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A METHOD FOR DETERMINING PRECODING MATRIXES FOR 

COMMUNICATION AND A SYSTEM THEREFROM 

RELATED APPLICATIONS 

This application claims the benefit of Singapore Patent Application no. 

201205782-4, filed on 03 August 2012. The disclosure of the above priority application is 

hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present disclosure describes embodiments generally relating to a method 

10 for determining precoding matrixes for communication and a system therefrom. 

BACKGROUND 

[0003] With proliferation of communication devices and the ever increasing demand 

for higher data rates, interference issues are paramount in current and future generation 

communication systems. Base station (BS) cooperation is a communication paradigm 

15 promising significant system capacity targeting inter-cell interference elimination. It has 

been shown that an improvement performance of cellular systems can be achieved with 

the aid of BS cooperation and a subsequent increase in throughput can be as large as an 

order of magnitude. In view of such potential in the technology, BS cooperation is being 

adopted in various communication standards, such as 3GPP LTE-Advanced and IEEE 

20 802.16m, as effective means to improve the coverage of high data rate services and 

increase the system throughput. 

SUMMARY 

[0004] According to vanous embodiments, there is provided a method for 

determining precoding matrixes for a communication of a first base station and a second 

25 base station with a first mobile station and a second mobile station, the communication 

including a first signal channel between the first base station and the first mobile station, 

a second signal channel between the first base station and the second mobile station, a 
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third signal channel between the second base station and the first mobile station, and a 

fourth signal channel between the second base station and the second mobile station, the 

method including: determining a first sub-set of a set of precoding matrixes based on a 

predetermined consideration of SNR between the first base station and the second base 

5 station and the first mobile station and the second mobile station, the set of precoding 

matrixes comprising a first precoding matrix for the first signal channel, a second 

precoding matrix for the second signal channel, a third precoding matrix for the third 

signal channel and a fourth precoding matrix for the fourth signal channel; and generating 

a second sub-set of the set of precoding matrixes based on the first sub-set of the set of 

I 0 precoding matrixes. 

[0005] According to various embodiments, there is provided a system including: a 

first base station and a second base station, for communication with a first mobile station 

and a second mobile station, the communication including a first signal channel between 

the first base station and the first mobile station, a second signal channel between the first 

15 base station and the second mobile station, a third signal channel between the second 

base station and the first mobile station, and a fourth signal channel between the second 

base station and the second mobile station; a first determination module configured to 

determine a first sub-set of a set of precoding matrixes based on a predetermined 

consideration of SNR between the first base station and the second base station and the 

20 first mobile station and the second mobile station, the set of precoding matiixes 

comprising a first precoding mat1ix for the first signal channel, a second precoding matrix 

for the second signal channel, a third precoding matrix for the third signal channel and a 

fourth precoding matrix for the fourth signal channel; and a first generation module 

configured to generate a second sub-set of the set of precoding matrixes based on the first 

25 sub-set of the set of precoding matrix es. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0006] In the drawings, like reference characters generally refer to the same parts 

throughout the different views. The drawings are not necessarily to scale, with emphasis 

instead generally being placed upon illustrating the principles of the present disclosure. It 

is to be noted that the accompanying drawings illustrate only examples of embodiments 

5 of this disclosure and are therefore not to be considered limiting of its scope, for the 

disclosure may admit to other equally effective embodiments. In the following 

description, various embodiments of the disclosure are described with reference to the 

following drawings, in which: 

10 

15 

20 

FIG. 1 illustrates a communications system arrangement according to an 

embodiment. 

FIG. 2 illustrates a model for a X channel network. 

FIG. 3 illustrates a system model according to an embodiment. 

FIG. 4 illustrates a flow chart of an optimization according to an embodiment. 

FIG. 5A shows the results of a first set of simulations according to an 

embodiment. 

FIG. 5B shows the results of a second set of simulations according to an 

embodiment. 

FIG. 6 illustrates a block diagram of a method according to an embodiment of the 

present disclosure. 

FIG. 7 illustrates a schematic of a system according to an embodiment of the 

present disclosure. 

DETAILED DESCRIPTION 
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[0007] BS cooperation improves system performance through information exchange 

amongst multiple base stations. Generally, the performance improvement increases with 

the amount of information exchanged. In a full BS cooperation scheme, real-time data 

exchange is canied out and requires a high-capacity backbone between multiple base 

5 stations, so as to enable all necessary information exchanges, including user data, control 

signals, and channel state information (CSI). 

[0008] Full cooperation with involvement of extensive cells is expected to 

substantiate the full potential of BS cooperation. However, in practice, it imposes a huge 

challenge as it requires the implementing of expensive super-high-speed and high-

10 capacity backhauls in cellular networks. 

[0009] In order to substantiate the full potential of BS cooperation, a full cooperation 

between base stations with involvement of extensive cells can be carried out. However, in 

practice, it imposes a huge challenge in implementing expensive super-high-speed and 

high-capacity backhauls in cellular networks. Recently, there have been growing interests 

15 to mitigate the backhaul problem. 

[0010] On one hand, and from a BS perspective, instead of having full cooperation 

involving all BS's, it has been proposed to cluster a number of base stations for 

cooperation. On another hand, and from a mobile user's perspective, users within each 

cell or cluster may also be treated differently. Users are challenged for the necessity of 

20 corporation and only selective users are involved in BS cooperation. A scheme which 

addresses such a combination of these two kinds of requirements is expected to relax the 

backhaul requirement on capacity substantially. It is noted that real-time data exchange is 

still required, although the quantity should be cut down to a fraction of the original full 

cooperation. Due to the high volume nature of data, tensions on the backhaul are still 

25 imposed in terms of capacity and latency, especially for the applications where legacy 

non-fiber type backhaul is employed. 

[0011] An alternative as to full cooperation can include a second type of coordination 

known as coordination without real-time data. It imposes a minimal to moderate 

requirement to the backhaul capacity. In the scheme, there can be an exchange of CSI or 
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control information, although data exchange is excluded, which consumes the most of the 

backhaul capacity. 

[0012] Embodiments of a method of base station cooperation and a system for base 

station cooperation are described in detail below with reference to the accompanying 

5 figures. However, it should be understood that the disclosure is not limited to specific 

described embodiments. It will be appreciated that the embodiments described below can 

be modified in various aspects, features, and elements, without changing the essence of 

the disclosure. Further, any reference to various embodiments shall not be construed as a 

generalization of any inventive subject matter disclosed herein and shall not be 

10 considered to be an element or limitation of the appended claims except where explicitly 

recited in a claim( s). 

[0013] According to vanous embodiments, depiction of a given element or 

consideration or use of a particular element number in a particular FIG. or a reference 

thereto in conesponding descriptive material can encompass the same, an equivalent, or 

15 an analogous element or element number identified in another FIG. or descriptive 

material associated therewith. The use of"/" herein means "and I or" unless specifically 

indicated otherwise. 

[0014] The present disclosure can describe embodiments of a consumer electronic 

device which can be operable in various orientations, and it thus should be understood 

20 that any of the terms "top", "bottom", "base", "down", "sideways", "downwards" etc., 

when used in the following description are used for convenience and to aid understanding 

of relative positions or directions, and not intended to limit the orientation of the 

recording medium or a system or apparatus or product incorporating the recording 

medium. 

25 [0015] A computing system or a controller or a microcontroller or any other system 

providing a processing capability can be presented according to various embodiments in 

the present disclosure. Such a system can be taken to include a processor. The system 

according to various embodiments can include a controller which may include a memory 

which is for example used in the processing carried out by the system for base station 
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cooperation. A mem01y 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 

5 trapping memory, an MRAM (Magnetoresistive Random Access Memory) or a PCRAM 

(Phase Change Random Access Memory). 

[0016] In various embodiments, 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, in an 

10 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. 

15 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 accordance with 

various alternative embodiments. Similarly, a "module" is thusly defined as a portion of a 

system according to various embodiments in the present disclosure and may encompass a 

"circuit" as above, or may be understood to be any kind of a logic-implementing entity 

20 therefrom. 

[0017] FIG. I illustrates a communications system according to an embodiment. In 

an embodiment, system I 00 or a communication network, is provided. The te1m 

"communication network" can be interchangably refe1Ted to as a "communication 

system". As used herein, the term "communication network" generally refers to a 

25 wireless communication network. 

[0018] The te1m "communication network" can also include any method or medium 

for transmitting (or receiving) information from one communication entity to another. 

The communication network is formed via a communication connection among 

communication entities (or may be referred to as nodes). A "communication connection" 
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may generally refer to a link to provide information transfer between one entity and 

another entity. For example, a communication network may include a plurality of 

communication devices. 

[0019] In an embodiment, the system 100 is configured for operation as part of a 

5 radio operations standard, in this case a Long Term Evolution (LTE)-Advanced standard. 

In other embodiments, the system can be configured according to a radio communication 

standard, for example: GSM (Global System for Mobile Communications); UMTS 

(Universal Mobile Telecommunications System); WiMax (as part of any one of a 

revision for the IEEE 802.16m standard); LTE (Long Term Evolution); or any one of a 

10 communication standard for the wireless transmission of data. 

15 

[0020] The present disclosure discusses providing a system 100 with a view to 

provide a wireless data transmission service, or in an embodiment - mobile broadband 

service. Base station 110 is provided as part of the system 100. Base Station 110 includes 

an antenna 112 for communication with a mobile station 130. 

[0021] In the context of various embodiments in the present disclosure, the term 

"base station" refers to a communication device that is capable of providing access to a 

communication network. The base station 110 can be used to communicate with 

subscriber stations, for example, for providing wireless connectivity including but not 

limited to access points and the like. The base station 110 can also serve a relay station or 

20 as one of a plurality of relay stations in a communication network. For example, the base 

station 110 may be configured to relay data between a core network of the 

communication network and another base station in the communication network. The 

base station 110 can be, but is not limited to, for example, a node, an access point, or a 

personal basic service set central point. In an embodiment, the base station can be a 

25 macro base station. In an embodiment, the base station can be a small cell, or a microcell, 

or a picocell, or a femtocell. 

