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(57) Abstract: A method to use RSs for per-user elevation beamforming is described. An eNB sends, to a UE, an indication of
which RSs in a plurality of RSs sound in the elevation dimension and which RSs in the plurality of RSs sound in the azimuthal di-
mension. Then, the eNB sends, to the UE, the plurality of RSs using a plurality of antenna. The UE separates the plurality of RSs
into the first portion and the second portion based at least in part on the indication and sends elevation and azimuthal feedback based
on the received RSs to the eNB. The eNB determines beamforming weights for the plurality of antenna based at least in part on the
elevation feedback and the azimuthal feedback. Apparatus and computer readable media are also described.
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DESCRIPTION
TITLE

REFERENCE SIGNAL DESIGN AND SIGNALING FOR PER-USER ELEVATION MIMO

TECHNICAL FIELD:

[0001] The exemplary and non-limiting embodiments of this invention relate generally to
wireless communication systems, methods, devices and computer programs and, more

specifically, relate to reference signal design for per-user elevation beamforming.

BACKGROUND:

[0002] This section is intended to provide a background or context to the invention that is
recited in the claims. The description herein may include concepts that could be pursued,
but are not necessarily ones that have been previously conceived or pursued. Therefore,
unless otherwise indicated herein, what is described in this section is not prior art to the
description and claims in this application and is not admitted to be prior art by inclusion in

this section.

[0003] The following abbreviations that may be found in the specification and/or the

drawing figures are defined as follows:

3GPP third generation partnership project
BF beamforming

BS base station

BW bandwidth

CDM code division multiplexing

CRS common reference signal

CcDD cyclic delay diversity

CsD cyclic shift diversity

Csl channel state information

CSTD cyclic shift time diversity

DL downlink (eNB towards UE)

eNB E-UTRAN Node B (evolved Node B)

EPC evolved packet core
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E-UTRAN evolved UTRAN (LTE)

FDD frequency division duplex

HARQ hybrid automatic repeat request

IMT-A international mobile telephony-advanced

ITU international telecommunication union

ITU-R ITU radiocommunication sector

LTE long term evolution of UTRAN (E-UTRAN)

MAC medium access control (layer 2, L2)

MM/MME mobility management/mobility management entity
Node B base station

O&M operations and maintenance

OFDMA orthogonal frequency division multiple access
PDCP packet data convergence protocol

PHY physical (layer 1, L1)

PMI precoder matrix index

PRB physical resource block

RF radio frequency

RLC radio link control

RRC radio resource control

RRM radio resource management

RX receiver

SC-FDMA single carrier, frequency division multiple access
S-GW serving gateway

SNR signal to noise ratio

SRS sounding reference signal

TDD time division duplex

X transmitter

UE user equipment, such as a mobile station or mobile terminal

PCT/EP2013/056887
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3
UL uplink (UE towards eNB)
UTRAN universal terrestrial radio access network
XPol cross polarized

[0004] The specification of a communication system known as evolved UTRAN (E-
UTRAN, also referred to as UTRAN-LTE or as E-UTRA) is currently nearing completion
within the 3GPP. As specified the DL access technique is OFDMA, and the UL access
technique is SC-FDMA.

[0005] One specification of interest is 3GPP TS 36.300, V8.12.0 (2010-04), "3rd
Generation Partnership Project; Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E UTRA) and Evolved Universal Terrestrial
Access Network (E UTRAN); Overall description; Stage 2 (Release 8)," incorporated by
reference herein in its entirety. This system may be referred to for convenience as LTE
Rel-8 (which also contains 3G HSPA and its improvements). In general, the set of
specifications given generally as 3GPP TS 36.xyz (e.g., 36.211, 36.311, 36.312, etc.) may
be seen as describing the Release 8 LTE system. More recently, Release 9 versions of at
least some of these specifications have been published including 3GPP TS 36.300, V9.9.0
(2011-12), incorporated by reference herein in its entirety, and Release 10 versions of at
least some of these specifications have been published including 3GPP TS 36.300,
V10.6.0 (2011-12), incorporated by reference herein in its entirety. Even more recently,
Release 11 versions of at least some of these specifications have been published
including 3GPP TS 36.300, V11.0.0 (2011-12), incorporated by reference herein in its

entirety.

[0006] Figure 1 reproduces Figure 4-1 of 3GPP TS 36.300, and shows the overall
architecture of the E-UTRAN system. The E-UTRAN system includes eNBs, providing the
E-UTRA user plane (PDCP/RLC/MAC/PHY) and control plane (RRC) protocol
terminations towards the UE (not shown). The eNBs are interconnected with each other
by means of an X2 interface. The eNBs are also connected by means of an S1 interface
to an EPC, more specifically to a MME (Mobility Management Entity) by means of a S1
MME interface and to a Serving Gateway (SGW) by means of a S1 interface. The S1

interface supports a many-to-many relationship between MMEs/S-GW and eNBs.

[0007] The eNB hosts the following functions:
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e functions for RRM: Radio Bearer Control, Radio Admission Control,
Connection Mobility Control, Dynamic allocation of resources to UEs in both UL
and DL (scheduling);

¢ [P header compression and encryption of the user data stream;

¢ selection of a MME at UE attachment;

e routing of User Plane data towards the Serving Gateway;

e scheduling and transmission of paging messages (originated from the MME);

e scheduling and transmission of broadcast information (originated from the
MME or O&M); and

e a measurement and measurement reporting configuration for mobility and

scheduling.

[0008] Of particular interest herein are the further releases of 3GPP LTE (e.g., LTE Rel-
10) targeted towards future IMT-A systems, referred to herein for convenience simply as
LTE-Advanced (LTE-A). Reference in this regard may be made to 3GPP TR 36.913,
V8.0.1 (2009 03), 3rd Generation Partnership Project; Technical Specification Group
Radio Access Network; Requirements for Further Advancements for E UTRA (LTE-
Advanced) (Release 8), incorporated by reference herein in its entirety. A goal of LTE-A is
to provide significantly enhanced services by means of higher data rates and lower
latency with reduced cost. LTE-A is directed toward extending and optimizing the 3GPP
LTE Rel-8 radio access technologies to provide higher data rates at very low cost. LTE-A
will most likely be part of LTE Rel-10. LTE-A will be a more optimized radio system
fulfilling the ITU-R requirements for IMT-A while maintaining backward compatibility with
LTE Rel-8. Reference is further made to a Release 9 version of 3GPP TR 36.913, V9.0.0
(2009-12), incorporated by reference herein in its entirety. Reference is also made to a
Release 10 version of 3GPP TR 36.913, V10.0.0 (2011-06), incorporated by reference

herein in its entirety.

[0009] Typical antenna deployments consist of an array of horizontally arranged antenna
elements that are processed for adaptivity in the azimuth dimension. Recent architectures
have been proposed for creating arrays that effectively consist of antenna elements
arranged both vertically and horizontally, which therefore promise the ability to adapt in

both azimuth and elevation dimensions.

[0010] The traditional systems are limited to feedback methods which do not need to

know which ports (antennas) are for azimuth and which are for elevation. Hence, CSI
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operation is inefficient due to the possibility that a large number of ports need to be
sounded on all CSI-RS (or common RS) intervals. Also the total number of ports is limited
by the current LTE standard (e.g., to 8). Additionally, the traditional systems cannot take
advantage of different feedback intervals for azimuth and elevation (e.g., elevation

feedback might be able to be sent less frequently than azimuth).

[0011] Many traditional systems focus on sector-specific vertical beamforming. For
example, a traditional system may use the uplink of an FDD system to determine an
elevation beamformer. However, this does not enable direct measurement of the elevation
channel by the UE. Additionally, calibration and complex mapping between different uplink

and downlink channels may be required.

[0012] Traditional pilot designs (e.g., LTE, 802.11, 802.16) are concerned with sending
pilots from generic ports. Therefore, feedback cannot be tailored to elevation beamforming
in addition to azimuth beamforming. This prevents efficient pilot design (e.g., traditional
designs may need a complicated 12 port format). Furthermore, such pilot designs do not

provide support for legacy devices.

[0013] What is needed is a technique that allows the UE to measure the azimuth and

elevation channels on the downlink to facilitate both azimuth and elevation feedback.

SUMMARY

[0014] The below summary section is intended to be merely exemplary and non-limiting.

[0015] The foregoing and other problems are overcome, and other advantages are

realized, by the use of the exemplary embodiments of this invention.

[0016] In a first aspect thereof an exemplary embodiment provides a method to design
reference signals for per-user elevation beamforming. The method includes receiving an
indication of which RSs in a plurality of RSs sound in the elevation dimension and which
RSs in the plurality of RSs sound in the azimuthal dimension. The method includes
receiving the plurality of RSs from a transmit antenna array and separating the plurality of
RSs into the first portion and the second portion based at least in part on the indication.

The method also includes sending elevation feedback and azimuthal feedback to the eNB.

[0017] In another aspect thereof an exemplary embodiment provides a method to design
reference signals for per-user elevation beamforming. The method includes sending, from

an eNB, an indication of which RSs in a plurality of RSs sound in the elevation dimension
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and which RSs in the plurality of RSs sound in the azimuthal dimension. The method
includes sending, from the eNB, the plurality of RSs using a plurality of antennas and
receiving elevation feedback and azimuthal feedback at the eNB. The method also
includes determining beamforming weights for the plurality of antennas based at least in

part on the elevation feedback and the azimuthal feedback.

[0018] In further aspect thereof an exemplary embodiment provides a method to send
reference signals for per-user elevation beamforming. The method includes sending, at a
first time, RSs in a plurality of RSs which sound in an azimuthal dimension using a first
portion of the plurality of antennas. The method also includes sending, at a second time,
RSs in the plurality of RSs which sound in an elevation dimension using a second portion

of the plurality of antenna.

[0019] In another aspect thereof an exemplary embodiment provides an apparatus to
design reference signals for per-user elevation beamforming. The apparatus includes at
least one processor and at least one memory storing computer program code. The at least
one memory and the computer program code are configured to, with the at least one
processor, cause the apparatus to perform actions. The actions include to receive an
indication of which RSs in a plurality of RSs sound in the elevation dimension and which
RSs in the plurality of RSs sound in the azimuthal dimension. The actions include to
receive the plurality of RSs from a transmit antenna array and to separate the plurality of
RSs into the first portion and the second portion based at least in part on the indication.

The actions also include to send elevation feedback and azimuthal feedback to the eNB.

[0020] In further aspect thereof an exemplary embodiment provides an apparatus to
design reference signals for per-user elevation beamforming. The apparatus includes at
least one processor and at least one memory storing computer program code. The at least
one memory and the computer program code are configured to, with the at least one
processor, cause the apparatus to perform actions. The actions include to send, from an
eNB, an indication of which RSs in a plurality of RSs sound in the elevation dimension and
which RSs in the plurality of RSs sound in the azimuthal dimension. The actions include to
send, from the eNB, the plurality of RSs using a plurality of antenna and to receive
elevation feedback and azimuthal feedback at the eNB. The actions also include to
determine beamforming weights for the plurality of antennas based at least in part on the

elevation feedback and the azimuthal feedback.
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[0021] In another aspect thereof an exemplary embodiment provides an apparatus to
send reference signals for per-user elevation beamforming. The apparatus includes at
least one processor and at least one memory storing computer program code. The at least
one memory and the computer program code are configured to, with the at least one
processor, cause the apparatus to perform actions. The actions include to send, at a first
time, RSs in a plurality of RSs which sound in an azimuthal dimension using a first portion
of the plurality of antennas. The actions also include to send, at a second time, RSs in the
plurality of RSs which sound in an elevation dimension using a second portion of the

plurality of antenna.

[0022] In further aspect thereof an exemplary embodiment provides a computer readable
medium to design reference signals for per-user elevation beamforming. The computer
readable medium is tangibly encoded with a computer program executable by a processor
to perform actions. The actions include receiving an indication of which RSs in a plurality
of RSs sound in the elevation dimension and which RSs in the plurality of RSs sound in
the azimuthal dimension. The actions include receiving the plurality of RSs from a transmit
antenna array and separating the plurality of RSs into the first portion and the second
portion based at least in part on the indication. The actions also include sending elevation

feedback and azimuthal feedback to the eNB.

[0023] In another aspect thereof an exemplary embodiment provides a computer readable
medium to design reference signals for per-user elevation beamforming. The computer
readable medium is tangibly encoded with a computer program executable by a processor
to perform actions. The actions include sending, from an eNB, an indication of which RSs
in a plurality of RSs sound in the elevation dimension and which RSs in the plurality of
RSs sound in the azimuthal dimension. The actions include sending, from the eNB, the
plurality of RSs using a plurality of antennas and receiving elevation feedback and
azimuthal feedback at the eNB. The actions also include determining beamforming
weights for the plurality of antennas based at least in part on the elevation feedback and

the azimuthal feedback.

[0024] In further aspect thereof an exemplary embodiment provides a computer readable
medium to send reference signals for per-user elevation beamforming. The computer
readable medium is tangibly encoded with a computer program executable by a processor
to perform actions. The actions include sending, at a first time, RSs in a plurality of RSs

which sound in an azimuthal dimension using a first portion of the plurality of antenna. The



10

15

20

25

30

WO 2013/144365 . PCT/EP2013/056887

actions also include sending, at a second time, RSs in the plurality of RSs which sound in

an elevation dimension using a second portion of the plurality of antennas.

