702, a first determiner of the base station may determine
whether user data has been received from a radio communication terminal by the base station.
In 704, a second determiner of the base station may determine whether information from which it
may be determined that the user data has been received from the radio communication terminal
by another base station has been received from the other Base station. In 706, a transmitter of the
base station may transmit to the radio communication terminal information indicating whether at
least one of the base station and the other base station has received the user data based on at least
one of (in various embodiments: based on both of) the result of the determining by the first
determiner and the result of the determining by the second determiner.
[0063] In various embodiments, receiving the user data may be understood as receiving the
user data properly. In various embodiments, receiving the user data may be understood as
receiving the user data free from error. In various embodiments, receiving the user data may be
understood as receiving the user data in a way that transmission errors may be compensated, for
example by receiving redundant data and reconstructing the transmitted data even in the presence
of transmission errors. In various embodiments, receiving the user data may be understood as
-receiving data that may be decoded correctly (for example by applying a CRC check in
automatic repeat request (ARQ) transmission ). In various embodiments, receiving the user data
may be understood as receiving data that may be decoded with error but may be correctible by

forward error control codes (FEC) (for example by applying hybrid ARQ (HARQ)). In various
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embodiments, receiving the user data may be understood as receiving data that may be decoded
correctly after combination of two or more re-transmission from Mobile (for example by
applying HARQ; for example, in a first transmission, all base stations (BSs) may not decode
correctly, and based on HARQ), the serving BS may save the wrong dafé, and in the re-
transmission phases, the base station, for example a serving BS, may determine based on the
combination of received second or subsequent transmissions and saved data, whether the user
data has been received).

[0064] In various embodiments, it may be determined whether the user data have been
received properly when determining whether the user daté have been received. In various
embodiments, it may be determined whether the user data have been received free of error when
determining whether the user data have been received. In various embodiments, it may be
determined whether the user data have been received data in a way that transmission errors ma};
be compensated, for example by receiving redundant data and reconstructing the transmitted data
even in the presence of transmission errors, when determining whether the user data have been
received.

[0065] In various embodiments, the transmitter may transmit an acknowledgement message
to the radio communication terminal, in case it is determined by the first determiner that the user
data has been received from the radio communication terminal by the base station.

[0066] In various embodiments, the transmitter may transmit an acknowledgement message
to the radio communication terminal, in case it is determined by the second determiner that
information from which it may be determined that the user data has been received from the radio

communication terminal by the other base station has been received from the other base station.
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[0067] In various embodiments, the transmitter may transmit a negative acknowledgement‘
message to the radio communication terminal, in case it is determined by the first determiner that
the user data has not been received from the radio communication terminal by the base station
and it is determined by the second determiner that information from which it may be determined
that the user data has been received from the radio communication terminal by the other base
station has not been received from the other base station.

[0068] In various embodiments, the transmitter may transmit a negative acknowledgement
message to the radio communication terminal, in case it is not determined by the first determiner
that the user data has been received from the radio commﬁnication terminal by the base station
for a pre-determined time and it is not determined by the second determiner that information
from which it may be determined that the user data has been received from the radio
communication terminal by the other base station has been received from the other base station
for a pre-determined time.

[0069] In various embodiments, an information requester of the base station may transmit to
the other base station a request for information. In various embodiments, an information
requester of the base station may transmit to the other base station a request for information from
which it may be determined whether the user data has been received from the radio
communication terminal by the other base station.

[0070] In various embodiments, an information receiver of the base station may receive the
information requested by the information requester.

[0071} In various embodiments, the information requester may further transmit the request in
case the first determiner determines that the user data has not been received from the radio

communication terminal by the base station.
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[0072] In various embodiments, a user data requester of the base station may transmit to the
other base station a request for transmission of the user data.

[0073] In various embodiments, a user data receiver of the base station may receive the user
data requested by the user data requester.

[0074] " In various embodiments, the base station may be a serving base station for the radio
communication terminal.

[0075] In various embodiments, the other base station may be a non-serving base station for
the radio communication terminal. In various embodiments, the other base station may be a
collaborative base station for the radio communication teﬁninal.

[0076] In various embodiments, the base station and the other base station may be provided
in a cellular communication system, where at least one radio network controller of the cellular
communication system may be providéd remote from the base station and the other base station,
According to various embodiments, the base station, the other base station and the radio network
controller may be disjoint devices.

[0077] In various embodiments, the base station may have an interface configured to
communicate between base stations without a radio network controller.

[0078] In various embodiments, an interface between base stations or a radio network
controller may be configured to send radio resource control information, for example radio
resource control messages.

[0079] In various embodiments, at least one of the information requester, the information
receiver, the user data requester and the user data receiver rﬁay use a predetermined interface for
communication. The interface may include an interface for a direct connection between the base

station and the other base station. In various emboydiments, the interface may include an X2
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interface. According to variousA embodiments, the X2 interface may be an interface to allow base
stations to interconnect with each other.

[0080] In various embodiments, an acknowledgement determination circuit of the base
station may determine whether to acknowledge the reception of the user data to the radio
communication terminal, based on a determination whether the user data may be reconstructed
free of error based one at least one of the user data received by the base station and the user data
received by the other base station.

[0081] In various embodiments, the base station may perform radio communication
according to at least one radio communication standard sélected from a list of communication
standards consisting of: GSM; UMTS; WiMax; LTE; and LTE-advanced.

[0082] In various embodiments, a radio transceiver of the base station may communicate
wirelessly with the radio communication terminal.