[0022] In an embodiment, the base station 110 includes a plurality of antennas. In an 

embodiment, the base station 110 includes antennas 112, 114. With growth and demand 

for high speed high data rate wireless communication, more antennas, and antennas 
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covenng a multitude of frequency bands are required. Further, base stations are 

geographically selected for a maximization of telecommunication coverage. As 

technology progresses, the siting of a base station does not change, and additional 

antennas are needed as a progression is made in the standardization of communication 

5 protocol. In an embodiment, antennas 112, 114 collaborate in communication with the 

mobile station 13 0. In other embodiments, the antennas may be configured for 

independent operation and do not collaborate in data communication. 

[0023) In an embodiment, the antennas 112, 114 each include a transceiver. In the 

context of various embodiments, the term "transceiver" refers to a combination of a 

10 transmitter and a receiver. For example, a transceiver may be the transmitter and receiver 

combined into a single package. In general, a transceiver includes both transmitting and 

receiving capabilities and functions. In an embodiment, the antenna 112 is a transmitter 

and the antenna 114 is a receiver. According to an embodiment, the antennas 112, 114 

can transmit and/or receive data services or data communication, including any one of an 

15 analog and a digital communication, and fmther including voice services. 

[0024) In an embodiment, mobile station 130 is provided, including an antenna 132 

for communication with the base station 110. In an embodiment, the antenna 132 of the 

mobile station 130 is in data communication with an antenna 112 of the base station. In 

an embodiment, the mobile station 130 is provided with a pair of antennas 132 and 134. 

20 In an embodiment, the antennas 132, 134 of the mobile station are in data communication 

with the antennas 112, 114 of the base station 110. 

[0025] In an embodiment, the mobile station 130 is a mobile telephone. The mobile 

station 130 can also be known in standardized terms as a user equipment. As used herein, 

the reference "mobile station" can refer to a machine or an apparatus or a system that 

25 facilitates data communication, which includes sending and/or receiving data 

information. The mobile station can be, for example and not limited to, a mobile phone, a 

cellular phone, a mobile computer configured with a mobile broadband adapter, or any 

other kind of communication equipment. In other embodiments, the mobile station can be 

any of a Personal Digital Assistant (PDA), a Personal Communication Service (PCS) 

8 



phone, a Global System for Mobile (GSM) phone, a Wideband Code Division Multiple 

Access (WCDMA) phone, a Mobile Broadband System (MBS) phone, etc. The term 

"mobile station" may interchangably be referred to as terms "User Equipment (UE)'', 

"Subsc1iber Station (SS)", "Mobile Subscriber Station (MSS)", "mobile terminal", 

5 "Advanced Mobile Station (AMS)", etc. A mobile station can encompass all user 

equipment and software for communication with a mobile. network or a communications 

network. 

[0026] In vanous embodiments, the mobile station can be any one of a 

communication device, a communication terminal, a relay station, a communication port, 

10 a station, a subscriber station, and a substation. The mobile station can be understood to 

be an endpoint of a communication coooection, for example an endpoint which can be 

used by a participant in a communication network. 

[0027] In the present disclosure, the term "operate" may refer to "function", or 

"work", or "communicate". As used herein, the term "communicate" refers to send or 

15 transmit or receive. The term "receive" may interchangably be referred but not limited to 

as listen, or collect, or detect. For example, "receive" may further include to determine 

that the received request is correctly or incmTectly obtained. When correctly obtained, the 

received request is identical or at least substantially similar as the transmitted request. 

Such detennining of a correct or incorrect request may be performed by error detections, 

20 for example, cyclic redundancy check (CRC). 

[0028] In an embodiment, a base station 110 is in communication with a mobile 

station 130 utilizing radio resources. In the disclosure, mention is made of "radio 

resources" which can refer to any portion of a resource or resources that may be needed 

for acquisition of a service in a communication network. For example, the radio resources 

25 can be but are not limited to networks, frequency bands, carriers, time slots, logical 

chaooels. 

[0029] The term "serve" refers to providing a service. In this context, a service may 

be, for example, a transmission or a reception of control messages or data. The term 

"allocate" generally refers to being determined or pre-detennined, being assigned, being 
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arranged. Allocation may be performed dynamically. The term "radio cell" refers to a 

geographical coverage area that is served by a base station or relay station. Within such a 

geographical coverage area, mobile stations can access the communication network 

through a serving base station. 

[0030] In an embodiment, the base station 110 is configured to send a data signal to a 

mobile station 130. As used herein, the term "signal" refers to a communication signal. 

The signal may be a message, which may be a short information sent from one entity to at 

least another entity. A signal may be a packet or a cluster. For example, a signal may 

include precisely formatted data that is sent and received by nodes and can represent a 

I 0 request, report, or an event. The signal can be included in or encoded in or indicated in 

another signal. 

[0031] According to an embodiment, a second base station 120 is provided with an 

antenna, or a set of antennas 122, 124, for communication with a mobile station 140. 

[0032] In an embodiment, a central unit 150 is provided, the base station 110 m 

15 communication with the central unit 150. The central unit 150 can be a base station 

controller and is fi.uther in communication with a core network 152. The central unit 150 

can include a processor, a memory or a data storage medium, and multiple inputs and 

outputs for receiving and transmitting statistical information and control instrnctions to 

on or a plurality of base stations. The te1m "core network" refers to a switching network 

20 used to carry signaling traffic to and from radio access networks or access subsystems. 

25 

The core network can include switching centers and gateways that interconnect radio 

access networks and the network backbone, and, or the Internet. Further, according to an 

embodiment, the central unit 150 is in communication with a first base station 110 and a 

second base station 120. 

[0033] In an embodiment, the central unit 150 is provided to facilitate a cooperation 

between a first base station 110 and a second base station 120. In another embodiment, 

cooperation between a first base station and a second base station is supported by 

individual controllers operating within the first base station and the second base station, 
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the first base station and the second base station provided with a permanent data 

connection between each other. 

[0034] In an embodiment, the first base station 110 and the second base station 120 

are coupled to each other with a high-speed dedicated link. The coupling can be a direct 

5 coupling or can be through a central control unit 150. The high-speed dedicated link can 

be provided by optical fiber, a wired backbone connection or a highly directional wireless 

microwave link. The high-speed dedicated link facilitates data transfer between the first 

base station 110 and the second base station 120. However, such high-speed dedicated 

links can be very expensive to implement and may not be feasible for multiple site 

I 0 propagation. In an embodiment, the first base station 110 and the second base station 120 

are coupled to each other with a standardized data coupling. Such a data coupling would 

be most cost efficient, and is satisfactory for information transfer between the first base 

station 110 and the second base station 120 according to an embodiment of the present 

disclosure. In an embodiment, the data coupling is a dedicated wireless transmission path 

15 between the base stations, or between the base stations and the central unit. 

[0035] According to an embodiment, a cell 116 is provided by a base station 110, or 

by signal coverage of the antennas 112, 114 in a base station 110. Designated radio 

resources, for example radio or signal frequencies, are provided for the base station 110 

for operation in and of the cell 116. Further, according to an embodiment, a cell 126 is 

20 provided by a second base station 120, or by signal coverage of the antennas 122, 124 in 

the second base station 120. Radio resource is similarly allocated to the second base 

station 120 for operation in and of a cell 126. As might be understood, radio resource, 

especially frequency spectrum, is a limited resource which is divided into non­

overlapping spectrum bands which are assigned to different cells. However, there can be 

25 a re-use in the frequency bands, i.e. the same spectrum bands are re-assigned to other 

cells. Co-channel interference arises in the communication networks due to such a 

phenomenon of frequency reuse. In such a case, besides the intended signal from the base 

station within the cell, signals with the same frequencies anive at the receiver from the 

undesired transmitters distantly located in some other cells, which lead to deterioration in 

30 receiver performance. Due to such interference limitation of communication networks, a 
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task of high data delivery cannot be accomplished by simply increasing the signal power 

of a transmission. 

[0036] Further, a coordination net 118 is provided, encompassing both the first 

mobile station 110 and the second mobile station 120. In an embodiment, the 

5 coordination net 118 encompasses both the cells 116, 126 generated and operated by the 

first base station 110 and the second base station 120 respectively. The coordination net 

118 represents the area in which first base station 110 and second base station 120 can 

carry out a base station cooperation. 

[0037] A strategy of reducing the performance-limiting interference is to reduce the 

10 inter-cell interference through cooperative transmission. Cooperative Multipoint (CoMP) 

transmission and reception is a framework that refers to a system where several 

geographically distributed nodes cooperate with the aim of improving the performance of 

the devices or mobile stations served in a common cooperation area. 

[0038] In base station cooperation, inter-cell interference is reduced in the system in 

15 both the downlink or transmission and the uplink or reception. As mentioned above, base 

station cooperation may include a full cooperation with real-time data exchange or a 

coordination without real-time data exchange. 

[0039] In an embodiment, a base station cooperation is canied out between the first 

base station 110 and the second base station 120. In an embodiment, without real-time 

20 data exchange is canied out between the first base station 110 and the second base station 

120. 

[0040] In an embodiment, a coordination, where there is no real-time data exchange, 

is canied out. In the scheme, an exchange of CSI or control information is required, but is 

usually minor or modest compared to that of real time data. In order to achieve a 

25 cooperation gain comparable to that of the full base station cooperation, multiple-input 

multiple-output (MIMO) X channel communication is considered, where multiplexing 

gains can be maximal for scenaiios without data exchange in base station cooperation. 
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[0041] In an embodiment, CSI can refer to !mown channel properties of a 

communication link. CSI describes how a signal propagates from the transmitter to the 

receiver and represents the combined effect of, for example, scattering, fading, and power 

decay with distance. The CSI makes it possible to adapt transmissions to current channel 

5 conditions, which is important for achieving reliable communication with high data rates 

in multiantenna systems. 

[0042] In an embodiment, CSI can be estimated at the receiver and is usually 

quantized and fed back to the transmitter. According to various embodiments, statistical 

CSI (or long-term CSI) is obtained, including a statistical characte1ization of the channel. 

10 Such CSI can include, for example, the type of fading distribution, the average channel 

gain, the line-of-sight component, and the spatial correlation. 

[0043] In an embodiment, instantaneous CSI (or short-term CSI), which includes 

current channel conditions, is obtained and exchanged between the base stations. Such 

instantaneous CSI is also used in the optimization of a base station cooperation according 

15 to various embodiments. However, although instantaneous CSI may be continually 

updated to reflect changing channel conditions, according to various embodiments, 

precoding matrixes are determined and chosen for data transmission in base station 

cooperation only upon initiation of the base station cooperation, and are not continually 

updated to reflect changing instantaneous CSL 

20 [0044] According to an embodiment, precoding matrixes are obtained and continually 

updated based on instantaneous CSI updates. A predetermined refresh rate can be 

included to provide a frequency of updating precoding matrixes for data transmission in 

base station cooperation. 

