wo 2013/147565 A2 ||/ 0F 0000 O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

—~
é

\\

3 October 2013 (03.10.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/147565 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
H04B 7/04 (2006.01) H04B 7/26 (2006.01)

International Application Number:
PCT/KR2013/002688

International Filing Date:
1 April 2013 (01.04.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/618,213 30 March 2012 (30.03.2012) US
61/635,152 18 April 2012 (18.04.2012) US
13/828,530 14 March 2013 (14.03.2013) US
Applicant: SAMSUNG ELECTRONICS CO., LTD.

[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si,
Gyeonggi-do 443-742 (KR).

Inventors: NAM, Young-Han; 280 W. Renner Rd. #821,
Richardson, Collin County, Texas 75080 (US). HAN, Jin-
Kyu; 804 Panther Ln, Allen, Collin County, Texas 75013
US).

Agents: LEE, Keon-Joo et al.; Mihwa Bldg. 110-2, My-
ongryun-dong 4-ga, Chongro-gu, Seoul 110-524 (KR).

(81) Designated States (uniess otherwise indicated, for every

(84)

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: APPARATUS AND METHOD FOR CHANNEL-STATE-INFORMATION PILOT DESIGN FOR AN ADVANCED
WIRELESS NETWORK

A
N

A
Ay

(57) Abstract: A base station and mobile station
communicate using a multiple input multiple out-
put (MIMO) communication. The base station in-
cludes a two dimensional (2D) antenna array
comprising a number N of antenna elements con-
figured in a 2D grid. The 2D antenna array is
configured to communicate with at least one sub-
scriber station. The base station also includes a
controller configured to transmit N channel-state-
information reference-signal (CSI-RS) antenna
ports (APs) associated with each of the N an-
tenna elements. The subscriber station includes

/ ‘116 \ an antenna array configured to communicate with

/ ! \ at least one base station. The subscriber station

/// . ;:', @\\\\\ 102 ! | 190 alsp incluilles.pr?ce(slsing lcislii:uitrg co(lllﬁg%lred r?_

! ' 115 \B-\,']']z' cerves  physica ownls shared channels
125'\1‘ 103 \ / \/\ (PDSCHs) from a 2D active antenna array at the
\ \\\\il / ’ at least one base station. The 2D active antenna

\ . //' 113/’ array includes a number N antenna elements. The

\\ N @114 . processing circuitry further configured to estim-

ate a full CSI associated with the N antenna ele-
ments.



WO 2013/147565 PCT/KR2013/002688

-1 -

APPARATUS AND METHOD FOR CHANNEL-STATE-INFORMATION
PILOT DESIGN FOR AN ADVANCED WIRELESS NETWORK

TECHNICAL FIELD

The present application relates generally to wireless communication
systems and, more specifically, to a channel-state-information pilot design for
advanced wireless communications system.

BACKGROUND OF THE INVENTION

3GPP Long Term Evolution (LTE) and Long Term Evolution Advanced
(LTE-A) systems may operates in a Frequency Division Duplex (FDD) mode or a
Time Division Duplex (TDD) mode. In the FDD mode, two different frequencies
are used for uplink and downlink transmission, and the base station and user
equipment may send and receive data at the same time. In the TDD mode, the same
frequency is used for uplink and downlink transmission, and the base station and
user equipment cannot send and receive data at the same time. Therefore, in the
TDD mode, the LTE system has configurations specifying subframes for either

uplink or downlink.
SUMMARY OF THE INVENTION

An aspect of the present invention is to provide a method and apparatus for
designing channel state information pilot(reference signal) in a wireless
communication network.

In accordance with an aspect of the present invention, a base station is
provided. The base station includes a two dimensional (2D) antenna array
comprising a number N of antenna elements configured in a 2D grid NH x NV.
The 2D antenna array is configured to communicate with at least one subscriber
station. The base station also includes a controller configured to transmit N
channel-state-information reference-signal (CSI-RS) antenna ports (APs)
associated with each of the N antenna elements.

In accordance with another aspect of the present invention, a subscriber
station is provided. The subscriber station includes an antenna array configured to
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communicate with at least one base station. The subscriber station also includes
processing circuitry configured receives physical downlink shared channels
(PDSCHs) from a 2D active antenna array at the at least one base station. The 2D
active antenna array includes a number N antenna elements. The processing
circuitry further configured to estimate a horizontal and vertical CSI associated
with the N antenna elements.

In accordance with further another aspect of the present invention, a
method is provided. The method includes transmitting, from a two dimensional
(2D) antenna array, N channel-state-information reference-signal (CSI-RS)
antenna ports (APs). The 2D antenna array includes a number N of antenna
elements configured in a 2D grid Ny x Ny. The CSI-RS APs is associated with
each of the N antenna elements.

Before undertaking the DETAILED DESCRIPTION below, it may be adv
antageous to set forth definitions of certain words and phrases used throughout thi
s patent document: the terms “include” and “comprise,” as well as derivatives the
reof, mean inclusion without limitation; the term “or,” is inclusive, meaning and/o
r; the phrases “associated with” and “associated therewith,” as well as derivatives
thereof, may mean to include, be included within, interconnect with, contain, be ¢
ontained within, connect to or with, couple to or with, be communicable with, coo
perate with, interleave, juxtapose, be proximate to, be bound to or with, have, hav
e a property of, or the like; and the term “controller” means any device, system or

part thereof that controls at least one operation, such a device may be implemente
d in hardware, firmware or software, or some combination of at least two of the sa
me. It should be noted that the functionality associated with any particular contro
ller may be centralized or distributed, whether locally or remotely. Definitions fo
r certain words and phrases are provided throughout this patent document, those o
f ordinary skill in the art should understand that in many, if not most instances, su
ch definitions apply to prior, as well as future uses of such defined words and phr

ases.
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and its
advantages, reference is now made to the following description taken in
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conjunction with the accompanying drawings, in which like reference numerals
represent like parts: \

FIGURE 1 illustrates a wireless network according to embodiments of the
present disclosure;

FIGURE 2A illustrates a high-level diagram of a wireless transmit path
according to embodiments of the present disclosure;

FIGURE 2B illustrates a high-level diagram of a wireless receive path
according to embodiments of the present disclosure;

FIGURE 3 illustrates a subscriber station according to embodiments of the
present disclosure;

FIGURE 4 illustrates a transmission point equipped with 2D active antenna
array according to embodiments of the present disclosure;

FIGURE 5 illustrates azimuth and elevation angles to a mobile station from
the 2D active antenna array according to embodiments of the present disclosure;

FIGURE 6 illustrates H-PMI and V-PMI according to embodiments of the
present disclosure;

FIGURE 7 illustrates a first and a second CSI-RS APs according to
embodiments of the present disclosure;

FIGURES 8A through 8C illustrates joint configuration of A- and B-
CSI-RS according to embodiments of the present disclosure;

FIGURE 09 illustrates Vertical CSI-RS APs and horizontal CSI-RS APs
according to embodiments of the present disclosure;

FIGURES 10 and 11 illustrate construction of the horizontal and the
vertical CSI-RS APs according to embodiments of the present disclosure;

FIGURE 12 illustrates first and second sets of horizontal CSI-RS APs
according to embodiments of the present disclosure;

FIGURES 13 and 14 illustrate construction of two sets of H-CSI-RS APs
according to embodiments of the present disclosure;

FIGURE 15 illustrates primary and secondary CSI-RS APs according to
embodiments of the present disclosure; and

FIGURE 16 illustrates construction of the primary and the secondary CSI-
RS according to embodiments of the present disclosure.
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DETAILED DESCRIPTION

FIGURES 1 through 16, discussed below, and the various embodiments
used to describe the principles of the present disclosure in this patent document are
by way of illustration only and should not be construed in any way to limit the
scope of the disclosure. Those skilled in the art will understand that the principles
of the present disclosure may be implemented in any suitably arranged wireless
communication system:.

The following documents and standards descriptions are hereby
incorporated into the present disclosure as if fully set forth herein: 3GPP TS 36.211
v10.1.0, “E-UTRA, Physical channels and modulation” (REF1); 3GPP TS 36.212
v10.1.0, “E-UTRA, Multiplexing and Channel coding” (REF2); 3GPP TS 36.213
v10.1.0, “E-UTRA, Physical Layer Procedures” (REF 3); and 3GPP TS 36.331
V10.1.0 (REF4).

FIGURE 1 illustrates a wireless network 100 according to one embodiment
of the present disclosure. The embodiment of wireless network 100 illustrated in
FIGURE 1 is for illustration only. ‘Other embodiments of wireless network 100
could be used without departing from the scope of this disclosure.

The wireless network 100 includes a base sta eNodeB (eNB) 101, eNB 102,
and eNB 103. The eNB 101 communicates with eNB 102 and eNB 103. The eNB
101 also communicates with Internet protocol (IP) network 130, such as the
Internet, a proprietary IP network, or other data network.

