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MULTI-CELL COORDINATED TRANSMISSIONS
IN WIRELESS COMMUNICATION NETWORK

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to wireless
communications and, more particularly, to multi-point fast coordinated
transmission in an Orthogonal Frequency Division Multiplexing (OFDM)

communication system.

BACKGROUND

[0002] Coordinated Multi-Point (CoMP) transmission/reception has been
proposed as a promising technology to meet the Third Generation Partnership
Project (3GPP) Long Term Evolution Advanced (LTE-A) requirements by improving
performance of cell-edge UEs in particular., In CoMP operation, multiple
transmission/reception points cooperatively transmit to or receive from one or more
user equipment (UEs) to improve performance, especially for those UEs that would
otherwise, in the case of downlink, see significant interference from some
transmission points if they do not cooperate. A transmission point (TP), termed from
the downlink perspective, refers to generally a radio unit controlled by the scheduler
in a base station (referred to as eNodeB or eNB in LTE). A base station may control a
single TP, in which case the TP is the same as a base station or an eNB. In this case,
the CoMP operation refers to the case that there is coordination among eNBs. In
another network architecture, a base station or eNB may control multiple TPs that are
often referred to as radio units or radio heads. In this case, coordination among TPs
will happen naturally, and is easier to achieve since they are controlled by a

centralized scheduler within the eNB.

[0003] In some network deployments, TPs may be co-located, in which case it

is feasible to connect them to a single eNB. An example is the well-known three-
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sector deployment where a single eNB has three service areas referred to as sectors or
cells. In some other deployments, TPs may be geographically separated, in which
case they can be controlled by either separate eNBs or a single eNB. In the former
case, TPs are also typically under the control of separated schedulers that may
coordinate in a peer-to-peer fashion. Different types of eNBs with different
transmission powers constitutes the so-called heterogeneous network. In the latter
case, the TPs, often referred to as remote radio units (RRUs) or remote radio heads
(RRHs), connect to a single eNB via optical fiber and a centralized scheduler

controls/coordinates all the TPs.

[0004] Each TP, co-located or geographically separated, may form its own
logical cell or multiple TPs may form a single logical cell. From a user equipment
(UE) perspective, a cell is defined as a logical entity that a UE receives data from and
transmits data to, in other words, “serves” the UE. The cell that serves a UE is called
the “serving cell”. The geographic area covered the logical entity is sometimes also
referred to as a cell, such as when a cell-edge UE is mentioned to describe a UE
located at the edge of the coverage area. A cell usually has an associated cell
identifier (cell-ID). A cell-ID is typically used to specify the pilot signals (also
referred to as reference signals) and scramble the data transmitted to the UEs

“attached” to (i.e., served by) that cell.

[0005] At a high level, two general CoMP categories can be used to describe
coordination schemes. First, two or more TPs can jointly transmit to a user in the so-
called Joint Transmission (JT) scheme. JT schemes turn otherwise interference into
constructive signal for the UE, while also achieve the spatial multiplexing gains due
to a larger set of antennas. Second, in the so-called Coordinated Scheduling (CS)
approach, two or more cells can coordinate dynamically such that their transmission
such that the cross interference is reduced when they serve multiple UEs
simultaneously. One simple CS example is called Dynamic Cell Selection (DCS)
where the best cell for transmission is selected dynamically on a short-term basis.

Further muting of the transmission from some cells to completely avoid interference
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will further improve SNR at the user. In another example referred to as Coordinated
Beamforming (CoBF), the spatial domain of the multi-antenna channels is exploited
by eNB to choose spatial precoding or beamforming weights appropriately at both

serving and non-serving cells.

[0006] There are pros and cons for JT and CS, which take different approaches
to interference management. For example, JT requires dynamic exchange of data
among all the participating TPs, which may be feasible only to architectures that have
a centralized scheduler with fiber-based connection to TPs. For CoBF, one of the
drawbacks of relying exclusively on spatial domain interference mitigation is that the
performance improvement may be limited by the accuracy of spatial channel
feedback. This is often the case where the uplink constraint limits the feedback to be

quantized codebook based feedback.

[0007] DCS requires dynamic coordination among cells, even though it does
not need to exchange a lot of data as in JT. Traditionally, cells are connected through
a standardized higher latency interface referred to as X2, which is not designed to
enable dynamic coordinate on a short-term basis. The information exchanged over
X2 is often coarse and based on long-term channel characteristics and traffic loads
etc, hence only a slow coordination among distributed schedulers is possible. As an
example of coordination, each cell may adopt an associated subframe muting pattern

according to pre-planning or slow coordination.

[0008] CoMP operation via fast coordinated scheduling is of particular interest
to the network architecture where a centralized scheduler controls multiple TPs via

fiber based connection.

[0009] In conventional non-CoMP operation, a single TP, which is the serving
cell for a number of UEs, adapts the transmission parameters based on the quality of
the links to those UEs. To support link adaptation, a technique commonly adopted in

modern wireless communications, a UE needs to estimate the channel quality of a
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hypothetical data transmission which is traditionally from a single cell. Channel
quality is often represented as a modulation and coding scheme (MCS). The UE may
also feed back some recommendation on the spatial transmission parameters, such as

the transmission rank indication, precoding matrix index, and the like.

[00010] In CoMP operation, transmission from multiple points also needs to
adapt to the link condition as seen by the UE. The key to realize fast scheduling
gains is for each individual TP to respond to the traffic loading and user channel and
interference condition dynamically with adaptive resource allocation, user selections,
muting and power management. CoMP needs to be enabled by appropriate UE
feedback which also should reflect the performance improvement resulted from

CoMP.

[00011] The various aspects, features and advantages of the invention will
become more fully apparent to those having ordinary skill in the art upon
careful consideration of the following Detailed Description thereof with the
accompanying drawings described below. The drawings may have been

simplified for clarity and are not necessarily drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

[00012] FIG. 1 is a block diagram of a wireless communication system.
[00013] FIG. 2 is a block diagram of a wireless communication system.
[00014] FIG. 3 is a diagram of a wireless communication network.
[00015] FIG. 4 is a diagram of a wireless communication network.
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[00016] FIG. 5 is a block diagram of a user equipment of the communication

system of FIG. 1.

[00017] FIG. 6 is a block diagram of a base station of the communication system
of FIG. 1.
[00018] FIG. 7 is an exemplary time-frequency diagram of an OFDMA physical

resource block (PRB) employed by the communication system of FIG. 1 and that
illustrates pilot signal placement within the OFDMA PRB.

[00019] FIG. 8 is an exemplary snapshot of a fast coordination operation among

multiple RRUs that share frequency resource partitions.

[00020] FIG. 9 is an exemplary diagram illustrating a transmission

configuration in a fast coordinated scheduling operation.

[00021] FIG. 10 is the flowchart of a method in a wireless communication

device.

[00022] FIG. 11 is the flowchart of a method in a wireless infrastructure entity.
DETAILED DESCRIPTION

[00023] The disclosure generally encompasses methods that involve a wireless

communication device receiving known pilot signals sent from a set of transmission
antennas. The wireless communication device determines, based on the known pilot
signals from the set of transmission antennas, a recommended first subset of
transmission antennas from which transmissions are not intended for the wireless
communication device. The device determines a second subset of transmission

antennas from which transmissions are intended for the wireless communication
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device. The wireless communication device also determines a recommended
transmission power setting of each of the first subset of transmission antennas,
wherein the wireless communication device sends information to the base station.
The information pertains to the first and second subsets of transmission antennas and
the recommended transmission power setting of each of the first subset of

transmission antennas.

[00024] FIG. 1 is a block diagram of a wireless communication system 100
including multiple user equipment (UE) 101-103 (three shown), such as but not
limited to a cellular telephone, a radio telephone, a personal digital assistant (PDA)
with radio frequency (RF) capabilities, or a wireless modem that provides RF access
to digital terminal equipment (DTE) such as a laptop computer. Communication
system 100 further includes an access network 140 comprising multiple base stations
(BSs) 110-113 (four shown), such as a Node B, an eNodeB, an Access Point (AP), or a
Base Transceiver Station (BTS) (the terms BS, eNodeB, eNB, and NodeB are used
interchangeably herein), that includes an antenna array comprising multiple
antennas and that supports Multiple-Input Multiple-Output (MIMO)
communications and that each provides communication services, via a

corresponding air interface 120-123, to users’ equipment, such as UE 101-103.