[0083] FIG. 8 shows a flow diagram 800 illustrating a method for controlling base station in
accordance with an embodiment. In 802, a determiner of the base station may determine whether
user data has been received from a radio communication terminal by the base station. In 804, an
information transmitter of the base station may transmit information from which it may be
determined that the user data has been received from the radio communication terminal by the
base station to another base station.

[0084] In various embodiments, receiving the user data may be understood as receiving the
user data properly. In various embodiments, receiving the user data may be understood as
receiving the user data free from error. In various embodiments, receiving the user data may be
understood as receiving the user data in a way that transmission errors may be compensated, for

example by receiving redundant data and reconstructing the transmitted data even in the presence
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of transmission errors. In various embodiments, receiving the user data may be understood as
receiving data that may be decoded correctly (for example by applying a CRC check in
automatic repeat request (ARQ)). In various embodiments, receiving the user data may be
understood as receiving data that may be decoded with error but may be correctible by forward
error control codes (FEC) (for example by applying hybrid ARQ (HARQ)). In various
embodiments, receiving the user data may be understood as receiving data that may be decoded
correctly after combination of two or more re-transrhission from Mobile (for example by
applying HARQ); for example, in a first transmission, all base stations (BSs) may not decode

- correctly, and based on HARQ, the serving BS may save fhe wrong data, and in the re-
transmission phases, the base station, for example a serving BS, may determine based on the
combination of received second or subsequent transmissions and saved data, whether the user
data has been received).

[0085] In various embodiments, it may be determined whether the user data haQe been
received properly when determining whether the user data have been received. In various
embodiments, it may be determined whether the user data have been received free of error when
determining whether the user data have been received. In various embodﬁnents, it may be
determined whether the user data have been received data in a way that transmission errors may
be compensated, for example by receiving redundant data and reconstructing the transmitted data
even in the presence of transmission errors, when determining whether the user data have been
received.

[0086] In various embodiments, an information request receiver of the base station may

receive from the other base station a request for information from which it may be determined
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whether the user data has been received from the radio communication terminal by the base
station.

[0087] In various embodiments, the information transmitter may further transmit to the other
base station the information requested from the information request receiver.

[0088] In various embodiments, a user data request receiver of the base station may receive
from the other base station a request for transmission of the user data.

[0089] In various embodiments, a user data transmitter of the base station may transmit to
the other base station the user data requested from the user data request receiver.

[0090] In various embodiments, the base station may Be a non-serving base station for the
radio communication terminal. In various embodiments, the base station may be a collaborative
base station.

[0091] In various embodiments, the other base station may be a serving base station.

[0092] In various embodiments, at least one of the information transrﬁitter, the information
request receiver, the user data request receiver, and the user data transmitter may use a
predeterminéd interface for communication. The interface may include an interface for a direct
connection between the base station and the other base station. In various embodiments, the
interface may include an X2 interface. According to various embodiments, the X2 interface may
be an interface to allow base stations to interconnect with each other.

[0093] In various embodiments, the base station may perform radio communication
according to at least one radio communication standard selected from a list of communication
standards consisting of: GSM; UMTS; WiMax; LTE; and LTE-advanced.

[0094] In various embodiments, the base station and the other base station may be provided

in a cellular communication system, where at least one radio network controller of the cellular
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communication system may be provided remote from the base station and the other base statioﬁ.
According to various embodiments, the base station, the other base station and the radio network
controller may be disjoint devices.

[0095] In various embodiments, the base station may have an interféce configured to
communicate with another base station without a radio network controller.

[0096] In various embodiments, an interface between base stations or a radio network
controller may be configured to send radio resource control information, for example radio
resource control messages.

[0097] In various embodiments, a radio transceiver of the base station may communicate
wirelessly with the radio communication terminal.

[0098] In various embodiments, a radio receiver of the base station may receive wirelessly
from the radio communication terminal.

[0099] In an embodiment, a method for controlling a cellular communication system
including a first base station and a second base station may be provided. The method may
include the method for controlling the first base station by a fnethod explained with reference
to FIG. 7 and the method for controlling the second base station by a method explained with
reference to FIG. 8.

[00100] According to various embodiments, methods and devices for opportunisﬁc
collaborative base station reception in uplink transmissions may be provided.

[00101] According to various embodiments, methods and devices for cooperative
transmission and processing at multiple base stations, for example eNode-Bs, for wireless

communications may be provided.
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[00102] According to various embodiments, for example in a cellular communication system
according to LTE-A, coordinated multiple point transmission / reception (CoMP) may be
provided to improve the performance of the cell-edge UEs. In various embodiments providing
CoMP, the spatial diversity in multiple eNode-Bs may be exploited by providing multiple
eNode-Bs working in cooperation via backhaul links to enhance the reliability of the links
between UE and the serving eNode-B. In UL (uplink) CoMi’, multiple éNode-Bs may be
provided receiving the signals transmitted from a UE and the exchange of decoded signals or un-
decoded signals via the backhaul links to the serving eNode-B, which may perform joint
processing of the aggregate received signals.

[00103] According to various embodiments, in wireless communications, the desire for high
data rate may be growing rapidly. However, the performance of wireless links may be a
bottleneck to achieve the goal due to the limited bandwidth and the channel degradation. At the
physical layer, diversity and/or forward error correction may be used to bave the way to make
the most of the wireless links. Since wireless environments may be dynamic, using a fixed
diversity and/or forward error correction scheme may be costly or may result in failure. The
adaptive modulation and coding (AMC) may be used to enhance the efficiency. An altemative
to AMC may be the automatic repeat request (ARQ) protocol at the data link layer, which may
be a protocol that may request retransmissions for the packets received in error. Since the
retransmissions may be requested only when necessary, the channel degradation may be
combated efficiently.