Depending on the network type, other well-known terms may be used
instead of “eNodeB,” such as “base station” or “access point”. For the sake of
convenience, the term “eNodeB” shall be used herein to refer to the network
infrastructure components that provide wireless access to remote terminals. In
addition, the term “user equipment” or “UE” is used herein to designate any remote
wireless equipment that wirelessly accesses an eNB and that can be used by a
consumer to access services via the wireless communications network, whether the
UE is a mobile device (e.g., cell phone) or is normally considered a stationary
device (e.g., desktop personal computer, vending machine, etc.). Other well know
terms for the remote terminals include “mobile stations” (MS) and “subscriber
stations” (SS), “remote terminal” (RT), “wireless terminal” (WT), and the like.

The eNB 102 provides wireless broadband access to network 130 to a first
plurality of user equipments (UEs) within coverage area 120 of eNB 102. The first
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plurality of UEs includes UE 111, which may be located in a small business; UE
112, which may be located in an enterprise; UE 113, which may be located in a
WiFi hotspot; UE 114, which may be located in a first residence; UE 115, which
may be located in a second residence; and UE 116, which may be a mobile device,
such as a cell phone, a wireless laptop, a wireless PDA, or the like. UEs 111-116
may be any wireless communication device, such as, but not limited to, a mobile
phone, mobile PDA and any mobile station (MS).

The eNB 103 provides wireless broadband access to a second plurality of
UESs within coverage area 125 of eNB 103. The second plurality of UEs includes
UE 115 and UE 116. In some embodiments, one or more of eNBs 101-103 may
communicate with each other and with UEs 111-116 using 5G, LTE, LTE-A, or
WiMAX  techniques including  techniques for using a new
channel-state-information pilot design as described in embodiments of the present
disclosure.

Dotted lines show the approximate extents of coverage areas 120 and 125,
which are shown as approximately circular for the purposes of illustration and
explanation only. It should be clearly understood that the coverage areas
associated with base stations, for example, coverage areas 120 and 125, may have
other shapes, including irregular shapes, depending upon the configuration of the
base stations and variations in the radio environment associated with natural and
man-made obstructions.

Although FIGURE 1 depicts one example of a wireless network 100,
various changes may be made to FIGURE 1. For example, another type of data
network, such as a wired network, may be substituted for wireless network 100. In
a wired network, network terminals may replace eNBs 101-103 and UEs 111-116.
Wired connections may replace the wireless connections depicted in FIGURE 1.

FIGURE 2A is a high-level diagram of a wireless transmit path. FIGURE
2B is a high-level diagram of a wireless receive path. In FIGURES 2A and 2B, the
transmit path 200 may be implemented, e.g., in eNB 102 and the receive path 250
may be implemented, e.g., in a UE, such as UE 116 of FIGURE 1. It will be
understood, however, that the receive path 250 could be implemented in an eNB
(e.g. eNB 102 of FIGURE 1) and the transmit path 200 could be implemented in a
UE. In certain embodiments, transmit path 200 and receive path 250 are
configured to perform methods for communication using a new
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channel-state-information pilot design as described in embodiments of the present
disclosure.

Transmit path 200 comprises channel coding and modulation block 205,
serial-to-parallel (S-to-P) block 210, Size N Inverse Fast Fourier Transform (IFFT)
block 215, parallel-to-serial (P-to-S) block 220, add cyclic prefix block 225,
up-converter (UC) 230. Receive path 250 comprises down-converter (DC) 255,
remove cyclic prefix block 260, serial-to-parallel (S-to-P) block 265, Size N Fast
Fourier Transform (FFT) block 270, parallel-to-serial (P-to-S) block 275, channel
decoding and demodulation block 280.

At least some of the components in FIGURES 2A and 2B may be
implemented in software while other components may be implemented by
configurable hardware (e.g., a processor) or a mixture of software and configurable
hardware. In particular, it is noted that the FFT blocks and the IFFT blocks
described in this disclosure document may be implemented as configurable
software algorithms, where the value of Size N may be modified according to the
implementation.

Furthermore, although this disclosure is directed to an embodiment that
implements the Fast Fourier Transform and the Inverse Fast Fourier Transform,
this is by way of illustration only and should not be construed to limit the scope of
the disclosure. It will be appreciated that in an alternate embodiment of the
disclosure, the Fast Fourier Transform functions and the Inverse Fast Fourier
Transform functions may easily be replaced by Discrete Fourier Transform (DFT)
functions and Inverse Discrete Fourier Transform (IDFT) functions, respectively.
It will be appreciated that for DFT and IDFT functions, the value of the N variable
may be any integer number (i.e., 1, 2, 3, 4, etc.), while for FFT and IFFT functioﬁs,
the value of the N variable may be any integer number that is a power of two (i.e.,
1,2,4,8, 16, etc.).

In transmit path 200, channel coding and modulation block 205 receives a
set of information bits, applies coding (e.g., LDPC coding) and modulates (e.g.,
Quadrature Phase Shift Keying (QPSK) or Quadrature Amplitude Modulation
(QAM)) the input bits to produce a sequence of frequency-domain modulation
symbols. Serial-to-parallel block 210 converts (i.e., de-multiplexes) the serial
modulated symbols to parallel data to produce N parallel symbol streams where N
is the IFFT/FFT size used in eNB 102 and UE 116. Size N IFFT block 215 then
performs an IFFT operation on the N parallel symbol streams to produce
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time-domain output signals.  Parallel-to-serial block 220 converts (i.e.,
multiplexes) the parallel time-domain output symbols from Size N IFFT block 215
to produce a serial time-domain signal. Add cyclic prefix block 225 then inserts a
cyclic prefix to the time-domain signal. Finally, up-converter 230 modulates (i.e.,
up-converts) the output of add cyclic prefix block 225 to RF frequency for
transmission via a wireless channel. The signal may also be filtered at baseband
before conversion to RF frequency.

The transmitted RF signal arrives at UE 116 after passing through the
wireless channel and reverse operations to those at eNB 102 are performed.
Down-converter 255 down-converts the received signal to baseband frequency and
remove cyclic prefix block 260 removes the cyclic prefix to produce the serial
time-domain baseband signal.  Serial-to-parallel block 265 converts the
time-domain baseband signal to parallel time domain signals. Size N FFT block
270 then performs an FFT algorithm to produce N parallel frequency-domain
signals. Parallel-to-serial block 275 converts the parallel frequency-domain
signals to a sequence of modulated data symbols. Channel decoding and
demodulation block 280 demodulates and then decodes the modulated symbols to
recover the original input data stream.

Each of eNBs 101-103 may implement a transmit path that is analogous to
transmitting in the downlink to UEs 111-116 and may implement a receive path
that is analogous to receiving in the uplink from UEs 111-116. Similarly, each one
of UEs 111-116 may implement a transmit path corresponding to the architecture
for transmitting in the uplink to eNBs 101-103 and may implement a receive path
corresponding to the architecture for receiving in the downlink from eNBs
101-103.

FIGURE 3 illustrates a subscriber station according to embodiments of the
present disclosure. The embodiment of subscribe station, such as UE 116,
illustrated in FIGURE 3 is for illustration only. Other embodiments of the wireless
subscriber station could be used without departing from the scope of this
disclosure.

UE 116 comprises antenna 305, radio frequency (RF) transceiver 310,
transmit (TX) processing circuitry 315, microphone 320, and receive (RX)
processing circuitry 325. Although shown as a single antenna, antenna 305 can
include multiple antennas. SS 116 also comprises speaker 330, main proéessor 340,
input/output (I/O) interface (IF) 345, keypad 350, display 355, and memory 360.



WO 2013/147565 PCT/KR2013/002688

-8 -

Memory 360 further comprises basic operating system (OS) program 361 and a
plurality of applications 362. The plurality of applications can include one or more
of resource mapping tables (Tables 1-10 described in further detail herein below).

Radio frequency (RF) transceiver 310 receives from antenna 305 an
incoming RF signal transmitted by a base station of wireless network 100. Radio
frequency (RF) transceiver 310 down-converts the incoming RF signal to produce
an intermediate frequency (IF) or a baseband signal. The IF or baseband signal is
sent to receiver (RX) processing circuitry 325 that produces a processed baseband
signal by filtering, decoding, and/or digitizing the baseband or IF signal. Receiver
(RX) processing circuitry 325 transmits the processed baseband signal to speaker
330 (i.e., voice data) or to main processor 340 for further processing (e.g., web
browsing).