[0045] In an embodiment, where a first base station 110 and a second base station 

25 130 cooperatively serve two mobile stations, a maximum achievable multiplexing gain 

per user or user equipment or station is 4/3M which is 67% of the maximum achievable 

gain, 2M, as in full cooperation schemes, where M is the number of antennas each base 

station or mobile station has. In va1ious embodiments, all base stations and mobile 

stations are provided with the same number of antennas. In various embodiments, 
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multiple base stations are provided and the multiple base stations cooperatively serve 

multiple mobile stations. In various embodiments, the number of base stations and the 

number of mobile stations provided are unequal. 

[0046] In an embodiment, Interference Alignment is carried out in the establishing of 

5 MIMO X channel communication. Degrees of freedom (DoF) characterization can be 

considered in a capacity characterization for a network. The degrees of freedom represent 

the rate of growth of the network capacity with the log of the signal to noise ratio (SNR). 

In most cases, the spatial degrees of freedom tum out to be the number of non-interfering 

paths that can be created in a wireless network through signal processing at the 

10 transmitters and receivers. While time, frequency and space all offer degrees of freedom 

in the form of orthogonal dimensions over which communication can take place, spatial 

degrees of freedom are especially interesting in a distributed network. 

[0047] Interference alignment allows many interfering users to communicate 

simultaneously over a limited number of signaling dimensions by confining the 

15 interference at each receiver into a space spanned by a small number of dimensions, 

while keeping the desired signals separable from interference. In an embodiment, 

interference alignment is can"ied out to project interference subspace from multiple 

dimensions to a single dimension or reduced dimensions such that an optimization of 

capacity can be carried out. 

20 [0048] FIG. 2 illustrates a model for a X channel network. In FIG. 2, a user X 

network 200 is shown where~ times M degrees of freedom are shown to be achievable 

using interference alignment over 3 signaling dimensions, i.e., 3 symbols per user and 

where M is the number antennas of each user. In an embodiment, a first transmitter 202 

and a second transmitter 204 are provided, which transmit in accordance to a MIMO 

25 configuration to a first receiver 212 and a second receiver 214. 

[0049] In an embodiment, both users 212, 214 each receive two transmitted streams 

of data where xii represents the transmitted data streams from transmitter j intended to 

receiver i. For example, first receiver 212 receives a data stream x" 222, and a data 
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stream x12 224, while second receiver receives a data stream x21 226, and a data stream 

x22 228. uii represent the precoding vectors provided at the first transmitter 202 and the 

second transmitter 204, and Hii represents the channel coefficients between the first 

transmitter 202 and the second transmitter 204, and the first receiver 212 and the second 

5 receiver 214. 

[0050] In the embodiment, it is noted that no data exchange is earned out between the 

first transmitter 202 and the second transmitter 204. Fmther, there is no cooperation 

between the first receiver 212 and the second receiver 214. It can also be observed that 

the interference is aligned at the first receiver 212 and the second receiver 214 in order to 

10 maximize multiplexing gain. Further, it may be noted that multiple data streams 222, 224, 

226, 228 are transmitted from the first transmitter 202 and the second transmitter 204; 

multiple data streams are transmitted at each transmitter. 

[0051] FIG. 3 illustrates a system model according to an embodiment. System model 

300 illustrates a base station cooperation in MIMO X channel according to an 

15 embodiment. In an embodiment, Interference Alignment is cairied out, in seeking to 

achieve maximum multiplexing gain in X channels, which is theoretically achievable by 

Interference Alignment. In an embodiment, a beamforming procedure is can-ied out 

during the Interference Alignment, which seeks to align all interference subspace in order 

to stretch the signal subspace. In beamfonning, elements are combined in a phased an-ay 

20 in such a way that signals at particular angles experience constrnctive interference while 

others experience destrnctive interference. 

[0052] In a beamforming procedure, there are typically two sets of beamforming 

weights to be dete1mined. According to a method in the art of can-ying out Interference 

Alignment, as Jong as the second set of beamforming weights fulfill certain conditions 

25 with respect to the first set of beamforming weights, the maximum multiplexing gain can 

be equally achieved, regardless of what the first set of beamforming weights are. In other 

words, the first set of beamforming weights does not affect the multiplexing gain and is 

usually set randomly. 
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[0053] However, it has been determined by the inventors of the present application 

that the choice and determination of the first set of beamforming weights, together with 

the second set which is automatically generated according to Interference Alignment 

conditions, affects the overall performance of the communication system. In fact, a 

5 calculated determination of the first set ofbeamforming weights can subsequently lead to 

an improved overall post-processing signal-to-noise ratio (SNR). 

[0054] In an embodiment according to the present disclosure, a method of base 

station cooperation includes determining a first set of beamforming weights, 

subsequently generating a second set of beamforming weights according to the first set, 

10 under Interference Alignment conditions so as to achieve the optimized overall post­

processing SNR, in addition to achieving the maximum multiplexing gain. 

Co1Tespondingly, a system design according to a method of base station cooperation is 

provided. 

[0055] According to vanous. embodiments, a beamforming weight can also be 

15 understood to be correlated to a precoding matrix. Precoding is a generalization of 

beamforming to support multi-stream (or multi-layer) transmission in multi-antenna 

wireless communications. Precoding in the downlink of cellular networks, known as 

network MIMO or ·coordinated multipoint (CoMP), is a generalized fonn of multi-user 

MIMO that can be analyzed by the same mathematical techniques. Utilizing precoding 

20 maliixes in a MIMO communication arrangement allows for the achievement of achieve 

superior performance compared to other interference alignment schemes, in allowing a 

consideration of transmission SNR. 

[0056] According to various embodiments, a set of beamfmming weights can 

correlate to a set or collection of precoding matrixes corresponding to signal or 

25 transmission channels originating from a base station in signal or transmission 

communication, either in an intended data signal or in an interference signal, with a 

plurality of mobile stations. 

[0057] FIG. 3 illustrates a X channel model 300, including a first base station BS 1 

302 and a second base station BS2 304, transmitting to a first mobile station MS 1 312 and 
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a second mobile station MSi 314 cooperatively with the same time and frequency 

resources in the downlink. 

[0058] According to an embodiment, the first base station BS1 302 is equipped with 

M1 transmitting antennas 3061 ... 306M, and the second base station BSi 204 is equipped 

5 with Mi transmitting antennas 3081 ... 308M. In an embodiment, the first mobile station 

MS 1 312 is equipped with N 1 receiving antennas 3161 ... 316M and the second mobile 

station MSi 314 is equipped with Ni receiving antennas 318 1 ... 318M. Received signals 

at the first mobile station MS1 312 and the second mobile station MSi 314 can thus be 

represented as: 

10 /'l =H"xl'l +H12x121 +nl'l 

yl'l =H21xl'l +H"xl'l +nl'l (1) 

[0059) where / 11 is a N 1x1 received signal vector at MSi, / 21 is a Nix 1 received 

signal vector at MSi, n[J} is a N1xl additive white Gaussian noise (AWGN) vector at 

MS1, nr2l is a Nix 1 A WGN vector at MSi, / 11 is a M 1xl transmitted signal vector at BS1, 

15 :/21 is a Mixl transmitted signal vector at BSi, H 11 is a N 1xM1 channel matrix between 

MS1 and BSi, H 12 is a N 1xMi channel matrix between MS1 and BSi, H21 is a NixM1 

channel matrix between MSi and BS 1, H 22 is a NixMi channel matrix between MSi and 

BSi. 

[0060) According to an embodiment, the fading channel matrixes are assumed static 

20 throughout the concerned transmission duration and perfect channel knowledge is 

available at both the first base station 302 and the second base station 304. It has been 

described that the multiplexing gain of the MIMO X channel is bounded by: 

(2) 

[0061) In an embodiment of the present disclosure, the number of transmitting 

25 antennas M1 and Mi of the first base station 302 and the second base station 304 and the 

number of receiving antennas N1 and Ni of the first mobile station 312 and the second 

17 
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mobile station 314 are set to M, i.e. M 1 = M2 = N 1 = N2 = M. This facilitates subsequent 

discussion of the precoding design according to various embodiments. In other 

embodiments, M and N can be any number of transmitting antennas and receiving 

antennas in accordance to a communications system design. 

[0062] According to an embodiment, there is provided a method of base station 

cooperation between the first base station 302 and the second base station 304, the first 

base station 302 and the second base station 304 in a MIMO communication arrangement 

with a first mobile station 312 and a second mobile station 314. The present disclosure 

describes the working of such a method and a corresponding system. 

[0063] In an embodiment, the communication airnngement includes a first signal 

channel between the first base station and the first mobile station, a second signal channel 

between the first base station and the second mobile station, a third signal channel 

between the second base station and the first mobile station, and a fourth signal channel 

between the second base station and the second mobile station. 

15 [0064] In an embodiment where the antennas are set to M, it is easily observed from 

equation (2) that the maximum multiplexing gain 17 of the MIMO X channel is t M. Such 

a maximum multiplexing gain can be achieved by transmission of four independent 

codewords as illustrated in FIG. 3: x
11 322, x

21 324, x
12 326, and x

22 328 respectively; 

where xif is a Mx 1 vector representing a codeword to be transmitted from BSj to MS; (ij = 

20 1,2). The corresponding MxM precoding matrixes for the four codewords are V11 332, 

V
21 334, V

12 336, and V
22 338 respectively. In an embodiment, the transmitted signal 

vectors can be represented as: 

25 [0065] 

xlIJ =V11x11 +V'1x21 

xl'l = v12 xi' + v" x" (3) 

According to an embodiment, it is noted that 4M data streams are transmitted, 

i.e. x 11 322, x 21 324, x 12 326, and x 22 328, each having M data streams. In an embodiment, 

the data streams 322, 324, 326 and 328 are to be decodable at the receivers 312 and 314, 
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without any cooperation between the first mobile station 312 and the second mobile 

station 322. Further, the maximum multiplexing gain 17 oft M in the MIMO X channel is 

also desired, even for cases when the number of antennas M is not a multiple of 3, where 

a concept of 3-symbol extension (either in time or frequency domain) is introduced. In an 

5 embodiment, a method of base station cooperation including obtaining a plurality of 

optimized precoding matrixes can be carried out in a frequency domain on a sub-carrier 

level. 