[0025] In another aspect thereof an exemplary embodiment provides an apparatus to
design reference signals for per-user elevation beamforming. The apparatus includes
means for receiving (such as a receiver) an indication of which RSs in a plurality of RSs
sound in the elevation dimension and which RSs in the plurality of RSs sound in the
azimuthal dimension. The apparatus includes means for receiving (such as a receiver) the
plurality of RSs from a transmit antenna array and means for separating (such as a
processor) the plurality of RSs into the first portion and the second portion based at least
in part on the indication. The apparatus also includes means for sending (such as a

transmitter) elevation feedback and azimuthal feedback to the eNB.

[0026] In further aspect thereof an exemplary embodiment provides an apparatus to
design reference signals for per-user elevation beamforming. The apparatus includes
means for sending (such as a transmitter), from an eNB, an indication of which RSs in a
plurality of RSs sound in the elevation dimension and which RSs in the plurality of RSs
sound in the azimuthal dimension. The apparatus includes means for sending (such as a
transmitter), from the eNB, the plurality of RSs using a plurality of antenna and means for
receiving (such as a receiver) elevation feedback and azimuthal feedback at the eNB. The
apparatus also includes means for determining (such as a processor) beamforming
weights for the plurality of antenna based at least in part on the elevation feedback and

the azimuthal feedback.

[0027] In another aspect thereof an exemplary embodiment provides an apparatus to
send reference signals for per-user elevation beamforming. The apparatus includes
means for sending (such as a transmitter), at a first time, RSs in a plurality of RSs which
sound in an azimuthal dimension using a first portion of the plurality of antenna. The
apparatus also includes means for sending (such as a transmitter), at a second time, RSs
in the plurality of RSs which sound in an elevation dimension using a second portion of the

plurality of antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The foregoing and other aspects of exemplary embodiments of this invention are
made more evident in the following Detailed Description, when read in conjunction with

the attached Drawing Figures, wherein:
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[0029] Figure 1 reproduces Figure 4-1 of 3GPP TS 36.300, and shows the overall
architecture of the E UTRAN system.

[0030] Figure 2 shows a simplified block diagram of exemplary electronic devices that are

suitable for use in practicing various exemplary embodiments of this invention.

[0031] Figure 3 shows a more particularized block diagram of an exemplary user

equipment such as that shown at Figure 2.
[0032] Figure 4 provides an overview of a conventional antenna panel design.

[0033] Figure 5 is useful when explaining a method to achieve an elevational

beamforming architecture and implementation.
[0034] Figure 6 provides an overview of an exemplary embodiment of a cross-pol array.
[0035] Figure 7 illustrates controlling the antenna array for 3D-MIMO.

[0036] Figure 8 shows a frequency/time diagram of an exemplary port assignment in

accordance with this invention.

[0037] Figure 9 shows a signaling diagram of an exemplary embodiment in accordance

with this invention.

[0038] Figure 10 is a logic flow diagram that illustrates the operation of an exemplary
method, and a result of execution of computer program instructions embodied on a
computer readable memory, in accordance with various exemplary embodiments of this

invention.

[0039] Figure 11 is another logic flow diagram that illustrates the operation of an
exemplary method, and a result of execution of computer program instructions embodied
on a computer readable memory, in accordance with various exemplary embodiments of

this invention.

[0040] Figure 12 is a further logic flow diagram that illustrates the operation of an
exemplary method, and a result of execution of computer program instructions embodied
on a computer readable memory, in accordance with various exemplary embodiments of

this invention.



10

15

20

25

30

WO 2013/144365 10 PCT/EP2013/056887

[0041] Figure 13 shows another frequency/time diagram of an exemplary port assignment

in accordance with an exemplary embodiment.

[0042] Figure 14 shows a further frequency/time diagram of an exemplary port

assignment in accordance with an exemplary embodiment.

[0043] Figure 15 shows another frequency/time diagram of an exemplary port assignment

in accordance with an exemplary embodiment.

DETAILED DESCRIPTION

[0044] Various exemplary embodiments in accordance with this invention address how to
signal and send reference symbols that enable a UE to determine feedback which is both
azimuth and elevation specific. Reference signal (RS) design and signaling methods
enable the UE to measure the downlink channel in both elevation and azimuth for the
purposes of channel state information feedback. This allows per user beamforming to be
determined based on the UE feedback. Accordingly, cell edge users may receive
improved data rates from the beamforming/MIMO. Additionally, per-user vertical
beamforming can vyield higher performance for the users than a vertical sector

beamforming.

[0045] Furthermore, an efficient CSI-RS design may be used to reduce overhead
requirements. Using the design techniques, fewer pilot sequences may be used. For
example, a use of E+M pilot sequences using the efficient CSI-RS design compared to a

traditional set of ExM pilot sequences.

[0046] Before describing in further detail various exemplary embodiments of this
invention, reference is made to Figure 2 for illustrating a simplified block diagram of
various electronic devices and apparatus that are suitable for use in practicing exemplary

embodiments of this invention.

[0047] In the wireless system 230 of Figure 2, a wireless network 235 is adapted for
communication over a wireless link 232 with an apparatus, such as a mobile
communication device which may be referred to as a UE 210, via a network access node,
such as a Node B (base station), and more specifically an eNB 220. The network 235 may
include a network control element (NCE) 240 that may include the MME/SGW functionality
shown in Figure 1, and which provides connectivity with a network, such as a telephone

network and/or a data communications network (e.g., the internet 238).
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[0048] The UE 210 includes a controller, such as a computer or a data processor (DP)
214, a computer-readable memory medium embodied as a memory (MEM) 216 that
stores a program of computer instructions (PROG) 218, and a suitable wireless interface,
such as radio frequency (RF) transceiver 212, for bidirectional wireless communications

with the eNB 220 via one or more antennas.

[0049] The eNB 220 also includes a controller, such as a computer or a data processor
(DP) 224, a computer-readable memory medium embodied as a memory (MEM) 226 that
stores a program of computer instructions (PROG) 228, and a suitable wireless interface,
such as RF ftransceiver 222, for communication with the UE 210 via one or more
antennas. The eNB 220 is coupled via a data/control path 234 to the NCE 240. The path
234 may be implemented as the S1 interface shown in Figure 1. The eNB 220 may also
be coupled to another eNB via data/control path 236, which may be implemented as the

X2 interface shown in Figure 1.

[0050] The NCE 240 includes a controller, such as a computer or a data processor (DP)
244, a computer-readable memory medium embodied as a memory (MEM) 246 that

stores a program of computer instructions (PROG) 248.

[0051] At least one of the PROGs 218, 228 and 248 is assumed to include program
instructions that, when executed by the associated DP, enable the device to operate in
accordance with exemplary embodiments of this invention, as will be discussed below in

greater detail.

[0052] That is, various exemplary embodiments of this invention may be implemented at
least in part by computer software executable by the DP 214 of the UE 210; by the DP
224 of the eNB 220; and/or by the DP 244 of the NCE 240, or by hardware, or by a

combination of software and hardware (and firmware).

[0053] The UE 210 and the eNB 220 may also include dedicated processors, for example
RS processor 215 and RS processor 225.

[0054] In general, the various embodiments of the UE 210 can include, but are not limited
to, cellular telephones, tablets having wireless communication capabilities, personal digital
assistants (PDAs) having wireless communication capabilities, portable computers having
wireless communication capabilities, image capture devices such as digital cameras
having wireless communication capabilities, gaming devices having wireless

communication capabilities, music storage and playback appliances having wireless



10

15

20

25

30

WO 2013/144365 12 PCT/EP2013/056887

communication capabilities, Internet appliances permitting wireless Internet access and
browsing, as well as portable units or terminals that incorporate combinations of such

functions.

[0055] The computer readable MEMs 216, 226 and 246 may be of any type suitable to the
local technical environment and may be implemented using any suitable data storage
technology, such as semiconductor based memory devices, flash memory, magnetic
memory devices and systems, optical memory devices and systems, fixed memory and
removable memory. The DPs 214, 224 and 244 may be of any type suitable to the local
technical environment, and may include one or more of general purpose computers,
special purpose computers, microprocessors, digital signal processors (DSPs) and
processors based on a multicore processor architecture, as non-limiting examples. The
wireless interfaces (e.g., RF transceivers 212 and 222) may be of any type suitable to the
local technical environment and may be implemented using any suitable communication
technology such as individual transmitters, receivers, transceivers or a combination of

such components.

[0056] Figure 3 illustrates further detail of an exemplary UE in both plan view (left) and
sectional view (right), and the invention may be embodied in one or some combination of
those more function-specific components. At Figure 3 the UE 210 has a graphical display
interface 320 and a user interface 322 illustrated as a keypad but understood as also
encompassing touch-screen technology at the graphical display interface 320 and voice-
recognition technology received at the microphone 324. A power actuator 326 controls the
device being turned on and off by the user. The exemplary UE 210 may have a camera
328 which is shown as being forward facing (e.g., for video calls) but may alternatively or
additionally be rearward facing (e.g., for capturing images and video for local storage).
The camera 328 is controlled by a shutter actuator 330 and optionally by a zoom actuator
332 which may alternatively function as a volume adjustment for the speaker(s) 334 when

the camera 328 is not in an active mode.

[0057] Within the sectional view of Fig. 3 are seen multiple transmit/receive antennas 336
that are typically used for cellular communication. The antennas 336 may be multi-band
for use with other radios in the UE. The operable ground plane for the antennas 336 is
shown by shading as spanning the entire space enclosed by the UE housing though in
some embodiments the ground plane may be limited to a smaller area, such as disposed
on a printed wiring board on which the power chip 338 is formed. The power chip 338

controls power amplification on the channels being transmitted and/or across the
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antennas that transmit simultaneously where spatial diversity is used, and amplifies the
received signals. The power chip 338 outputs the amplified received signal to the radio-
frequency (RF) chip 340 which demodulates and downconverts the signal for baseband
processing. The baseband (BB) chip 342 detects the signal which is then converted to a
bit-stream and finally decoded. Similar processing occurs in reverse for signals generated

in the apparatus 210 and transmitted from it.

[0058] Signals to and from the camera 328 pass through an image/video processor 344
which encodes and decodes the various image frames. A separate audio processor 346
may also be present controlling signals to and from the speakers 334 and the microphone
324. The graphical display interface 320 is refreshed from a frame memory 348 as
controlled by a user interface chip 350 which may process signals to and from the display

interface 320 and/or additionally process user inputs from the keypad 322 and elsewhere.

[0059] Certain embodiments of the UE 210 may also include one or more secondary
radios such as a wireless local area network radio WLAN 337 and a Bluetooth® radio 339,
which may incorporate an antenna on-chip or be coupled to an off-chip antenna.
Throughout the apparatus are various memories such as random access memory RAM
343, read only memory ROM 345, and in some embodiments removable memory such as
the illustrated memory card 347. The various programs 218 are stored in one or more of
these memories. All of these components within the UE 210 are normally powered by a

portable power supply such as a battery 349.

[0060] Processors 338, 340, 342, 344, 346, 350, if embodied as separate entities in a UE
210 or eNB 220, may operate in a slave relationship to the main processor 214, 224,
which may then be in a master relationship to them. Embodiments of this invention are
most relevant to the RS processor 215 and RS processor 225, though it is noted that other
embodiments need not be disposed there but may be disposed across various chips and
memories as shown or disposed within another processor that combines some of the
functions described above for Figure 3. Any or all of these various processors of Fig. 3
access one or more of the various memories, which may be on-chip with the processor or
separate therefrom. Similar function-specific components that are directed toward
communications over a network broader than a piconet (e.g., components 336, 338, 340,
342-345 and 347) may also be disposed in exemplary embodiments of the access node
220, which may have an array of tower-mounted antennas rather than the two shown at
Fig. 3.
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[0061] Note that the various chips (e.g., 338, 340, 342, etc.) that were described above
may be combined into a fewer number than described and, in a most compact case, may

all be embodied physically within a single chip.

[0062] In traditional systems, LTE common reference symbols (CRS) can only sound up
to 4 ports (antenna). The UE would not know which ports are used for elevation and which
are for azimuth. Alternatively, LTE channel state information reference symbols, such as
(CSI)»-RS, may be limited to 8 ports. Again the UE would not know which ports are for

elevation and which are for azimuth.

[0063] Figure 4 provides an overview of a conventional antenna panel design. A physical
XPOL Antenna Panel 410 is typically comprised of multiple +45° antenna sub-elements
(shown with dashed lines) and multiple -45° antenna sub-elements (shown with solid
lines). By +45° it is meant that the antenna sub-element transmits with a +45° diagonal
polarization and by -45° it is meant that the antenna sub-element transmits with a -45°
diagonal polarization. The +45° sub-elements are phased to form a logical +45° antenna
412 and the -45° sub-elements are phased to form a logical -45° antenna 414. The result
is the set of logical antennas 416, one with +45° and the other with -45° polarization.
When referring to azimuth ports or antennas, azimuth will refer to both polarization and

also antenna elements spaced in the azimuth dimension.

[0064] A similar concept applies to a panel array containing co-pol (co-polarization)
vertical elements (not shown). The phasing is intended to create a specific antenna
pattern in the elevation dimension. The use of a mechanical downtilt can also be used to
optimize cell coverage. The elevation pattern is typically very narrow in macrocells in order

to increase the overall antenna gain and to cover the cell from a high tower.