[00025] Each BS provides communication services to UEs in a geographic area
referred to as a cell or a sector of a cell. Note that a single BS can cover multiple
sectors of a cell. The term “cell” is typically used to refer to a sector in this case.
More precisely, from a UE perspective, a cell is a logical entity that a UE
communicates with (i.e., serves a UE). The cell that serves a UE is called the “serving
cell” as opposed to a “non-serving” or potentially interfering cell. A cell usually
corresponds to an associated cell identifier (cell-ID). A cell-ID is typically used to
specity the pilot signals (also referred to as reference signals) and to scramble the
data transmitted to the UEs “attached” to (i.e., served by) that cell. Each cell can have

a single transmission point (TP) in which case the term cell and TP can used
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interchangeably. Each cell may have multiple TPs (refer to FIG.2) in which case they

are not equivalent.

[00026] Each air interface 120-123 comprises a respective downlink and a
respective uplink. Each of the downlinks and uplinks comprises multiple physical
communication channels including multiple control/signaling channels and multiple
traffic channels. Each BS of the multiple BSs 110-113 is in communication with the
other BSs of the multiple BSs via one or more of a network access gateway 130 and an
inter-BS interface that may comprise one or more of a wire-line link and a wireless
link of all of the BSs and via which each BS may broadcast to the other BSs. Access
network 140 further includes an access network gateway 130. Access network
gateway 130 provides access for each of BSs 110-113 to other parts of an
infrastructure of communication system 100 and to each other, and may be, for
example but not limited to, any one or more of a Radio Network Controller (RNC), a
mobile switching center (MSC), a Packet Data Service Node (PDSN), or a media

gateway.

[00027] FIG. 2 illustrates a block diagram an access network 140 including a BS
200 whose functionality is distributed among a Base Band Unit (BBU) 201 and
multiple Remote Radio Units (RRUs) 202-205 (four shown) coupled to the BBU. Each
RRU 202-205 comprises an antenna array that includes one or more antennas and
further includes other functionality, and is responsible for receiving and transmitting
the radio frequency signals from and to a UE, such as UE 101, residing in a coverage
area of the RRU via a corresponding air interface 222-225. Each RRU 202-205 can also
each be referred to as a TP that is connected to the same BS 200. Each air interface
222-225 comprises a respective downlink and a respective uplink. Each of the
downlinks and uplinks comprises multiple physical communication channels
including multiple control/signaling channels and multiple traffic channels. BBU
201 is coupled to each of the multiple RRUs 202-205 by a corresponding backhaul
link 212-215, for example, a wireless link or a wired link such as a fiber optic

network. Typically the scheduler resides with a BBU. In still other embodiments,
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communication system may comprise system that is a combination of the

embodiments depicted in FIGs. 1 and 2.

[00028] TPs may be co-located, in which case it is feasible to connect them to a
single eNB. An example is the typical three-sector deployment with a single eNB
controls three service areas referred to as sectors/cells. TPs may be geographically
separated, hence the term “remote radio units” or RRUs, or “remote radio heads” or
RRHs. An example of geographically separated TPs is see in the deployment
scenario of heterogeneous network that is comprised of different types of eNBs with

varying transmission powers.

[00029] FIG. 3 depicts an exemplary wireless communication network with
multiple eNBs or BS units 310, 320, 330. Further each base station unit is connected to
one or more transmission points TPs or RRUs which may be configured as individual
cells. Base station 310 is connected to RRUs 312, 314, 316; base station 320 is
connected to RRU 322 and base station 330 is connected to RRU 332. Further in this
example, base station 310 is connected to RRUs 312,314,316 through low latency
backhaul link 350 (e.g., fiber based), which enables fast centralized coordination
among these TPs by the base station 310. On the other hand, coordination between
TPs controlled by different base station, like 312 and 332, would require use of high

latency X2 connection 360.

[00030] FIG. 4 also depicts coordination of multiple RRUs 412, 414, 41, 418 by
an eNB/base station that controls these RRUs. A UE may receive transmission from
a single RRU or more than one RRU. Only as an example here, assuming two RRUs
jointly serve a coverage area, three approximate areas are illustrated as 450, 460, 470,
corresponding to three RRU pairs (412,416), (412,414) and (416,418), respectively. UE
430 is located in the coverage area 460 served by RRU pair (412, 416) and could
receive joint transmissions from these two RRUs. In this case, 412 and 416 may be
referred to as serving RRUs and 418 as a non-serving RRU (or potentially interfering

RRU), all from UE 430’s perspective only. Similarly UE 440 may receive
8
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transmissions from 412 and 414. UE420 may receive transmission from 416 and 418.
But UE420 may be closer to 418 and thus the central scheduler may decide to use
only RRU 418 to serve UE 420. eNB/base station may determine the serving and non-
serving RRUs for each UE considering the performance of the whole network 480 in
its control, based on some UE feedback measurements. Such determinations may be

semi-static or dynamic.

[00031] Referring now to FIG. 5 and FIG. 6, block diagrams are provided of a
UE 500, such as UEs 101-103, and a BS 600, such as BSs 110-113 and 200. Each of UE
500 and BS 600 includes a respective signal processing unit 502, 602, such as one or
more micro-signal processing units, microcontrollers, digital signal processing units
(DSPs), combinations thereof or such other devices known to those having ordinary
skill in the art. The particular operations/functions of signal processing units 502
and 602, and respectively thus of UE 500 and BS 600, are determined by an execution
of software instructions and routines that are stored in a respective at least one
memory device 504, 604 associated with the signal processing unit, such as random
access memory (RAM), dynamic random access memory (DRAM), and/or read only
memory (ROM) or equivalents thereof, that store data and programs that may be

executed by the corresponding signal processing unit.

[00032] Each of UE 500 and BS 600 further includes one or more corresponding
transceivers 506, 606 coupled to the signal processing unit 502, 602 of the UE or BS.
For example, BS 600 may include multiple transceivers, that is, a transceiver at each
RRU 202-205. Each transceiver 506, 606 includes receiving circuitry (not shown) and
transmitting circuitry (not shown) for receiving and transmitting signals over an air
interface, such as air interfaces 120-123 and 222-225. UE 500 includes one or more
antennas 508 and, in the event the UE comprises multiple antennas, may support
MIMO communications. BS 600 further includes one or more arrays 610 of antennas,
for example, BS 600 may include multiple antenna arrays, that is, array at each RRU
202-205, which arrays each are in communication with a corresponding transceiver

506 and which arrays each comprises multiple antennas 612. By utilizing an antenna

9
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array to transmit signals to a UE located in a coverage area of the BS, such as a cell or
sector serviced by the antenna array, the BS is able to utilize MIMO techniques for the

transmission of the signals.

[00033] BS 600 further includes a weighter 608 in association with each
transceiver of the one or more transceivers 606, such as a precoder or any other type
of signal weighting function, that is in communication with signal processing unit
602 and that is interposed between a corresponding antenna array 610 and a
corresponding transceiver 606. In another embodiment, weighter 608 may be
implemented by signal processing unit 602. Weighter 608 weights signals applied to
the multiple antennas 612 of a corresponding antenna array 610 based on channel
state information (CSI) feed back by a UE, for example, codebook feedback such as a
codebook index and a rank index, statistical feedback such as a covariance matrix or
any other type of matrix, eigenvectors, or channel quality mean and variance, a
received signal quality information, a channel frequency response, or any other type
of channel feedback known in the art, in order to predistort and beamform the

signals for transmission to the UE over the downlink of the intervening air interface.