[0066] According to an embodiment, a 3-symbol extension is carried out, i.e. where 

the channel is extended such that there is effectively a 3M x3M channel, over which is to 

10 be achieved 4M degrees of freedom. In the 3-symbol extension, it is assumed that the 

channel matrixes are fixed, so that the 3-symbol extension does not elicit a new channel 

matrix over each slot. Instead, each M x M channel matrix is repeated three times to 

produce a 3M x 3M block diagonal matrix. 

[0067] In an embodiment, the transmitted data xij does not change over the 3-

15 symbol periods, i.e. xij (n) = xY(n + 1) = xY(n +2), where (i, j = 1, 2) and n is the symbol 

index. In the subsequent description, the 3-symbol extension is described in the time 

domain. It is noted that it is equally applicable to the frequency domain extension as well. 

[0068] In an embodiment, instead of processing one data symbol at a time, three 

symbols are considered together. Stacking 3 symbols ll(3n), ll(3n+ 1), and y[iJ(3n+2) at 

20 the same receiver, where 1 1 or 2, forms a taller symbol 

25 

yl'1(n)= [(yU1(3n)r(yu1(3n+l)rGP1(3n+2)r y. The resulting received 3-symboll tall 

3Mxl signals at the two receivers 312 and 314 are: 

[0069] 

y111 (n) = H 11 (n)x1'1(n) + H'2(n)x1' 1(n) +n1'1(n) 

y121 (n) = H 21 (n)x111 (n) + H 22 (n)x1' 1(n) + n121 (n) (4) 

where 3Mxl vectors x1'1(n) and n1il(n) are stacked similar to y1'1(n) from 

transmitted signal at transmitter i (first base station 302 and second base station 304) and 
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n01se at the receiver j (first mobile station 312 and second mobile station 314) 

respectively (ij = 1,2), and: 

[0070] 

-·· [Hif (3n) 
H"(n)= 0 

0 

0 

Hif(3n+l) 
0 

(5) 

(ij = 1,2) is the extended block diagonal channel. In various embodiments, 

5 index n is dropped in order to facilitate solving of the system model. 

10 

[0071] Interference aligmnent can refer to a careful choice of precoding design in 

order to align all the interference vectors which cast overlapping shadows. In X channel, 

the received 3-symbol extension signal can be represented as follows, after expanding 

equations (4) with equations (3): 

y1'l = (H"V"x" + H12V'2x12 )+ (H"V21 x2' + H"V"x" )+n1'l 

yi21 =(H22v22x22 +H21v21x2')+(H22v"x'2 +H2'v"x")+n12i (6) 

[0072] where j7if = [(vif(3n))'(vif(3n+I))'(vif(3n+2))' Y, (i,jE{l,2}) is a 3MxM 

extended precoding matrix for transmission from BSj (first base station 302 and second 

base station 304) to MSi (first mobile station 312 and second mobile station 314). In an 

15 embodiment, there is provided a set of precoding matrixes including a first precoding 

matrix for a first signal channel, a second precoding matrix for a second signal channel, a 

third precoding matrix for a third signal channel and a fourth precoding matrix for a 

fourth signal channel in a 2 x 2 MIMO an-angement between the first base station and the 

second base station and the first mobile station and the second mobile station. According 

20 to an embodiment, the items within the first bracket of each equation in ( 6) can be desired 

signals while those within the second can be considered interference. The objective of 

interference alignment is to align the interference which is achieved by: 

20 



(7) 

[0073] According to an embodiment, the system provides for two degrees of 

freedom. As such, a determination can be made for any two precoding matrixes, and then 

derive the remaining two precoding matrixes based on interference constraints for a 2 x 2 

5 system. 

[0074] In an embodiment, precoding matrix Vil is determined for a first signal 

channel formed between the first base station and the first mobile station, and precoding 

matrix V12 is determined for a second signal channel formed between the second base 

station and the first mobile station. Subsequently, precoding matrixes V21 and V22 are 

10 generated based on Vil and V12 and on the interference alignment conditions in equations 

(7). 

[0075] In an embodiment, precoding matrix Vil is determined for a first signal 

channel formed between the first base station and the first mobile station, and precoding 

matrix V22 is determined for a second signal channel formed between the second base 

15 station and the second mobile station. Subsequently, precoding mat1ixes V12 and V21 are 

generated based on V11 and V22 and on the interference alignment conditions in equations 

(7). 

[0076] According to an embodiment, once the precoding matrixes V11 and V21 for 

the first base station 302 are determined, the vectors V 12 and V 22 for the second base 

20 station 304 are automatically determined according to the equations in (7). In an 

embodiment, with these determined precoding mahixes, the output signals ( 6) at the first 

mobile station 312 and the second mobile station 314 become: 

[ 

x11 l 
yl11 =Wl11 x12 +nl11 

x21 +x12 
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(8) 

[0077] where W111 and W1' 1 are 3Mx3M matrixes defined as: 

(9) 

[0078] It can be observed from (8) that the interference te1m x21 and x22 in y111 for 

MS 1 312 or x11 and x12 in yl'l for MS2 314 are aligned in occupying the same signal 

subspace. A simple linear equalization at each mobile station will be able to decode the 

desired signal pairs with full rank W 11 l and w12l and sufficiently high SNR 

[0079] According to an embodiment, the maximum multiplexing gain of~ M is 

10 achievable as long as the precoding matrixes V1 
I ' V21 

' V12 
' and V22 satisfy the 

interference alignment conditions in equations (7). Further, in an embodiment, the full 

rank requirement for W 111 and W f2l should also be considered. 

[0080] In an embodiment, for equations (7), V12 and V22 are uniquely determined 

by V1 
I and V 21 whereas there are two degrees Of freedom in determining the precoding 

15 matrix es V1 
I and V21 

• In Interference Alignment, Maximizing multiplexing gain is the 

prima1y objective. Since the choices of the two precoding matrixes V11 and V21 do not 

affect the multiplexing gain (as long as resulting W Pl and W 12l are full rank, which 

should be easy to fulfill due to randomness of channels), very often, V11 and V21 are 

generated randomly. In fact, the choices of V1 
I and V21 will have impact to the overall 

20 system performance, such as system SNR. The design issue of V11 and V21 is addressed 

next. In an embodiment, overall system SNR is maximized, at the same time achieving 

the maximum multiplexing gain. 
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[0081] In an embodiment, in order to achieve interference alignment, two precoding 

matrixes are solved to fulfill the conditions in equations (7). Substituting (7) into (6): 

[0082] 

yl11 = (H"V"x" + G "V"x" )+ H"V 21 (x" + x22 )+ n111 

yl21 = (H 21 i721x 21 + G21 i721x 22 )+ H21V"(x" + x12 )+ n121 

where G 11 and G 21 are defined as follows: 

(IO) 

(1 I) 

(0083] In an embodiment, G 11 and G 21 can be considered as effective extended 

channels for data streams x12 326 and x22 328 respectively. 

(0084] According to an embodiment, in equations (10), parameters other than the two 

matiixes i711 and i721 to be optimized are either channels assumed known at the base 

stations or data and noise. In a closer examination of equations (I 0), all the channel 

relevant matrixes H", H 21
, G 11

, and G 21 are diagonal each composed of three MxM 

block matrixes. This can lead to possible simplification when designing the precoding 

15 matrixes V" and V21 
• In fact, MxM sub-block matrixes of V" and V" can be 

optimized three times, instead of considering the 3Mx3M whole matiixes. In effect, the 

optimization has been brought back to the symbol level from that in a 3-symbol extension 

level. The above process cuts down the optimization complexity significantly. In an 

embodiment, as the related channel matrixes are diagonal, the sub-block matrixes of V11 

20 (or V" ) are independent and the simplified optimization will not compromise the 

optimality. Therefore the received signals can be written back to symbol level to cany 

out an optimization for V" and j721
, i.e. 

yi11 = (H"V"x" + G11V11x 12 )+ H"V"(x" + x22 )+ n111 

y 121 = (H21 V21x 21 + G 21 V21x 22 )+ H"v"(x" + x12 )+ n111 

23 
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[0085] where G11 and G21 are corresponding MxM sub-block matrixes G 11 and G 21 

respectively. Comparing (10) and (12), it is clear that the signal dimensions to be 

considered have been reduced from 3M to M. 

[0086] In an embodiment, the precoding matrixes are optimized based on SNR which 

5 eventually determines the end user throughput and performance. According to an 

embodiment, the received total power at MS1 and MS2 can be written respectively as 

follows, after some manipulations from equations (12): 

10 

15 

(13) 

[0087] where Pf1, ~Ul, a} are desired signal power, interference power, and noise 

variance at MSi (i = 1 or 2) respectively, and 

(j= 1 or2,j =I= i) (14) 

[0088] where Ill is a Matrix Frobenius norm. According to an embodiment, the SNR 

of the two users, the first mobile station 312 and the second mobile station 314, can be 

represented as: 

(15) 
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[0089] According to an embodiment, from equations (15), both SNRs are functions 

of V11 and V21 and as such, the functions cannot be maximized at the same time due to a 

conflict in objectives. In an embodiment, sn/11 increases with the norm of VJJ whereas 

sn/21 will decrease as the norm of vn increases. The values of sn/11 and sn/21 

5 correspondingly increase and decrease with respect to V21
• According to an embodiment, 

sn/11 and sn/21 are considered jointly in order to optimize V11 and V21
• 

[0090] In an embodiment, an objective function of the geometric mean of sn/11 and 

sn/21 is considered, i.e., by maximizing the geometric mean of sn/11 and sn/21. 

Obtaining a geomeliic mean allows a balance between individual SNR and a fair 

I 0 distribution between the SNRs. In va1ious embodiments, other criteria can also be used in 

joint consideration of SNR, for example, and not limited to, sum rate (best efforts), equal 

rate (fairness), minimum mean square errors, etc. Further, in an embodiment, a first SNR 

at a first mobile station is independently determined, and a second SNR at a second 

mobile station is subsequently dete1mined based on the transmission capacity as well as 

15 the determined first SNR. In an embodiment, the geometric mean of sn/11 and sn/21 can 

be represented as: 

= [[H11v11[[F +[[a11v''[[F. [[H21v21[[F +[[a21v"[[F 
2[[H"v11 [[F +ai 2[[H11v21 [[F +a: 

(16) 

[0091] According to an embodiment, in equation (16), the geometric mean has been 

20 rearranged into a multiplication of two non-negative terms, where each is only relevant to 

precoding matrixes VJJ and V21 respectively. Therefore each term may be optimized 

equivalently with respect to each of the individually corresponding precoding matrixes. 