Transmitter (TX) processing circuitry 315 receives analog or digital voice
data from microphone 320 or other outgoing baseband data (e.g., web data, e-mail,
interactive video game data) from main processor 340. Transmitter (TX)
processing circuitry 315 encodes, multiplexes, and/or digitizes the outgoing
baseband data to produce a processed baseband or IF signal. Radio frequency (RF)
transceiver 310 receives the outgoing processed baseband or IF signal from
transmitter (TX) processing circuitry 315. Radio frequency (RF) transceiver 310
up-converts the baseband or IF signal to a radio frequency (RF) signal that is
transmitted via antenna 305.

In certain embodiments, main processor 340 is a microprocessor or
microcontroller. Memory 360 is coupled to main processor 340. According to
some embodiments of the present disclosure, part of memory 360 comprises a
random access memory (RAM) and another part of memory 360 comprises a Flash
memory, which acts as a read-only memory (ROM).

Main processor 340 executes basic operating system (OS) program 361
stored in memory 360 in order to control the overall operation of wireless
subscriber station 116. In one such operation, main processor 340 controls the
reception of forward channel signals and the transmission of reverse channel
signals by radio frequency (RF) transceiver 310, receiver (RX) processing circuitry
325, and transmitter (TX) processing circuitry 315, in accordance with well-known
principles.

Main processor 340 is capable of executing other processes and programs
resident in memory 360, such as operations for performing communications
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including a new channel-state-information pilot design as described in
embodiments of the present disclosure. Main processor 340 can move data into or
out of memory 360, as required by an executing process. In some embodiments,
the main processor 340 is configured to execute a plurality of applications 362,
such as applications for CoOMP communications and MU-MIMO communications.
The main processor 340 can operate the plurality of applications 362 based on OS
program 361 or in response to a signal received from BS 102. Main processor 340
is also coupled to I/O interface 345. 1/O interface 345 provides subscriber station
116 with the ability to connect to other devices such as laptop computers and
handheld computers. 1/0 interface 345 is the communication path between these
" accessories and main controller 340.

Main processor 340 is also coupled to keypad 350 and display unit 355.
The operator of subscriber station 116 uses keypad 350 to enter data into subscriber
station 116. Display 355 may be a liquid crystal display capable of rendering text
and/or at least limited graphics from web sites. Alternate embodiments may use
other types of displays. -

Embodiments of the present disclosure provide methods and apparatus to
for a channel-state-information (CSI) pilot design for advanced wireless
communications system. In REF4, the following configuration is defined for
channel-state-information reference signal (CSI-RS). A information element (IE)
CSI-RS configuration (CSI-RS-Config) is used to specify the CSI-RS
configuration as shown in here:

CSI-RS-Config information elements

-- ASN1START

'CSI-RS-Config-rl0 ::= SEQUENCE {
csi-RS-r10 CHOICE ¢
release NULL,
setup SEQUENCE {
antennaPortsCount-r10 ENUMERATED {anl, an2, an4,
an8},
resourceConfig-r10 INTEGER (0..31),
subframeConfig-r10 INTEGER (0..154),

 p-C-r10 ~ INTEGER (-8.15)
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}
} , ' OPTIONAL, -- Need ON
zeroTxPowerCSI-RS-r10  CHOICE {
release ' NULL, _
setup SEQUENCE {
zeroTxPowerResourceConfigList-r10 BIT STRING (SIZE (16)),
zeroTxPowerSubframeConfig-r10 INTEGER (0..154)
}
o} _ OPTIONAL --
Need ON | |
)
. -- ASN1STOP
the CSI-RS-Config field descriptions as follows:
CSI-RS-Config field descriptions
antennaPortsCount

Parameter represents the number of antenna ports used for transmission of CSI
reference signals where anl corresponds to 1, an2 to 2 antenna ports etc. see TS
36.211 [21, 6.10.5].

p-C

Parameter: £, see TS 36.213 [23, 7.2.5].

resourceConfig

Parameter: CSI reference signal configuration, see TS 36.211 [21, table
6.10.5.2-1 and 6.10.5.2-2].

subframeConfig

Parameter: /g x5, S€€ TS 36.211 [21, table 6.10.5.3-1].

zeroTxPowerResourceConfigList
Parameter: ZeroPower(CSI-RS, see TS 36.211 [21, 6.10.5.2].

zeroTxPowerSubframeConfig
Parameter: /.5 gs, S€€ TS 36.211 [21, table 6.10.5.3-1].

Also, according to section 6.10.5.2 Mapping to resource elements in
REF1, CSI-RS mapping to resource elements are described as - In subframes
configured for CSI reference signal transmission, the reference signal sequence
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T,n, (m) is mapped to complex-valued modulation symbols af(p 1) used as

reference symbols on antenna port p according to Equation 1:

(p)

ak’l = Wi 'I’l’ns (m') (1)
where
(=0 for p e {15,16},normal cyclic prefix
~6 forp e {17,18}, normal cyclic prefix
-1 forpe {1 9,20}, normal cyclic prefix
TIPS 7 forpe {2 1,22}, normal cyclic.preﬁx
-0 forpe {1 5,164, extended cyclic prefix

—3 forp e {17,18},extended cyclic prefix

-6 forpe {1 9,20}, extended cyclic prefix

-9 forpe {21,22}, extended cyclic prefix
" CSlreferencesignal configurations 0 - 19, normal cyclic prefix
1=1'+42I" CSIreferencesignal configurations 20-31, normal cyclic prefix
I"  CSlreferencesignal configurations 0 - 27, extended cyclic prefix
1 pefls517,19,21}
= {(— ) pefl6,18,20,22)
1"=0,1

m=0,L...,NRg -1

,DL DL

m'=m+
2

The quantity (k',I') and the necessary conditions on n, are given by

TABLE 1 for normal cyclic prefix.
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TABLE 1: Mapping from CSI reference signal configuration to (k',1') for

normal cyclic prefix

CSI reference | Number of CSI reference signals configured
signal 1or2 4 8
Configuration | (./) | nymod2| (k',7) | ny;mod] (k',/') | nymod3
(resourceConfi
2)
0 95 ] 0 95 | 0 | 95 | 0
1 11,2 1 |12 | 1 |1 | 1
2 92 | 1 9,2) 1 | 9,2 1
3 (72 | 1 (7,2) 1 | (7,2) 1
4 9,5) | 1 9,5) 1 | 9,9 1
5 85 | 0 8,5 | 0
% 6 (102)| 1 | @102 | 1
< 7 (8,2) 1 (8,2) ]
2 8 (6,2) 1 (6,2) 1
5 9 (8,5) 1 (8,5) 1
= 10 35 | 0
g 11 25 | o
= 12 52) | 1
i 13 (4,2) 1
14 G2 | 1
15 (2,2) ]
16 (1,2) ]
17 0,2) 1
18 (3,5) 1
19 (2,5) 1
~ 20 arLnl 1 japn| 1 jany| 1
£ 21 onl 1 [en| 1 oy 1
L 22 (7,1) ] (7,1) 1 | 7,D 1
g 23 10, 1 | @on| 1
7 24 (8,1) 1 (8,1) 1
= 25 6H| 1 | 6D | 1
H 26 G |1
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27 (4,1) 1

28 (3,1) 1

29 (2,1) 1

30 (1,1) 1

31 (0,1) 1
According to section 6.10.53 - CSI reference signal subframe

configuration, the cell-specific subframe configuration period Tcgy.rg and the
cell-specific subframe offset Acgp_rg for the occurence of CSI reference signals
are listed in TABLE 2. The parameter Icgj_Rrg can be configured separately for

CSI reference signals for which UE 116 assume non-zero and zero transmission

power. Subframes containing CSI reference signals shall satisfy Equation 2:
(10n¢ +[ng/2 |- Acsi_rs)mod Tegr—rg = 0. 2)

TABLE 2: CSI reference signal subframe configuration

CSI-RS periodicity | CSI-RS subframe offset
CSI-RS-SubframeConfig
TCSI-RS ACSI-RS
ICSI—RS
(subframes) (subframes)
0-4 5 Icsi-rs
5-14 10 lesirs =3
15-34 20 lesips =15
3574 | 40 Icsi-rs =35
75— 154 80 Icsigs =75

In REF1, CSI-RS sequence generation is explained as in the following
section 6.10.5.1 - Sequence generation: The reference-signal sequence r,, (m) is

defined by Equation 3:
,DL
f},n, (M) = J_(l 2. c(2m))+JJ_(1 2-¢(2m+1)), m=0,,.,Ngg-"" -1

3)
where n, is the slot number within a radio frame and / is the OFDM symbol
number within the slot. The pseudo-random sequence c(i) is defined in Section

7.2. The pseudo-random sequence generator is initialized with
Cinit =210+ (7 (ng +1)+1+1)- (2 Ne! +1)+2 N+ Nep 4)
at the start of each OFDM symbol.
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Further, for CSI-RS configuration for CoMP: Configuration of multiple
non-zero-power CSI-RS resources includes at least:
- antennaPortsCount, resourceConfig
o Independently configured among CSI-RS resources
- subframeConfig
o Whether common or independent among CSI-RS resources is FFS
- Configurable parameter to derive the pseudo-random sequence
generator initialisation (Ciyy)
O Cpj is independently configured among CSI-RS resources,
Cinit =210+ (7-(ng +1)+1+1)-(2-X+1)+2-X+N¢p
()
o where X is configurable in a UE-specific manner and may take on
any value in the range of 0 to 503,
» FFS whether Rel-10 formula can be used without a change
s FFS whether beyond 503 are supported
» FFS whether CSI-RS ports always have the same scrambling
or can have different scrambling within a CSI-RS resource
- P,
o Details of signaling is FFS.
Additional parameters may be considered

Quasi Co-location: Two antenna ports are said to be quasi co-located if the
large-scale properties of the channel over which a symbol on one antenna port is
conveyed can be inferred from the channel over which a symbol on the other
antenna port is conveyed. The large-scale properties include one or more of delay
spread, Doppler spread, Doppler shift, average gain, and average delay.