[00034] When weighter 608 comprises a precoder, each of UE 500 and BS 600
may further maintain, in at least one memory devices 504 and 604 and/or in
precoder 608, a precoding matrix, which precoding matrix comprises multiple sets of
matrices and wherein each set of matrices is associated with a combination of
antennas for downlink transmission and with weights applicable to each antenna.
Precoding matrices are well-known in the art and will not be described in greater
detail. Based on the channel conditions measured by a UE, the UE reports back a
precoding metric, preferably a Precoding Matrix Indicator (PMI), for a group of
resource elements (REs) where an RE is a time-frequency resource such as a 12
subcarriers in frequency by 7 OFDM symbols in time. In determining a precoding
metric for a group of REs, the UE computes a set of complex weights based on the
measured channel conditions. The set of complex weights can be Eigen

Beamforming vectors derived from downlink reference signal measurements. The

10
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complex weights are mapped to a set of already defined vectors, that it, to a nearest
vector of the set of already defined vectors, to produce a precoding vector. The UE
then conveys the index of the precoding vector selected by the UE using an uplink

control channel.

[00035] The embodiments of the are implemented within UE 101-103 and BSs
110-113 and 200, and more particularly with or by software programs and
instructions stored in the at least one memory devices 504, 604 and executed by
signal processing units 502, 602 of the UEs and BSs. However, one of ordinary skill
in the art realizes that the embodiments described herein may be also implemented
in hardware, for example, integrated circuits (ICs), application specific integrated
circuits (ASICs), and the like, such as ASICs implemented in one or more of UEs 101-
103 and BSs 110-113 and 200. Based on the present disclosure, one skilled in the art
will be readily capable of producing and implementing such software and/or

hardware without undo experimentation.

[00036] In one implementation, the communication system comprises an
Orthogonal Frequency Division Multiple Access (OFDMA) modulation scheme for
transmitting data over air interface, wherein a frequency channel, or bandwidth, is
split into multiple physical resource blocks (PRBs) during a given time period. Each
physical resource block (PRB) comprises multiple orthogonal frequency sub-carriers
over a given number of OFDM symbols, that are the physical layer channels over
which traffic and signaling channels are transmitted in a TDM or TDM/FDM
fashion. A PRB typically represents the minimum resource that can be assigned for
transmission to a UE. A communication session may be assigned a PRB or a group of
PRBs for an exchange of bearer information, thereby permitting multiple users to
transmit simultaneously on the different non-overlapping PRBs such that each user’s
transmission is orthogonal to the other users’ transmissions. A PRB also may be
assigned to multiple users in which case the users are no longer orthogonal but they

can be separated based on spatial signatures of the individual transmit weights.

11
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[00037] In a more specific implementation, the communication system operates
according to the 3GPP LTE standards, which specify wireless telecommunications
system operating protocols including radio system parameters and call processing
procedures, and implements coordinated multipoint transmission (CoMP).
However, those who are of ordinary skill in the art will realize that the
communication system may operate in accordance with any wireless
telecommunication standard employing an Orthogonal Frequency Division
Multiplexing (OFDM) modulation scheme, such as but not limited to other 3GPP
communication systems employing channel estimation and feedback of channel
interference measurements, a Third Generation Partnership Project 2 (3GPP2)
Evolution communication system, for example, a Code Division Multiple Access
(CDMA) 2000 1XEV-DV communication system, a Wireless Local Area Network
(WLAN) communication system as described by the Institute of Electrical and
Electronics Engineers (IEEE) 802.xx standards, for example, the 802.11a/HiperLAN2,
802.11g, or 802.20 standards, or a Worldwide Interoperability for Microwave Access
(WIMAX) communication system that operates in accordance with the IEEE 802.16
standards, including 802.16e and 802.16m.

[00038] Among the signals being multiplexed and transmitted to a UE 101-103
from each of multiple coverage areas, such as by the multiple BSs 110-113 and/or by
the multiple RRUs 202-205 associated with BS 200, are reference or pilot signals
which may be multiplexed with control information and user data. Pilot signals, and
more particularly Channel State Information-Reference Signals (CSI-RSs), are sent
from antennas of a serving BS or RRU that may transmit to a UE in order for the UE
to determine channel state information (CSI) that is fed back to a serving BS.
Additionally, with respect to CoMP transmissions, the UE may need to determine

CSI for multiple TPs or multiple BSs as well.
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[00039] Referring now to FIG. 7, time-frequency diagrams 700, respectively are
provided that depict exemplary distributions of pilot signals, and particularly CSI-
Reference Signals (CSI-RSs), in a PRB 740 and over a subframe 730 that may be
employed by a communication system in accordance with various embodiments of
the disclosureu. The terms ‘pilot signals’ and ‘reference signals’ are used
interchangeably herein. A vertical scale of each time-frequency diagram depicts
multiple blocks of frequency, or frequency bins, (frequency subcarriers) of the
subframe that may be allocated. A horizontal scale of each time-frequency diagram
depicts multiple blocks of time (in units of OFDM symbols 701-714) of the subframe
that may be allocated. Subframe 730, depicted in time-frequency diagrams 700,
comprises a physical resource block (PRB) 740, wherein the PRB comprises 12 OFDM
subcarriers over two time slots comprising 14 OFDM symbols. In turn, PRB 740 is
divided into multiple resource elements (REs) 720, wherein each RE is a single
OFDM subcarrier, or frequency bin, on a single OFDM symbol. Further, PRB 740
comprises a control region 731, for the transmission of control data, and a user data

region 732, for the transmission of user data.

[00040] In FIG. 7, PRB 740 depicts multiple allowable Channel State
Information (CSI) reference signals, but typically only a subset of CSI reference
signals (CSI-RS) will be used based on pilot configuration. A CSI reference signal
configuration is used to refer to a set of resources (REs in an OFDM system) that may
be used to transmit a set of CSI-RSs corresponding to a group of one or more transmit
antennas, which can be referred to more generally as transmit antenna ports. In the
Release 10 version of the 3GPP LTE specification, for a given number (or a group) of
transmit antenna ports, multiple possible CSI-RS configurations are defined to choose
from. In FIG. 7, CSI-RS are provisioned in groups of two transmit antenna ports.
Each pair of ports, denoted as [0, 1], shared the same resources based on Code
Division Multiplexing (CDM). In a particular example, a port pair [0, 1] shares the
two corresponding resource elements (REs) 721 with a simple CDM code of [1, 1] and
[1,-1]. In FIG. 7, there are total of 20 such CSI-RS pairs (each indicated by a pair of

resource elements labeled as (0,1)) that can be employed by a network and a UE may
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have to measure all or some of them depending on eNB’s request. Ditferent CSI-RS
can be used by different TPs to allow the UE to make measurements of channel
between the UE and each TP. As an example, with each RRU supporting 2 transmit
antennas each, a 2-port CSI-RS configuration can be assigned to each RRU and for a
cluster of M RRUs controlled by an eNB, M such 2-port CSI-RS configurations can be

assigned.

[00041] UEs need knowledge of CSI-RS for all the TPs (i.e., the time-frequency
resources occupied by the TPs and the one or more sequences for the CSI-RS). Such
configuration may be pre-defined or informed by an eNB. In one example, CSI-RS
configuration may be derived from the cell ID(s) associated with the TPs. The RRUs
may have separate cell-IDs or all share a single cell-ID. For example, if four RRUs are
configured with a single cell-ID, then they can use a 8-port CSI-RS configuration
corresponding to 8 transmit antennas with subset/group of 2 CSI-RS assigned to
each RRU. In such an operation, a UE may or may not be aware of the CSI-RS groups
and their association with RRUs. It may simply see them a multiple antenna ports.
Various embodiments described herein apply to both these configurations, one
where a RRU is clearly known by its cell-ID or simply corresponds to a group of one

or more antenna ports configured to the UE as overall measurement setup.

[00042] In FIG. 7, PRB 740 also shows other (i.e., non-CSI-RS) pilot signals that
are distributed in control region 731 and/or user data region 732 of the PRB. For
example, the shaded REs of PRB 740 are reserved for, that is, allocated to, either a
common reference signal (CRS, also known as cell-specific RS) or a dedicated
reference signal (DRS, also known as user-specific RS). These other reference signals
may be present but are not necessarily used for channel estimation or interference

measurements by a UE in a3GPP Release-10 LTE communication system.