In an embodiment, the precoding matrixes vn and V21 are expanded in vector forms i.e. 

v11 = [u1 ••• uM] and V21 = [v1 ••• vM], where Um and Vm (m=l ... M) are M x I precoding 

25 vectors for a ni'1' data element of x11 and x21 respectively. According to an embodiment, 

this anives at two sub optimization problems: 
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maXv

1 
••• VM EC M 

'V VHQ V 
L.,,111 =1 m 2 m 

s.t. v,7, Q2 vk = 0 (m*k) 

v,7, Q2u,,, = /3,,, (m = 1 ... M) 

[0092] 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

Q1 ~ 2(H21
)H H21 

, and Q2 ~ 2(H11
)H H 11 

• a,,, and /Jm are the power regulators for the first 

base station 302 and the second base station 304 respectively. Without a loss of 

10 generality, they are arranged in a descending order, i.e. a1 ~ ••• ~ aM and /31 ~ ••• ~/JM· In 

other words, the power regulator a1 for a first data stream includes a highest power in the 

distribution as compared to other data streams in the signal channel, then progressively 

less for each subsequent data stream. 

[0093] According to an embodiment, the constraints provided in equations (18) and 

15 (21) provide a full rank precoding matrix with maximum multiplexing gains, and 

minimal decoding complexity, with orthogonality, at the receivers 312 and 314. As a 

representative example, without the constraints, the optimal vectors Um (or vm) would be 

identical for m = 1 ... M, which may lead to a deficient precoding matrix that fails to 

achieve a maximum multiplexing gain. As a further representative example, if different 

20 precoding vectors are not Q1-orthogonal as provided in equation (18) or Q2-orthogonal as 

provided in equation (21 ), the receivers 312 and 314 will experience interference 

amongst data streams from a same base station and may have to introduce additional 

complexity in order to address the inte1ference. 
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[0094] In an embodiment, an objective function of the sub optimization equations in 

( 17) or (20) is a further generalization of a Generalized Rayleigh Quotient, which has 

only one vector variable. A close-fo1m solution of this type of generalized Rayleigh 

quotient can be obtained through applying Lagrange conditions. The detailed derivation 

5 is provided as such, wherein a generalized Rayleigh Quotient can be shown as: 

(22) 

[0095] and the Lagrangian function shown as: 

M 

L(um.µm,G1n,k)=Ll- L µm(u!/i.Q1Um-am)- L s,,,,k(u:i.Q1UJtU~Q1um) 
1n;:::1 1:5 ni..k: :$ .\f 

1n:k (23) 

[0096] where µm and O,,,,k are Lagrange multipliers. Applying Lagrange conditions 

10 and some manipulations yield that the stationary points of/',, are generalized eigenvectors 

of the matrix pair (Rr, Q1) and 

[0097] 

l.M a A,. 
A_ m=l m Zm 
Ll- M 

2:m=1 am (24) 

where A;m is a generalized eigenvalue and (i1 ... iM) is a permutation of(! ... 

M). According to an embodiment, it can be relatively straightforward to verify that the 

15 generalized Rayleigh quotient in (24) is maximized when A;m is arranged in a descending 

order such as am, i.e. ·\ = A1 <:···<:A;., =AM . The de1ivation is concluded with such a 

dete1mination. The sub-optimization equations formulated in (17) or (20) can be dealt 

with similarly. 

[0098] Returning back, according to an embodiment, the optimal precoding matrixes 

20 for V11 and V21 can be shown respectively as: 

(25) 
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[0099] where u~ ···uZ and v1° ···vZ are the generalized eigenvectors of(R1, Q1) and 

(R2, Q2) respectively, both con-esponding to the eigenvalues an-anged in a descending 

order. In an embodiment, the maximized generalized Rayleigh Quotients as derived from 

5 equations (17) and (20) can then be shown as: 

(m= 1 ... M) (27) 

(m= 1 ... M) (28) 

[00100] where Am and En,, where (m = 1 ... M) are the generalized eigenvalues of (R1, 

Q1) and (R2, Q2) respectively and both are an-anged in descending orders as with am and 

10 /Jm· 

[00101] In an embodiment, a determination is made of power regulators am and /Jm 

where (m = 1 ... M), as originated in equations (19) and (22). 

[00102] 
M 

According to an embodiment, Ia= 2.:a., 
m=I 

M 

and Ip= LfJ., , which are 
m=I 

nmmalized as according to maximum power constraints. With respect to equations (27) 

15 and (28), the optimal geometric mean in (16) can be achieved as: 

(29) 

[00103] According to an embodiment, as am, An,, /Jm, Em where (m=l ... M) are all 

an-anged in descending order, it can be verified that the optimal power dist1ibution 

strategy is to allocate as much power as possible to the smallest index m (largest 

20 eigenvalues), given Ia and Ip and pairs of (Ri, Q1) and (R2, Q2) or ),m and Em. In an 

embodiment, a representative example can be a case where a1 = I a, a2 = ... = au= 0 and 

28 



/31 = Ip, /32 = ... = /JM = 0. However, such a case would not be a valid solution to the 

presently considered condition. In an embodiment, in order to achieve the maximized 

multiplexing gains, all of am and /Jm should not be zero. 

[00104] Further, according to an embodiment, the power regulators am and /Jm are 

5 determined for sufficient power in a data transmission such that a received signal or 

transmission from any one of the first base station and the second base station at any one 

of the first mobile station and the second mobile station can be demodulated in 

accordance to a network modulation scheme. For example, in a LTE cellular network, a 

Quadrature phase-shift keying (QPSK) is used for modulation of a transmission signal. 

10 [00105] According to an embodiment, the values of am and /Jm fulfill the following 

constraints in order to achieve the maximized multiplexing gain: 

15 

(30) 

[00106] or equivalently: 

(31) 

[00107] where sm;~,'l and sm;;2i where (m = 1 ... M) are the SNR per data stream 

originating from the first base station 302 and the second base station 304 respectively, 

and r;:i and y;~i are required SNR values for a mth data stream originating from the first 

20 base station 302 and the second base station 304 respectively. 

[00108] According to an embodiment, the required SNR Ym refers to the receiver 

sensitivity for a specific modulation. For example, for a QPSK signal transmission, a 
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receiver will only be able to decode a signal when the signal SNR at receiver is higher 

than a specific SNR value, i.e. sensitivity. The required SNR value Ym is implementation 

dependent. It may vary from device to device and products from different manufacturers 

may have different values. Normally, products from same manufacturer for the same 

5 standard products have the same SNR values for a specific modulation and coding rate. 

[00109] In an embodiment, the values of am and /J,,, where (m=2 ... M) in (31) can be 

set to satisfy the minimum requirement of sm~,11 and snr;,21 cmresponding to a lowest 

modulation and coding rate. In the embodiment, all the remaining power will then be 

allocated to a1 and fJ1• According to an embodiment, if there is available power 

10 headroom in the achieving of the highest modulation and coding rate without using up all 

the available power, any additional power can be overflowed to the next streams, i.e., in 

increasing a2 and fJ2• This process can continue until all the power is allocated or all data 

streams achieve a maximum modulation and coding rate. 

[00110] According to an embodiment, the determined power regulators, a,,, and /J.,, the 

15 determined eignvalues ,l,,, and E,,,, the detennined SNR, snr,,,, and the generalized 

eigenvectors of (R1, Q1) and (R2, Q2) can be used to determine an optimal precoding 

matrix for V11 and V21
• Thereafter, as according to equations (7), the precoding matrix for 

V12 and V22 are generated for application to thus provide an optimal signal transmission 

from the first base station 302 and the second base station 304 to the first mobile station 

20 312 and the second mobile station 314. 

[00111] FIG. 4 illustrates a flow chart 400 of an optimization according to an 

embodiment. Flow chatt 400 provides an optimized method in determining precoding 

matrixes for improved signal transmission through a base station cooperation. In 402, a 

CSI exchange is carried out between the first base station 302 and the second base station 

25 304. As earlier indicated, the CSI exchange facilitates base station cooperation, and 

includes a minimal or reduced data information load sharing between the base stations in 

cooperation. In 404, R1, R2, Qi, Q2 are calculated or dete1mined in obtaining an 

optimized base station cooperation according to an embodiment. In determining R and Q, 
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Interference Alignment is canied out, with a view to attain maximum multiplexing gains 

and minimal decoding complexity, at the receivers. 

[00112] In 406, an eigen-decomposition of (R1, Q1) and (R2, Q2) is canied out. 

According to an embodiment, an optimization of SNR and a determination of power 

5 regulators, thus leading to a maximization of system SNR, is sought in the decomposition 

of R and Q Additionally, in an embodiment, an optimized precoding matrix is thereafter 

obtained for V11 and V21
• In 408, V12 and V22 are generated or calculated based on the 

obtained optimized precoding matrix es V11 and V21
• 

[00113] According to an embodiment, an optimized set of precoding matrixes 1s 

10 obtained based on the first base station 302 in a base station cooperation with a second 

base station 304 in transmission communication with a first mobile station 312 and a 

second mobile station 314. In an embodiment, optimized precoding matrixes V11 and V21 

are determined, which relate to codewords x11 and x21 for a signal vector ;rfll for a signal 

transmission from the first base station 302 to the first mobile station 312 and the second 

15 mobile station 314. Optimized precoding ma!lixes V12 and V22 can thereafter be generated 

based on V11 and V21
, which relate to codewords x12 and x22 for a signal vector ;rf

2
l for a 

signal transmission from the second base station 302 to the first mobile station 312 and 

the second mobile station 314. A first set of optimized precoding matrixes (V11
, V21

, V12 

and V22
) is thus obtained. 

20 [00114] In an embodiment, a set of optimized precoding matrixes can instead be 

obtained by first determining optimized precoding matrixes for signal transmission from 

the second base station 304, and thereafter generating optimized precoding ma!lixes for 

signal t1·ansmission from the first base station 305. 