[00104] ARQ with cooperative diversity may be provided to enhance the reliability of the
wireless links. Cooperative relay networks may provide diversity but more channels may be

required for relaying. The additional channels may always be occupied even though the relaying
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may not be necessary. According to various embodiments, the cooperative ARQ may result in
improved throughput.

[00105] In various wireless environments, the coherence time of the channel condition of the
wireless link may be long compared to the packet length. Without em]ﬁloying the cooperative
base station diversity, the retransmissions requested by ARQ may experience the identical
channel, and may provide only marginal improvement when the channel is in deep fade.
Therefore,‘employing the cooperative ARQ may alleviate this problem.

[00106] A remote network controller (RNC) or a radio network controller (RNC) can connect
to all eNode-Bs to coordinate all the ARQ transmissions. .Since a RNC may be located far away
from the eNode-Bs, large latency between RNC and eNode-Bs may be present. Instead of relying
on a RNC, according to various embodiments, backhaul links between eNode-Bs may be used to
enable collaboration between eNode-Bs to improve ARQ transmissions. Due to closer proximity
of eNode-Bs, smaller latency between collaborate eNode-Bs may be present.

[00107] According to various embodiments, methods and devices for an opportunistic CoMP
for UL in single-frequency cellular networks may be provided. According to vaﬁous
embodiments, uplink CoMP and cooperative ARQ may be provided. In accordance with various
embodiments, only minimal coordination may be desired between the eNode-Bs and cooperative
ARQ may be applied in an opportunistic manner.

[00108] According to various embodiments, methods and devices for an opportunistic CoOMP
for UL transmissions in single frequency cellular networks may be provided.

[00109] According to various embodiments, opportunistic collaboration among the eNode-Bs
may improve the UL ARQ transmissions. According to various embodiments, the average packet

error rate (PER) may be derived.
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[00110] According to various embodiments, the reliability of the UL ARQ transmissions may
be improved. |

[00111] In various embodiments, a single-frequency multicell network with K + 1 eNode-Bs
may be provided (where K may be an integer number). For example, F IG. 1 may illustrate the
UL CoMP for K = 2. Each shown eNode-B (for example the serving BS 102, the first
collaborative BS 104, and the second collaborative BS 106) may be equipped with one antenna
and there may exist a wired backhaul link between each shown eNode-B (for example, a first
wired backhaul link 108 between the serving BS 102 and the first collaborative BS 104, and a
second wired backhaul link 110 between the serving BS iO6 and the second collaborative BS
106), where each backhaul link may be modeled as an additive white Gaussian noise (AWGN)
channel model with squared standard deviation ¢?,. There may be a single UE (user

equipment) 112 transmitting packets to its serving eNode-B 102 and the packets may also be
received at the K collaborative eNode Bs 104, 106.

[00112] In a first-time slot, the UE 112 may transmit a packet 120 to its serving eNode-

B 102. The ith symbol in the nth packet received at the serving eNode-B 102 and the K

collaborative eNode-Bs 104, 106 may then be written as

rli.n] = VEA[n)zli, n] + 2. 7). )
Txlin] = \,"Egkk[n];r 7] + zfn]. kX (2)

[00113] where k ={1,2, ...,K}, f{i,n], and r{i,n] may denote the complex baseband equivalent
received signals in the serving eNode-B 102 and the kth collaborative eNodé-B, respectively
and x[i,n] may denote the ith transmitted symbol in the nth packet with energy Es. The complex
circularly symmetric Gaussian noise at the serving eNode-B and the kth collaborative eNode-B

may be denoted by z[i,n] ~ cN(0,N,) and z[i,n] ~ CN(0,Np), respectively. The complex channel
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coefficients from the UE to its serving eNode-B and the kth collaborative eNode-B may be
denoted by h[n] ~ cN(0, o%) and hi[n] ~ CN(0, 6?), respectively, and may be assumed to be
constant throughout the whole packet. By denoting the instantaneous received signal-to-noise
ratios (SNRs) at the serving eNode-B and the kth collaborative eNode;B as ys = Egh[n]|?/ Np and
vk = Eglhdn]?/ N, vs and v, may be modeled as exponentially distributéd random variables with
mean As and A4, respectively.

[001 14] According to various embodiments, methods and devices to enhance the reliability of
packet transmission may be provided. For example, different type of ARQ protocols and UL
CoMP may be provided. Details of protocols according té various embodiments will be
described below.

[00115] FIG. 9 shows a cellular communication system 900 in accordance with an
embodiment. Various components of the cellular communication system 900 may be identical or
similar to the components of the cellular communication system 100 described wiﬁ reference

to FIG. 1, and for these components, the same reference numerals may be used and duplicate
description thereof may be omitted. It is to be noted that a first portion of the ﬁrs_t time slot of the
cellular communication system 900 may be performed like described with reference to the
cellular communication system 100 of FIG. 1 above, and that with reference to FIG. 9,
processing according to various embodiments at the end of the first time slot may be described.
[00116] In the cellular communication system 900, a first protocol may be applied. The first
protocol may be an ARQ protocol, which may not exploit UL CoMP. To reduce packet delay
and system buffer size, a truncated ARQ that may limit on the number of maximum
retransmission attempts, which may be denote as N, may be applied. At the end of the first time

slot, only the serving eNode-B 102 may check ifthe received packet is received correctly using
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the cyclic redundancy check (CRC) bits attached to the transmitted packet, as indicated by non
crossed packet symbol 908. If no error is detected in the packet, the serving eNode-B 102 may
send a one-bit acknowledgment (ACK) message 906 to the UE, indicating successful reception
of the packet. Otherwise, a one bit non-acknowledgment (NACK) 906 rhessage may be sent.