[0065] Figure 5 is useful when explaining a method to achieve an elevational
beamforming architecture and implementation. In general, this involves creating multiple-
beams per polarization via phasing of the co-pol sub-elements. In Figure 5, each elevation
beam for a given polarization is formed using all of the sub-elements of that polarization.
Each panel contains some number of vertical elements for each of the two polarizations.

The array at the eNB can then have multiple panels to provide elements in azimuth.

[0066] In the method there are 2Q total sub-elements in the panel with Q elements per
polarization in the panel. The effect is to form E beams from the Q elements for each
polarization, and the result is that the panel forms a logical Ex2 vertical array of cross

pols. Tx weights are applied to the inputs to the logical cross pols (e.g., ports Py ... P2) to
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beamform in the elevation dimension. The Tx weights that form the logical cross pol
antennas (e.g., the weights fy1...fqe) may be applied at the radio frequency (RF) level (e.g.,
after upmixing), whereas the Tx weights that are applied to the input to the logical cross

pol ports (not shown in the figure) may be applied at baseband.

[0067] In an FDD situation, the UE can provide CSI feedback for both the azimuth and
elevation dimensions. This allows the transmission weights to be properly determined on a

per user basis.

[0068] Figures 4-5 show structures to create an antenna panel array that logically consists
of E vertical elements for each of two polarizations, e.g., for the XPOL case: +/-45. Figure
4 shows a structure to create E=1 elevation beam and Figure 5 can create E=1 elevation
beam. Other techniques can also be used to create an antenna architecture capable of
supporting vertical beamforming. For example, one method is simply to arrange a set of
physical cross pol elements in a two-dimensional layout that consist of M elements in

azimuth and E elements in elevation.

[0069] As noted above, traditional techniques adapt the elevation pattern on a per-sector
basis, not on a per-user basis and therefore contains no reference signal design and
associated signaling aimed at per-user joint elevation/azimuth adaptivity. The per-user
azimuth/elevation optimization enables a more tailored control of the elevation pattern to
further optimize the link to a UE. Also, efficient reference signal structures can be defined
which have significantly lower overhead than sounding all combinations of azimuth and

elevation ports.

[0070] Figure 6 provides an overview of an exemplary embodiment of a cross-pol array
consisting of 3 rows of antennas where each row contains 4 antennas in azimuth. The 3
rows of antennas can be formed using beamspace co-phasing as shown in Figure 5 and
described earlier. Alternatively, the antenna structure shown in Figure 6 could be formed
from discrete antennas arranged as shown (three rows of antennas each containing two
cross-pol pairs (4 antennas) for a total of 12 antennas). The overall logical array structure
is partitioned into sub-arrays in elevation (e.g., 3 arrays: Array A (antennas A1, A2, A3,
A4), Array B (antennas B1, B2, B3, B4) and Array C (antennas C1, C2, C3, C4) for control
of the elevation dimension) and also portioned into sub-arrays in the azimuth dimension
(e.g., 4 arrays: Array 1 (antennas A1, B1, C1), Array 2 (antennas A2, B2, C2), Array 3
(antennas A3, B3, C3), and Array 4 (antennas A4, B4, C4) for control of the azimuth

dimension). This allows control of both azimuth (for example, using Arrays 1-4) and
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elevation (using arrays A-C) at the eNB. The logical array structure may be extended for

additional azimuthal ports (e.g., ports 0-7, etc.) and/or for additional elevation arrays.

[0071] CSI-RS can be designed to take advantage of antenna aggregation techniques
that operate on multiple antennas and create the appearance to a receiver of a single
transmit antenna. Example methods for antenna aggregation include but are not limited to
cyclic shift diversity (CSD), cyclic delay diversity, cyclic shift time diversity, random
precoding, or simple beamforming. For a two dimensional array such as the one shown in
Figure 6, antennas may be aggregated in the elevation dimension, where the antennas of
a given column are aggregated together to form a single logical azimuth port (e.g., the
antennas of sub array 1 (A1, B1, C1 are aggregated to form a single logical azimuth
antenna; the antennas of sub array 2 (A2, B2, C2 are aggregated to form a single logical
azimuth port, and so on.) A pilot signal may then be provided (transmitted) from each
logical azimuthal port formed from the aggregation (4 logical azimuth ports are formed
from aggregation in the elevation dimension in the example array of Figure 6). Next,
antennas may be aggregated in the azimuth dimension, where the antennas of a given
row are aggregated together to form a single logical vertical antenna port. In the example
array of Figure 6, antennas A1, A2, A3, A4 are aggregated to form a single logical
elevation antenna port; antennas B1, B2, B3, B4 are aggregated to form a single logical
elevation antenna port; etc. A pilot signal may then be provided (transmitted) from each
elevation port formed from the aggregation in azimuth. A UE may then use the pilot
signals to determine CSI for the azimuthal and elevation dimensions. A legacy UE may
measure azimuth CSI-RS for feedback using the azimuth pilots with elevation ports

aggregated allowing the legacy UE to operate with the CSI-RS.

[0072] In the slot where the CSI-RS is defined, the eNB can sound (transmit pilots from)
all azimuth antennas (e.g., the 4 ports, labeled 0-4) using antenna aggregation across the
E elevation ports or the eNB can use a single sounding time, where the pilots are
decimated by E in frequency over the current CSI-RS. The UE is informed of the number
of azimuth and elevation antennas (likely signaled from eNB), where the CSI-RS is
located in time, the antenna aggregation method used and the locations of the RSs (e.g.,
implicitly from a standard and the signaled number of antennas). The role of azimuth and

elevation antennas can be switched (e.g., in a second sounding).

[0073] The pilot structure for aggregating elevation antennas with cyclic shift diversity may
be defined in terms of an azimuth antenna, m, a subcarrier, k (including a subcarrier, k,

which contains the RS for azimuth antenna m), a pilot sequence, x(k), which may be
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QPSK, an OFDM symbol number, t, an elevation beam, b, and a CSD shift value, Ncsp
(e.g., Ncsp=12E). When the CSD includes a large delay, the pilot structure may be given

as:

0 k=k,

(~D)™ x(k)e 7** D New otherwise

Pup (k,t)= {
(1)

[0074] PMI feedback may be generated for both elevation and azimuth. In a non-limiting
example, there are M=4 azimuth antenna by E=3 elevation antenna as shown in Figure 6.
These antenna may be separated into three Sub-Arrays: Array A (antennas A1, A2, A3,
A4), B (antennas B1, B2, B3, B4), C (antennas C1, C2, C3, C4). A single spatial stream
(thus, rank 1) may be used for the azimuthal dimension. An eNB transmits a 4-port
azimuth-oriented CRS/CSI-RS. The vertical ports (e.g., elevation) are aggregated together
to form 4 azimuth ports. For example, the antenna in Figure 6, ports {*1} (sub array 1) are
aggregated together (e.g., A1, B1, C1) via an aggregation strategy to form a single
azimuth port with +45° polarization, ports {*2} (sub array 2) are aggregated via an
aggregation strategy to form a single azimuth port with -45° polarization (e.g., A2, B2, C2),
ports {*3} (sub array 3) are aggregated via an aggregation strategy to form a single
azimuth port with +45° polarization (antennas A3, B3, C3) and ports {*4} are aggregated
via an aggregation strategy to form a single azimuth port with -45° polarization (antennas
A4, B4, C4). The aggregation can be via a specific DL phasing vector (e.g., a
beamforming vector) that is optimized for overall cell coverage. Also, the aggregation can
be CSD/CDD/CSTD. The UE receives the 4-port azimuth-oriented CRS/CSI-RS and

computes a 4-port PMI assuming azimuth-only adaptation.

[0075] Next, the eNB transmits a 3-port elevation-oriented CSI-RS where the roles of the
vertical and horizontal (e.g., azimuthal) ports are switched. The horizontal ports are
aggregated together to form 3 elevation ports. For example, Arrays A, B, C (610, 620,
630) of Figure 6. Thus, ports {A*} are aggregated (e.g., A1, A2, A3, A4) via an aggregation
strategy to form a single elevation port, ports {B*} are aggregated (e.g., B1, B2, B3, B4)
via an aggregation strategy to form a single elevation port and ports {C*} are aggregated
(e.g., C1, C2, C3, C4) via an aggregation strategy to form a single elevation port. As
above, the aggregation can be via a specific DL phasing (beamforming) vector that is
optimized for overall cell coverage. Also, the aggregation can be via CSD/CDD/CSTD.
The UE detects the 3-port elevation-oriented CSI-RS and computes a 3-port PMI
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assuming elevation-only adaptation. The UE then feeds back the elevation-oriented PMI

and the azimuth-oriented PMI.

[0076] Figure 7 shows an example for M=4, E=3 in which each elevation sub-array has an

associated M=4 element sub-array weight vector: Va, Vg, V¢, defined as follows:

SRR %L D ) Ve
V=] i V=] F | Vaki=| i fetc
V(B Ve (k] Vi (K)

where the index k refers to time and/or frequency (e.g., time symbol, OFDM subcarrier,
OFDMA resource block, etc.). The E=3 sub-arrays are then steered with another E=3

element weight vector: V,(k) defined as follows:

e ‘Vm{,km)
Voz (K

[0077] It can be noted that thus far this notational framework for defining the transmit
weights is suitable for any strategy for computing the transmit weights. In other words, any
transmit weight vector of length MxE for the MxE-element antenna array can be
decomposed into the above structure by simply setting Vp(k) to be all ones and by setting

the weights in each elevation sub-array to the appropriate value.

[0078] However, for jointly controlling azimuth and elevation the use of a simplified
strategy may be employed in which the E elevation sub-arrays are first beamformed in the
azimuth dimension with identical weight vectors (i.e., for E=3: Va= Vg=V¢) to form E
identical beams in elevation. These E elevation beams are then beamformed together
(i.e., "co-phased") with the E-element weight vector Vp(k). To jointly adapt in both
elevation and azimuth an M-antenna codebook can be used first to adapt the azimuth
dimension, followed by using an E-element codebook to control the elevation dimension.
Since the beams are more tailored, this provides additional improvements for narrower

antenna beams (e.g., in access or backhaul layers).

[0079] CSI reference signals (CSI-RS) may be used to support user-specific vertical plus
azimuth beamforming. The eNB controls both vertical and azimuth beams; however, the
UE needs to measure RSs from the eNB which sound in both the azimuth (1-4) and

elevation (A-C) spaces for feedback (e.g., using a codebook for each space or
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dimension). The UE should know which CSI-RS are for azimuth and which CSI-RS are for
elevation. Additionally, the CSI-RS design may provide handling of legacy UEs, for

example, by providing azimuth CSI-RS in a common location.

[0080] CSI-RS can be designed such that the CSI-RS sound in azimuth and elevation
dimensions. The UE can then be informed of which CSI-RS is for azimuth and which is for
elevation. The CSI-RS may be identified by the port (or antenna) that is used to transmit
the CSI-RS. Some ports may be used for elevation in addition to azimuth ports. In order to
provide support for legacy UE, the azimuth ports may be defined such that the same ports

in a legacy system are used, e.g., ports 15-22.

[0081] Additionally, the eNB may base the CSI-RS design on various other factors. For
example, the eNB may consider the deployment needs, antenna arrangements and
update rates. This allows the CSI-RS to be more flexible and accommodate the needs of

the system as well as user-specific conditions.

[0082] In one non-limiting exemplary embodiment, ports 15-22 are used for antennas A1-
A8 (using the notation in Figure 6), ports 23-30 are used for B1-B8, etc., where in this
example, each antenna port is referring to a particular logical antenna in an array similar
to the one shown in Figure 6 for example. In another non-limiting exemplary embodiment,
a two-dimensional approach to port mapping is taken- Ports 15-22 are used for azimuth
antennas 1-8 and additional ports are defined for elevation (e.g., elevation port 0-2),
where in this example, an azimuth antenna port being identified can be formed by
aggregating antennas in elevation (e.g., azimuth port 15 that indicates azimuth antenna 1
could be formed by aggregating A1, B1, C1 in the array of Figure 6) and an elevation
antenna port being identified can be formed by aggregating antennas in azimuth (e.g.,

elevation port 0 could be formed by aggregating A1, A2, A3, A4 in the array of Figure 6).

[0083] CSI-RS for a subset of elevation and azimuth ports may be assigned to different
time/frequency/code (aka CDM)/sequence resources. For example, ports A1-A4 are
sounded at a first time interval, ports B1-B4 are sounded at a second time interval and
ports C1-C4 are sounded at a third time interval. The rates at which the ports are sounded
can be adjusted such that they are the same for each sounding operation or different. The
flexible assignment strategy enables multiplexing in time, frequency, code, and sequence
spaces. As another example, ports A1-A4 are sounded at a first frequency region, ports
B1-B4 are sounded at a second frequency region, and ports C1-C4 are sounded at a third

frequency region. As yet another example, ports A1-A4 are sounded at a particular
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time/frequency resource using one CDM code/sequence, ports B1-B4 are sounded at the
same time/frequency resource using a second CDM code/sequence, and ports C1-C4 are
sounded at the same time/frequency resource using a third CDM code/sequence. (In
these examples, a time interval can mean the time duration of a Resource Block in LTE
Rel8/10. A frequency region can mean the length in frequency of a Resource Block in LTE
Rel8/10. A time/frequency resource can mean a set of resource elements within a

Resource Block that are allocated for CSI-RS transmission).