CSI Process: UE 116 in transmission mode 10 can be configured with one
or more CSI processes per serving cell by higher layers. Each CSI process is
associated with a CSI-RS resource (defined in Section 7.2.5) and a
CSlI-interference measurement (CSI-IM) resource (defined in Section 7.2.6). A
CSI reported by UE 116 corresponds to a CSI process configured by higher layers.
Each CSI process can be configured with or without PMI/RI reporting by higher
layer signalling.

For UE 116 in transmission mode 10, UE 116 derives the interference

measurements for computing the CQI value reported in uplink subframe » and
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corresponding to a CSI process, based on only the zero power CSI-RS (defined in
REF3) within the configured CSI-IM resource associated with the CSI process. If
UE 116 in transmission mode 10 is configured by higher layers for CSI subframe
sets 'CCSI,O and CCSI,I , the configured CSI-IM resource within the subframe
subset belonging to the CSI reference resource is used to derive the interference
measurement.

CSI-Process: the IE CSI-Process is the CSI process configuration that
E-UTRAN can configure on a serving frequency.

CSI-Process information elements

CSI-Process-rl1 ::= SEQUENCE {
csi-Processldentity-rl1 CSI-Processldentity-rl1,
csi-RS-IdentityNZP-r11 CSI-RS-IdentityNZP-r11,
csi-IM-Identity-r11 CSI-IM-Identity-rl1,

p-C-AndAntennalnfoDedList-r11  SEQUENCE (SIZE (1..2)) OF
P-C-AndAntennalnfoDed-r11,

cqi-ReportBothPS-r11 CQI-ReportBothPS-r11 OPTIONAL,
-- Need OR
cqi-ReportPeriodicld-r1 1 INTEGER (0..maxCQI-Ext-ri1)  OPTIONAL,
-- Need OR
cqi-ReportAperiodicPS-r11  CQI-ReportAperiodicPS-r11 OPTIONAL,
-- Need OR

}

P-C-rll ::= INTEGER (-8..15)

P-C-AndAntennalnfoDed-r11::= SEQUENCE {
p-C-rll P-C-rl1,
antennalnfoDedConfigld-r11 ~ AntennalnfoConfigDedId-r11
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CSI-Process field descriptions

antennalnfoDedConfigld
Refers to a dedicated antenna info configuration that is configured for the same
frequency as the CSI process.

csi-IM-Identity
Refers to a CSI-IM configuration that is configured for the same frequency as
the CSI process.

csi-RS-IdentityNZP
Refers to a CSI RS configuration that is configured for the same frequency as the
CSI process.

cqi-ReportBothPS

Includes CQI configuration parameters applicable for both aperiodic and
periodic CSI reporting, for which CSI process specific values may be
configured. E-URAN configures the field if and only if cqi-ReportPeriodicld is
included and/ or if cqi-ReportAperiodicPS is included and set to setup.

cqi-ReportPeriodicld

Refers to a periodic CQI reporting configuration that is configured for the same
frequency as the CSI process. Value 0 refers to the set of parameters defined by
the REL-10 CQI reporting configuration fields, while the other values refer to
the additional configurations E-UTRAN assigns by CQI-ReportPeriodicExt-r11
(and as covered by CQI-ReportPeriodicExtld).

p-C
Parameter: p., see TS 36.213 [23, 7.2.5].

p-C-AndAntennalnfoDedList

A p-C-AndAntennalnfoDedList including 2 entries indicates that the subframe
patterns configured for CSI (CQI/PMI/PTI/RI) reporting (i.e. as defined by field
csi-MeasSubframeSetl and csi-MeasSubframeSet2) are to be used for this CSI
process, while a single entry indicates that the subframe patterns are not to be
used for this CSI process. E-UTRAN does not include 2 entries in
p-C-AndAntennalnfoDedList for CSI processes concerning a secondary
frequency. E-UTRAN includes 2 entries in p-C-AndAntennalnfoDedList when
configuring both cqi-pmi-Configindex and cqi-pmi-Configlndex?.
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CSI-Processldentity: the IE CSI-Processldentity is used to identify a CSI
process that is configured by the IE CSI-Process. The identity is unique within the
scope of a carrier frequency.

CSI-Processldentity information elements
?CSI-ProcessIdentity_—rl1 = INTEG_ER(1_..maxCSI-Proc—r1‘1) "
CSI-RS-ConfigNZP: the IE CSI-RS-ConfigNZP is the CSI-RS resource

configuration using non-zero power transmission that E-UTRAN may configure on
a serving frequency.

CSI-RS-ConfigNZP information elements

CSI-RS-ConfigNZP-rl1 ::= SEQUENCE {
csi-RS-IdentityNZP-r11 CSI-RS-IdentityNZP-r11,
antennaPortsCount-r11 ENUMERATED {anl, an2, an4, an8},
resourceConfig-r11 INTEGER (0..31),
subframeConfig-r11 INTEGER (0..154),
scramblingldentity-ri1 INTEGER (0..503),
qcl-CRS-Info-rl1 SEQUENCE {
qcl-Scramblingldentity-r11 INTEGER (0..503},
crs-PortsCount-r11 ENUMERATED {nl, n2, n4, sparel },

mbsfn-SubframeConfig-r11 MBSFN-SubframeConfig
OPTIONAL,-- Need OR
} OPTIONAL,--
Need OR

CSI-RS-ConfigZP: the IE CSI-RS-ConfigZP is the CSI-RS resource
configuration, for which UE 116 assumes zero transmission power, that E-UTRAN
can configure on a serving frequency.

CSI-RS-ConfigZP information elements

CSI-RS-ConfigZP-r11 ::= SEQUENCE ¢
csi-RS-IdentityZP-r11 CSI-RS-IdentityZP-r11,
resourceConfigList-r11 BIT STRING (SIZE (16)),
subframeConfig-r11 INTEGER (0..154)
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CSI-RS-ConfigZP field descriptions

resourceConfigList
Parameter: CSI reference signal configuration, see TS 36.211 [21, table
6.10.5.2-1 and 6.10.5.2-2].

subframeConfig
Parameter: /. _zs, s€€ TS 36.211 [21, table 6.10.5.3-1].

CSI-RS-IdentityNZP: the IE CSI-RS-IdentityNZP is used to identify a
CSI-RS resource configuration using non-zero transmission power, as configured
by the IE CSI-RS-ConfigNZP. The identity is unique within the scope of a carrier

frequency.

CSI-RS-IdentityNZP information elements
CSI-RS-IdentityNZP-r11 ::= INTEGER (1..maxCSI-RS-NZP-r11) |

CSI-RS-IdentityZP: the /E CSI-RS-1dentityZP is used to identify a CSI-RS
resource configuration for which UE assumes zero transmission power, as
configured by the IE CSI-RS-ConfigZP. The identity is unique within the scope of
a carrier frequency.

CSI-RS-IdentityZP information elements

CSI-RS-IdentityZP-r11 ::= INTEGER (1..maxCSI-RS-ZP-r11)

RRC multiplicity and type constraint values:
Multiplicity and type constraint definitions

‘maxCSI-IM-ri1 INTEGER ::=3 -- Maximum number of CSI-IM
.configurations

-- (per frequency)
-maxCSI-Proc-r11 INTEGER ::=4 -- Maximum number of CSI RS
.processes (per frequency)
maxCSI-RS-NZP-r11 INTEGER ::=3 -- Maximum number of CSI RS
resource

-- configurations using non-zero Tx

power
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. -- (per frequency)
:maxCSI-RS-ZP-r11 INTEGER ::=4 -- Maximum number of CSI RS
‘resource

-- configurations using zero Tx
ipower(per frequency)

-maxCQI-Ext-rl1 INTEGER ::=3 -- Maximum number of additional
iperiodic CQI '

-- configurations (per frequency)

CSI-IM-CONFIG: the IE CSI-IM-Config is the CSI-IM configuration that
E-UTRAN may configure on a serving frequency.