[00115] According to an embodiment, in 410, R' 1, R'2, Q' 1, Q'2 are calculated or 

25 determined in obtaining an optimized base station cooperation according to an 

embodiment. In 412, an eigen-decomposition of (R' 1, Q' 1) and (R'2, Q'2) is can-ied out. 

Further, an optimized precoding matrix is thereafter obtained for V12 and V22
• In 414, V1 

and V21 are generated or calculated based on the obtained optimized precoding matrixes 

31 



V12 and V22
• A second set of optimized precoding matrixes (V12

, V22
, V11 and V21

) is thus 

obtained 

[00116] In an embodiment, a set of optimized precoding matrixes for a first base 

station and a second base station can be determined by carrying out a comparison of the 

5 first set of optimized precoding matrixes and the second set of optimized precoding 

matrixes. In 416, one set of optimized precoding matrixes for V12
, V22

, V11 and V21 is 

chosen. According to an embodiment, the selection of the set of optimized precoding 

matrixes can be performed by calculating SNRs at the receivers, e.g. using (15), (16), or 

geometry mean of all 4 SNRs sm[IJ snr[2l sni3l and snr[4l where snr[JJ and snr[4l are 
' ' ' ' ' 

10 calculated similarly as in (15). 

[00117] According to another embodiment, the first set of optimized precoding 

matrixes is elected for use by the first base station and the second base station in a 

transmission to a first mobile station and/or a second mobile station. An actual reading of 

a first SNR at the first mobile station or the second mobile station for data received from 

15 the base stations is obtained, based on the first set of optimized precoding matrixes. A 

similar data transmission run is cairied out based on the second set of optimized 

precoding matrixes and a second actual reading of a second SNR for data received is 

obtained. A comparison is then made between the first SNR and the second SNR and a 

choice is made on using any one of the first set of optimized precoding matrixes and the 

20 second set of optimized precoding matrixes. It is noted that in a method according to 

vaiious embodiments in the present disclosure, there is no further requirement of 

feedback or measurement readings from the mobile stations in canying out a base station 

cooperation. 

[00118] Such a comparative selection allows for maximization of SNRs at the 

25 receivers. According to an embodiment, in a 2 x 2 system, there are four precoding 

matrixes wherein two of which are optimized in terms of resulting receiving SNR at the 

receivers whereas the other two precoding mat1ixes are detennined through interference 

alignment constraints, and which are not optimized in terms of SNR maximization. 
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Through alternating the precoding matrixes to be optimized and selecting the best 

afterwards, best possible precoding matrixes can be obtained. 

[00119] According to an embodiment, in verification of the determined parameters in 

supporting base station cooperation, a downlink transmission of the first base station 302 

S and the second base station 304 is considered for simulation. The first base station 302 

and the second base station 304 cooperatively serve two mobiles stations - the first 

mobile station 312 and the second mobile station 314, at a time and with a shared 

frequency bandwidth, for example, in allocation of a certain number of resource blocks. 

In an embodiment, each station is equipped with 4 antennas, both transmitting and 

10 receiving; the channel is also assumed Rayleigh fading. 

[00120] According to an embodiment, the first mobile station 312 includes a first 

detection module 342 and the second mobile station 314 includes a second detection 

module 344. The first detection module 342 and the second detection module 344 are 

used in an embodiment to determine a resultant signal from the first base station 302 and 

lS the second base station 304. The resultant signals are thereafter used in a ve1ification or 

in an observation of simulation results. 

[00121] FIG. SA shows the results of a first set of simulations SOO according to an 

embodiment. In the first set of simulations SOO, results are taken with respect to a first 

mobile station, and the fading channel matrix is assumed unchanged during different runs 

20 of the simulation. FIG. SB shows the results of a second set of simulations SSO according 

to an embodiment. In the second set of simulations SSO, results are taken with respect to a 

first mobile station and a second mobile station, and the fading channel mat1ixes are 

varying from one simulation run to another. SOO and SSO both show the simulation results 

for the receiver SNRs with different precoding - a random precoding matrix and a 

2S proposed precoding mat1ix as according to various embodiments in the present 

disclosure. 

[00122] It can be clearly observed that a proposed precoding according to various 

embodiments in the present disclosure outperforms a random precoding scheme 

significantly, with a few to tens of dB in SNR margins. 
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[00123] According to an embodiment, a precoding design is provided for interference 

aligmnent in X channels. The precoding matrixes are optimized to achieve maximized 

geometric mean of users' signal-to-noise ratios. The multiplexing gain is maximized at 

the same time. This transmission can achieve significant improvement in throughput 

5 without the need of exchanging real-time data amongst base stations. 

[00124] In an embodiment, the obtaining or determination or calculation of parameters 

in supporting base station cooperation between the first base station 302 and the second 

base station 3 04 is carried out in a central unit electrically and communicatively coupled 

to both the first base station 302 and the second base station 304. The central unit can 

10 include a processor, a memory or a data storage medium, and multiple inputs and outputs 

for receiving and transmitting statistical information and control instructions to the first 

base station 302 and the second base station 304 or a further plurality of base stations. 

Further, the central unit includes a plurality of functional modules configured to 

dete1mine parameters in supporting base station cooperation. 

15 [00125] In another embodiment, the obtaining or determination or calculation of 

parameters in supporting base station cooperation between the first base station 302 and 

the second base station 304 is carried out respectively in each of the first base station 302 

and the second base station 304, where the base stations are electrically and 

communicatively coupled to each other. The first base station 302 and the second base 

20 station 304 can each include a processor, a mem01y or a data storage medium, and 

multiple inputs and outputs for receiving and transmitting statistical inf01mation and 

control instructions to or from a plurality of base stations or a core network. The first 

base station 302 and the second base station 304 can respectively include a plurality of 

functional modules configured to determine parameters in supporting base station 

25 cooperation. 

[00126] In an embodiment, the presented method of determining parameters m 

supporting base station cooperation is carried out in a long term channel. In an 

embodiment, the long term channel is a channel that is carried out in a 1 millisecond. In 

an embodiment, the long term channel is provided for 1 second. In an embodiment, the 
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long term channel is provided for 1 minute. In an embodiment, there is provided a frame 

for which a channel is constant. A method of base station cooperation according to an 

embodiment is carried out in a frame of a communications channel in which the channel 

is constant. 

5 [00127] FIG. 6 illustrates a block diagram of a method 600 according to an 

emobdiment of the present disclosure. Method 600 can be a method for determining 

precoding matrixes for a communication of a first base station and a second base station 

with a first mobile station and a second mobile station, the communication including: a 

first signal channel between the first base station and the first mobile station, a second 

10 signal channel between the first base station and the second mobile station, a third signal 

channel between the second base station and the first mobile station, and a fomth signal 

channel between the second base station and the second mobile station. In 610, the 

method can include determining a first sub-set of a set of precoding matrixes based on a 

predetermined consideration of SNR between the first base station and the second base 

15 station and the first mobile station and the second mobile station, the set of precoding 

matrixes including a first precoding mat1ix for the first signal channel, a second 

precoding matrix for the second signal channel, a third precoding matrix for the third 

signal channel and a fourth precoding matrix for the fourth signal channel. In 620, the 

method can include generating a second sub-set of the set of precoding matrixes based on 

20 the first sub-set of the set of precoding matrix es. 

[00128] In an embodiment, a first sub-set of the set of precoding matrixes is 

deliberately determined, based at least on a SNR consideration of transmission received 

at the first mobile station and the second mobile station. This is in comparison with 

simply generating a random first set of precoding matrixes and aligning for interference 

25 therefrom. With such a determination as in an embodiment, optimization for noise as well 

as for interference can be cairied out in a single optimization run. 

[00129] In an embodiment, a closed form method is provided for obtaining a 

collection of precoding matrixes for a base station cooperation. It is noted that such a 

method carries out no repeated iteration of algorithms in achieving an optimization. In 
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such a case, bandwidth and valuable processing time is saved and focus is instead paid to 

the carrying out of a base station cooperation MIMO communication arrangement data 

transmission. 

[00130] In an embodiment, determining the first set of precoding matrixes includes 

5 determining any two precoding maliixes from the set of precoding matrixes based on the 

predetennined consideration of a signal to noise ratio between the first base station and 

the second base station and the first mobile station and the second mobile station. Further, 

generating the second set of precoding matrixes includes generating the second sub-set 

comprises generating the remaining two precoding matrixes from the set of precoding 

10 matrixes based on the first sub-set. 

[00131] In an embodiment, determining the first set of precoding matrixes includes 

determining the first precoding matrix and the second precoding matrix based on the 

predete1mined consideration of a signal to noise ratio between the first base station and 

the second base station and the first mobile station and the second mobile station. Further, 

15 generating the second set of precoding maliixes includes generating the second sub-set 

comprises generating the third precoding matrix and the fourth precoding maliix based on 

the first sub-set. 

[00132] In an embodiment, the method further includes determining a third sub-set of 

the set of precoding matrixes including a fifth precoding matrix for the third signal 

20 channel and a sixth precoding matrix for the fourth signal channel, based on the 

predetermined consideration of SNR between the first base station and the second base 

station and the first mobile station and the second mobile station; and generating a fourth 

sub-set of the set of precoding matrixes including a seventh precoding matrix for the first 

signal channel and an eighth precoding matrix for the second signal channel based on the 

25 fifth precoding matrix and the sixth precoding mat1ix. 

[00133] In an embodiment, the method further includes selecting for use between a 

first collection of precoding matrixes comprising the first sub-set and the second sub-set 

of the set of precoding matrixes, and a second collection of precoding matrixes 

comprising the third sub-set and the fourth sub-set of the set of precoding matrix es, based 
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on a SNR measurement at any one of the first mobile station and the second mobile 

station for signal transmission carried out based on each of the first collection of 

precoding matrixes and the second collection of precoding matrixes. 

[00134) In an embodiment, the first sub-set includes the first precoding matrix and the 

5 third precoding matrix, and the second sub-set includes the second precoding matrix and 

the fourth precoding matrix. 

[00135) In an embodiment, the first sub-set includes the first precoding matrix and the 

fourth precoding matrix, and the second sub-set includes the second precoding matrix and 

the third precoding matrix. 

I 0 [00136) In an embodiment, the method further includes generating the second set of 

precoding matrixes based on an interference alignment process considering the first set of 

precoding matrixes. 