[0084] The eNB signals to the UE regarding the structure of the CSI-RS. The signaling
may be performed using control signaling. The eNB may indicate to the UE how many
azimuth ports will be used and how many elevation ports will be used. The eNB may also
provide an indication (implicitly or explicitly) of where the azimuth CSI-RS are located and

where the elevation CSI-RS are located.

[0085] The signaling also may indicate which feedback method (e.g., specific codebook)
the UE should use (the feedback method may depend on the port definition being used).
The feedback codebook may be a 3x4 product codebook, for example in a 3 elevation
array and 4 azimuthal port layout. This provides a less complex codebook than using a 12

element codebook.

[0086] Legacy UEs (those measuring azimuth only) can still measure azimuth CSI-RS in
order to provide feedback and may ignore the elevation CSI-RS. In such cases, signaling
of the structure of the CSI-RS may be provided to the legacy UEs in such a way that a
legacy UE identifies only the azimuth ports. Alternatively, the CSI-RS may be selected
such that azimuth CSI-RS match those of a legacy system (in which case signaling of the

structure of the CSI-RS may not be required for the legacy UEs).

[0087] Figure 8 shows a frequency/time diagram of an exemplary port assignment in
accordance with this invention. As shown, a first LTE subframe (subframe 1) is selected
for sending the CSI-RS using elevation port A and azimuthal ports 0-7. At a second LTE
subframe (subframe 11) the CSI-RS are to be sent using elevation port B and reusing
azimuthal ports 0-7. Similarly, at a third LTE subframe (subframe 21) the CSI-RS are to be

sent using elevation port C and reusing azimuthal ports 0-7.

[0088] As shown in Figure 8, azimuthal ports 0 and 1 use the same frequency subcarrier
and occupy the same OFDM symbol number. To separate the CSI-RS for the two ports, a
spreading code may be used. For example port 0 would send +1 on the first OFDM
symbol and +1 on the second OFDM symbol and port 1 would send +1 on the first OFDM
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symbol and-1 on the second OFDM symbol. Likewise, additional port pairs may be
similarly spaced. In another embodiment, azimuthal ports 0 and 1 use the same frequency
subcarrier and use different OFDM symbol numbers. Again likewise, additional port pairs
may be similar spaced. In yet another embodiment the azimuthal ports 0 and 1 use the
same frequency subcarrier and the same OFDM symbol number but are separated by

using different pilot sequences in frequency (e.g., by using quasi-orthogonal sequences).

[0089] Further details of how the sounding in time methodology (as embodied in Figure 8)
are done. On a particular subframe, n,, in a designated radio frame, all azimuth antennas
(0-7) are sounded using elevation beam e. At different subframes all azimuth antennas
are sounded for all E elevation beams. For this method the UE knows (e.g., via
information that is signaled from the eNB or is implicit from the definition of the RS
design): 1) the number of azimuth and elevation antennas, 2) which subframes (and also
possibly which radio frames) are for which elevation beams, and 3) the locations of the
RSs. In equation form the RS on subcarrier k on OFDM symbol t for the sounding in time

methodology may be expressed as:

0 k#k, andsubframe#n,

Prp(kst) = {(_1)’”fx(k) otherwise

where m is the azimuth antenna, b is the elevation beam, k., is a subcarrier which
contains the RS for azimuth antenna m, and x(k) is some suitable base pilot sequence like
a QPSK sequence or a GCL sequence. Note that the role of the azimuth and elevation
antennas can be switched in the above description. Note also that legacy UEs may be
agnostic to the different elevation beams in time and may still be scheduled to measure

these CSI-RS time instances.

[0090] Figure 13 shows another frequency/time diagram of different exemplary port 1310
assignment in accordance with this invention using a sounding in frequency methodology.
As shown, on a particular PRB, PRB f;,, which is present on a particular slot in a particular
radio frame, all azimuth antennas (e.g., 0-7) are sounding using elevation beam b (for
example, the 8 antennas belonging to row b of the array are sounded). On different PRBs
in the same or different slot all of the azimuth antennas are sounded for different elevation
beams (up to E elevation beams). In this example note that azimuth antennas 0 and 1
share the same time-frequency resources as does 2 and 3, 4 and 5, and 6 and 7. Note
that only one sounding time would be required if the different PRBs are all sent with the

same slot. For this sounding in frequency methodology the UE knows (e.g., via
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information that is signaled from the eNB or is implicit from the definition of the RS
design): 1) The number of azimuth and elevation antennas, 2) where the CSI-RS is
located in time and frequency, 3) which PRBs are for which elevation beams, and 4) the
locations of the RSs. In equation form the RS on subcarrier k on OFDM symbol t for the

sounding in frequency methodology is given as:

0 k#k,andPRB= f,

Pos(k,t) = {(_l)mtx(k) otherwise

where m is the azimuth antenna, b is the elevation beam, k., is a subcarrier which
contains the RS for azimuth antenna m, f, is the PRB where RS are present for elevation
beam b, and x(k) is some suitable base pilot sequence like a QPSK sequence or a GCL
sequence. Note that the role of the azimuth and elevation antennas can be switched in the
above description. Note also that legacy UEs may be agnostic to the different elevation
beams in frequency and may still be scheduled to measure these CSI-RS frequency and

time instances.

[0091] Figure 14 shows a further frequency/time diagram of different exemplary port 1410
assignment in accordance with this invention using a sounding in sequence (or CDM)
methodology. As shown on a particular PRB on a particular slot in a particular radio frame,
all azimuth antennas are sounding using all E of the elevation beams where RS is sent
from each elevation beam using a different CSI-RS sequence (or CDM code) for each
elevation beam. As is shown, azimuth ports 0 and 1 1410 share one common set of
frequencies and all elevation beams around sounded for these azimuth ports 1410 on
these common set of frequencies. Likewise, the same is true for azimuth port 1410 pairs 2
and 3, 4 and 5, and 6 and 7. For this sounding in sequence methodology the UE knows
(e.g., via information that is signaled from the eNB or is implicit from the definition of the
RS design): 1) the number of azimuth and elevation antennas, 2) where the CSI-RS is
located in time and frequency, 3) the CSI-RS sequence (or CDM code) for each elevation
beam, and 4) the locations of the RSs. In equation form the RS on subcarrier k on OFDM

symbol t for the sounding in sequence methodology is given as:

0 k#k,and PRB = f,
pm,b(k’t): mt .
(=D™x,(k) otherwise
where m is the azimuth antenna, b is the elevation beam, k., is a subcarrier which

contains the RS for azimuth antenna m, f,, is the PRB where RS are present for elevation
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beam b, and x,(k) is some suitable base pilot sequence like a QPSK sequence or a GCL
sequence which is different for each elevation beam. It may be desirable (but not
necessary) that x,(k) is orthogonal or quasi-orthogonal between different beams. Note that
the role of the azimuth and elevation antennas can be switched in the above description.
Note also that legacy UEs may be agnostic to the different elevation beams in frequency
and time and may still be scheduled to measure these CSI-RS time and frequency

instances.

[0092] Figure 15 shows another frequency/time diagram of different exemplary port 1510,
1520, 1530, 1540 assignment in accordance with this invention using a sounding method
which reuses the CSI-RS format already defined in LTE. Since the LTE CSI-RS format is
being used, only up to E*M=8 total ports 1510, 1520, 1530, 1540 can be sounded. For
example as shown in Figure 15 there are E=4 elevation beams and M=2 azimuth
antennas where azimuth antennas 0 and 1 are sent on the same frequency-time
resources within a PRB at multiple times with a different elevation beam being used on
different parts of the frequency band. In this sounding method the UE knows (e.g., via
information that is signaled from the eNB or is implicit from the definition of the RS
design): 1) the number of azimuth and elevation ports 1510, 1520, 1530, 1540, 2) where
the CSI-RS is located in time, which elevation beam is used on which frequencies of the
PRB, and 4) the locations of the RSs. In equation form the RS on subcarrier k on OFDM
symbol t for the sounding methodology using the defined LTE CSI-RS is given as:

0 k#k, andk#s,

Prp(kst) = {(_1)"” x(k) otherwise

where m is the azimuth antenna, b is the elevation beam, k., is a subcarrier which
contains the RS for azimuth antenna m, s, is the subcarrier where RS are present for
elevation beam b, and x(k) is some suitable base pilot sequence like a QPSK sequence or
a GCL sequence. Note that the role of the azimuth and elevation antennas can be
switched in the above description. Note also that legacy UEs may be agnostic to the
different elevation beams in frequency and time and may still be scheduled to measure
these CSI-RS time and frequency instances. Note also that ports 1510 include azimuthal
antennas 0 and 1 on elevation beam 1, ports 1520 include azimuthal antennas 0 and 1 on
elevation beam 2, ports 1530 include azimuthal antennas 0 and 1 on elevation beam 3

and ports 1540 include azimuthal antennas 0 and 1 on elevation beam 4.
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[0093] In the above methodologies some variations are possible such as: 1) The elevation
dimension could be sounded less frequently than the azimuth dimension, 2) Common RSs
(CRSs) are used and the eNB indicates it has 2 azimuth antennas and 2 elevation
antennas (a standard may specify which CRS are for azimuth and which are for
elevation), 3) The mapping of antenna ports or CSI-RS resources to azimuth and
elevation may be signaled to the UE or fixed in the specifications, e.g. ports A1, B1, A2,
B2 may mean (A1,B1) and (A2,B2) are separable in azimuth, (A1,A2) and (B1,B2) are
separable in elevation, and 4) Some ports and some CSI-RS resources can be shared

with legacy UEs that are agnostic to the distinction between elevation and azimuth.

[0094] Also for the above methodologies, signaling, such as higher-layer signal, may be
used for the elevation and azimuth RSs to be useful to the UEs. For example signaling
may be used for the sequence of elevation beams in time and/or frequency. In particular a
fixed pattern of elevation beams which may be specified depending on the number of
elevation beams and the CSI subframe configuration (such as the periodicity, the offset, or
the subframe number) may be signaled. Note that the fixed pattern of elevation beams
may depend on the cell ID of the eNB sending the RS. Note that the pattern of the
elevation beams may be configured using the higher-layer signaling to provide some
coordination between eNBs such as to avoid interference from and to CSI-RS in
neighboring sectors or cells. Other possible signaling may include: 1) the assignment of
multiple CSI-RS sequences to a single UE, 2) the mapping of the assigned sequences to
ports, 3) the mapping of the assigned CSI-RS sequences to CSI-RS resources, 4) defining
CSl-feedback based on multiple CSI-RS sequences. Also signaling may describe the
mapping of CSI-RS ports to the azimuth and/or elevation dimensions. It may be that a
CSI-RS resource (defined by periodicity, subframe offset, or resource element location)
may be mapped to a particular dimension (azimuth or elevation) where a dimension may

be equivalent to a set of ports.

[0095] Figure 9 shows a signaling diagram of an exemplary embodiment in accordance
with this invention. At time 910, the eNB sends control signaling to an UE. The control
signaling provides an indication of which CSI-RS sound the elevation dimension and
which sound the azimuth dimension. This control signaling can take on any form from an
explicit messaging containing the time and frequency locations of the azimuth and
elevation CSI-RS or may simply be a signaling of the number of azimuth and elevation

ports (antennas) and then the locations of CSI-RS for azimuth and elevation are implicit
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from a commonly agreed upon location (e.g., as defined in the LTE standard). At time 915,

the UE receives the control signaling.

[0096] Other forms of signaling (either explicit or implicit) might also be part of the control
signaling as well. One example is the periodicity of the CSI-RS for either azimuth,
elevation, or both. Other examples would be the offset (in time or frequency) of the CSI-
RS and also the subframe number containing the CSI-RS. Also the ordering the elevation
beams being sounded could be configured across sectors and/or eNBs so that inter-cell
interference is minimized (i.e., one eNB sounds using an elevation beam which illuminates
the area near the eNB when a different eNB sounds an elevation beam which illuminates

the cell edge). Other forms of signaling could include:

1) The assignment of multiple CSI-RS sequences to a single UE (i.e., so the UE
can obtain CSI-RS for more than a single elevation beam).

2) The mapping of the CSI-RS assigned sequences to actual ports (in elevation
and/or azimuth).

3) The mapping of the assigned CSI-RS sequences to CSI-RS resources (in time
and/or frequency) where it is possible that multiple sequences are mapped to the
same CSI-RS resource (e.g., when sequences or codes are used to distinguish the

sequences).

[0097] At time 920, the eNB sends the CSI-RS out of its azimuth and elevation ports. The
CSI-RS are sent as indicated by the control signaling. At time 925, the UE receives CSI-
RS. While receiving the CSI-RS, the UE may perform CS| measurements (e.g., channel

estimation).

[0098] The UE separates CSI-RS into CSI-RS for azimuth and CSI-RS for elevation
based on the received indication at time 930. By knowing in advance which CSI-RS are
used for azimuth and which are used for elevation, the UE may more efficiently perform
the separation CSI-RS (for example, over a brute force approach of adding more ports).
Then, at time 940, the UE determines elevation feedback from the CSI-RS for elevation

and azimuth feedback from the CSI-RS for azimuth.