The UE may continue to retransmit (as indicated by arrow 902) the packet 904 until it reaches
the maximum number of retransmission attempts. Throughout this process, the packets received
at the K collaborative eNode-Bs 104, 106 may be deleted upon reception without performing any
processing as indicated by a first crossed packet symbols 910 for the first collaborative base
station 104 and a second crossed packet symbols 912 for ihe second collaborative base

station 106.

[00117] FIG. 10 shows a cellular communication system 1000 in accordance with an
embodiment. Various components of the cellular communication system 1000 may be identical
or similar to the components of the cellular communication system 100 described with reference
to FIG. 1, and for these components, the same reference numerals may be used and duplicate
description thereof may be omitted. It is to be noted that a first portion of the ﬁrst time slot of the
cellular communication system 1000 may be performed like described with reference to the
cellular communication system 100 of FIG. 1 above, and that with reference to FIG. 10,
processing according to various embodiments at the end of the first time slot may be described.
[00118] In the cellular communication system 1000, a second protocol may be applied. In
contrast to the first protocol described above, this second protocol may take advantage of the
broadcast nature of the UL transmissions to reach the collaborative eNode-Bs as illustrated

in FIG. 10. For example with the CRC (cyclic redundancy check) to facilitate error detection, the

collaborative eNode-Bs 104, 106 may check if they have correctly received their packets. For
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example, the second collaborative base station 106 may check the packet, and may for example
determine that it has not correctly received the packet, as indicated by a crossed packet 1010. For
example, the first collaborative base station 104 may check the packet, and may for example
determine that it has correctly received the packet, as indicated by a non-crossed packet 1012.
Only those collaborative eNode-Bs that have correctly received the packet, may be desired to
participate in the cooperative phase by forwarding their packets via dedicated wired backhaul
links 108, 110. For example, the first collaborative BS 104 may transmit the packet 1014 to the
serving BS 102 via the first backhaul 108. The serving BS may perform a CRC check of the
packet 1008 received from the radio communication ternﬁnal 112. As will be explained with
reference to FIG. 11 in more detail below, the serving eNode-B 102 may make a joint detection
based on the packets received from the UE and the collaborative eNode-Bs. At the end of the
cooperative phase, an ACK/NACK message 1006 may be sent to the UE depending on the
success or failure of the transmission. Upon reception of an ACK 1006 at the UE 1 12, the UE
112 may prepare to transmit a new packet in the next data slot. Otherwise, the UE 112 may
continue to retransmit (as indicated by arrow 1002) its packet 1004 until N, retransmission
attempts are reached. Considering the cost of backhaul architecture, the collaborative eNode-Bs
106, 108 may not be desired to retransmit its packet to the serving eNode-B.

[00119] In the cooperative phase, the ith symbol in the nth packet received at the serving

eNode-B from the kth collaborative eNode-B may be given by

T{IE [L 'n,] = \/"E;r[z, ﬂ-] + bk [2‘ ﬂ']e k P K:-c (3)

[00120]  where "% [i,n] may denote the complex baseband equivalent received signal in the

serving eNode-B via the kth backhaul link using the second protocol and the complex circularly
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symmetric Gaussian noise at the serving eNode-B may be denoted by 2, Ji,n] ~ cN(0, o%). The.
received SNR at the serving eNode-B 102 via the kth backhaul link may be denoted

as Ypx = Es/ 6%

[00121] FIG. 11 shows an illustration 1100 of a method for controlﬁng a cellular |
communication system in accordance with an embodiment. Processing 1108 of the serving base
station 102 is shown over a first time axis 1102. Processing 1118 of'the first collaborative BS
104 is shown over a second time axis 1104. Processing 1124 of the second collaborative BS 106
is shown over a third time axis 1106. The first time axis 1102, the second time axis 1104 and the
third time axis 1106 may be paralle] or almost parallel; fdr example, processes shown at the same |
horizontal position may be performed at the same or almost same time.

[00122] In 1110, the serving BS 102 may perform decoding and CRC of the packet received
in the serving BS 102. In 1120, the first collaborative BS 104 may perform decoding and CRC of
the packet received in the first collaborative BS 104. In 1126, the second collaborative BS 106
may perform decoding and CRC of the packet received in the second collaborative BS 106.
[00123] In 1122, the first collaborative BS 104 may transmit the packet data 1014 through the
backhaul 108 to the serving BS 102. In 1128, the second collaborative BS 106 may stop
processing for the present time slot if the received data is determined in error. In 1112, the
serving BS 102 may receive the packet data 1014 from the first collaborative BS 104 using the
backhaul 108.

‘[00124] In 1114, the serving BS 102 may perform joint detection, for example, may
determine; whether at least one packet of the packet 1008 received from the radio
communication terminal 112 and the packet 1014 received from the second collaborative base

station 106 has been received correctly (in other words: properly), for example free from error.
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[00125] In 1116, the serving BS 102 may transmit an acknowledgement resp. a non-
acknowledgment to the radio communication terminal 112 (for example a mobile station (MS)),
based on the determination of the joint detection 1114.