[00137) In an embodiment, the interference alignment process includes improving 

multiplexing gain in the MIMO communication an-angement between the first base 

15 station and the second base station and the first mobile station and the second mobile 

station. 

[00138] In an embodiment, the predetermined consideration of SNR fmther includes a 

consideration of a first SNR at the first mobile station and a second SNR at the second 

mobile station in determining the first sub-set of precoding matrixes. 

20 [00139) In an embodiment, the predetermined consideration of SNR fu1ther includes 

obtaining any one of a geometric mean, a sum rate, an equal rate and a minimum mean 

square e1Tor of a first SNR and a second SNR. 

[00140) In an embodiment, the predete1mined consideration of SNR further includes 

maximizing any one of a geometric mean, a sum rate, an equal rate and a minimum mean 

25 square en-or of a first SNR and a second SNR. 

[00141) In an embodiment, the method includes obtaining eigenvalues with a 

generalized Rayleigh Quotient in determining the first set of precoding matrixes. 
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[00142] In an embodiment, Lagrange conditions are applied to the generalized 

Rayleigh Quotient in determining the first set of precoding matrixes. 

[00143] In an embodiment, the method includes optimizing a power distribution for a 

plurality of data streams in any one of the first signal channel and the second signal 

5 channel, the power distribution based on a network capacity in the MIMO arrangement 

derived from the first sub-set of precoding matrixes. 

[00144] In an embodiment, the method includes determining a value of a power 

regulator for each of the plurality of data streams based on a modulation and a coding rate 

in optimizing the power distribution. 

I 0 [00145] In an embodiment, the method includes determining a value of a power 

regulator for one of the plurality of data streams based on a lowest modulation and a 

lowest coding rate. 

[00146] In an embodiment, the method includes determining values of power 

regulators of all but one of the plurality of data streams based on a lowest modulation and 

15 a lowest coding rate. 

[00147] In an embodiment, the value of a power regulator of the remaining one of the 

plurality of data streams is dete1mined based on allocating a remaining power from the 

network capacity. 

[00148] In an embodiment, the method includes adjusting the value of the power 

20 regulator of a subsequent data stream originating from any one of the first base station 

and the second base station to allocate any remaining power from the network capacity 

for distribution. 

[00149] In an embodiment, the method includes distributing power in a descending 

order in the plurality of data streams. 
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[00150] In an embodiment, the first precoding matrix includes a 3M x 3M block 

matrix and the method further includes determining the first precoding matrix includes 

optimizing the first precoding matrix three times in a M x M sub-block. 

[00151] In an embodiment, the method includes optimizing the first precoding matrix 

5 and the second precoding mahix based on a desired signal power, an interference power 

and a noise variance at any one of the first mobile station and the second mobile station 

in determining the first sub-set of precoding matrixes.FIG. 7 illustrates a schematic of a 

system 700 according to an aspect of the present disclosure. In 710, the system can 

include a a first base station and a second base station, for communication with a first 

10 mobile station and a second mobile station, the communication including: a first signal 

channel between the first base station and the first mobile station, a second signal channel 

between the first base station and the second mobile station, a third signal channel 

between the second base station and the first mobile station, and a fourth signal channel 

between the second base station and the second mobile station. In 720, the system can 

15 include a first determination module configured to dete1mine a first sub-set of a set of 

precoding matrixes based on a predete1mined consideration of SNR between the first 

base station and the second base station and the first mobile station and the second 

mobile station, the set of precoding matrixes including a first precoding matrix for the 

first signal channel, a second precoding matJix for the second signal channel, a third 

20 precoding matrix for the third signal channel and a fourth precoding matrix for the fourth 

signal channel. 

[00152] In 730, the system can include a first generation module configured to 

generate a second sub-set of the set of precoding matrix es based on the first sub-set of the 

set of precoding matrixes. 

25 [00153] In an embodiment, the first determination module is configured to dete1mine 

any two precoding matrixes from the set of precoding matrixes based on the 

predetermined consideration of a signal to noise ratio between the first base station and 

the second base station and the first mobile station and the second mobile station. Further, 
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the first generation module is configured to generate the remammg two precoding 

matrixes from the set of precoding matrixes based on the first sub-set. 

[00154) In an embodiment, the the first determination module rs configured to 

determine the first precoding matrix and the second precoding matrix based on the 

5 predetermined consideration of a signal to noise ratio between the first base station and 

the second base station and the first mobile station and the second mobile station. Fmther, 

the the first generation module is configured to generate the third precoding matrix and 

the fomth precoding matrix based on the first sub-set. 

[00155) In an embodiment, the system includes a second determination module 

I 0 configured to determine a third sub-set including a fifth precoding matrix for the third 

signal channel and a sixth precoding matrix for the fourth signal channel, based on the 

predetennined consideration of SNR between the first base station and the second base 

station and the first mobile station and the second mobile station; and a second generation 

module configured to generate a fomth sub-set including a seventh precoding matrix for 

15 the first signal channel and an eighth precoding matrix for the second signal channel 

based on the fifth precoding matrix and the sixth precoding matrix. 

[00156) Alternatively, the first determination module and the first generation module 

can be configured to determine the fifth precoding matrix and the sixth precoding matrix, 

and the seventh precoding matrix and the eighth precoding matrix respectively. 

20 [00157) In an embodiment, the system includes a selector module configured to select 

for use between a first collection of precoding matrixes comprising the first sub-set and 

the second sub-set , and a second collection of precoding matrixes comprising the third 

sub-set and the fourth sub-set, based on a SNR measurement at any one of the first 

mobile station and the second mobile station for signal transmission canied out based on 

25 each of the first collection of precoding mat1ixes and the second collection of precoding 

matrix es. 
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[00158] In an embodiment, the first sub-set includes the first precoding matrix and the 

third precoding matrix, and the second sub-set includes the second precoding matrix and 

the fourth precoding matrix. 

[00159] In an embodiment, the first sub-set includes the first precoding matrix and the 

5 fourth precoding matrix, and the second sub-set includes the second precoding mat1ix and 

the third precoding matrix. 

[00160] In an embodiment, the first generation module is configured to generate the 

second sub-set based on an interference alignment process considering the first sub-set. 

[00161] In an embodiment, the interference alignment process includes improving 

10 multiplexing gain in the MIMO communication arrangement between the first base 

station and the second base station and the first mobile station and the second mobile 

station. 

[00162] In an embodiment, the predetennined consideration of SNR further includes a 

consideration of a first SNR at the first mobile station and a second SNR at the second 

15 mobile station to determine the first sub-set. 

[00163] In an embodiment, the predetermined consideration of SNR fu1iher includes 

obtaining any one of a geomehic mean, a sum rate, an equal rate and a minimum mean 

square error of a first SNR and a second SNR. 

[00164] In an embodiment, the predetermined consideration of SNR further includes 

20 maximizing any one of a geometric mean, a sum rate, an equal rate and a minimum mean 

square error of a first SNR and a second SNR. 

[00165] In an embodiment, the first determination module is configured to further 

obtain eigenvalues with a generalized Rayleigh Quotient to dete1mine the first set of 

precoding matrixes. 

25 [00166] In an embodiment, Lagrange conditions are applied to the generalized 

Rayleigh Quotient to dete1mine the first set of precoding matrixes. 
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[00167] In an embodiment, the first dete1mination module is configured to optimize a 

power distribution for a plurality of data streams in any one of the first signal channel and 

the second signal channel, the power distribution based on a network capacity in the 

MIMO a1rnngement derived from the first sub-set . 

5 [00168] In an embodiment, the first determination module is configured to determine a 

value of a power regulator for each of the plurality of data streams based on a modulation 

and a coding rate in optimizing the power distribution. 

[00169] In an embodiment, the first determination module is configured to determine a 

value of a power regulator for one of the plurality of data streams based on a lowest 

10 modulation and a lowest coding rate. 

[00170] In an embodiment, the first determination module is configured to dete1mine 

values of power regulators of all but one of the plurality of data streams based on a 

lowest modulation and a lowest coding rate. 

[00171] In an embodiment, the value of a power regulator of the remaining one of the 

15 plurality of data streams is determined based on allocating a remaining power from the 

network capacity. 

[00172] In an embodiment, the first dete1mination module is configured to adjust the 

value of the power regulator of a subsequent data stream originating from any one of the 

first base station and the second base station to allocate any remaining power from the 

20 network capacity for distribution. 

[00173] In an embodiment, the first detennination module is configured to distribute 

power in a descending order in the plurality of data streams. 

[00174] In an embodiment, the first precoding matrix includes a 3M x 3M block 

matrix and wherein the first determination module is configured to optimize the first 

25 precoding matrix three times in a M x M sub-block to determine the first precoding 

matrix. 
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[00175] In an embodiment, the first determination module is configured to optimize 

the first precoding matrix and the second precoding matrix based on a desired signal 

power, an interference power and a noise variance at any one of the first mobile station 

and the second mobile station to determine the first sub-set. 

5 [00176] The above apparatus, method and/or system as described and illustrated in the 

corresponding figures, is not intended to limit an or any apparatus, method or system as 

according to an embodiment, and the scope of the present disclosure. The description 

further includes, either explicitly or implicitly, various features and advantages of the 

method or system according to the present disclosure, which can be encompassed within 

I 0 an apparatus, method or system according to the disclosure. 

[00177] While embodiments of the disclosure have been particularly shown and 

described with 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 disclosure as defined by the appended claims. 

15 The scope of the disclosure 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 method for determining precoding matrixes for a communication of a first base 

5 station and a second base station with a first mobile station and a second mobile station 

the communication comprising: 

a first signal channel between the first base station and the first mobile station, a 

second signal channel between the first base station and the second mobile station, a third 

signal channel between the second base station and the first mobile station, and a fourth 

10 signal channel between the second base station and the second mobile station, the method 

comprising: 

determining a first sub-set of a set of precoding mat1ixes based on a 

predetennined consideration of a signal to noise ratio between the first base station and 

the second base station and the first mobile station and the second mobile station, the set 

15 of precoding matrixes comprising a first precoding matrix for the first signal channel, a 

20 

second precoding matlix for the second signal channel, a third precoding matlix for the 

third signal channel and a fourth precoding matlix for the fomih signal channel; and 

generating a second sub-set of the set of precoding matrixes based on the first 

sub-set of the set of precoding matrixes. 