[0099] At time 950, the UE feeds back the elevation and azimuth feedback (e.g., as a
codebook precoder matrix index (PMI), covariance matrix, eigenvectors, etc.) to the eNB,
which receives the elevation and azimuth feedback at time 955. At time 960, the eNB

performs UE-specific elevation and azimuth beamforming based on the feedback.
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[00100] As described above, CSI-RS can be configured to enable the UE to be able to
separately determine channel information for the azimuth and elevation dimensions. In
place of the CSI-RS common reference symbols (CRS) can be configured to enable the
UE to determine channel information for the azimuth and elevation dimensions as well.
For example, if there are 2 azimuth ports, 2 elevation ports, and 4 ports for the CRS (0-3)
then, for example, ports 0-1 can be sent from both azimuth ports and one of the elevation
ports and ports 2-3 can be sent from both azimuth ports and the other elevation port. As in
the CSI-RS case signaling from the eNB will be necessary for the UE to know which ports

of the CRS are for azimuth and which are for elevation.

[00101] The azimuth and elevation ports may be sounded separately by employing an
antenna aggregation technique, e.g., a large delay cyclic shift diversity (CSD), in the
dimension not being sounded. The CSI-RS pattern may handle eight ports 815, 825, 835
(either azimuth or elevation) as shown in Figure 8. For example, during one slot 810, 820,
830 (whose timing is configured by the eNB) the eNB sends azimuth-orientated RSs by
using CSD to aggregate the elevation ports (e.g., A- C in Figure 6) associated with a given
azimuth port (e.g., 1-4 in Figure 6). In equation form the CSI-RS sequence across
frequency (k) for azimuth port m and elevation port b on OFDM symbol t would be given
by:

0 k+k,

Py (kst) = . .
mon (=)™ x(k)e /> Ve otherwise @)
where k, is the subcarrier index which contains CSI-RS for azimuth port m, x(k) is a
scrambling RS sequence, E is the number of elevation ports, and a CSD shift value, Nggp
(e.g., Ncsp=12E). Since the elevation antennas are aggregated together with CSD, the UE

can obtain azimuth-orientated feedback.

[00102] At a different slot time (also as configured by the eNB), the eNB would send
elevation-orientated RSs by using CSD to aggregate the azimuth ports. In equation form
the CSI-RS sequence across frequency (k) for elevation port b and azimuth port m on

OFDM symbol t would be given by:

0 k#k,

k,t)= :
Pp(k,1) (=" x(k)e /2™ D New - otherwise

(3)
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where k, is the subcarrier index which contains CSI-RS for elevation port b, x(k) is a
standard scrambling RS sequence, M is the number of azimuth ports, and a CSD shift
value, Ncsp (e.9., Nesp=12M). Since the azimuth antennas are aggregated together with

CSD, the UE can obtain elevation-orientated feedback.

[00103] Using the azimuth-oriented RSs and the elevation-orientated RSs, the UE can

determine feedback for each dimension separately.

[00104] Based on the foregoing it should be apparent that the exemplary embodiments of
this invention provide a method, apparatus and computer program(s) to design reference

signals for per-user elevation beamforming.

[00105] Figure 10 is a logic flow diagram that illustrates the operation of a method, and a
result of execution of computer program instructions, in accordance with the exemplary
embodiments of this invention. In accordance with these exemplary embodiments a
method performs, at Block 1010, a step of receiving an indication of which RSs in a
plurality of RSs sound in the elevation dimension and which RSs in the plurality of RSs
sound in the azimuthal dimension. At Block 1020, the method performs a step of receiving
the plurality of RSs from a transmit antenna array. A step of separating the plurality of RSs
into the first portion and the second portion based at least in part on the indication is
performed by the method at Block 1030. Note that from the indication it would be clear
that there is one portion of the CSI-RS for elevation and one portion for azimuth. So when
the UE receives CSI-RS, it has to separate them into those two portions. The method also
performs, at Block 1040, a step of sending elevation feedback and azimuthal feedback to

the access point.

[00106] Figure 11 is another logic flow diagram that illustrates the operation of a method,
and a result of execution of computer program instructions, in accordance with the
exemplary embodiments of this invention. In accordance with these exemplary
embodiments a method performs, at Block 1110, a step of sending, from an access point,
an indication of which RSs in a plurality of RSs sound in the elevation dimension and
which RSs in the plurality of RSs sound in the azimuthal dimension. At Block 1120, the
method performs a step of sending, from the access point, the plurality of RSs using a
plurality of antenna. A step of receiving elevation feedback and azimuthal feedback at the
access point is performed by the method at Block 1130. The method also performs, at
Block 1140, a step of determining beamforming weights for the plurality of antenna based

at least in part on the elevation feedback and the azimuthal feedback.
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[00107] Figure 12 is another logic flow diagram that illustrates the operation of a method,
and a result of execution of computer program instructions, in accordance with the
exemplary embodiments of this invention. In accordance with these exemplary
embodiments a method performs, at Block 1210, a step of sending, at a first time, RSs in
a plurality of RSs which sound in an azimuthal dimension using a first portion of a plurality
of antenna. The method also performs, at Block 1220, a step of sending, a second time,
RSs in the plurality of RSs which sound in the elevation dimension using a second portion

of the plurality of antenna.

[00108] The various blocks shown in Figures 9-12 may be viewed as method steps,
and/or as operations that result from operation of computer program code, and/or as a
plurality of coupled logic circuit elements constructed to carry out the associated

function(s).

[00109] An exemplary embodiment provides a method to design reference signals for per-
user elevation beamforming. The method includes receiving (such as by a receiver) an
indication of which RSs in a plurality of RSs sound in the elevation dimension and which
RSs in the plurality of RSs sound in the azimuthal dimension. The method includes
receiving (such as by a receiver) the plurality of RSs from a transmit antenna array and
separating (such as by a processor) the plurality of RSs into the first portion and the
second portion based at least in part on the indication. The method also includes sending

(such as by a transmitter) elevation feedback and azimuthal feedback to the access point.

[00110] In a further exemplary embodiment of the method above, the indication includes
at least one of: a total number of RSs in the first portion; a total number of RSs in the
second portion; a location of the RSs in the first portion; a location of the RSs in the
second portion; a structure of the RSs; and/or an indication of a number of azimuthal ports

and a number of elevation ports.

[00111] In another exemplary embodiment of any one of the methods above, the first
portion of the RSs contains RSs for the azimuthal dimension and second portion of the

RSs contains RSs for the elevation dimension.

[00112] In a further exemplary embodiment of any one of the methods above, the RSs are
CSI-RSs.
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[00113] In another exemplary embodiment of any one of the methods above, receiving the
plurality of RSs includes, for each RS of the plurality of RSs, performing measurements of
the RS.

[00114] In a further exemplary embodiment of any one of the methods above, receiving
the plurality of RSs includes receiving a first subset of the RSs at a first time-frequency
location; and receiving a second subset of the RSs at a second time-frequency location.
The second time-frequency location may be the same as the first time-frequency location
and the first subset of the RSs may be received on a first spreading code and the second

subset of the RSs may be received on a second spreading code.

[00115] In a further exemplary embodiment of any one of the methods above, receiving
the plurality of RSs includes receiving a first subset of the RSs on a first set of
frequencies; and receiving a second subset of the RSs on a second set of frequencies

where the first set of frequencies is different from the second set of frequencies.

[00116] In a further exemplary embodiment of any one of the methods above, receiving
the plurality of RSs includes receiving a first subset of the RSs at one time on one set of
frequencies; and receiving a second subset of the RSs at the same time on the same set
of frequencies where the first subset employs one sequence or spreading code and the

second sequence employs a different sequence or spreading code.

[00117] In another exemplary embodiment of any one of the methods above, separating

the plurality of RSs is further based on the time the RS was received.

[00118] In a further exemplary embodiment of any one of the methods above, the method
also includes receiving an indication of a codebook. The elevation feedback and the

azimuthal feedback is based on the codebook.

[00119] Another exemplary embodiment provides a method to design reference signals
for per-user elevation beamforming. The method includes sending (such as by a
transmitter), from an access point, an indication of which RSs in a plurality of RSs sound
in the elevation dimension and which RSs in the plurality of RSs sound in the azimuthal
dimension. The method includes sending (such as by a transmitter), from the access
point, the plurality of RSs using a plurality of antenna and receiving (such as by a receiver)
elevation feedback and azimuthal feedback at the access point. The method also includes
determining (such as by a processor) beamforming weights for the plurality of antenna

based at least in part on the elevation feedback and the azimuthal feedback.
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[00120] In a further exemplary embodiment of the method above, the indication includes a
total number of RSs in the first portion; a total number of RSs in the second portion; a
location of the RSs in the first portion; a location of the RSs in the second portion; a
structure of the RSs; and/or an indication of a number of azimuthal ports and a number of

elevation ports.

[00121] In another exemplary embodiment of any one of the methods above, the RSs are
CSI-RSs.

[00122] In a further exemplary embodiment of any one of the methods above, sending the
plurality of RSs includes sending a first subset of the RSs at a first time-frequency
location; and sending a second subset of the RSs at a second time-frequency location.
The second time-frequency location may be the same as the first time-frequency location
and the first subset of the RSs may be received on a first spreading code and the second

subset of the RSs may be received on a second spreading code.

[00123] In a further exemplary embodiment of any one of the methods above, sending the
plurality of RSs includes sending a first subset of the RSs on a first set of frequencies; and
sending a second subset of the RSs on a second set of frequencies where the first set of

frequencies is different from the second set of frequencies.

[00124] In a further exemplary embodiment of any one of the methods above, sending the
plurality of RSs includes sending a first subset of the RSs at one time on one set of
frequencies; and sending a second subset of the RSs at the same time on the same set of
frequencies where the first subset employs one sequence or spreading code and the

second sequence employs a different sequence or spreading code.

[00125] In another exemplary embodiment of any one of the methods above, the method
also includes sending an indication of a codebook. The elevation feedback and

determining the azimuthal feedback are based on the codebook.

[00126] In a further exemplary embodiment of any one of the methods above, the

beamforming weights provide beamforming in at least elevation.

[00127] In another exemplary embodiment of any one of the methods above, sending the
plurality of RSs includes sending the RSs in the plurality of RSs which sound in the

azimuthal dimension using a first portion of the plurality of antenna; and sending the RSs
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in the plurality of RSs which sound in the elevation dimension using a second portion of

the plurality of antenna.

[00128] A further exemplary embodiment provides a method to send reference signals for
per-user elevation beamforming. The method includes sending (such as by a transmitter),
at a first time, RSs in a plurality of RSs which sound in an azimuthal dimension using a
first portion of the plurality of antenna. The method also includes sending (such as by a
transmitter), at a second time, RSs in the plurality of RSs which sound in an elevation

dimension using a second portion of the plurality of antenna.

[00129] In another exemplary embodiment of the method above, sending the RSs which
sound in the azimuthal dimension includes aggregating elevation antenna of the plurality

of antenna. The elevation antenna may be aggregated using CSD.

[00130] In a further exemplary embodiment of any one of the methods above, sending the
RSs which sound in the elevation dimension includes aggregating azimuthal antenna of
the plurality of antenna. The azimuthal antenna may be aggregated using cyclical shift

diversity.

[00131] Another exemplary embodiment provides an apparatus to design reference
signals for per-user elevation beamforming. The apparatus includes at least one
processor and at least one memory storing computer program code. The at least one
memory and the computer program code are configured to, with the at least one
processor, cause the apparatus to perform actions. The actions include to receive an
indication of which RSs in a plurality of RSs sound in the elevation dimension and which
RSs in the plurality of RSs sound in the azimuthal dimension. The actions include to
receive the plurality of RSs from a transmit antenna array and to separate the plurality of
RSs into the first portion and the second portion based at least in part on the indication.
The actions also include to send elevation feedback and azimuthal feedback to the access

point.

[00132] In a further exemplary embodiment of the apparatus above, the indication
includes at least one of: a total number of RSs in the first portion; a total number of RSs in
the second portion; a location of the RSs in the first portion; a location of the RSs in the
second portion; a structure of the RSs; and/or an indication of a number of azimuthal ports

and a number of elevation ports.
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[00133] In another exemplary embodiment of any one of the apparatus above, the first
portion of the RSs contains RSs for the azimuthal dimension and second portion of the

RSs contains RSs for the elevation dimension.

[00134] In a further exemplary embodiment of any one of the apparatus above, the RSs
are CSI-RSs.

[00135] In another exemplary embodiment of any one of the apparatus above, receiving
the plurality of RSs includes, for each RS of the plurality of RSs, performing

measurements of the RS.

[00136] In a further exemplary embodiment of any one of the apparatus above, receiving
the plurality of RSs includes receiving a first subset of the RSs at a first time-frequency
location; and receiving a second subset of the RSs at a second time-frequency location.
The second time-frequency location may be the same as the first time-frequency location
and the first subset of the RSs may be received on a first spreading code and the second

subset of the RSs may be received on a second spreading code.

[00137] In a further exemplary embodiment of any one of the apparatus above, receiving
the plurality of RSs includes receiving a first subset of the RSs on a first set of
frequencies; and receiving a second subset of the RSs on a second set of frequencies.

The first set of frequencies is different from the second set of frequencies.

[00138] In a further exemplary embodiment of any one of the apparatus above, receiving
the plurality of RSs includes receiving a first subset of the RSs at one time on one set of
frequencies; and receiving a second subset of the RSs at the same time on the same set
of frequencies. The first subset employs one sequence or spreading code and the second

sequence employs a different sequence or spreading code.

[00139] In another exemplary embodiment of any one of the apparatus above, separating

the plurality of RSs is further based on the time the RS was received.

[00140] In a further exemplary embodiment of any one of the apparatus above, the
actions also include to receive an indication of a codebook. The elevation feedback and

the azimuthal feedback is based on the codebook.