[00126] FIG. 12 shows a cellular communication system 1200 in aécbrdance with an
embodiment. Various components of the cellular communication system 1200 may be identical
or similar to the components of the cellular communication system 100 described with reference
to FIG. 1, and for these components, the same reference numerals may be used and duplicate
description théreof may be omitted. It is to be noted that a first portion of the first time slot of the
cellular communication system 1200 may be performed like described with reference to the
cellular communication system 100 of FIG. 1 above, and that with reference to FIG. 12,
processing according to various embodiments at the end of the first time slot may be described.
[00127] In the cellular communication system 1200, a third protocol may be applied. Similar
to the second protocol, this protocol may take advantage of the broadcasf nature of the UL
transmissions to reach the collaborétive eNode-Bs as shown in FIG. 12. Unlike the second
protocol, if no error is detected in the packet 1208 received by the serving BS 102 from the radio
communication terminal 112, the serving eNode-B 102 may immediately send the ACK
message 1206 to the UE 112. Moreover, upon failure in CRC check, the serving eNode-B 102
may send a request (REQ) message to the collaborative eNode-Bs through the backhaul links to
request for packet forwarding. For example, a REQ message 1216 may be sent to the first
collaborative BS 104. For example, the second collaborative BS 106 may have not properly
received the packet 1210, as indicated by a créssed packet 1210. For example, the first
collaborative BS 104 may have properly received the packet 1212, as indicated by a non-crossed

packet 1212. As will be explained with reference to FIG. 13 in more detail below, the serving
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- eNode-B 102 may then make a joint detection based on the packet 1208 received from the

UE 112 and the packet received from the collaborative eNode-Bs (for example the packet 1214
received from the first collaborative BS 104). At the end of the cooperative phase, an
"ACK/NACK message 1206 may be sent to the UE depending on the sﬁécess or failure of the
transmission. According to various embodiments, the duration of the cooperative phase may be
reduced by using this third protocol compared to the second protocol since cooperation may be
activated only when needed through a REQ message.

[00128] Upon reception of an ACK 1206 at the UE 112, the UE 112 may prepare to transmit a
new packet in the next data slot. Otherwise, ﬂle UE 112 rﬁay continue to retransmit (as indicated
by arrow 1202) its packet 1204 until N, retransmission attempts are reached.

[00129]) FIG. 13 shows an illustration 1300 of a method for controlling a cellular
communication system in accordance with an embodiment. Processing 1308 of the serving base
station 102 is shown over a first time axis 1302. Processing 1320 of the first collaborative BS
104 is shown over a second time axis 1304. Processing 1328 of the second collaborative BS 106
is shown over a third time axis 1306. The first time axis 1302, the second time a)_(is 1304 and the
third time axis 1306 may be parallel or almost parallel, for example, processes shown at the same
horizontal position may be performed at the same or with a small time difference. The time
differences, if any, may be related to the different arrival time of the packet at different base
stations, as the distances between UE and different base stations vary.

‘[00130] -In 1310, the serving BS 102 may perform decoding and CRC of the packet received
in the serving BS 102. In 1322, the first collaborative BS 104 may perform decoding and CRC of
the packet received in the first collaborative BS 104. In 1130, the second collaborative BS 106

may perform decoding and CRC of the packet received in the second collaborative BS 106.
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[00131] In 1312, the serving BS 102 may either send an ACK 1206 to the radio
communication terminal 112 (for example a MS 112) or may send a REQ 1214 to the first
collaborative BS 104 or the second collaborative BS 106 using the backhaul. In 1324, the first
collaborative BS 104 may receive the REQ. In 1326, the first collaborative BS 104 may transmit
the packet data 1214 through the first backhaul 108 to the serving BS 102. In 1314, the serving
BS 102 may receive the packet data 1214 from the first collaborative BS 104 using the first
backhaul 108.

[00132] In 1316, the serving BS 102 may perform joint detection, for example, may
determine, whether at least one packet of the packet 1008- received from the radio
communication terminal 112 and the packet 1014 received from the first collaborative base
station 104 has been received correctly (in other words: properly), for example free from error.
[00133] In 1332, the second collaborative BS 106 may stop processing for the present time
slot after either detecting a data error or determining, that it has not received a REQ

[00134] In 1318, the serving BS 102 may transmit an acknowledgement resp. a non-
acknowledgment to the radio communication terminal 112 (for example a mobil¢ station (MS)),
based on the determination of the joint detection 1316.

[00135] FIG. 14 shows a cellular communication system 1400 in accordance with an
embodiment. Various components of the cellular communication system 1400 may be identical
or similar to the components of the cellular communication system 100 described with reference
to FIG. 1, and for these components, the same reference numerals may be used and duplicate
description thereof may be omitted. It is to be noted that a first portion of the first time slot of the

cellular communication system 1400 may be performed like described with reference to the
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cellular communication system 100 of FIG. 1 above, and that with reference to FIG. 14,
processiﬁg according to various embodiments at the end of the first time slot may be described.
[00136] In the cellular communication system 1400, a fourth protocol may be applied.
Contrary to the third protocol, the cooperative phase in the fourth protbéol may be initiated by
the collaborative eNode-Bs 104, 106. To relax fhe delay requirement for the backhaul in other
protocols, the collaborative eNode-Bs 104, 106 in the fourth protocol may take more active roles
by sending a report (RPT) message 1418 to the serving eNode-B 102 to indicate their availability
for collaboration as illustrated in FIG. 14. As will be. explained with more detail with reference to
FIG. 15 below, the collaborative eNode-Bs who decode the packet successfully may transmit
immediately a RPT message to the serving eNode-B 102 through their backhaul links, without
waiting for any REQ message as in the third protocol. For example, the second collaborative