[00043] In a CoMP operation, as briefly described before, one or more TPs that
are connected to one or more eNBs may cooperatively transmit to a UE. Such

cooperation may be performed broadly, but not limited to two approaches. One
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approach is a Joint Transmission (JT), where a set of TPs jointly transmit data
symbols intended for a UE. Another approach is Coordinated Scheduling (CS), where
neighbor TPs which transmit to a second UE and thus can potentially interfere with a
tirst UE. Coordinated transmission from non-serving (but cooperating) TPs may
remove or suppress interference to the first UE. In a typical operation, TPs that
coordinate for a joint transmission may be most likely the TPs or RRUs associated
with a central base station controller or an eNB. On the other hand coordinated
beamforming could be from different eNBs. In general, however, from a UE
perspective, the UE may be receiving signals corresponding to i) desired data
symbols jointly transmitted from a set of TPs, ii) removed or suppressed interference
from other TPs, and iii) the residual interference seen by a UE, which originated from

non-coordinating TPs (which may be typically outside the control area of an eNB).

[00044] As briefly described before, performance improvements can be
expected from fast coordinated scheduling (fast CS) where individual TPs respond to
the traffic loading and user channel and interference condition dynamically with
adaptive resource allocation, user selections, silencing and power management. . In a
fast CS operation, interference management is performed in the power and frequency
domain, where individual RRU adjusts its transmission power setting on certain
frequency resources (including silencing/muting as a special case) to reduce
interference to other co-scheduled UEs (i.e., UEs occupying the same time-frequency
resources). The reduced portion of transmission power may be reallocated to boost
the transmission on other frequency resources as long as the total power constraint

over the whole transmission bandwidth is satisfied at each TP.

[00045] An example is illustrated in FIG. 8, which shows a snapshot of the fast
mapping between frequency division multiplexing (FDM) resources/ partitions and
four coordinating cells, or more generically TPs. Each FDM resource or partition
typically spans multiple OFDM subcarriers over a time duration (e.g., a subframe).
In FIG. 8, UE 1 and UE 2 are assigned resources in cell 1, which transmits from all

four FDM resource partitions. UE 1 sees significant interference from cell 2; hence
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cell 2 is muted/silenced on resources when cell 1 transmits to UE 1. Similarly, UE 4
sees significant interference from cell 3 who also mutes corresponding FDM resource

3. Cell 4 is muted on all resources, as it has significant interference to all UEs.

[00046] Fast CS may be compared with conventional fractional frequency reuse
deployments in existing systems. As opposed to full frequency reuse or reuse-1
where all the cells can potentially transmit on all available frequency resources, cells
in fractional frequency reuse are pre-assigned to a certain frequency portion. The
network always operates under that fixed mapping or can only semi-statically adapts
the resource partition, usually with very slow coordination across cells. Fast CS, on
the other hand, coordinates the transmission frequency portion and the transmission
power much more dynamically, possibly on a subframe basis in time. Fast CS can be
facilitated by much improved coordination capabilities in a centralized scheduler
which takes advantage of more active recommendations from the UE, and performs
fast UE selection and transmission power adjustment to improve SNRs at the
scheduled UEs. This in turn could lead to significant gains for cell-edge UEs, while
also potentially improving or maintaining cell-average throughput. Clearly, an
optimized operation of such system can be complex and implementation dependent
at the eNB. One common goal in all implementations for an eNB scheduler, is to
optimally assign available resources which include time/frequency resources of each
TP among all the UEs served by that eNB. Such optimization is based on the
maximization of a “sum rate” or an appropriately defined “proportional rate”, which
takes into account weighted Quality of Service (QOS) requirements or fairness

criteria in the system.

[00047] To illustrate the optimization problem, assuming a cluster of M RRUs
controlled by an eNB with a total of K UEs in the serving area. We start with the
simple scenario where each UE may be served by a single RRU. A rate metric for the

entire system can be expressed as follows.

16



WO 2012/151069 PCT/US2012/034650

H,
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[00049] In the above expression, the individual user rate metric is clearly a

function of the channel and interference seen at the UE. The network rate is the sum
rate of the UE set U representing the K UEs selected for transmission at any given

subframe, I is the TPs not serving user-u but other UEs (which we refer to as non-
serving TPs) and /, is the interference observed from outside the cluster of TPs or
RRUs controlled by the eNB. A is the channel observed from the serving TP S based

on the received pilot signals (e.g.,, CSI-RS) that are sent at a certain (reference)
transmission power. The received signal power at a UE can be expressed as a 2-norm

of the channel matrix H#,. Individual user rate here is simply expressed as a function

of the received signal to noise ratio (SNR).

[00050] More generally, the received signal power could take into account
additional transmission parameters like transmit precoding from the serving TP. In
this case the rate metric can be expressed more generally as a function of the channel

and the total interference.

[00051] D R(S,.1,, )=ZR[ FUODNH, P +I}
u=1

uel iel,

[00052] where F, is the precoding matrix used for transmission. If any

transmission power setting or scaling with respect to the transmission power of CSI-
RS is applied to the traffic data transmission at one or more RRUs, the rate metrics

can be modified as below:
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[00054] where p, is the power setting at the serving TP and p,,i €1, are the

power scaling factors applied at the non-serving TPs. The serving TP may and may
not be able to change the transmission power of traffic data from the reference power

of its pilot signals (i.e., p, =1if no change).

[00055] Instead of a single RRU, two or more RRUs out of the M RRUs can
transmit to a same UE, which could further improve SNR and also achieve MIMO
gains due to transmission from larger set of antennas. We again, for each UE-u, refer

to the subset of RRUs S, whose transmissions are intended for UE-u as serving RRUs
and the rest of RRUs I, as non-serving or potentially interfering RRUs. The above

rate metrics can be readily extended to such a case, and power setting may also be

adjusted on individual RRUs.

o
[00056] 2 RS,.L.1,.p) =ZR(H(P(SM),SM)FWZPZ- 14,1 +10},

uclU uelU iel,

[00057] where H(p(S,),S,) is the concatenated channel matrix from all serving

TPs after accounting for individual power scaling, if any. In the example of two

selected RRUs, (say, m, n), it can be expanded as follows, where H  is channel from
the m-th RRU which is of the dimension N, x N, with N, being the number of receive

antennas at the UE and N, is the number of transmit antennas at the RRU.

[00059] The problem of optimizing the sum rate requires the determination of

many parameters simultaneously, including i) select UE set U ii) a subset of serving
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RRU S, for each UE u; iii) a subset of of non-serving RRUs for each UE u; iii)
transmission power setting of each RRU p,,...p,, ; and optionally iv) the transmission

parameters of each RRU corresponding to such selections (where the transmission
parameters could include precoding matrix, transmission rank). Furthermore, this
optimization may also need to be performed for multiple frequency partitions jointly.
The optimization of this metric is a scheduler implementation issue and often needs
to resort to suboptimal approaches, which if designed carefully, may still achieve

significant gains.

[00060] To enable any optimization at the centralized scheduler, one of the
challenges at the eNB is the availability of achievable rate/throughput information at
the UE under different transmission configuration that may be chosen by an eNB,
where a transmission configuration is a generic term that refers to a state of
transmission including the transmission scheme and corresponding parameters. In
the present diclosure, a transmission configuration refers to particular selection of the
serving and non-serving TPs, along with at least the power setting of the non-serving
TPs. Additional transmission parameters include the PMI, RI, and CQI (referred to
as Channel State Information or CSI) corresponding to a transmission configuration.
Given that the number of valid transmission configurations can be very large,
feedback of CSI corresponding to all the transmission hypotheses is clearly infeasible,

due to significant computational complexity and high uplink/reverse link overhead.

[00061] In some cases, eNB may make some coarse predictions of the achievable
rate at a UE for different transmission configuration. However with advanced
receivers like interference cancellation, maximum likelihood decoding receivers for
MIMO, improved channel estimations, any prediction may be very inaccurate. This
problem is less significant in single cell non-CoMP systems, since the interference is
somewhat clear and refinement based on some so-called “outer loop” adjustments

can be helpful as long as the interference is stable. But for fast CS, whether a
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significant TP is acting as an interferer or a constructive coordinating source can

mean a great deal to the achievable rate.