[00141] In another exemplary embodiment of any one of the apparatus above, the

apparatus is embodied in a mobile device.



10

15

20

25

30

WO 2013/144365 3 PCT/EP2013/056887

[00142] In a further exemplary embodiment of any one of the apparatus above, the

apparatus is embodied in an integrated circuit.

[00143] Another exemplary embodiment provides an apparatus to design reference
signals for per-user elevation beamforming. The apparatus includes at least one
processor and at least one memory storing computer program code. The at least one
memory and the computer program code are configured to, with the at least one
processor, cause the apparatus to perform actions. The actions include to send, from an
access point, an indication of which RSs in a plurality of RSs sound in the elevation
dimension and which RSs in the plurality of RSs sound in the azimuthal dimension. The
actions include to send, from the access point, the plurality of RSs using a plurality of
antenna and to receive elevation feedback and azimuthal feedback at the access point.
The actions also include to determine beamforming weights for the plurality of antenna

based at least in part on the elevation feedback and the azimuthal feedback.

[00144] In a further exemplary embodiment of any one of the apparatus above, the
indication includes a total number of RSs in the first portion; a total number of RSs in the
second portion; a location of the RSs in the first portion; a location of the RSs in the
second portion; a structure of the RSs; and/or an indication of a number of azimuthal ports

and a number of elevation ports.

[00145] In another exemplary embodiment of any one of the apparatus above, the RSs
are CSI-RSs.

[00146] In a further exemplary embodiment of any one of the apparatus above, sending
the plurality of RSs includes sending a first subset of the RSs at a first time-frequency
location; and sending a second subset of the RSs at a second time-frequency location.
The second time-frequency location may be the same as the first time-frequency location
and the first subset of the RSs may be received on a first spreading code and the second

subset of the RSs may be received on a second spreading code.

[00147] In a further exemplary embodiment of any one of the apparatus above, sending
the plurality of RSs includes sending a first subset of the RSs on a first set of frequencies;
and sending a second subset of the RSs on a second set of frequencies. The first set of

frequencies is different from the second set of frequencies.

[00148] In a further exemplary embodiment of any one of the apparatus above, sending

the plurality of RSs includes sending a first subset of the RSs at one time on one set of
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frequencies; and sending a second subset of the RSs at the same time on the same set of
frequencies. The first subset employs one sequence or spreading code and the second

sequence employs a different sequence or spreading code.

[00149] In another exemplary embodiment of any one of the apparatus above, the actions
also include to send an indication of a codebook. The elevation feedback and determining

the azimuthal feedback are based on the codebook.

[00150] In a further exemplary embodiment of any one of the apparatus above, the

beamforming weights provide beamforming in at least elevation.

[00151] In another exemplary embodiment of any one of the apparatus above, sending
the plurality of RSs includes sending the RSs in the plurality of RSs which sound in the
azimuthal dimension using a first portion of the plurality of antenna; and sending the RSs
in the plurality of RSs which sound in the elevation dimension using a second portion of

the plurality of antenna.

[00152] In a further exemplary embodiment of any one of the apparatus above, the

apparatus is embodied in a mobile device.

[00153] In another exemplary embodiment of any one of the apparatus above, the

apparatus is embodied in an integrated circuit.

[00154] A further exemplary embodiment provides an apparatus to send reference signals
for per-user elevation beamforming. The apparatus includes at least one processor and at
least one memory storing computer program code. The at least one memory and the
computer program code are configured to, with the at least one processor, cause the
apparatus to perform actions. The actions include to send, at a first time, RSs in a plurality
of RSs which sound in an azimuthal dimension using a first portion of the plurality of
antenna. The actions also include to send, at a second time, RSs in the plurality of RSs

which sound in an elevation dimension using a second portion of the plurality of antenna.

[00155] In another exemplary embodiment of the apparatus above, sending the RSs
which sound in the azimuthal dimension includes aggregating elevation antenna of the

plurality of antenna. The elevation antenna may be aggregated using CSD.

[00156] In a further exemplary embodiment of any one of the apparatus above, sending

the RSs which sound in the elevation dimension includes aggregating azimuthal antenna
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of the plurality of antenna. The azimuthal antenna may be aggregated using cyclical shift

diversity.

[00157] In another exemplary embodiment of any one of the apparatus above, the

apparatus is embodied in a mobile device.

[00158] In a further exemplary embodiment of any one of the apparatus above, the

apparatus is embodied in an integrated circuit.

[00159] Another exemplary embodiment provides a computer readable medium to design
reference signals for per-user elevation beamforming. The computer readable medium is
tangibly encoded with a computer program executable by a processor to perform actions.
The actions include receiving an indication of which RSs in a plurality of RSs sound in the
elevation dimension and which RSs in the plurality of RSs sound in the azimuthal
dimension. The actions include receiving the plurality of RSs from a transmit antenna
array and separating the plurality of RSs into the first portion and the second portion
based at least in part on the indication. The actions also include sending elevation

feedback and azimuthal feedback to the access point.

[00160] In a further exemplary embodiment of the computer readable medium above, the
indication includes at least one of: a total number of RSs in the first portion; a total number
of RSs in the second portion; a location of the RSs in the first portion; a location of the
RSs in the second portion; a structure of the RSs; and/or an indication of a number of

azimuthal ports and a number of elevation ports.

[00161] In another exemplary embodiment of any one of the computer readable media
above, the first portion of the RSs contains RSs for the azimuthal dimension and second

portion of the RSs contains RSs for the elevation dimension.

[00162] In a further exemplary embodiment of any one of the computer readable media
above, the RSs are CSI-RSs.

[00163] In another exemplary embodiment of any one of the computer readable media
above, receiving the plurality of RSs includes, for each RS of the plurality of RSs,

performing measurements of the RS.

[00164] In a further exemplary embodiment of any one of the computer readable media
above, receiving the plurality of RSs includes receiving a first subset of the RSs at a first

time-frequency location; and receiving a second subset of the RSs at a second time-
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frequency location. The second time-frequency location may be the same as the first time-
frequency location and the first subset of the RSs may be received on a first spreading

code and the second subset of the RSs may be received on a second spreading code.

[00165] In a further exemplary embodiment of any one of the computer readable media
above, receiving the plurality of RSs includes receiving a first subset of the RSs on a first
set of frequencies; and receiving a second subset of the RSs on a second set of

frequencies. The first set of frequencies is different from the second set of frequencies.

[00166] In a further exemplary embodiment of any one of the computer readable media
above, receiving the plurality of RSs includes receiving a first subset of the RSs at one
time on one set of frequencies; and receiving a second subset of the RSs at the same
time on the same set of frequencies. The first subset employs one sequence or spreading

code and the second sequence employs a different sequence or spreading code.

[00167] In another exemplary embodiment of any one of the computer readable media

above, separating the plurality of RSs is further based on the time the RS was received.

[00168] In a further exemplary embodiment of any one of the computer readable media
above, the actions also include receiving an indication of a codebook. The elevation

feedback and the azimuthal feedback is based on the codebook.

[00169] In another exemplary embodiment of any one of the computer readable media
above, the computer readable medium is a non-transitory computer readable medium
(e.g., CD-ROM, RAM, flash memory, etc.).

[00170] In a further exemplary embodiment of any one of the computer readable media

above, the computer readable medium is a storage medium.

[00171] Another exemplary embodiment provides a computer readable medium to design
reference signals for per-user elevation beamforming. The computer readable medium is
tangibly encoded with a computer program executable by a processor to perform actions.
The actions include sending, from an access point, an indication of which RSs in a
plurality of RSs sound in the elevation dimension and which RSs in the plurality of RSs
sound in the azimuthal dimension. The actions include sending, from the access point, the
plurality of RSs using a plurality of antenna and receiving elevation feedback and

azimuthal feedback at the access point. The actions also include determining
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beamforming weights for the plurality of antenna based at least in part on the elevation

feedback and the azimuthal feedback.

[00172] In a further exemplary embodiment of the computer readable medium above, the
indication includes a total number of RSs in the first portion; a total number of RSs in the
second portion; a location of the RSs in the first portion; a location of the RSs in the
second portion; a structure of the RSs; and/or an indication of a number of azimuthal ports

and a number of elevation ports.

[00173] In another exemplary embodiment of any one of the computer readable media
above, the RSs are CSI-RSs.

[00174] In a further exemplary embodiment of any one of the computer readable media
above, sending the plurality of RSs includes sending a first subset of the RSs at a first
time-frequency location; and sending a second subset of the RSs at a second time-
frequency location. The second time-frequency location may be the same as the first time-
frequency location and the first subset of the RSs may be received on a first spreading

code and the second subset of the RSs may be received on a second spreading code.

[00175] In a further exemplary embodiment of any one of the computer readable media
above, sending the plurality of RSs includes sending a first subset of the RSs on a first set
of frequencies; and sending a second subset of the RSs on a second set of frequencies.

The first set of frequencies is different from the second set of frequencies.

[00176] In a further exemplary embodiment of any one of the computer readable media
above, sending the plurality of RSs includes sending a first subset of the RSs at one time
on one set of frequencies; and sending a second subset of the RSs at the same time on
the same set of frequencies. The first subset employs one sequence or spreading code

and the second sequence employs a different sequence or spreading code.

[00177] In another exemplary embodiment of any one of the computer readable media
above, the actions also include sending an indication of a codebook. The elevation

feedback and determining the azimuthal feedback are based on the codebook.

[00178] In a further exemplary embodiment of any one of the computer readable media

above, the beamforming weights provide beamforming in at least elevation.

[00179] In another exemplary embodiment of any one of the computer readable media

above, sending the plurality of RSs includes sending the RSs in the plurality of RSs which
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sound in the azimuthal dimension using a first portion of the plurality of antenna; and
sending the RSs in the plurality of RSs which sound in the elevation dimension using a

second portion of the plurality of antenna.

[00180] In a further exemplary embodiment of any one of the computer readable media
above, the computer readable medium is a non-transitory computer readable medium
(e.g., CD-ROM, RAM, flash memory, etc.).

[00181] In another exemplary embodiment of any one of the computer readable media

above, the computer readable medium is a storage medium.

[00182] A further exemplary embodiment provides a computer readable medium to send
reference signals for per-user elevation beamforming. The computer readable medium is
tangibly encoded with a computer program executable by a processor to perform actions.
The actions include sending, at a first time, RSs in a plurality of RSs which sound in an
azimuthal dimension using a first portion of the plurality of antenna. The actions also
include sending, at a second time, RSs in the plurality of RSs which sound in an elevation

dimension using a second portion of the plurality of antenna.

[00183] In another exemplary embodiment of the computer readable medium above,
sending the RSs which sound in the azimuthal dimension includes aggregating elevation

antenna of the plurality of antenna. The elevation antenna may be aggregated using CSD.

[00184] In a further exemplary embodiment of any one of the computer readable media
above, sending the RSs which sound in the elevation dimension includes aggregating
azimuthal antenna of the plurality of antenna. The azimuthal antenna may be aggregated

using cyclical shift diversity.

[00185] In another exemplary embodiment of any one of the computer readable media
above, the computer readable medium is a non-transitory computer readable medium
(e.g., CD-ROM, RAM, flash memory, etc.).

[00186] In a further exemplary embodiment of any one of the computer readable media

above, the computer readable medium is a storage medium.

[00187] Another exemplary embodiment provides an apparatus to design reference
signals for per-user elevation beamforming. The apparatus includes means for receiving
(such as a receiver) an indication of which RSs in a plurality of RSs sound in the elevation

dimension and which RSs in the plurality of RSs sound in the azimuthal dimension. The



10

15

20

25

30

WO 2013/144365 19 PCT/EP2013/056887

apparatus includes means for receiving (such as a receiver) the plurality of RSs from a
transmit antenna array and means for separating (such as a processor) the plurality of
RSs into the first portion and the second portion based at least in part on the indication.
The apparatus also includes means for sending (such as a transmitter) elevation feedback

and azimuthal feedback to the access point.

[00188] In a further exemplary embodiment of the apparatus above, the indication
includes at least one of: a total number of RSs in the first portion; a total number of RSs in
the second portion; a location of the RSs in the first portion; a location of the RSs in the
second portion; a structure of the RSs; and/or an indication of a number of azimuthal ports

and a number of elevation ports.

[00189] In another exemplary embodiment of any one of the apparatus above, the first
portion of the RSs contains RSs for the azimuthal dimension and second portion of the

RSs contains RSs for the elevation dimension.

[00190] In a further exemplary embodiment of any one of the apparatus above, the RSs
are CSI-RSs.

[00191] In another exemplary embodiment of any one of the apparatus above, receiving
the plurality of RSs includes, for each RS of the plurality of RSs, performing

measurements of the RS.

[00192] In a further exemplary embodiment of any one of the apparatus above, receiving
the plurality of RSs includes receiving a first subset of the RSs at a first time-frequency
location; and receiving a second subset of the RSs at a second time-frequency location.
The second time-frequency location may be the same as the first time-frequency location
and the first subset of the RSs may be received on a first spreading code and the second

subset of the RSs may be received on a second spreading code.

[00193] In a further exemplary embodiment of any one of the apparatus above, the
receiving means includes means for receiving a first subset of the RSs on a first set of
frequencies; and means for receiving a second subset of the RSs on a second set of

frequencies. The first set of frequencies is different from the second set of frequencies.