BS 106 may have not properly received the packet 1410, as indicated by a crossed packet 1410.
For example, the first collaborative BS 104 may have properly received the packet .1412, as
indicated by a non-crossed packet 1412. The RPT message may indicate to the serving eNode-B
that a collaborative eNode-B has successfully decoded the packet. At the same time, the serving
eNode;B may also check if it can decode the packet correctly. If no error is detected in the |
received packet received at the serving eNode-B or at least one RPT message is received, the
serving eNode-B may send an ACK 1406 to the UE immediately. Note that the serving eNode-B
may desire to send a REQ message to the collaborative eNode-Bs when it relies on the
collaborative eNode-Bs for the data packet. Otherwise, it may send a NACK message to the UE
to request for packet 1404 retransmissions (as indicated by arrow 1402). For example, the
serving BS 102 may perform CRC of the packet received from the radio communication

terminal 112 and may determine that the packet has been properly received as indicated by non-
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crossed packet 1408. For example, the first collaborate BS 104 may perform CRC ofthe packet
received from the radio communication terminal 112 and may determine that the packet has been
properly received as indicated by non-crossed packet 1412. An important feature of the protocol
may be that the base station may be enabled to send ACK to UE even béfore it receives the user
data. This may be possible due to the reliable connection between base stations.

[00137] FIG. 15 shows an illustration 1500 of a method for controlling a cellular
communication system in accordance with an embodiment. Processing 1508 of the serving base
station 102 is shown over a first time axis 1502. Processing 1522 of'the first collaborative

BS 104 is shown over a second time axis 1504. Processing 1530 of the second collaborative

BS 106 is shown over a third time axis 1506. The first time axis 1502, the second time axis 1504
and the third time axis 1506 may be parallel or almost parallel, for example, processes shown at
the same horizontal position may be performed at the same or with a small time difference
similar to Fig 13.

[00138] 1In 1510, the serving BS 102 may perform decoding and CRC of the packet received
in the serving BS 102. In 1524, the first collaborative BS 104 may perform decoding and CRC of
the packet received in the first collaborative BS 104. In 1532, the second collaborative BS 106
may perform decoding and CRC of the packet received in the second collaborative BS 106.

In 1534, the second collaborative BS 106 may determine that it has not properly received the
packet, as indicated by a crossed packet 1410 in FIG. 14, and the second collaborative BS 106
may thus determine not to send a report and may stop processing for the present time slot.
[00139] In 1526, the first collaborative BS 104 may send a RPT 1418 to the serving BS 102
using the first backhaul 108. In 1512, the serving BS 102 may send an ACK 1406 to the radio

communication terminal 112 (for example a MS 112) if it determines from processing 1510 that
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the packet is properly received. Otherwise it may receive a report RPT 1418 from the first
collaborative BS 104, indicating that the first collaborative BS 104 has properly received the
packet.

[00140] In 1514, the serving BS 104 may send an ACK 1406 to thé radio communication
terminal 112, and, for example at the same time or after sending the ACK 1406, in 1516, the
serving BS 104 may send a REQ 1416 to the first collaborative BS 104 using the first

backhaul 108. In 1528, the first collaborative BS 104 may receive the REQ 1416. In 1536, the
first collaborative BS 104 may transmit the packet data 1414 through the backhaul 110 to the
serving BS 102. In 1518, the serving BS 102 may receivé the packet data 1414 from the first
collaborative BS 104 using the backhaul.

[00141] In 1520, the serving BS 102 may perform joint detection, for example, may
determine, which packet of the packet received from the radio communication terminal 112 and
the packet received from the first collaborative BS 104 may be used. |

[00142] In various embodiments, the collaborative eNode-Bs may completely decoae the
received packets after the CRC check.

t00143] In various embodiments, the collaborative eNode-Bs may forward their received
packets without performing any decoding. This may be useful for delay sensitive applications.
[00144] In various embodiments, the time interval between receiving UE data and sending out
ACK/NACK by a serving eNode-B may be fixed in many wireless transmiséion standards, such
as 3GPP (Third Generation Partnership Project) LTE. As the data package may be large, the
latency caused by the data exchange between eNode-Bs may pose problems for CoMP unless
high-bandwidth fiber links are deployed._ Comparing with the second protocol and the third

protocol, it may be seen that the serving eNode-B in the fourth protocol may be able to respond
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to UE with the ACK/NACK message much faster without the actual data package received. It |
may desire a time interval of receiving a minimal RPT message (at most a few bits) before it may
send out ACK/NACK at the worst case. It may relax the latency requirement on backhaul or
bandwidth significantly (as the time consuming or bandwidth hungry user-data transmission does
not need to be received before sending ACK).

[00145] In various embodiments, the average PER for the above protocols may be derived.
For ease of exposition, Ny= 1 and K = 1 may be used to compare the performance. For the first
protocol, this may be equivalent to a traditional truncated ARQ and the corresponding PER

conditioned on ys may be given by

Plelv} = [PER (1)] 0
where PER(y) may denote the PER for a given SNR y with error correction capability and may be

‘well approximated as

PER () 1, if 0<y<ny )
vy = 5
aexp(—gv), if v=-,

where the parameters (a,g, y,) may be found by a least-squares fitting method. Therefore, the

average PER of the first protocol in quasi-static fading channel may be given by

PD = E{P{e|w}}

_ 29X e
=1 1+'2_g}~,exP( As ) ©
[00146] In various embodiments, the average PER of the third protocol may be derived. At the -

collaborative BS, the conditional PER may be given by

Plely1} = PER(v1) o 0
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and the unconditional PER may be obtained by averaging (7) with respect to ys. Therefore, the

average PER of the second protocol in quasi-static fading channel may be given by

P = E{P{eln}} x PP+ (1 ~E{P{elu}}) x PO x PER(1Y

M ) _2gA ( 7 )]
= 1- T (-2 1- I
[ 1+9)\1ﬂp( Al)] [ T+2g%, F X
9M D 298 % |
+1 +gA1 =P ( /\1) [1 1+‘7g),, eXP Y ae‘fP( g7)- ®)

[00147] Itis to be noted that the average PER of the third protocol and the fourth protocol

may be exactly equal to the second protocol.