[00062] Allowing UE to make a recommendation of the preferred transmission
configuration is a possible way to reduce feedback overhead. Once the transmission
configuration is defined, the UE may, in theory, provide an accurate estimation of
achievable rate based on the channel and interference condition prescribed by the
transmission configuration and own implementation. However, in fast CS, feedback
of achievable rate could become obsolete quickly as the transmission configuration
changes dynamically. Feedback of CSI for multiple transmission configurations or
more frequent feedback may be helpful. Moreover, even though UE is in a better
position to accurately reflect its performance, eNB is in a better position to determine
the total performance of a system, since it needs to consider recommendation from all
UEs and any cost associated with a certain transmission configuration suggested by

an individual UE.

[00063] FIG. 9 illustrates a preferred embodiment in a fast coordinated
scheduling operation. UE 970 receives pilot signals from RRUs 910, 920, 930, 940, 950
which cover a cluster area 980 and may be controlled by an eNB. Also shown is RRU
960 outside of the cluster area that may be under the control of another eNB. UE 970
determines a first subset of RRUs 920,940,950 whose transmissions will not be
intended for itself (dashed lines), i.e., non-serving or potentially interfering RRUs.
The UE also determines a second subset 992 of RRUs 910 and 930 which the UE
selects for transmission to self due to significant signals observed from them. UE 970

furthers determines a transmission power seetting p,,p,,p,for each of the non-

serving TPs the first subset. The information pertaining to the first and second
subsets of TPs and the power setting of each of the first subset of TPs is then sent to

the base-station as a recommendation.
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[00064] FIG. 10 is a flow chart describing a method in a UE to support fast CS
operation. The method involves the step of 1010 where a UE receiving known pilot
signals sent from a set of transmission antennas; determining in step 1020, based on
the known pilot signals from the set of transmission antennas, a recommended first
subset of transmission antennas from which transmissions are not intended for the
wireless communication device, and a recommended second subset of transmission
antennas from which transmissions are intended for the wireless communication
device; determining in step 1030 a recommended transmission power setting of each
of the first subset of transmission antennas; sending information to the base station in
step 1040, the information pertaining to the recommended first and second subsets of
transmission antennas and the recommended transmission power setting of each of

the first subset of transmission antennas.

[00065] In one embodiment, the set of transmission antennas may belong to two
or more geographically separated TPs or RRUs in CoMP, wherein the RRUs may
share a single cell ID or use separate cell IDs. The first subset of transmission
antennas may often correspond to the non-serving TP or RRUs among all the TP that
the UE tracks, and the second subset of transmission antennas may often correspond
to serving RRUs. The UE must have knowledge of the pilot signals for all the
transmission antennas from all RRUs that the UE is required to track. Such
knowledge could come from either an eNB (e.g., by notifying the cell IDs of all TPs)
or are defined a priori. Pilot signals are associated with antenna ports. The UE may

or may not know the mapping between antenna ports and physical RRUs.

[00066] In another embodiment, the UE determines the recommended first and
second subsets of antennas and the transmit power setting of the first subset of
antennas based on a pre-defined set of transmission configurations, each
transmission configuration comprising a particular selection of the first and second
subsets of antennas and a definition of the transmission power setting of each of the
first subset of antennas. In this case, the information that UE sends to an eNB,

pertaining to the recommended first and second subsets of transmission antennas
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and the transmission power setting of each of the first subset of transmission
antennas, is represented as an index to the pre-defined set of transmission

configurations.

[00067] In another embodiment, the UE determines the recommended first and
second subset of antennas and the recommended transmission power setting of each
the first subset of antennas, based on a set of transmission configurations that are
configured by the eNB. The eNB may configure such transmission configurations for

the whole cell (cell-specific) or differently to each UE (UE-specific).

[00068] In one embodiment, the recommended transmission power setting of
the first subset of transmission antennas includes zero-power transmission from
some or all of the transmission antennas in the first subset of transmission antennas

(i.e.,, muting or silencing of non-serving TPs).

[00069] In another embodiment, the power setting may be defined relative
to the reference transmission power level of certain reference symbols (i.e., the
transmission power level at which the pilot signals are sent from a TP).
Another exemplary approach is to define a Relative Transmit Power Setting as
the Energy per Resource Element (EPRE) relative to the reference EPRE
currently defined for a reference PDSCH transmission (physical data shared

channel defined in 3GPP Release-8 LTE specification), as follows:

[00070] Relative Transmission Power Setting (n)zi

ref ,PDSCH
[00071] where n could be a reference resource like a subband or a PRB.
E. ppscn 1s usually the EPRE to be used for a reference PDSCH transmission and is

further based on the EPRE of the reference symbols (e.g., CSI-RS) and a further

known pre-defined offset. £

wrrpscy 1S currently used as a reference by the UE for
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computing transmission parameters such as PMI, RI, and CQI (i.e., CSI) and typically
represents the hypothesis of equal transmission power on all frequency resources (or
RBs). The power setting defined as above, would correspond to a power back-off
factor relative to this reference value. Similar definitions can be envisioned, as long as

the reference is clear to the UE.

[00072] In one embodiment, the transmission configuration information may
further include a recommended transmission power setting of each of the second
subset of transmission antennas (i.e., antennas of the serving TPs), in addition to the
power setting of each of the first subset (i.e., antennas of the non-serving TPs). The
power setting may also be defined relative to a reference transmission power level

such as that for the pilot signals.

[00073] If the relative power setting is quantized into a discrete set of values
(e.g., 2 bits capturing 4 power levels including zero power or muting), the
recommended power setting for the first subset of P transmission antennas can be

represented by a bit pattern, such as in the form of [b,,0,D;,,D0:005,5- s Dpobp ]
assuming each antenna has 4 power setting levels, where b ), or represents the

power setting of antenna-i. The previous information pertaining to the first and
second subsets of transmission antennas may also be represented as a bit pattern of
length L where L is the total number of transmission antennas tracked by the UE. For
example, a bit value “1” or “0” can simply represent whether an antenna port belong
to the first or second subset. The two bit patterns may be combined to represent a
transmission configuration. The above description on how to use a bit pattern to
represent a transmission configuration is merely an example. More sophisticated bit
patterns can be developed to represent all the transmission configurations more
efficiently. For example, we can reduce from per-antenna indication to per-TP
indication when a TP typically includes a set of transmission antennas. Another
example is to jointly design the bit pattern to capture both the power setting

information and selection information of the first and second subsets of antennas.
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[00074] In fast CS, the UE sends the information of a recommended
transmission configuration to the base station using a periodic or aperiodic uplink
control channel. As opposed to a slow uplink channel, the more dynamic periodic or
aperiodic uplink control ensures that the feedback occurs timely enough to enable
fast CS. The feedback information may further include channel state information
(CSI) corresponding to the recommended transmission configuration. As described
previously, the channel state information is a generic term to represent additional
channel related parameter to help the eNB to determine the actual transmission
parameter under a corresponding transmission configuration. CSI typically includes
precoding matrix indicator (PMI), transmission rank indicator (RI), and the
corresponding channel quality indicator (CQI). Among CSI parameters, the CQI
relates to the rate metric closely and in some cases, the CQI can be also used as a rate
metric in rank-1 transmission. CQI is often the discrete MCS level that the UE can
support for each data stream under a transmission configuration. An increasing CQI
index corresponds to an improving link quality with an increasing rate metric. For
the more general multi-stream transmission, the achievable rate can be approximated
as the sum MPR (modulation product code-rate) of all the MIMO layers (ie.,
transmission streams) or by the sum CQI of all the MIMO layers.