[00194] In a further exemplary embodiment of any one of the apparatus above, the
receiving means includes means for receiving a first subset of the RSs at one time on one

set of frequencies; and means for receiving a second subset of the RSs at the same time
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on the same set of frequencies. The first subset employs one sequence or spreading code

and the second sequence employs a different sequence or spreading code.

[00195] In another exemplary embodiment of any one of the apparatus above, separating

the plurality of RSs is further based on the time the RS was received.

[00196] In a further exemplary embodiment of any one of the apparatus above, the
apparatus also includes means for receiving an indication of a codebook. The elevation

feedback and the azimuthal feedback is based on the codebook.

[00197] Another exemplary embodiment provides an apparatus to design reference
signals for per-user elevation beamforming. The apparatus includes means for sending
(such as a transmitter), from an access point, an indication of which RSs in a plurality of
RSs sound in the elevation dimension and which RSs in the plurality of RSs sound in the
azimuthal dimension. The apparatus includes means for sending (such as a transmitter),
from the access point, the plurality of RSs using a plurality of antenna and means for
receiving (such as a receiver) elevation feedback and azimuthal feedback at the access
point. The apparatus also includes means for determining (such as a processor)
beamforming weights for the plurality of antenna based at least in part on the elevation

feedback and the azimuthal feedback.

[00198] In a further exemplary embodiment of any one of the apparatus above, the
indication includes a total number of RSs in the first portion; a total number of RSs in the
second portion; a location of the RSs in the first portion; a location of the RSs in the
second portion; a structure of the RSs; and/or an indication of a number of azimuthal ports

and a number of elevation ports.

[00199] In another exemplary embodiment of any one of the apparatus above, the RSs
are CSI-RSs.

[00200] In a further exemplary embodiment of any one of the apparatus above, sending
the plurality of RSs includes sending a first subset of the RSs at a first time-frequency
location; and sending a second subset of the RSs at a second time-frequency location.
The second time-frequency location may be the same as the first time-frequency location
and the first subset of the RSs may be received on a first spreading code and the second

subset of the RSs may be received on a second spreading code.
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[00201] In a further exemplary embodiment of any one of the apparatus above, the
sending means includes means for sending a first subset of the RSs on a first set of
frequencies; and means for sending a second subset of the RSs on a second set of

frequencies. The first set of frequencies is different from the second set of frequencies.

[00202] In a further exemplary embodiment of any one of the apparatus above, the
sending means includes means for sending a first subset of the RSs at one time on one
set of frequencies; and means for sending a second subset of the RSs at the same time
on the same set of frequencies. The first subset employs one sequence or spreading code

and the second sequence employs a different sequence or spreading code.

[00203] In another exemplary embodiment of any one of the apparatus above, the
apparatus also includes means for sending an indication of a codebook. The elevation

feedback and determining the azimuthal feedback are based on the codebook.

[00204] In a further exemplary embodiment of any one of the apparatus above, the

beamforming weights provide beamforming in at least elevation.

[00205] In another exemplary embodiment of any one of the apparatus above, sending
the plurality of RSs includes sending the RSs in the plurality of RSs which sound in the
azimuthal dimension using a first portion of the plurality of antenna; and sending the RSs
in the plurality of RSs which sound in the elevation dimension using a second portion of

the plurality of antenna.

[00206] A further exemplary embodiment provides an apparatus to send reference signals
for per-user elevation beamforming. The apparatus includes means for sending (such as a
transmitter), at a first time, RSs in a plurality of RSs which sound in an azimuthal
dimension using a first portion of the plurality of antenna. The apparatus also includes
means for sending (such as a transmitter), at a second time, RSs in the plurality of RSs

which sound in an elevation dimension using a second portion of the plurality of antenna.

[00207] In another exemplary embodiment of the apparatus above, the RSs which sound
in the azimuthal dimension sending means includes means for aggregating elevation

antenna of the plurality of antenna. The elevation antenna may be aggregated using CSD.

[00208] In a further exemplary embodiment of any one of the apparatus above, the RSs

which sound in the elevation dimension sending means includes means for aggregating
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azimuthal antenna of the plurality of antenna. The azimuthal antenna may be aggregated

using cyclical shift diversity.

[00209] In general, the various exemplary embodiments may be implemented in hardware
or special purpose circuits, software, logic or any combination thereof. For example, some
aspects may be implemented in hardware, while other aspects may be implemented in
firmware or software which may be executed by a controller, microprocessor or other
computing device, although the invention is not limited thereto. While various aspects of
the exemplary embodiments of this invention may be illustrated and described as block
diagrams, flow charts, or using some other pictorial representation, it is well understood
that these blocks, apparatus, systems, techniques or methods described herein may be
implemented in, as nonlimiting examples, hardware, software, firmware, special purpose
circuits or logic, general purpose hardware or controller or other computing devices, or

some combination thereof.

[00210] It should thus be appreciated that at least some aspects of the exemplary
embodiments of the inventions may be practiced in various components such as
integrated circuit chips and modules, and that the exemplary embodiments of this
invention may be realized in an apparatus that is embodied as an integrated circuit. The
integrated circuit, or circuits, may comprise circuitry (as well as possibly firmware) for
embodying at least one or more of a data processor or data processors, a digital signal
processor or processors, baseband circuitry and radio frequency circuitry that are
configurable so as to operate in accordance with the exemplary embodiments of this

invention.

[00211] Based on the foregoing it should be apparent that various exemplary
embodiments provide a method, apparatus and computer program(s) that to relate to
reference signal design for per-user elevation beamforming. Various non-limiting

examples include:

[00212] Example 1. A method comprising: receiving an indication of which reference
signals in a plurality of reference signals sound in the elevation dimension and which
reference signals in the plurality of reference signals sound in the azimuthal dimension;
receiving the plurality of reference signals from a transmit antenna array; separating the
plurality of reference signals into a first portion and a second portion based at least in part

on the indication; calculating elevation feedback and azimuth feedback based on the first
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and second portions; and sending elevation feedback and azimuthal feedback to the

access point.

[00213] Example 2. The method of example 1, where the indication comprises at least
one of: a total number of reference signals in the first portion; a total number of reference
signals in the second portion; a location of the reference signals in the first portion; a
location of the reference signals in the second portion; a structure of the reference signals;

and an indication of a number of azimuthal ports and a number of elevation ports.

[00214] Example 3. The method of example 1 where the first portion of the reference
signals contains reference signals for the azimuthal dimension and second portion of the

reference signals contains reference signals for the elevation dimension.

[00215] Example 4. The method of example 1, where the reference signals are channel

state information reference signals.

[00216] Example 5. The method of example 1, where receiving the plurality of reference
signals comprises, for each reference signal of the plurality of reference signals,

performing measurements of the reference signal.

[00217] Example 6. The method of example 1, where receiving the plurality of reference
signals comprises: receiving a first subset of the reference signals at a first time-frequency
location; and receiving a second subset of the reference signals at a second time-

frequency location.

[00218] Example 7. The method of example 6, where the second time-frequency location
is the same as the first time-frequency location and the first subset of the reference
signals is received on a first spreading code and the second subset of the reference

signals is received on a second spreading code.

[00219] Example 8. The method of example 1, where separating the plurality of reference

signals is further based on the time the reference signal was received.

[00220] Example 9. A method comprising: sending, from an access point, an indication of
which reference signals in a plurality of reference signals sound in the elevation dimension
and which reference signals in the plurality of reference signals sound in the azimuthal
dimension; sending, from the access point, the plurality of reference signals using a

plurality of antenna; receiving elevation feedback and azimuthal feedback at the access
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point; and determining beamforming weights for the plurality of antenna based at least in

part on the elevation feedback and the azimuthal feedback.

[00221] Example 10. The method of example 9, where the indication comprises at least
one of: a total number of reference signals in the first portion; a total number of reference
signals in the second portion; a location of the reference signals in the first portion; a
location of the reference signals in the second portion; a structure of the reference signals;

and an indication of a number of azimuthal ports and a number of elevation ports.

[00222] Example 11. The method of example 9, where the reference signals are channel

state information reference signals.

[00223] Example 12. The method of example 9, where sending the plurality of reference
signals comprises: sending a first subset of the reference signals at a first time-frequency
location; and sending a second subset of the reference signals at a second time-

frequency location.

[00224] Example 13. The method of example 12, where the second time-frequency
location is the same as the first time-frequency location and the first subset of the
reference signals is sent on a first spreading code and the second subset of the reference

signals is sent on a second spreading code.

[00225] Example 14. The method of example 9, further comprising sending an indication
of a codebook, where the elevation feedback and determining the azimuthal feedback are

based on the codebook.

[00226] Example 15. The method of example 9, where the beamforming weights provide

beamforming in at least elevation.

[00227] Example 16. The method of example 9, where sending the plurality of reference
signals comprises: sending the reference signals in the plurality of reference signals which
sound in the azimuthal dimension using a first portion of the plurality of antenna; and
sending the reference signals in the plurality of reference signals which sound in the

elevation dimension using a second portion of the plurality of antenna.

[00228] Example 17. An apparatus, comprising at least one processor; and at least one
memory including computer program code, the at least one memory and the computer
program code configured to, with the at least one processor, cause the apparatus to

perform at least the following: to receive an indication of which reference signals in a
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plurality of reference signals sound in the elevation dimension and which reference signals
in the plurality of reference signals sound in the azimuthal dimension; to receive the
plurality of reference signals from a transmit antenna array; to separate the plurality of
reference signals into a first portion and a second portion based at least in part on the
indication; to calculate elevation feedback and azimuth feedback based on the first and
second portions; and to send elevation feedback and azimuthal feedback to the access

point.

[00229] Example 18. The apparatus of example 17, where, when receiving the plurality of
reference signals, the at least one memory and the computer program code are further
configured to cause the apparatus: to receive a first subset of the reference signals at a
first time-frequency location; and to receive a second subset of the reference signals at a

second time-frequency location.

[00230] Example 19. An apparatus comprising: sending, from an access point, an
indication of which reference signals in a plurality of reference signals sound in the
elevation dimension and which reference signals in the plurality of reference signals sound
in the azimuthal dimension; sending, from the access point, the plurality of reference
signals using a plurality of antenna; receiving elevation feedback and azimuthal feedback
at the access point; and determining beamforming weights for the plurality of antenna

based at least in part on the elevation feedback and the azimuthal feedback.

[00231] Example 20. The apparatus of example 19, where, when sending the plurality of
reference signals, the at least one memory and the computer program code are further
configured to cause the apparatus: to send a first subset of the reference signals at a first
time-frequency location; and to send a second subset of the reference signals at a second

time-frequency location.

[00232] Various modifications and adaptations to the foregoing exemplary embodiments
of this invention may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings.
However, any and all modifications will still fall within the scope of the non-limiting and

exemplary embodiments of this invention.

[00233] For example, while the exemplary embodiments have been described above in
the context of the E-UTRAN (UTRAN-LTE) system, it should be appreciated that the
exemplary embodiments of this invention are not limited for use with only this one

particular type of wireless communication system, and that they may be used to
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advantage in other wireless communication systems such as for example (WLAN,
UTRAN, GSM as appropriate).

[00234] It should be noted that the terms "connected," "coupled,” or any variant thereof,
mean any connection or coupling, either direct or indirect, between two or more elements,
and may encompass the presence of one or more intermediate elements between two
elements that are "connected” or "coupled" together. The coupling or connection between
the elements can be physical, logical, or a combination thereof. As employed herein two
elements may be considered to be "connected" or "coupled” together by the use of one or
more wires, cables and/or printed electrical connections, as well as by the use of
electromagnetic energy, such as electromagnetic energy having wavelengths in the radio
frequency region, the microwave region and the optical (both visible and invisible) region,

as several non-limiting and non-exhaustive examples.

Furthermore, some of the features of the various non-limiting and exemplary embodiments
of this invention may be used to advantage without the corresponding use of other
features. As such, the foregoing description should be considered as merely illustrative of
the principles, teachings and exemplary embodiments of this invention, and not in
limitation thereof.
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CLAIMS
What is claimed is:
1. A method comprising:

receiving an indication of which reference signals in a plurality of reference signals sound
in the elevation dimension and which reference signals in the plurality of reference signals
sound in the azimuthal dimension;

receiving the plurality of reference signals from a transmit antenna array;

separating the plurality of reference signals into a first portion and a second portion based
at least in part on the indication;

calculating elevation feedback and azimuth feedback based on the first and second
portions; and

sending the elevation feedback and the azimuthal feedback to the access point.

2. The method of claim 1, where the indication comprises at least one of: a total number of
reference signals in the first portion; a total number of reference signals in the second
portion; a location of the reference signals in the first portion; a location of the reference
signals in the second portion; a structure of the reference signals; and an indication of a
number of azimuthal ports and a number of elevation ports.

3. The method of any one of claims 1-2, where the first portion of the reference signals
contains reference signals for the azimuthal dimension and second portion of the
reference signals contains reference signals for the elevation dimension.

4. The method of any one of claims 1-3, where the reference signals are channel state
information reference signals.

5. The method of any one of claims 1-4, where receiving the plurality of reference signals
comprises, for each reference signal of the plurality of reference signals, performing
measurements of the reference signal.

6. The method of any one of claims 1-5, where receiving the plurality of reference signals
comprises:

receiving a first subset of the reference signals at a first time-frequency location; and
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receiving a second subset of the reference signals at a second time-frequency location.