[00148] According to various embodiments, a framework that may employ CoMP at multiple
eNode-Bs for UL to improve coverage, system throughput, and cell-edge throughput for cellular
systems, for example LTE-Advanced systems or 4G (fourth generation) systems, may be
provided. In UL transmissions, according to various embodiments, the coordinated reception of
the transmitted signals at multiple eNode-Bs, which may be geographically spaced apart, may be
involved. According to various embodiments, a coordinated reception, wherein the processing
between collaborative eNode-Bs may be completely transparent to the UE, and thus may involve
minimal change in the physical-layer and MAC specifications of the UE to servihg eNode-B link
may be provided. In accordance with various embodiments, only minimal coordination may be
desired between the collaborative eNode-Bs via backhaul links, and cooperative ARQ may be
provided in an opportunistic manner.

{00149} In various embodiments, two or more packets each having an error, may be combined
in a way to re;eive a packet free of errors.

[00150] In various embodiments, different protocols have been described with reference to
ARQ. it should be understood by those skilled in the art that the different protocols can also be

applied and adapted to other ARQ schemes. For example, the protocols can also be adapted
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easily to Hybrid ARQ (HARQ), where the transmitted user data may comprise forward error
control codes (FEC). Apart from error detection capability as in ARQ, HARQ is also able to
correct errors to certain extent: As long as the received data are correctable, they can be
considered as received properly, instead of error free as in the cases of ARQ. Furthermore, the
retransmitted packets may not be the same as that in earlier transmission. In addition, the packets
received from different transmissions may be combined in order to improve the decoding of the
user data.

[00151] Itis to be noted that although with reference to the above figures, different protocols
have been described with reference to different cellﬁlar communication systems, different
protocols may also be present in the same cellular communication system. For example, the
protocols may be switched according to the desire of the system. For example, different
protocols may be applied to different radio communication terminals.

[00152] While the invention has been particularly shown and described Witil reference to
specific embodiments, 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 therefore intended to be embraced.
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Claims

What is claimed is;

1. A base station comprising:

a first determiner configured to determine whether user data has been received from a
radio communication terminal by the base station;

a second determiner configured to determine whether information from which it may be
determined that the user data has been received from the radio communication terminal
by another base station has been received from the other base station; and

a transmitter configured to transmit to the radio communication terminal information
indicating whether at least one of the base station and the other base station has received
the user data based on at least one of the result of the determination of the ﬁrst determiner

and the result of the determination of the second determiner.

2. The base station of claim 1,
wherein the information from which it may be determined that the user data has been
received from the radio communication terminal by another base station is a report

message that does not include the user data.
3. The base station of claim 1,

wherein the information from which it may be determined that the user data has been

received from the radio communication terminal by another base station is the user data.
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The base station of any one of claims 1 to 3,
wherein the transmitter is configured to transmit an acknowledgement message to the
radio communication terminal, in case it is determined by the first determiner that the

user data has been received from the radio communication terminal by the base station.

The base station of any one of claims 1 to 4,

wherein the transmitter is configured to transmit an acknowledgement message to the
radio communication terminal, in case it is determined by the second determiner that
information from which it may be determined that the user data has been received from
the radio communication terminal by the other base station has been received from the

other base station.

The base station of any one of claims 1 to 5,

wherein the transmitter is configured to transmit a negative acknowledgement message to
the radio communication terminal, in case it is determined by the first determiner that the
user data has not been received from the radio communication terminal by the base
station and it is determined by the second determiner that information from which it may
be determined that the user data has been received from the radio communication

terminal by the other base station has not been received from the other base station.
The base station of any one of claims 1 to 6,

wherein the transmitter is configured to transmit a negative acknowledgement message to

the radio communication terminal, in case it is not determined by the first determiner that
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the user data has been received from the radio communication terminal by the base
station for a pre-determined time and it is not determined by the second determiner that
information from which it-may be determined that the ﬁser data has been received from
the radio communication terminal by the other base station has been received from the

other base station for a pre-determined time.

The base station of any one of claims 1 to 7, further comprising:
an information requester configured to transmit to the other base station a request for

information.

The base station of claim 8, further comprising:
an information receiver configured to receive the information requested by the

information requester.

The base station of claim 8 or 9,

wherein the information requester is further configured to transmit the request for
information from which it may be determined whether the user data has been received
from the radio communication terminal by the other base station in case the first
determiner determines that the user data has not been received from the radio

communication terminal by the base station.

The base station of any one of claims 1 to 10, further comprising: -
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12.

13.

14.

15.

16.

a user data requester configured to transmit to the other base station a request for

transmission of the user data.

The base station of claim 11, further comprising:
a user data receiver configured to receive the user data requested by the user data

requester.

The base station of any one of claims 1 to 12,

wherein the base station is a serving base station for the radio communication terminal.

The base station of any one of claims 1 to 13, further comprising:
a radio transceiver configured to wirelessly communicate with the radio communication

terminal.

A base station comprising;:
a determiner configured to determine whether user data has been received from a radio

communication terminal by the base station; and

~ an information transmitter configured to transmit information from which it may be

determined that the user data has been received from the radio communication terminal

by the base station to another base station.

The base station of claim 15,
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17.

18.

19.

20.

21.

wherein the information from which it may be determined that the user data has been
received from the radio communication terminal by the base station is a report message

that does not include the user data.