CSI-IM-Config information elements

CSL-IM-Config-rl1 :=  SEQUENCE {
csi-im-Identity-r11 CSI-IM-Identity-r11,
resourceConfig-r11 INTEGER (0..15),
subframeConfig-r11 INTEGER (0..154),

}

CSI-L -Cénﬁg field descriptions

resourceConfig
Parameter: CSI-IM configuration, see TS 36.211 [21, table 6.10.5.2-1 and
6.10.5.2-2] for 4 REs.

subframeConfig
Parameter: /g _gs, €€ TS 36.211 [21, table 6.10.5.3-1].

CSI-IM-Identity: the IE CSI-IM-Identity is used to identify a CSI-IM
configuration that is configured by the IE CSI-IM-Config. The identity is unique
within the scope of a carrier frequency.

CSI-IM-Identity information elements

CSI-IM-Identity-rl1 ::= INTEGER (1..maxCSI-IM-r11)

Various embodiments of the present disclosure consider pilot transmissions
from transmission points equipped with 2-dimensional (2D) active antenna array
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depicted in FIGURE 4. Here, transmission points (TPs) are a network node can
transmit downlink signals and receive uplink signals in a cellular network,
examples of which include base stations, NodeBs, enhanced NodeBs (eNBs)
remote radio heads (RRHs), and so forth. Alternatively, an entity controlling at
least one TP is called the controller, the network or eNB. Each active antenna array
may have separate base band, which could dynamically control the antenna
weights in frequency selective manner.

FIGURE 4 illustrates a transmission point equipped with 2D active antenna
array according to embodiments of the present disclosure. The embodiment of the
transmission point 400 shown in FIGURE 4 is for illustration only. Other
embodiments could be used without departing from the scope of this disclosure.

The transmission point 400 includes an antenna array 405 and a controller
410. The Antenna array 405 that includes N (=Ny x Ny) 2D active antenna
elements 415, and the N antenna elements are placed in 2D grid of Ny x Ny. The
horizontal spacing between any two closest antenna elements is denoted by dy 420,
and the vertical spacing between any two closest antenna elements is denoted by dy
425.

FIGURE 5 illustrates azimuth and elevation angles to a mobile station from
the 2D active antenna array according to embodiments of the present disclosure.
The embodiment of the 2D active antenna array 405 shown in FIGURE 5§ is for
illustration only. Other embodiments could be used without departing from the
scope of this disclosure.

A transmission vector between the transmission point 400 equipped with
2D antenna array and UE 116 is transmitted at azimuth and elevation angles. In the
example placement shown in FIGURE 5, antenna elements 415 are placed in a
rectangle on XZ plane in an orthogonal XYZ coordinate system. The origin 505 of
the coordinate system is placed at the center of the rectangle. The azimuth
(horizontal) angle 6, 510 for UE 116 is defined as the angle between Y axis 515

and the projection vector 520 of a straight line between the TP and UE 116 to the
XY plane. Alternatively, the elevation (vertical) angle ¢, 525 is defined as the
angle between Y axis and the projection vector of the straight line to the YZ plane.

In the cellular networks, the network utilizes UEs’ channel state
information (CSI) to schedule time-frequency resources, to select precoders and
modulation and coding schemes (MCS) for each individual UE. To facilitate the
UEs’ CSI estimation, the network can configure and transmit CSI reference signals
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(CSI-RS). At the same time, each UE can be configured to feed back estimated
precoding matrix information (PMI), channel quality information (CQI) and rank
information (RI), by receiving and processing the CSI-RS. Traditionally, the UEs’
CSI feedback is designed with mainly targeting horizontal CSI associated with the
azimuth angles. For example, PMI/CQI feedback for downlink beamforming in
LTE informs the eNB the horizontal direction (or the azimuth angle) along which
the UE receives the strongest signal and the associated channel strength. When
active antenna array elements are introduced in the vertical domain as well, the
necessity of vertical CSI feedback emerges. To facilitate the vertical CSI feedback,
the corresponding CSI-RS design is crucial.

Embodiments of the present disclosure illustrate CSI-RS designs and
associated configuration methods to be used in the wireless communication
networks (e.g., cellular networks) having TPs equipped with 2D active antenna
array. It is noted that unless otherwise specified, the CSI-RS disclosed herein refers
to NZP CSI-RS.

A new transmission mode (TM), referenced hereinafter as TM X, is defined
for helping UEs’ reception from the 2D active antenna array 405. When UE 116 is
configured with TM X, UE 116 receives PDSCHs from the 2D active antenna array
405, and is configured with a newly designed CSI-RS. The MIMO transmission
from the 2D active antenna array 405 is also referenced as full-dimensional MIMO
or FD-MIMO.

In one method (method 1), TP 400 is capable of transmitting all the N CSI
-RS antenna ports (APs) associated with each of the N antenna elements 415, and
the network is capable of configuring all the N CSI-RS APs to each UE using a U
E-specific RRC configuration or a broadcast signaling, so that UE 116 can estima
te the full CSI associated with the N antenna elements 415.

In another method (method 2), TP 400 is capable of transmitting at least t
wo sets of CSI-RS APs, and the network is capable of configuring the at least two

sets of CSI-RS APs to each UE, wherein UE 116 derives and feeds back horizont
al CSI (H-CSI) and vertical CSI (V-CSI) estimated by receiving and processing th
e at least two sets of CSI-RS. Here the total number of CSI-RS APs can be less th
an N, and hence the CSI-RS transmission overhead is reduced as compared to met
hod 1. '

For Horizontal CSI and vertical CSI: the H-CSI of a UE is horizontal CSI

estimated at UE 116, which are channel characteristics mainly associated with hor
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izontally placed antenna elements 415 at TP 400. The horizontal CSI includes ho
rizontal CQI (H-CQI), horizontal PMI (H-PMI) and horizontal RI (H-RI). For ex
ample, the H-CSI can be the same as the CSI (PMI, CQI and RI) in another LTE s
ystem, because the certain LTE systems CSI feedback contents and mechanism ar
e designed considering horizontal antenna array.

The V-CSI of a UE is vertical CSI estimated at UE 116, which are channel

characteristics mainly associated with vertically placed antenna elements at TP 4

00. The vertical CSI includes vertical CQI (V-CQI), vertical PMI (V-PMI) and ve
rtical RI (V-RI).

FIGURE 6 illustrates H-PMI and V-PMI according to embodiments of the
present disclosure. The embodiment of the H-PMI and V-PMI 600 shown in
FIGURE 6 is for illustration only. Other embodiments could be used without
departing from the scope of this disclosure.

In certain embodiments, UE 1 116, UE 2 115 and UE 3 114 receives the
strongest signal when the (H-PMI, V-PMI) pairs are (P1,Q1), (P2,Q2) and (P3,Q3),
respectively, according to their respective horizontal directions (or azimuth angles)
and vertical directions (or elevation angles). When configured to feed back
H-PMIs, UE 1 116, UE 2 115 and UE 3 114 report H-PMIs P1 605, P2 610 and P3
615, respectively. When configured to feed back V-PMIs, UE 1 116, UE 2 115 and
UE 3 114 report V-PMIs Q1 620, Q2 625 and Q3 630, respectively.

As for CQI, two feedback methods can be considered: 1) H-CQI and V-CQI
are separately derived and are independently fed back to the network; and 2) One
joint CQI is derived and is fed back to the network for the N antenna channel. In
one design, UE 116 constructs a desired precoding matrix for the N-Tx antenna
channel using H-PMI and V-PMI, and calculates a received power under the
assumption that the TP transmits signals using the precoding matrix. From the
received power, UE 116 derives CQI, where the CQI can be a desired MCS. In one
example, the desired precoding matrix is found by taking Kronecker product of
H-PMI = [py, P2, ---> Prual' € CV ¥ and V-PMI = [qy, @, .., quul' € CV*\. In this
case, when Ny = 2, Ny = 2, H-RI=1 and V-RI = 1, the Kronecker product would be
calculated as in the Equations 5 and 6:
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Joint RI is the rank information about the MIMO channels between the
N-Tx antenna and a number of receive antennas at the UE.

For ease of illustration, the example shown in FIGURE 6 illustrates only
line-of-sight channels. However, the non-line-of-sight channels, the V-CSI and
H-CSI can be described and defined in a similar way. The example shown in
FIGURE 6 is for illustration only and it does not prevent other similar
constructions and definitions of V-CSI and H-CSI.

FIGURE 7 illustrates a first and a second CSI-RS APs according to
embodiments of the present disclosure. The embodiment of the transmitter chain
700 including the first and second CSI-RS APs shown in FIGURE 7 is for
illustration only. Other embodiments could be used without departing from the
scope of the present disclosure.