2. The method according to claim 1, wherein: 

determining the first sub-set comp1ises determining any two precoding matrixes 

from the set of precoding matrixes based on the predetermined consideration of a signal 

to noise ratio between the first base station and the second base station and the first 

25 mobile station and the second mobile station; and 

30 

generating the second sub-set comprises generating the remaining two precoding 

matrixes from the set of precoding matrixes based on the first sub-set. 

3. The method according to claim 2, wherein: 

determining the first sub-set comprises determining the first precoding matrix and 

the second precoding matrix based on the predetermined consideration of a signal to 
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5 

. noise ratio between the first base station and the second base station and the first mobile 

station and the second mobile station; and 

generating the second sub-set comprises generating the third precoding matrix and 

the fourth precoding matrix based on the first sub-set. 

4. The method according to claim 3, further comprising: 

determining a third sub-set of the set of precoding mahixes comprising a fifth 

precoding matrix for the third signal channel and a sixth precoding matrix for the fourth 

signal channel, based on the predetermined consideration of a signal to noise ratio (SNR) 

I 0 between the first base station and the second base station and the first mobile station and 

the second mobile station; and 

15 

generating a fourth sub-set of the set of precoding matrixes comprising a seventh 

precoding matrix for the first signal channel and an eighth precoding matrix for the 

second signal channel based on the fifth precoding mat1ix and the sixth precoding matrix. 

5. The method according to claim 4, further comprising selecting for use between a 

first collection of precoding matrixes comprising the first sub-set and the second sub-set, 

and a second collection of precoding matrixes comprising the third sub-set and the fourth 

sub-set , based on a SNR measurement at any one of the first mobile station and the 

20 second mobile station for signal transmission carried out based on each of the first 

collection of precoding matrixes and the second collection of precoding matrixes. 

25 

30 

6. The method according to claim I, fu11her comprising generating the second sub-

set based on an interference alignment process considering the first sub-set. 

7. The method according to claim 6, wherein the interference alignment process 

comprises improving multiplexing gain in the multiple-input multiple-output (MIMO) 

communication arrangement between the first base station and the second base station 

and the first mobile station and the second mobile station. 
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8. The method according to claim 1, wherein the predetermined consideration of 

SNR further comprises a consideration of a first SNR at the first mobile station and a 

second SNR at the second mobile station in determining the first sub-set. 

9. The method according to claim 8, wherein the predetermined consideration of 

SNR further comprises obtaining any one of a geometric mean, a sum rate, an equal rate 

and a minimum mean square error of a first SNR and a second SNR. 

10. The method according to claim 9, wherein the predetennined consideration of 

10 SNR further comprises maximizing any one of a geometric mean, a sum rate, an equal 

rate and a minimum mean square e1rnr of a first SNR and a second SNR. 

11. The method according to claim 1, further comprising obtaining eigenvalues with a 

generalized Rayleigh Quotient in determining the first set of precoding matrixes. 

15 

12. The method according to claim 11, wherein Lagrange conditions are applied to 

the generalized Rayleigh Quotient in determining the first set of precoding matrixes. 

13. The method according to claim 3, further comprising optimizing a power 

20 distribution for a plurality of data streams in any one of the first signal channel and the 

second signal channel, the power distribution based on a network capacity in the MIMO 

arrangement derived from the first sub-set. 

14. The method according to claim 13, further comprising determining a value of a 

25 power regulator for each of the plurality of data streams based on a modulation and a 

coding rate in optimizing the power distribution. 

15. The method according to claim 14, further comprising determining a value of a 

power regulator for one of the plurality of data streams based on a lowest modulation and 

30 a lowest coding rate. 
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16. The method according to claim 15, further comprising determining values of 

power regulators of all but one of the plurality of data streams based on a lowest 

modulation and a lowest coding rate. 

17. The method according to claim 16, wherein the value of a power regulator of the 

remaining one of the plurality of data streams is determined based on allocating a 

remaining power from the network capacity. 

18. The method according to claim 17, further comprising adjusting the value of the 

10 power regulator of a subsequent data stream originating from any one of the first base 

station and the second base station to allocate any remaining power from the network 

capacity for distribution. 

19. The method according to claim 13, further comprising dist1ibuting power in a 

15 descending order in the plurality of data streams. 

20 

25 

20. The method according to claim 3, wherein the first precoding matrix comprises a 

3M x 3M block matrix and determining the first precoding matrix comprises optimizing 

the first precoding matrix three times in a M x M sub-block. 

21. The method according to claim 3, further compnsmg optimizing the first 

precoding matrix and the second precoding matrix based on a desired signal power, an 

interference power and a noise variance at any one of the first mobile station and the 

second mobile station in dete1mining the first sub-set. 

22. A system comprising: 

a first base station and a second base station, for communication with a first 

mobile station and a second mobile station, the communication comprising: 

a first signal channel between the first base station and the first mobile 

3 0 station, a second signal channel between the first base station and the second mobile 

station, a third signal channel between the second base station and the first mobile station, 
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and a fourth signal channel between the second base station and the second mobile 

station; 

a first determination module configured to determine a first sub-set of a set 

precoding matrixes based on a predetermined consideration of SNR between the first 

5 base station and a second base station and the first mobile station and the second mobile 

station, the set of precoding matrixes comprising a first precoding matrix for the first 

signal channel, a second precoding matrix for the second signal channel, a third 

precoding ma!iix for the third signal channel and a fourth precoding matrix for the fourth 

signal channel; and 

10 a first generation module configured to generate a second sub-set of a set of 

precoding matrix es based on the first sub-set of the set of precoding matrix es. 

23. The system according to claim 22, wherein: 

the first dete1mination module is configured to dete1mine any two precoding 

15 mat1ixes from the set of precoding matrixes based on the predete1mined consideration of 

a signal to noise ratio between the first base station and the second base station and the 

first mobile station and the second mobile station; and 

20 

the first generation module is configured to generate the remaining two precoding 

mallixes from the set of precoding matrixes based on the first sub-set. 

24. The system according to claim 23, wherein: 

the first determination module is configured to dete1mine the first precoding 

matrix and the second precoding matrix based on the predete1mined consideration of a 

signal to noise ratio between the first base station and the second base station and the first 

25 mobile station and the second mobile station; and 

the first generation module is configured to generate the third precoding matrix 

and the fomth precoding matiix based on the first sub-set. 

25. The system according to claim 24, further comprising: 

30 a second determination module configured to determine a third sub-set 

compiising a fifth precoding matiix for the third signal channel and a sixth precoding 
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matrix for the fourth signal channel, based on the predetermined consideration of SNR 

between the first base station and the second base station and the first mobile station and 

the second mobile station; and 

a second generation module configured to generate a fourth sub-set comprising a 

5 seventh precoding matrix for the first signal channel and an eighth precoding matrix for 

the second signal channel based on the fifth precoding matrix and the sixth precoding 

matrix. 

26. The system according to claim 25, further compnsmg a selector module 

I 0 configured to select for use between a first collection of precoding matrixes comprising 

the first sub-set and the second sub-set, and a second collection of precoding matrixes 

comp1ising the third sub-set and the fourth sub-set, based on a signal to noise ratio (SNR) 

measurement at any one of the first mobile station and the second mobile station for 

signal transmission earned out based on each of the first collection of precoding matrixes 

15 and the second collection of precoding mahixes. 

20 

25 

27. The system according to claim 22, wherein the first generation module is 

configured to generate the second sub-set based on an interference aligmnent process 

considering the first sub-set. 

28. The system according to claim 27, wherein the interference aligmnent process 

comprises improving multiplexing gain in the MIMO communication arrangement 

between the first base station and the second base station and the first mobile station and 

the second mobile station. 

29. The system according to claim 22, wherein the predetermined consideration of 

SNR further comprises a consideration of a first SNR at the first mobile station and a 

second SNR at the second mobile station to determine the first sub-set. 
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30. The system according to claim 29, wherein the predetermined consideration of 

SNR further comprises obtaining any one of a geometric mean, a sum rate, an equal rate 

and a minimum mean square error of a first SNR and a second SNR. 

31. The system according to claim 30, wherein the predetermined consideration of 

SNR further comprises maximizing any one of a geometric mean, a sum rate, an equal 

rate and a minimum mean square error of a first SNR and a second SNR. 

32. The system according to claim 22, wherein the first determination module is 

10 configured to further obtain eigenvalues with a generalized Rayleigh Quotient to 

determine the first set of precoding matrixes. 

15 

20 

25 

33. The system according to claim 32, wherein Lagrange conditions are applied to the 

generalized Rayleigh Quotient to determine the first set of precoding matrixes. 

34. The system according to claim 24, wherein the first determination module is 

configured to optimize a power distribution for a plurality of data streams in any one of 

the first signal channel and the second signal channel, the power distribution based on a 

network capacity in the MIMO aiTangement de1ived from the first sub-set. 

35. The system according to claim 34, wherein the first detennination module is 

configured to determine a value of a power regulator for each of the plurality of data 

streams based on a modulation and a coding rate in optimizing the power distribution. 

36. The system according to claim 35, wherein the first determination module is 

configured to determine a value of a power regulator for one of the plurality of data 

streams based on a lowest modulation and a lowest coding rate. 

37. The system according to claim 36, wherein the first determination module is 

3 0 configured to determine values of power regulators of all but one of the plurality of data 

streams based on a lowest modulation and a lowest coding rate. 
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38. The system according to claim 37, wherein the value of a power regulator of the 

remaining one of the plurality of data streams is determined based on allocating a 

remaining power from the network capacity. 

39. The system according to claim 38, wherein the first determination module is 

configured to adjust the value of the power regulator of a subsequent data stream 

01iginating from any one of the first base station and the second base station to allocate 

any remaining power from the network capacity for distribution. 

40. The system according to claim 34, wherein the first determination module is 

configured to distribute power in a descending order in the plurality of data streams. 

41. The system according to claim 24, wherein the first precoding matrix comprises a 

15 3M x 3M block maliix and wherein the first determination module is configured to 

optimize the first precoding matrix three times in a M x M sub-block to dete1mine the 

first precoding matrix. 

42. The system according to claim 24, wherein the first determination module is 

20 configured to optimize the first precoding matrix and the second precoding matrix based 

on a desired signal power, an interference power and a noise variance at any one of the 

first mobile station and the second mobile station to dete1mine the first sub-set. 
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