[00075] Transmission configuration recommendation may be reported less
frequently compared to the corresponding CSI feedback. For example, in the case of
using a periodic uplink control channel, a UE may recommend the transmission
configuration once every N1 subframes. The CSI parameters may be reported every
N2 (<N1) subframes and are conditioned on the recommended transmission
configuration. Similarly, the recommended transmission configuration may be
reported for a frequency partition that is larger than the frequency resources for

which the CSl is reported.
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[00076] In another embodiment, a UE may report CSI parameters
corresponding to more than one selected transmission configuration at different time
instances/subframes. CSI corresponding to one transmission configuration may be
reported every Ni subframe and CSI corresponding to a second transmission

configuration may be reported every N> subframes.

[00077] In another embodiment, the UE determines the recommended first and
second subsets of transmission antennas and the recommended transmit power
setting of the first subset of transmission antennas from a pre-defined set of
transmission configurations by comparing rate metrics derived for each transmission
configuration of the pre-defined set of transmission configurations. Generally a rate
metric is a function of the SNR and may be approximated as a CQI as described

previously.

[00078] However, the UE’s recommendation based on the maximization of a
single-user rate metric may not always be the best choice from a network perspective.
The network incurs different costs for different transmission configuration due to, for
example in the case of TP muting, the fact that some time-frequency resources from
some TPs cannot be used for any UE and hence represent a network capacity loss. If
such loss of resource is not compensated by the increase in the rate metric, the
recommendation of muting or power reduction may not be a good decision for
system optimization. Methods are needed for the network to communicate such cost
or the cost can be accounted for at the UE based on some pre-defined methods

(known to both UE and the eNB). We will describe some examples below.

[00079] In a first approach, UE may feed back multiple CSI for multiple
transmission configurations, where these transmission configurations may or may
not all be fed back. As an example, UE computes CSI-1 based on no muting on any of
the TPs and computes CSI-2 based on the assumption of muting only the dominant
non-serving TPs. The two CSIs may be jointly encoded to reduce feedback overhead.

One example of such joint encoding is differential encoding for CQIs, where for a
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given a first CQI1 a second CQI can be represented with a differential index value
CQI2-CQI1. Such differential index may be limited to a smaller range than the
complete CQI range. In addition, one of the CSIs may be fed back less frequently or
with lower frequency granularity to reduce overhead. As an extension of this
method, a UE may be requested to report progressively better CQIs, each based on
muting of an additional dominant non-serving TP. As an example, an eNB may have
five TPs. The UE measures CSI-1 assuming no muting of any non-serving TP, CSI-2
assuming muting of one dominant non-serving TP, CSI-3 assuming muting of two
dominant non-serving TPs, and so on. Each of the CSIs may be differentially
encoded with respect to CSI-1 or progressively. Further, the number of dominant
non-serving TPs to be considered may be configured by the eNB (for example, as
limiting to two TPs only) or to be limited by the UE based on some pre-defined or
configured threshold. Such threshold could be the reference received power
measured on a cell relative to the reference received power of the serving or strongest

TP.

[00080] In a second approach, eNB may prefer the UE to only report one
selected transmission configuration and the corresponding CSI, but in some way
reflecting the cost to the network. For example, the UE compares rate metrics
derived for each transmission configuration based on a rate adjustment that depends
on the corresponding transmission configuration. The UE then recommends a single
transmission configuration along with corresponding CSI parameters. For example,
such down selection can be performed by comparison of a rate metric of the
corresponding CSIs of one or more transmission configurations according to the

following rule:

R(CSI))> 6 R(CSI,), recommend configuration #1 and send CSI,,

00081 : .
[ ] otherwise recommend configuration #2 and send CSI,

26



WO 2012/151069 PCT/US2012/034650

[00082] based on a rate-compensation-offset 0 , where R(CSI)) is the rate metric

with the corresponding reported CSI parameters of a transmission configuration 1.
As discussed previously, rate metric can be just based on CQI, which is the
modulation and coding recommendation and can be defined as the MPR

(modulation product code-rate).

[00083] The rate-compensation-offset ¢ intends to capture the benefit of one

transmission configuration over the other in terms of system spectral efficiency. It
may be a pre-defined offset or a pre-configured offset by higher layers. An example

of a simple predefined offset is § =0.5, where the value 0.5 compensates for the cost

of assigning twice the resources when two TPs (one can be muted) serve a UE. A
factor of 0.5 on rate metric is simply to normalize the rate. The comparison could be
further based on a rate metric under the condition of a fixed transmission rank or any
other fixed CSI parameters, or based on the achieved rate after considering the full
flexibility of all CSI parameters, for example, whether a higher rank can be supported

for one of the transmission configuration.

[00084] In a general embodiment, rate-compensation-offset could be some
predefined function of effective number of cells or antenna ports used for
transmission. In determining an effective number of cells, muted cells may also be
counted as utilized resource as above. To capture the network resource cost of
transmission power setting, the rate-compensation-offset could also be a predefined
function of power setting on coordinating TPs. Further, parameters relating to such a
function can be configured by the eNB to reflect some of the network aspects. A
simple function could be based on the effective total power offset applied to the
second subset of transmission antennas whose transmissions are intended for the UE
and the effective total power offset from the first subset of antenna whose
transmissions are not intended for the UE. Such effective total power offset is the
ratio of the total adjusted transmission power corresponding to the power offsets to

the total reference power without power offsets.
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[00085] In a third approach for deriving a recommendation, a UE may
recommend the transmission configuration to satisfy certain rate threshold or a CSI
threshold. For example, an eNB may request the recommendation meets a target
CQI, where such target CQI could be configured by the eNB, which may be
determined by the eNB to meet some QoS constraints. The UE may report the most
efficient transmission configuration that meets the target and the corresponding CSI.
Another approach is to define the target as a differential value with respect to the rate
metric or CQI of a reference transmission configuration. As an example, the
reference transmission configuration could be the case with full-power transmission
from all TPs and the differential value could be based on certain minimum CQI
improvement target to be met with respect to the CQI of the reference transmission

configuration, i.e.,

[00086] CQIL >CQI,, + Ay

[00087] where A, represents such an improvement (e.g., an increment of the
CQI index).

[00088] On the other hand, there may be some schemes where an eNB comes

up with some additional information based on the recommended transmission
configuration. For example, an additional transmission configuration may be
derived by the eNB, based on some long-term measurements made by the eNB. They
may also be derived based on long-term measurements at the UE who feeds those
measurements back to the eNB. As an example, the long-term measurements could
be the reference received signal power or reference received SNR for an individual
TP. The long-term measurements may also be derived by the eNB by setting up
feedback based on per-TP CSI feedbacks. As described before, these measurements
themselves may be too coarse to capture some of the UE implementation aspects.

But they may be useful to reduce the number of transmission configurations.
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[00089] In various embodiments described so far, interference reduction is
mainly achieved from transmission power setting. Such methods are largely
sufficient in systems with uncorrelated antennas like cross-polarized antenna
deployments. If significant spatial components exist, for antennas designed for
beamforming such as co-polarized antennas, the interference reduction may also be
achieved in the spatial domain in addition to power domain. There are many ways
to take advantage of the additional spatial domain, some of which will be described

below.

[00090] In order for the UE to take into account the possible beamforming gain
when UE computes a rate metric and recommends a transmission configuration, the
UE needs the precoder information. However, the UE may not know what precoder
may be used at the non-serving TPs. Some assumptions can be made at the UE as

further described below.

[00091] In one method, a UE may simply assume that the interfering precoder
is chosen to minimize interference contribution. It may use the precoder represented
by a precoder matrix index (PMI) in a pre-defined codebook. Or the rate metric or
CQI may simply be averaged over all the possible PMIs (or a subset thereof) in the

codebook to reflect the average performance.

[00092] In another exemplary method, a CSI-1 (e.g., CQI-1, PMI-1, RI-1) is
computed at a UE assuming single TP transmission from RRU-1 only and CSI-2 (e.g.,
CQI2, PMI2, RI2) is computed at the same UE assuming single TP transmission from
RRU-2 only. The UE can compute another CSI-3 assuming RRU-1 is using the PMI-1,
but considering that RRU-2 is an interferer and using a new PMI which has a
predefined relationship to PMI-2. The motivation for this operation is to reflect a
preferred coordinated beamforming operation. Since PMI-2 coarsely represents
channel direction from RRU-2 to the UE, a PMI orthogonal to PMI-2 would be

preferred by the UE in order to minimize the signal power received from RRU-2.
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Such an orthogonal PMI (or similar) can be predefined for each possible PMI-2 in the
pre-defined codebook and known at the UE. In general, the UE may use such pre-
defined/ orthogonal PMIs as the preferred PMIs of interferers for computing CSI of a
given transmission configurations. One or more of these PMIs may be optionally fed
back to the eNB. With the report of such reference CQI that is computed based on a
well-defined PMI, the eNB is in a better position to refine the MCS for actual

transmission, in case a different PMI is used at the interfering RRU2.