7. The method of claim 6, where the second time-frequency location is the same as the
first time-frequency location and the first subset of the reference signals is received on a
first spreading code and the second subset of the reference signals is received on a
second spreading code.

8. The method of any one of claims 1-7, where separating the plurality of reference signals
is further based on the time the reference signal was received.

9. A method comprising:

sending, from an access point, an indication of which reference signals in a plurality of
reference signals sound in the elevation dimension and which reference signals in the
plurality of reference signals sound in the azimuthal dimension;

sending, from the access point, the plurality of reference signals using a plurality of
antenna;

receiving elevation feedback and azimuthal feedback at the access point; and

determining beamforming weights for the plurality of antenna based at least in part on the
elevation feedback and the azimuthal feedback.

10. The method of claim 9, where the indication comprises at least one of: a total number
of reference signals in the first portion; a total number of reference signals in the second
portion; a location of the reference signals in the first portion; a location of the reference
signals in the second portion; a structure of the reference signals; and an indication of a
number of azimuthal ports and a number of elevation ports.

11. The method of any one of claims 9-10, where the reference signals are channel state
information reference signals.

12. The method of any one of claims 9-11, where sending the plurality of reference signals
comprises:

sending a first subset of the reference signals at a first time-frequency location; and

sending a second subset of the reference signals at a second time-frequency location.
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13. The method of claim 12, where the second time-frequency location is the same as the
first time-frequency location and the first subset of the reference signals is sent on a first
spreading code and the second subset of the reference signals is sent on a second
spreading code.

14. The method of any one of claims 9-13, further comprising sending an indication of a
codebook, where the elevation feedback and determining the azimuthal feedback are
based on the codebook.

15. The method of any one of claims 9-14, where the beamforming weights provide
beamforming in at least elevation.

16. The method of any one of claims 9-15, where sending the plurality of reference signals
comprises:

sending the reference signals in the plurality of reference signals which sound in the
azimuthal dimension using a first portion of the plurality of antenna; and

sending the reference signals in the plurality of reference signals which sound in the
elevation dimension using a second portion of the plurality of antenna.

17. An apparatus, comprising at least one processor; and at least one memory including
computer program code, the at least one memory and the computer program code
configured to, with the at least one processor, cause the apparatus to perform at least the
following:

to receive an indication of which reference signals in a plurality of reference signals sound
in the elevation dimension and which reference signals in the plurality of reference signals
sound in the azimuthal dimension;

to receive the plurality of reference signals from a transmit antenna array;

to separate the plurality of reference signals into a first portion and a second portion based
at least in part on the indication;

to calculate elevation feedback and azimuth feedback based on the first and second
portions; and

to send the elevation feedback and the azimuthal feedback to the access point.
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18. The apparatus of claim 17, where the indication comprises at least one of: a total
number of reference signals in the first portion; a total number of reference signals in the
second portion; a location of the reference signals in the first portion; a location of the
reference signals in the second portion; a structure of the reference signals; and an
indication of a number of azimuthal ports and a number of elevation ports.

19. The apparatus of any one of claims 17-18, where the first portion of the reference
signals contains reference signals for the azimuthal dimension and second portion of the
reference signals contains reference signals for the elevation dimension.

20. The apparatus of any one of claims 17-19, where the reference signals are channel
state information reference signals.

21. The apparatus of any one of claims 17-20, where, when receiving the plurality of
reference signals, the at least one memory and the computer program code are further
configured to cause the apparatus, for each reference signal of the plurality of reference
signals, to perform measurements of the reference signal.

22. The apparatus of any one of claims 17-21, where, when receiving the plurality of
reference signals the at least one memory and the computer program code are further
configured to cause the apparatus:

to receive a first subset of the reference signals at a first time-frequency location; and

to receive a second subset of the reference signals at a second time-frequency location.

23. The apparatus of claim 22, where the second time-frequency location is the same as
the first time-frequency location and the first subset of the reference signals is received on
a first spreading code and the second subset of the reference signals is received on a
second spreading code.

24. The apparatus of any one of claims 17-23, where separating the plurality of reference
signals is further based on the time the reference signal was received.

25. An apparatus, comprising at least one processor; and at least one memory including
computer program code, the at least one memory and the computer program code
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configured to, with the at least one processor, cause the apparatus to perform at least the
following:

to send, from an access point, an indication of which reference signals in a plurality of
reference signals sound in the elevation dimension and which reference signals in the
plurality of reference signals sound in the azimuthal dimension;

to send, from the access point, the plurality of reference signals using a plurality of
antenna;

to receive elevation feedback and azimuthal feedback at the access point; and

todetermine beamforming weights for the plurality of antenna based at least in part on the
elevation feedback and the azimuthal feedback.

26. The apparatus of claim 25, where the indication comprises at least one of: a total
number of reference signals in the first portion; a total number of reference signals in the
second portion; a location of the reference signals in the first portion; a location of the
reference signals in the second portion; a structure of the reference signals; and an
indication of a number of azimuthal ports and a number of elevation ports.

27. The apparatus of any one of claims 25-26, where the reference signals are channel
state information reference signals.

28. The apparatus of any one of claims 25-27, where, when sending the plurality of
reference signals, the at least one memory and the computer program code are further
configured to cause the apparatus:

to send a first subset of the reference signals at a first time-frequency location; and

to send a second subset of the reference signals at a second time-frequency location.

29. The apparatus of claim 28, where the second time-frequency location is the same as
the first time-frequency location and the first subset of the reference signals is sent on a

first spreading code and the second subset of the reference signals is sent on a second

spreading code.

30. The apparatus of any one of claims 25-29, the at least one memory and the computer
program code are further configured to cause the apparatus to send an indication of a
codebook, where the elevation feedback and determining the azimuthal feedback are
based on the codebook.
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31. The apparatus of any one of claims 25-30, where the beamforming weights provide
beamforming in at least elevation.

32. The apparatus of any one of claims 25-31, where, when sending the plurality of
reference signals, the at least one memory and the computer program code are further
configured to cause the apparatus:

to send the reference signals in the plurality of reference signals which sound in the
azimuthal dimension using a first portion of the plurality of antenna; and

to send the reference signals in the plurality of reference signals which sound in the
elevation dimension using a second portion of the plurality of antenna.

33. A computer readable medium tangibly encoded with a computer program executable
by a processor to perform actions comprising:

receiving an indication of which reference signals in a plurality of reference signals sound
in the elevation dimension and which reference signals in the plurality of reference signals
sound in the azimuthal dimension;

receiving the plurality of reference signals from a transmit antenna array;

separating the plurality of reference signals into a first portion and a second portion based
at least in part on the indication;

calculating elevation feedback and azimuth feedback based on the first and second
portions; and

sending the elevation feedback and the azimuthal feedback to the access point.

34. The computer readable medium of claim 33, where the indication comprises at least
one of: a total number of reference signals in the first portion; a total number of reference
signals in the second portion; a location of the reference signals in the first portion; a
location of the reference signals in the second portion; a structure of the reference signals;
and an indication of a number of azimuthal ports and a number of elevation ports.

35. The computer readable medium of any one of claims 33-34, where the first portion of
the reference signals contains reference signals for the azimuthal dimension and second
portion of the reference signals contains reference signals for the elevation dimension.
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36. The computer readable medium of any one of claims 33-35, where the reference
signals are channel state information reference signals.

37. The computer readable medium of any one of claims 33-36, where receiving the
plurality of reference signals comprises, for each reference signal of the plurality of
reference signals, performing measurements of the reference signal.

38. The computer readable medium of any one of claims 33-37, where receiving the
plurality of reference signals comprises:

receiving a first subset of the reference signals at a first time-frequency location; and

receiving a second subset of the reference signals at a second time-frequency location.

39. The computer readable medium of claim 38, where the second time-frequency
location is the same as the first time-frequency location and the first subset of the
reference signals is received on a first spreading code and the second subset of the
reference signals is received on a second spreading code.

40. The computer readable medium of any one of claims 33-39, where separating the
plurality of reference signals is further based on the time the reference signal was
received.

41. A computer readable medium tangibly encoded with a computer program executable
by a processor to perform actions comprising:

sending, from an access point, an indication of which reference signals in a plurality of
reference signals sound in the elevation dimension and which reference signals in the
plurality of reference signals sound in the azimuthal dimension;

sending, from the access point, the plurality of reference signals using a plurality of
antenna;

receiving elevation feedback and azimuthal feedback at the access point; and

determining beamforming weights for the plurality of antenna based at least in part on the
elevation feedback and the azimuthal feedback.

42. The computer readable medium of claim 41, where the indication comprises at least
one of: a total number of reference signals in the first portion; a total number of reference
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signals in the second portion; a location of the reference signals in the first portion; a
location of the reference signals in the second portion; a structure of the reference signals;
and an indication of a number of azimuthal ports and a number of elevation ports.

43. The computer readable medium of any one of claims 41-42, where the reference
signals are channel state information reference signals.

44. The computer readable medium of any one of claims 41-43, where sending the
plurality of reference signals comprises:

sending a first subset of the reference signals at a first time-frequency location; and

sending a second subset of the reference signals at a second time-frequency location.

45. The computer readable medium of claim 44, where the second time-frequency
location is the same as the first time-frequency location and the first subset of the
reference signals is sent on a first spreading code and the second subset of the reference
signals is sent on a second spreading code.

46. The computer readable medium of any one of claims 41-45, where the actions further
comprise sending an indication of a codebook, where the elevation feedback and
determining the azimuthal feedback are based on the codebook.

47. The computer readable medium of any one of claims 41-46, where the beamforming
weights provide beamforming in at least elevation.

48. The computer readable medium of any one of claims 41-47, where sending the
plurality of reference signals comprises:

sending the reference signals in the plurality of reference signals which sound in the
azimuthal dimension using a first portion of the plurality of antenna; and

sending the reference signals in the plurality of reference signals which sound in the
elevation dimension using a second portion of the plurality of antenna.

49. An apparatus comprising:
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means for receiving an indication of which reference signals in a plurality of reference
signals sound in the elevation dimension and which reference signals in the plurality of
reference signals sound in the azimuthal dimension;

means for receiving the plurality of reference signals from a transmit antenna array;

means for separating the plurality of reference signals into a first portion and a second
portion based at least in part on the indication;

means for calculating elevation feedback and azimuth feedback based on the first and
second portions; and

means for sending the elevation feedback and the azimuthal feedback to the access point.

50. The apparatus of claim 49, where the indication comprises at least one of: a total
number of reference signals in the first portion; a total number of reference signals in the
second portion; a location of the reference signals in the first portion; a location of the
reference signals in the second portion; a structure of the reference signals; and an
indication of a number of azimuthal ports and a number of elevation ports.

51. The apparatus of any one of claims 49-50, where the first portion of the reference
signals contains reference signals for the azimuthal dimension and second portion of the
reference signals contains reference signals for the elevation dimension.

52. The apparatus of any one of claims 49-51, where the reference signals are channel
state information reference signals.

53. The apparatus of any one of claims 49-52, where the plurality of reference signals
receiving means comprises means for performing measurements of the reference signal
for each reference signal of the plurality of reference signals.

54. The apparatus of any one of claims 49-53, where the plurality of reference signals
receiving means comprises:

means for receiving a first subset of the reference signals at a first time-frequency
location; and

means for receiving a second subset of the reference signals at a second time-frequency
location.
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55. The apparatus of claim 54, where the second time-frequency location is the same as
the first time-frequency location and the first subset of the reference signals is received on
a first spreading code and the second subset of the reference signals is received on a
second spreading code.

56. The apparatus of any one of claims 49-55, where separating the plurality of reference
signals is further based on the time the reference signal was received.

57. An apparatus comprising:

means for sending, from an access point, an indication of which reference signals in a
plurality of reference signals sound in the elevation dimension and which reference signals
in the plurality of reference signals sound in the azimuthal dimension;

means for sending, from the access point, the plurality of reference signals using a
plurality of antenna;

means for receiving elevation feedback and azimuthal feedback at the access point; and

means for determining beamforming weights for the plurality of antenna based at least in
part on the elevation feedback and the azimuthal feedback.

58. The apparatus of claim 57, where the indication comprises at least one of: a total
number of reference signals in the first portion; a total number of reference signals in the
second portion; a location of the reference signals in the first portion; a location of the
reference signals in the second portion; a structure of the reference signals; and an
indication of a number of azimuthal ports and a number of elevation ports.

59. The apparatus of any one of claims 57-58, where the reference signals are channel
state information reference signals.

60. The apparatus of any one of claims 57-59, where the plurality of reference signals
sending means comprises:

means for sending a first subset of the reference signals at a first time-frequency location;
and

means for sending a second subset of the reference signals at a second time-frequency
location.
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61. The apparatus of claim 60, where the second time-frequency location is the same as
the first time-frequency location and the first subset of the reference signals is sent on a

first spreading code and the second subset of the reference signals is sent on a second

spreading code.

62. The apparatus of any one of claims 57-61, further comprising means for sending an
indication of a codebook, where the elevation feedback and determining the azimuthal
feedback are based on the codebook.

63. The apparatus of any one of claims 57-62, where the beamforming weights provide
beamforming in at least elevation.

64. The apparatus of any one of claims 57-63, where the plurality of reference signals
sending means comprises:

means for sending the reference signals in the plurality of reference signals which sound
in the azimuthal dimension using a first portion of the plurality of antenna; and

means for sending the reference signals in the plurality of reference signals which sound
in the elevation dimension using a second portion of the plurality of antenna.
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