The transmitter chain 700 is configured for multiplexing a first set of
CSI-RS 705 (denoted by A-CSI-RS APs) and a second set of CSI-RS APs 710
(denoted by B-CSI-RS APs) for the at least two sets of CSI-RS APs. Here, the
multiplexer operation 715 for A-CSI-RS APs 705 and B-CSI-RS APs 710 can be
time-domain multiplexing (TDM), CDM (code-domain multiplexing), FDM
(frequency-domain multiplexing) and SDM (spatial-domain multiplexing) and any
combination of TDM, FDM, CDM and SDM. When TDM multiplexing is applied,
A-CSI-RS APs 705 and B-CSI-RS APs 710 transmit their CSI-RS at two different
time location, e.g., in two different time slots, or in two different subframes, or in
two different sets of OFDM symbols. When FDM multiplexing is applied,
A-CSI-RS APs 705 and B-CSI-RS APs 710 transmit their CSI-RS at two different
frequency (or subcarrier) location. When CDM multiplexing is applied, A-CSI-RS
APs 705 and B-CSI-RS APs 710 transmit their CSI-RS using two different
orthogonal codes (e.g., Walsh code, CAZAC code) in the same time-frequency
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location. When SDM is applied, A-CSI-RS APs 705 and B-CSI-RS APs 710
transmit their CSI-RS in two different spatial beams, and they can be differently
scrambled using two different scrambling initializations. Some example
combinations of TDM, CDM, FDM and SDM are described below. When
FDM/TDM multiplexing is applied, A-CSI-RS APs 705 and B-CSI-RS APs 710
transmit their CSI-RS at two different time-frequency location. Two sets of
CSI-RS APs are (quasi) co-located if large-scale propagation properties of the
channel over which a symbol on the first antenna port is conveyed can be inferred
from the channel over which another symbol on the other antenna port is conveyed.

In certain embodiments, for deriving at least one of joint CQI, joint PMI
and joint RI for the N=NyxNy antenna channels utilizing the two sets of CSI-RS,
UE 116 can assume that the two sets of CSI-RS APs are (quasi) co-located. In
certain embodiments, the network can indicate whether UE 116 can assume that
the two sets of CSI-RS APs are (quasi) co-located or not for deriving joint CQI,
joint PMI and joint RI.

In certain embodiments, (A-CSI-RS, B-CSI-RS) can be (H-CSI-RS,
V-CSI-RS), (a first H-CSI-RS, a second H-CSI-RS), (a primary CSI-RS, a
secondary CSI-RS), as illustrated in later embodiments.

In certain embodiments, the CSI-RS configurations defined in Rel-10 LTE
or Rel-11 LTE is reused for configuring each of A-CSI-RS and B-CSI-RS. When
Rel-10 LTE CSI-RS configuration is used, some of the following parameters in the
Table 3 are separately configured for each of A-CSI-RS and B-CSI-RS.



WO 2013/147565 PCT/KR2013/002688

- 25 -

TABLE 3

CSI-RS-Config field descriptions

AntennaPortsCount
Parameter represents the number of antenna ports used for transmission of CSI

reference signals where anl corresponds to 1, an2 to 2 antenna ports etc. see TS
36.211 [21, 6.10.5].

p-C
Parameter: p,, see TS 36.213 [23, 7.2.5].

resourceConfig 4
Parameter: CSI reference signal configuration, see TS 36.211 [21, table 6.10.5.2-1
and 6.10.5.2-2].

subframeConfig
Parameter: I.q_ s, sSee TS 36.211 [21, table 6.10.5.3-1].

When Rel-11 LTE NZP CSI-RS configuration is used, some of the
parameters defining a CSI-RS-ConfigNZP-r11 (whose fields are copied below and

in the background section) are separately configured for each of A-CSI-RS and
B-CSI-RS.

CSI-RS-ConfigNZP-r11 ::= SEQUENCE {
csi-RS-IdentityNZP-r11 . CSI-RS-IdentityNZP-rl11,
antennaPortsCount-r11 - ENUMERATED {anl, an2, an4, an8},
resourceConfig-rl1l INTEGER (0..31),
subframeConfig-r11 INTEGER (0..154),
scramblingldentity-r11 INTEGER (0..503),
qcl-CRS-Info-r11 SEQUENCE {
gcl-Scramblingldentity-r11 INTEGER (0..503}, _
crs-PortsCount-r11 ENUMERATED {nl, n2, n4, sparel},

mbsfn-SubframeConfig-r11 . MBSFN-SubframeConfig
OPTIONAL,-- Need OR
} OPTIONAL,--
Need OR |
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The resource configurations (resourceConfig) and AntennaPortsCount for
A-CSI-RS and B-CSI-RS can be independently or jointly configured.

In one example of independent configuration, (A-resourceConfig,
A-AntennaPortsCount) and (B-resourceConfig, B-AntennaPortCount) are
configured for A-CSI-RS and B-CSI-RS. When these are configured to UE ,
UE 116 derives each of A-CSI-RS pattern B-CSI-RS pattern with replacing
(resourceConfig,AntennaPortCount) by each of
(A-resourceConfig,A-AntennaPortCount) and (B-resourceConfig,
B-AntennaPortCount) according to TABLE 1.

In one example of joint configuration, (resourceConfig, AntennaPortCount)
is  configured for both A-CSI-RS and B-CSI-RS. When
(resourceConfig,AntennaPortCount) is configured to UE 116, UE 116 first derives
a CSI-RS pattern according to TABLE 1 with the configured
(resourceConfig,AntennaPortCount). Then, the time frequency locations for N,
A-CSI-RS APs and N, B-CSI-RS APs are determined according to a pre-defined
way, where AntennaPortCount = N;+N,. Note that N; and N, can be RRC
configured or be constants in the standard specification. Some examples of joint
configuration are described in FIGURE 8 and below.

In a first example (Example 1) When AntennaPortCount = 8, N;=4 and N,
= 4, APs 15-18 are assigned for A-CSI-RS, and APs 19-22 are assigned for
B-CSI-RS. In other words, A-CSI-RS and B-CSI-RS are FDM-multiplexed; and
multiple CSI-RS ports in each of A-CSI-RS and B-CSI-RS are CDM multiplexed.

In a second example (Example 2) When AntennaPortCount = 8, N,=4 and
N; =4, APs (15,17,19,21) are assigned for A-CSI-RS, and APs (16,18,20,22) are
assigned for B-CSI-RS. In other words, the 8 CSI-RS are multiplexed in 4 CDM
groups of 2 REs each, wherein a first CDM code, e.g., [+1, +1] is assigned for
A-CSI-RS; and a second CDM code, e.g., [*+1, -1] is assigned for B-CSI-RS.

The resource configurations (resourceConfig) and AntennaPortsCount for
A-CSI-RS and B-CSI-RS can be independently or jointly configured.

In one example of independent configuration, (A4-resourceConfig,
A-AntennaPortsCount) and (B-resourceConfig, B-AntennaPortCount) are
configured for A-CSI-RS and B-CSI-RS. When these are configured to UE 116,
UE 116 derives each of A-CSI-RS pattern B-CSI-RS pattern with replacing
(resourceConfig,AntennaPortCount) by each of
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(A-resourceConfig,A-AntennaPortCount) and (B-resourceConfig,
B-AntennaPortCount) according to TABLE 1.

In one example of joint configuration, (resourceConfig, AntennaPortCount)
1s configured for  both  A-CSI-RS and  B-CSI-RS. When
(resourceConfig, AntennaPortCount) is configured to UE 116, UE 116 first derives
a CSI-RS pattern according to TABLE 1 with the configured
(resourceConfig,AntennaPortCount). Then, the time frequency locations for N;
A-CSI-RS APs and N, B-CSI-RS APs are determined according to a pre-defined
way, where AntennaPortCount = N;+N,. Note that N; and N, can be RRC
configured or be constants in the standard specification. Some examples of joint
configuration are described in FIGURE 8 and below.

In a first example, (Example 1) When AntennaPortCount = 8, N;=4 and N,
= 4, APs 15-18 are assigned for A-CSI-RS, and APs 19-22 are assigned for
B-CSI-RS. In other words, A-CSI-RS and B-CSI-RS are FDM-multiplexed; and
multiple CSI-RS ports in each of A-CSI-RS and B-CSI-RS are CDM multiplexed.

In a second example (Example 2) When AntennaPortCount = 8, N;=4 and
N, =4, APs (15,17,19,21) are assigned for A-CSI-RS, and APs (16,18,20,22) are
assigned for B-CSI-RS. In other words, the 8 CSI-RS are multiplexed in 4 CDM
groups of 2 REs each, wherein a first CDM code, e.g., [+1, +1] is assigned for
A-CSI-RS; and a second CDM code, e.g., [*+1, -1] is assigned for B-CSI-RS.