[00093] In one preferred embodiment, a UE may compute and report multiple
CSIs each of which may assume transmissions from single RRUs and at-least one

assumes a transmission from multiple RRUs.

[00094] In the above embodiments, some preferred simple transmission
configurations can be defined. One corresponds to the conventional case of a single
serving RRU with other RRUs being considered as interfering RRUs. Another
corresponds to the case of joint transmission from all RRUs. Another corresponds to
transmission from a single RRU but all the other RRUs are muted. The UE may
feedback the selection of one or more of the pre-defined transmission configurations
along with their CSI. This could enable eNB to derive CSIs of other transmission
configurations by interpolating between these CSIs or to figure out the best and

worst performance that can be achieved.

[00095] The various methods described so far have been assuming the fast CS
operation is for a single frequency band. In the case that there are multiple frequency
bands as in the case of carrier aggregation or there are multiple sub-bands in a
frequency band, the various methods herein can be extended. Some embodiments
are described below. A carrier refers to a system bandwidth occupied by an OFDM
signal. Carrier aggregation refers to the aggregation of multiple bandwidths for
multiple OFDM signals. Aggregated carriers may be inter-band or intra-band,
adjacent or non-adjacent. The set of aggregated carriers may be different at different

TPs. Note that we will not differentiate the carrier aggregation and single carrier
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case, but rather use the term frequency bands to generically refer to either carriers or

sub-bands.

[00096] In one embodiment, a UE can simply feed back the recommend
transmission configuration for individual bands. In another embodiment, a UE
selects a set of IV preferred bands from a larger set of S bands which may represent
all the bandwidth that the UE can receive simultaneously. In this case, band selection
is performed together with transmission configuration recommendation. The band
selection information may be part of the recommended transmission configuration.
A UE can report a different set of W preferred bands for each of the transmission
configurations. For example, the UE may report a first set of preferred bands
assuming a first transmission configuration and a second set of bands assuming a
second transmission configuration. The first and second transmission configurations
may be signaled by the eNB or selected by the UE based on the various embodiments

described previously.

[00097] In various embodiments described herein, a slow coordination may be
super-imposed on the fast coordination described in various embodiments here.
Slow or semi-static coordination schemes may be supported in the network,
especially between multiple eNBs. In such case, eNBs may exchange and agree to a
pre-defined time/frequency domain muting subframe pattern (or reduced
transmission power patterns). Such a pattern may include definition of whether an
eNB is muting (or reducing its power) on each given subframe. Clearly in such a case
the interference from cells outside the cooperating cluster may vary from subframe to
subframe. When a UE determines the recommendation transmission configuration,
it may need to make the recommendation from a constrained subset of subframes.
Hence, in one embodiment, the UE determines a first recommended transmission
configuration for a first subframe pattern. UE determines a second transmission
configuration for a second subframe pattern. A subframe pattern is a predefined but

known subset of subframes on which the out-of-cluster interference may be similar.
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[00098] In another embodiment, a UE may further report which subframe
pattern it would prefer along with the recommended transmission configuration for
that preferred subframe pattern. In yet another embodiment, the subframe pattern to
be used by the UE when recommending a transmission configuration may be
explicitly or implicitly known to the UE, as an example, based on the subframe

pattern from which a feedback request was made.

[00099] The description so far is mainly from the perspective of UE
recommendation to enable fast CS. In another embodiment illustrated in a flow chart
in FIG. 11, a method in a wireless communication infrastructure entity (e.g., an eNB)
communicating with a wireless communication device is disclosed. At 1110), the
wireless communication device is requested to report information pertaining to
recommended first and second subsets of transmission antennas and a recommended
transmission power setting of each of the first subset of transmission antennas, the
first subset of transmission antennas is a subset of transmission antennas from which
transmissions are not intended for the wireless communication device and the
second subset of transmission antennas is a subset of transmission antennas from
which transmissions are intended for the wireless communication device. At 1120,
the eNB receives the requested information from the wireless communication device.
At 1130, the eNB configures first and second subsets of transmission antennas and
configures a transmission power setting of the first subset of transmission antennas

based on the information received from the wireless communication device.

[000100] In some embodiments, the recommended transmission power setting
received from the wireless communication device includes zero-power transmission.
The eNB may, in some embodiments, also send to the wireless communication device
a pre-defined set of transmission configurations, wherein each transmission
configuration comprises a particular definition of the first and second subsets of
transmission antennas and a definition of the transmission power setting of the first
subset of antennas. In the above method, the eNB receives the requested information

from the wireless communication device includes receiving an index to at least one of
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the pre-defined set of transmission configurations. In some embodiments, the eNB
sends rate adjustment information to the wireless communication device, for use by
the wireless communication device to derive rate metrics for determining the
recommended first and second subsets of transmission antennas and the

recommended transmit power setting of the first subset of transmission antennas.

[000101] An eNB may independently configure feedback reporting
corresponding to each transmission configuration. As an example, the eNB may
setup a periodic report for a first transmission configuration and another periodic
report for a second transmission configuration. Typically, a periodic report as
currently defined for LTE includes parameters like the periodicity for each of the

individual reports in the CSI (like CQI/PMI/RI).

[000102] In another preferred embodiment, an eNB may request feedback
corresponding to both joint transmission and coordinated beamforming, which could
allow the eNB to set up a preferred CoMP transmission to a user. As an example, it
may request one CSI feedback (CSI-1) for joint transmission from the two RRUs, such
as the two most dominant RRUs to a UE. It may request a second feedback from the
UE with transmission from RRU-1 only with RRU-2 being a coordinating non-
serving RRU. The UE may recommend to mute RRU-2, or to have RRU2 transmit at
a certain power level, or to have RRU2 use a PMI to mitigate any interference to the
UE. The UE then feeds back CSI-2 based on these assumptions. The CSI-1 and CSI-2
would enable dynamic switching between joint transmission and coordinated

beamforming modes at the eNB.

[000103] More generally, the eNB may send other information to influence the
selection of a recommended transmission configuration at the UE. As examples, eNB
may request a certain target CQI to be met or a certain preferred rank or a preferred
PMI be supported. It may also indicate a certain preferred power budget to be met,
where a power budget is defined based on total transmission power constraints on a

tirst and/or a second subset of TPs. An UE may further perform the selection of
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transmission configuration based on the various embodiments described previously

based on these further limitations or constraints.

[000104] In the foregoing specification, specific embodiments have been
described. However, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the
invention as set forth in the claims below. Accordingly, the specification and figures
are to be regarded in an illustrative rather than a restrictive sense, and all such

modifications are intended to be included within the scope of present teachings.

[000105] Moreover in this document, relational terms such as first and second,
top and bottom, and the like may be used solely to distinguish one entity or action
from another entity or action without necessarily requiring or implying any actual
such relationship or order between such entities or actions. The terms "comprises,"
"comprising," “has”, “having,” “includes”, “including,” “contains”, “containing” or
any other variation thereof, are intended to cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contains a list
of elements does not include only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus. An

1

element proceeded by “comprises ...a”, “has ...a”, “includes ...a”, “contains ...a"”
does not, without more constraints, preclude the existence of additional identical
elements in the process, method, article, or apparatus that comprises, has, includes,
contains the element. The terms “a” and “an” are defined as one or more unless
explicitly stated otherwise herein. The terms “substantially,” “essentially,”

s

“approximately,” “about,” or any other version thereof, are defined as being close to
as understood by one of ordinary skill in the art, and in one non-limiting
embodiment the term is defined to be within 10%, in another embodiment within 5%,
in another embodiment within 1% and in another embodiment within 0.5%. The

term “coupled” as used herein is defined as connected, although not necessarily

directly and not necessarily mechanically. A device or structure that is “configured”
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in a certain way is configured in at least that way, but may also be configured in

ways that are not listed.