The base station of claim 15,
wherein the information from which it may be determined that the user data has been

received from the radio communication terminal by the base station is the user data.

The base station of any one of claims 15 to 17, further comprising:
an information request receiver configured to receive from the other base station a

request for information.

The base station of claim 18,
wherein the information transmitter is further configured to transmit to the other base

station the information requested from the information request receiver.

The base station of any one of claims 15 to 19, further comprising:
a user data request receiver configured to receive from the other base station a request for

transmission of the user data.
The base station of claim 20, further comprising:

a user data transmitter configured to transmit to the other base station the user data

requested from the user data request receiver.
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22.

23.

24.

25.

The base station of any one of claims 15 to 21,
wherein the base station is a non-serving base station for the radio communication

terminal.

The base station of any one of claims 15 to 22, further comprising:

a radio receiver configured to wirelessly receive from the radio communication terminal.

A cellular communication system comprising:
a first base station and a second base station,
wherein the first base station is the base station of any one of claims 1 to 14; and

wherein the second base station is the base station of any one of claims 15 to 23.

A method for controlling a base station, the method comprising:

determining by a first determiner of the base station whether user data has been received
from a radio communication terminal by the base station;

determining by a second determiner of the base station whether information from which

it may be determined that the user data has been received from the radio communication

~ terminal by another base station has been received from the other base station; and

transmitting by a transmitter of the base station to the radio communication terminal
information indicating whether at least one of the base station and the other base station
has received the user data based on at least one of the result of the determining by the

first determiner and the result of the determining by the second determiner.
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26.

217.

28.

29.

30.

The method of claim 25,
wherein the information from which it may be determined that the user data has been
received from the radio communication terminal by another base station is a report

message that does not include the user data.

The method of claim 25,
wherein the information from which it may be determined that the user data has been

received from the radio communication terminal by another base station is the user data.

The method of any one of claims 25 to 27,
wherein the transmitter transmits an acknowledgement message to the radio
communication terminal, in case it is determined by the first determiner that the user data

has been received from the radio communication terminal by the base station.

The method of any one of claims 25 to 28,

wherein the transmitter transmits an acknowledgement message to the radio

* communication terminal, in case it is determined by the second determiner that

information from which it may be determined that the user data has been received from
the radio communication terminal by the other base station has been received from the -

other base station.

The method of any one of claims 25 to 29,
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wherein the transmitter transmits a negative acknowledgement message to the radio
communication terminal, in case it is determined by the first determiner that the user data
has not been received from the radio communication terminal by the base station and it is
determined by the second determiner that information from Which it may be determined
that the user data has been received from the radio communication terminal by the other

base station has not been recetved from the other base station.

The method of any one of claims 25 to 30,

wherein the transmitter transmits a negative ac;knowledgement message to the radio
communication terminal, in case it is not determined by the first determiner that the user
data has been received from the radio communication terminal by the base station for a
pre-determined time and it is not determined by the second determiner that information
from which it may be determined that the user data has been received from the radio
communication terminal by the other base station has been received from the other base

station for a pre-determined time.

The method of any one of claims 25 to 31, further comprising:

' transmitting by an information requester of the base station to the other base station a

request for information.
The method of claim 32, further comprising:

receiving by an information receiver of the base station the information requested by the

information requester.
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34,

35.

36.

37.

38.

The method of claim 32 or 33,

wherein the information requester further transmits the request for information from
which it may be determined whether the user data has beéﬁ received from the radio
communication terminal by the other base station in case the first determiner determines
that the user data has not been received from the radio communication terminal by the

base station.

The method of any one of claims 25 to 34, further comprising:
transmitting by a user data requester of the base station to the other base station a request

for transmission of the user data.

The method of claim 35, further comprising:
receiving by a user data receiver of the base station the user data requested by the user

data requester.

The method of any one of claims 25 to 36,

wherein the base station is a serving base station for the radio communication terminal.
The method of any one of claims 25 to 37, further comprising:

wirelessly communicating by a radio transceiver of the base station with the radio

communication terminal.
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39.

40.

41.

42.

43.

A method for controlling a base station, the method comprising:

determining by a determiner of the base station whether user data has been received from
aradio communication terminal by the base station; and

transmitting by an information transmitter of the base station ihfonnation from which it
may be determined that the user data has been received from the radio communication

terminal by the base station to another base station.

The method of claim 39,
wherein the information from which it may be determined that the user data has been
received from the radio communication terminal by the base station is a report message

that does not include the user data.
The method of claim 39,
wherein the information from which it may be determined that the user data has been

received from the radio communication terminal by the base station is the user data.

The method of claim 39, further comprising:

* receiving by an information request receiver of the base station from the other base

station a request for information.

The method of claim 42,
wherein the information transmitter further transmits to the other base station the

information requested from the information request receiver.
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44.

45.

46.

47.

48.

The method of any one of claims 39 to 43, further comprising:
receiving by a user data request receiver of the base station from the other base station a

request for transmission of the user data.

The method of claim 44, further comprising:
transmitting by a user data transmitter of the base station to the other base station the user

data requested from the user data request receiver.

The method of any one of claims 39 to 45,
wherein the base station is a non-serving base station for the radio communication

terminal.

The method of any one of claims 39 to 46, further comprising:
wirelessly receiving by a radio receiver of the base station from the radio communication

terminal.

- A method for controlling a cellular communication system, the cellular communication

system comprising a first base station and a second base station, the method comprising:
the method of any one of claims 25 to 38 for controlling the first base station; and

the method of any one of claims 39 to 47 for controlling the second base station.
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