FIGURES 8A through 8C illustrates joint configuration of A- and B- CSI-
RS according to embodiments of the present disclosure. The embodiments of the
joint configuration 800, 810, 820 shown in FIGURES 8A through 8C are for illust
ration only. Other embodiments could be used without departing from the scope
of this disclosure.

In certain embodiments, a common AntennaPortCount is configured for b
oth A-CSI-RS and B-CSI-RS, and at the same time, A- resourceConfig and B-res
ourceConfig are separately configured for UE 116. In this case, UE 116 derives A
-CSI-RS pattern and B-CSI-RS pattern with (A-resourceConfig,AntennaPortCoun
t) and (B-resourceConfig,AntennaPortCount), respectively.

In addition, the total N number of antenna ports at TP 400 can be addition
ally signaled from A-AntennaPortCount and B- AntennaPortCount.

The subframe configurations (subframeConfig) for A-CSI-RS and B-CSI-
RS can be independently or jointly configured.
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In one example of independent configuration, for each of A-CSI-RS and B
-CSI-RS, the subframe period and the subframe offset for the occurrence are confi
gured as in the same way as the Rel-10 CSI-RS are configured. In this case, two p
arameters are configured to UE 116, i.e., A-CSI-RS-SubfirameConfig and B-CSI-
RS-SubframeConfig and UE 116 derives the subframe period and the subframe of
fset for the occurrence of each of B-CSI-RS and A-CSI-RS according to TABLE
2, with replacing CSI-RS-SubframeConfig by each of A-CSI-RS-SubframeConfig

and B-CSI-RS-SubframeConfig.

In one example of joint configuration, for both A-CSI-RS and B-CSI-RS, t
he subframe configuration period and the subframe offset for the occurrence are ¢
onfigured as in the same way as the Rel-10 CSI-RS are configured. In this case, o
ne parameter is configured to UE 116 as in Rel-10, i.e., CSI-RS-SubframeConfig
and UE 116 derives the subframe period and the subframe offset for the occurrenc
¢ of both B-CSI-RS and A-CSI-RS according to TABLE 2 with the configured C
SI-RS-SubframeConfig.

It is noted that (A-CSI-RS, B-CSI-RS) can be (H-CSI-RS, V-CSI-RS), (a f
irst H-CSI-RS, a second H-CSI-RS), (a primary CSI-RS, a secondary CSI-RS), as

illustrated in later embodiments.

For configuration of CSI-RS transmission and CSI feedback for UE 116 ¢
onfigured with TM X, a new CSI process, referenced hereafter as CSI-Process-r1
2, is defined. To facilitate joint CQI transmission, the new CSI process is associat
ed with two CSI resources, 1.e., A-CSI-RS and B-CSI-RS, rather than one CSI-RS

and one CSI-IM.

One illustration example construction of CSI-process-r12 is described bel
ow, where a common Pc (p-C-AndAntennalnfoDedList-r12) is configured for A-
CSI-RS and B-CSI-RS.

CSI-Process-r12 ::= SEQUENCE ¢{

csi-Processldentity-r12 CSI-Processldentity-r12,

a-csi-RS-IdentityNZP-r12 CSI-RS-IdentityNZP-r12,

b-csi-RS-IdentityNZP-r12 CSI-RS-IdentityNZP-r12,

p-C-AndAntennalnfoDedList-r12 .

SEQUENCE (SIZE (1..2)) OF P-C-AndAntennalnfoDed-r12,
cqi-ReportBothPS-r12 CQI-ReportBothPS-r12
OPTIONAL, -- Need OR
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cqi-ReportPeriodicld-r12 INTEGER (0..maxCQI-Ext-r12)

OPTIONAL, -- Need OR
cqi-ReportAperiodicPS-r12 CQI-ReportAperiodicPS-r12
OPTIONAL, -- Need OR

)

In certain embodiments, when configuring a set of CSI-RS, a CSI-RS type
is signaled in addition to other CSI-RS configuration parameters, e.g., CSI-RS pa

ttern, subframe period, subframe offset, and power. The signaling can be either U
E-specific or cell-specific. Depending on the configured CSI-RS type informatio
n, UE 116 derives CSI ditferently with estimating channels using the configured
CSI-RS, e.g., based on different PMI codebooks.

In one example, a first CSI-RS type is associated with a first PMI codeboo
k, and a second CSI-RS type is associated with a second PMI codebook.

The first and the second PMI codebooks can be a horizontal PMI codeboo
k and a vertical PMI codebook, respectively. Here, the horizontal PMI codebook
can be the same as one of Rel-8 and Rel-10 downlink 2-Tx, 4-Tx and 8-Tx PMI ¢
odebooks defined in the LTE specifications; and the vertical PMI codebook can b
e differently designed from the Rel-8 and Rel-10 downlink 2-Tx, 4-Tx and 8-Tx ¢
odebooks.

The first and the second PMI codebooks can have different sizes. That is, t
he first and the second PMI codebooks are composed of M; number of PMI matri
ces and M, number of PMI matrices respectively, wherein M, and M, can be diffe
rent.

In one example, the first PMI codebook is a 4-bit codebook, composed of
M, = 16 matrices; and the second PMI codebook is a 2-bit codebook, composed o
f M, = 4 matrices.

In certain embodiments, UE 116 is configured with a first set of CSI-RS o
fa first CSI-RS type and a second set of CSI-RS of a second CSI-RS type. UE 11
6 derives a first PMI according to the first PMI codebook with estimating channel
s using the first set of CSI-RS. UE 116 also derives a second PMI according to th
e second PMI codebook with estimating channels using the second set of CSI-RS.

The feedback reporting of the first PMI and the second PMI is configured
either jointly or independently.
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When the feedback reporting is independently (or individually) configured
, the first PMI and the second PMI are reported to the eNB 102 according to the r
espective configurations.

When the feedback reporting is jointly configured, both the first PMI and t
he second PMI are reported in a single uplink physical channel transmitted in a su
bframe, e.g., on a PUSCH or a PUCCH.

Similarly, when configuring a set of CSI-RS, a PMI codebook information
is signaled in addition to the other CSI-RS configuration parameters. According
to the configured PMI codebook, UE 116 derives PMI with estimating channels u
sing the configured CSI-RS. For example, when UE 116 is configured with a first
set of CSI-RS and the first PMI codebook; and a second set of CSI-RS and the se
cond PMI codebook, then, UE 116 derives a first PMI according to the first PMI ¢
odebook with estimating channels using the first set of CSI-RS. In addition, UE 1
16 derives a second PMI according to the second PMI codebook with estimating ¢
hannels using the second set of CSI-RS. In one example, the first PMI codebook a
nd the second PMI codebook are a horizontal PMI codebook and a vertical PMI ¢

odebook, respectively. '

In certain embodiments, when CSI-process-r12 is newly defined as above,

a CSI-RS configuration is implicitly associated with a PMI codebook. In one exa

mple, PMI estimated with A-CSI-RS (a-csi-RS-IdentityNZP-r12) is selected from
the first codebook; and PMI estimated with B-CSI-RS (a-csi-RS-IdentityNZP-r1
2) is selected from the second codebook.

FIGURE 9 illustrates Vertical CSI-RS APs and horizontal CSI-RS APs ac
cording to embodiments of the present disclosure. The embodiment of the transm
itter chain 900 including the Vertical CSI-RS APs and horizontal CSI-RS APs sh
own in FIGURE 9 is for illustration only. Other embodiments could be used with
out departing from the scope of the present disclosure.

Configuration of vertical and horizontal CSI-RS APs:

In certain embodiments, two sets of CSI-RS APs 905, 910 out of the at lea
st two sets of CSI-RS APs are separately constructed: one set consists of Ny verti
cal CSI-RS (V-CSI-RS) APs 905 , and the other set consists of Ny horizontal CSI
-RS (H-CSI-RS) APs 910. Here, the horizontal CSI-RS APs 910 are used for UEs
” horizontal CSI (H-CSI) estimation, and the vertical CSI-RS APs 905 is used for
UEs’ vertical CSI (V-CSI) estimation.
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When UE 116 is configured with Ny V-CSI-RS APs 905 and Ny H-CSI-R
S APs 910, UE 116 can assume that the total number of antenna ports at the TP 4
00 is N = Ny x Ny for deriving at least one of joint CQI and joint PMI for the N a
ntenna channels. In another design the total number of antenna ports at the TP is s
eparately signaled to UE 116.

In certain embodiments, H-CSI-RS is associated with H-PMI codebook an
d V-CSI-RS is associated with V-PMI codebook. In certain embodiments, H-PM
I codebook and V-CSI-RS codebook can be identical.