[000106] While the present disclosure and the best modes thereof have
been described in a manner establishing possession and enabling those of
ordinary skill to make and use the same, it will be understood and appreciated
that there are equivalents to the exemplary embodiments disclosed herein and
that modifications and variations may be made thereto without departing
from the scope and spirit of the inventions, which are to be limited not by the

exemplary embodiments but by the appended claims.

[000107] What is claimed is:
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CLAIMS

1. A method in a wireless communication device communicating to a
base station, the method comprising:

receiving known pilot signals sent from a set of transmission antennas;

determining, based on the known pilot signals, a recommended first
subset of transmission antennas from which transmissions are not intended for the
wireless communication device, and a recommended second subset of transmission
antennas from which transmissions are intended for the wireless communication
device;

determining a recommended transmission power setting of each of the
first subset of transmission antennas; and

sending information to the base station, the information pertaining to
the recommended first and second subsets of transmission antennas and the
recommended transmission power setting of each of the first subset of transmission

antennas.

2. The method of Claim 1, wherein the recommended transmission
power setting of each of the first subset of transmission antennas includes zero-

power transmission.

3. The method of Claim 1, wherein the set of transmission antennas

belong to two or more geographically separated transmission points.

4. The method of Claim 1, sending the information to the base station

using a periodic or aperiodic uplink control channel.
5. The method of Claim 1, wherein the information pertaining to the

recommended first and second subsets of transmission antennas and the

recommended transmission power setting of each of the first subset of transmission
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antennas is represented as an index to a pre-defined set of transmission
configurations, each transmission configuration comprising a particular selection of
the first and second subsets of transmission antennas and a definition of the

transmission power setting of each of the first subset of antennas.

6. The method of Claim 5, wherein the wireless communication device
determines the recommended first and second subsets of transmission antennas and
the recommended transmit power setting of each of the first subset of transmission
antennas from a pre-defined set of transmission configurations by comparing rate
metrics computed for each transmission configuration of the pre-defined set of

transmission configurations.

7. The method of Claim 6, wherein the wireless communication device
compares rate metrics derived for each transmission configuration based on a rate

adjustment specific to the corresponding transmission configuration.

8. The method of Claim 1, further comprising

determining one or more recommended frequency bands associated
with the recommended first and second subsets of transmission antennas and the
recommended transmission power setting of each of the first subset of transmission
antennas,

sending information to the base station, the information pertaining to
the one or more recommended frequency bands, the recommended first and second
subsets of transmission antennas, and the recommended transmission power setting

of each of the first subset of transmission antennas.

9. The method of Claim 1,

wherein the information pertaining to the recommended first and
second subsets of transmission antennas and the recommended transmission power
setting of each of the first subset of transmission antennas is represented as an index

to a pre-defined set of transmission configurations,
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each transmission configuration comprising a particular selection of the
tirst and second subsets of transmission antennas and a definition of the transmission
power setting of the first subset of transmission antennas,

wherein the information includes channel state information

corresponding to the recommended transmission configuration.

10. The method of Claim 9, wherein the information further includes
channel state information corresponding to at least one additional known

transmission configuration.

11. A method in a wireless communication infrastructure entity
communicating with a wireless communication device, the method comprising;:

requesting the wireless communication device to report information
pertaining to recommended first and second subsets of transmission antennas and a
recommended transmission power setting of each of the first subset of transmission
antennas,

the first subset of transmission antennas is a subset of transmission
antennas from which transmissions are not intended for the wireless communication
device and the second subset of transmission antennas is a subset of transmission
antennas from which transmissions are intended for the wireless communication
device;

receiving the requested information from the wireless communication
device;

configuring first and second subsets of transmission antennas and
configuring a transmission power setting of each of the first subset of transmission

antennas based on the information received from the wireless communication device.
12. The method of Claim 11, wherein the recommended transmission

power setting received from the wireless communication device includes zero-power

transmission.
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13. The method of Claim 11 further comprising sending to the wireless
communication device information of a pre-defined set of transmission
configurations, each transmission configuration comprising a particular selection of
the first and second subsets of transmission antennas and a definition of the

transmission power setting of each of the first subset of antennas.

14. The method of Claim 11, receiving the requested information from
the wireless communication device includes receiving an index to at least one of the

pre-defined set of transmission configurations.

15.  The method of Claim 11 further comprising sending rate
adjustment information to the wireless communication device, for use by the wireless
communication device to compute rate metrics for determining the recommended
first and second subsets of transmission antennas and the recommended transmit

power setting of each of the first subset of transmission antennas.

16. The method of Claim 11, further comprising;:

sending to the wireless communication device information of a first
pre-defined set of transmission configurations corresponding to a first frequency
band, each transmission configuration comprising a particular selection of the first
and second subsets of transmission antennas and a definition of the transmission
power setting of the first subset of antennas;

sending to the wireless communication device information of a second
pre-defined set of transmission configurations corresponding to a second frequency
band, each transmission configuration comprising a particular selection of the first
and second subsets of transmission antennas and a definition of the transmission
power setting of the first subset of antennas

determining the frequency band for transmission based on the

information received from the wireless communication device.
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1010~
RECEIVING KNOWN PILOT SIGNALS SENT FROM A SET OF TRANSMISSION
ANTENNAS
1020~ l

DETERMINING BASED ON THE KNOWN PILOT SIGNALS FROM THE SET OF
TRANSMISSION ANTENNAS, A RECOMMENDED FIRST SUBSET OF ANTENNAS
FROM WHICH ANY TRANSMISSION IS NOT INTENDED FOR THE WIRELESS
COMMUNICATION DEVICE, AND A RECOMMENDED SECOND SUBSET OF
TRANSMISSION ANTENNAS FROM WHICH ANY TRANSMISSION IS INTENDED
FOR THE WIRELESS COMMUNICATION DEVICE

1030~ l

DETERMINING A RECOMMENDED POWER SETTING OF EACH OF THE FIRST
SUBSET OF TRANSMISSION ANTENNAS

1040~ l

SENDING INFORMATION TO THE BASE STATION, THE INFORMATION
PERTAINING TO THE RECOMMENDED FIRST AND SECOND SUBSETS OF
TRANSMISSION ANTENNAS AND THE RECOMMENDED TRANSMISSION POWER
SETTING OF EACH OF THE FIRST SUBSET OF TRANSMISSION ANTENNAS

FIG. 10
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110~

REQUESTING THE WIRELESS COMMUNICATION DEVICE TO REPORT
INFORMATION PERTAINING TO RECOMMENDED FIRST AND SECOND SUBSETS
OF TRANSMISSION ANTENNAS AND A RECOMMENDED TRANSMISSION POWER

SETTING OF EACH OF THE FIRST SUBSET OF TRANSMISSION ANTENNAS,
THE FIRST SUBSET OF TRANSMISSION ANTENNAS IS A SUBSET OF
TRANSMISSION ANTENNAS FROM WHICH TRANSMISSIONS ARE NOT
INTENDED FOR THE WIRELESS COMMUNICATION DEVICE AND THE SECOND
SUBSET OF TRANSMISSION ANTENNAS IS A SUBSET OF TRANSMISSION
ANTENNAS FROM WHICH TRANSMISSIONS ARE INTENDED FOR THE
WIRELESS COMMUNICATION DEVICE;

1120~ l

RECEIVING THE REQUESTED INFORMATION FROM THE WIRELESS
COMMUNICATION DEVICE;

1130~ l

CONFIGURING FIRST AND SECOND SUBSETS OF TRANSMISSION ANTENNAS
AND CONFIGURING A TRANSMISSION POWER SETTING OF THE FIRST SUBSET
OF TRANSMISSION ANTENNAS BASED ON THE INFORMATION RECEIVED FROM

THE WIRELESS COMMUNICATION DEVICE.

FIG. 11
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