In one alternative, 3GPP LTE Rel-8 and Rel-10 2-Tx, 4-Tx and 8-Tx DL ¢
odebooks are reused for both H-PMI and V-PMLI. In certain embodiments, UE 11
6 derives H-CSI using H-CSI-RS by applying the same procedure used for derivi
ng Rel-10 CQI/PMI/RI based on Rel-10 CSI-RS. In certain embodiments, UE 11
6 derives V-CSI using V-CSI-RS by applying the same procedure used for derivi
ng Rel-10 CQI/PMI/RI based on Rel-10 CSI-RS.

In another alternative, 3GPP LTE Rel-8 and Rel-10 2-Tx, 4-Tx, and 8-Tx
DL codebooks are reused for H-PMI codebook only and V-PMI codebook is newl
y designed; or both the H-PMI and the V-PMI codebooks are newly designed.

Then, the CSI-RS configuration can include a CSI-RS type field, to indica
te whether the configured CSI-RS is H-CSI-RS or V-CSI-RS. When UE 116 is co
nfigured with H-CSI-RS, UE 116 derives a PMI (H-PMI) using the H-PMI codeb
ook with estimating channels using H-CSI-RS. Alternatively, when UE 116 is co
nfigured with V-CSI-RS, UE 116 derives a PMI (V-PMI) using the V-PMI codeb
ook with estimating channels using V-CSI-RS.

Similarly, the CSI-RS configuration can include a PMI codebook informat
ion field, to indicate which PMI codebook should be used for deriving PMI using
the configured CSI-RS. When UE 116 receives a configuration signaling of a CS
I-RS and a H-PMI codebook, UE 116 derives a PMI (H-PMI) using the H-PMI co
debook with estimating channels using the configured CSI-RS; on the other hand
when UE 116 receives a configuration signaling of a CSI-RS and a V-PMI codeb
ook, UE 116 derives a PMI (V-PMI) using the V-PMI codebook with estimating
channels using the configured CSI-RS.

In another alternative, a PMI codebook information can be separately sign
aled from the CSI-RS configuration. Then, UE 116 derives H-PMI and V-PMI usi
ng either a first PMI codebook or a second PMI codebook, depending on the confi
gured PMI codebook information. In certain embodiments, the first PMI codeboo
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k can be 3GPP LTE Rel-8 and Rel-10 2-Tx, 4-Tx, and 8-Tx DL codebooks; and t
he second PMI codebook can be a newly designed codebook.

In certain embodiments, the codebook sizes of the H-PMI codebook and t
he V-PMI codebook are different. In one example, for assigning better beam resol
ution of horizontal beams more than that of vertical beams, a larger size codebook

is used for H-PMI than for V-PMI. In one example, for assigning better beam res
olution of vertical beams more than that of horizontal beams, a larger size codebo
ok is used for V-PMI than for H-PMI.

FIGURE 10 illustrates construction of the horizontal and the vertical CSI-
RS APs according to embodiments of the present disclosure. The embodiment of
the construction 1000 shown in FIGURE 10 is for illustration only. Other embodi
ments could be used without departing from the scope of this disclosure.

In certain embodiments, in the construction 1000 of the horizontal and the
vertical CSI-RS APs (Construction Example 1) includes the Ny horizontal CSI-R
S APs (say, H-APs 0, ..., Ny-1) are transmitted from a row 1005 of the active ant
enna array, while the Ny vertical CSI-RS APs (say, V-APs 0, ..., Ny-1) are trans
mitted from a column 1010 of the active antenna array. In the example shown in
FIGURE 10, the horizontal CSI-RS APs are transmitted from the first row 1005 o
f the antenna array, while the vertical CSI-RS APs are transmitted from the first c
olumn 1010 of the antenna array.

When the H-CSI-RS and V-CSI-RS are transmitted in the same subframe,
one CSI-RS AP can be shared between the two sets of the CSI-RS APs. For exam
ple, only a single CSI-RS signal mapped onto single-port CSI-RS REs is transmitt
ed for H-AP 0 and V-AP 0. Alternatively, the H-CSI-RS and V-CSI-RS can also
be orthogonally and independently mapped in the time-frequency grid, even if the

two CSI-RS APs are scheduled in the same subframe.

FIGURE 11 illustrates construction of the horizontal and the vertical CSI-
RS APs according to embodiments of the present disclosure. The embodiment of
the construction 1100 shown in FIGURE 11 is for illustration only. Other embodi
ments could be used without departing from the scope of this disclosure.

In certain embodiments, in the construction 1100 of the horizontal and the
vertical CSI-RS APs (Construction Example 2), each of the Ny horizontal CSI-RS

for the Ny H-CSI-RS APs (say, H-APs 0, ..., Ny-1) are transmitted from a colum
n 1105 of the active antenna array. Each H-CSI-RS signal is precoded with a pre
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coding vector of [p; p ... pnyv]'» Where the precoding is applied across the antenn
a elements in each column of the active antenna array.

Alternatively, each of the Ny vertical CSI-RS for the Ny APs (say, V-APs
0, ..., Ny-1) are transmitted from a row 1110 of the active antenna array. Each H
-CSI-RS signal is precoded with a precoding vector of [q; q; ... qnul, Where the p
recoding is applied across the antenna elements in each row of the active antenna
array.

The precoding to generate a CSI-RS signal also is referenced as antenna vi
rtualization precoding. As shown in FIGURE 11, the construction 1100 can be ea
sily extended to a construction in which different precoding vectors are applied ac
ross different rows (or columns) corresponding to the different V-CSI-RS (or H-C
SI-RS).

FIGURE 12 illustrates first and second sets of horizontal CSI-RS APs acc
ording to embodiments of the present disclosure. The embodiment of the transmit
ter chain 1200 including the first and second sets of horizontal CSI-RS APs show
n in FIGURE 12 is for illustration only. Other embodiments could be used witho
ut departing from the scope of the present disclosure.

Configuration of a first and a second horizontal CSI-RS APs:

In certain embodiments, two sets of CSI-RS APs 1205, 1210 out of the at 1
east two sets of CSI-RS APs are separately constructed: each of the two sets consi
sts of Ny H-CSI-RS APs corresponding to a row of antenna elements in the 2D ac
tive antenna array 405. Here, the two sets of H-CSI-RS APs 1205, 1210 are used f
or UEs’ horizontal and vertical CSI estimation.

In this case, the total number of antenna ports at the TP N is separately RR
C configured from the configurations for the two sets of CSI-RS 1205, 1210. The
total number of antenna ports N = Ny x Ny is used for deriving at least one of join
t CQI and joint PMI for the N antenna channels

FIGURE 13 illustrates construction of two sets of H-CSI-RS APs accordin
g to embodiments of the present disclosure. The embodiment of the construction
1300 shown in FIGURE 13 is for illustration only. Other embodiments could be
used without departing from the scope of this disclosure.

In certain embodiments, in the construction 1300 of the two sets of H-CSI
-RS APs (Set Construction Example 1), the two rows of antenna elements corresp
onding to the two sets of H-CSI-RS APs are the first two rows 1305 in the 2D acti
ve antenna array 405. In this case, UE 116 determines the vertical CSI for the enti
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re Ny x Ny antennas in the 2D active antenna array 405 by estimating the phase di
fference between the two rows, as well as the horizontal CSI by relying on the tra
ditional methods of estimating horizontal CSI. The two rows are configurable by t
he network, in which case, the network is configured to indicate to each UE at lea
st one of the following: The indices of the two rows corresponding to the two H-
CSI-RS APs. For example, when the first two rows 1305, 1310 are correspondin
g to the two H-CSI-RS APs as in the example shown in FIGURE 13, the network
configures to each UE two row indices, row index 0 1305 and row index 1 1310.

In certain embodiments, eNB 102 signals to UE116 the difference of the t
wo indices of the two rows corresponding to the two H-CSI-RS APs. For exampl
e, when the first two rows are corresponding to the two H-CSI-RS APs as in the e
xample shown in FIGURE 13, the network configures to each UE the difference o
f the two row indices, i.e., (1-0)=1.

The example shown in FIGURE 13 is for illustration only. The same idea
can be used for constructing Ny sets of H-CSI-RS APs corresponding to the Ny ro
ws of the 2D antenna array.

In one alternative, CSI-RS configuration includes a CSI-RS type field to i
ndicate whether the configured CSI-RS is the first H-CSI-RS or the second H-CSI
-RS.

FIGURE 14 illustrates Construction of two sets of H-CSI-RS APs accordi
ng to embodiments of the present disclosure. The embodiment of the constructio
n 1400 shown in FIGURE 14 is for illustration only. Other embodiments could b
e used without departing from the scope of this disclosure.

In certain embodiments, in the construction 1400 of the two sets of H-CSI
-RS APs (Set Construction Example 2), two different virtualization precoding vec
tors are applied to the two sets of H-CSI-RS APs 1405, 1410. Each H-CSI-RS sig
nal in the first set 1405 is precoded with a precoding vector of [p; p, ... pnv]', and

each H-CSI-RS in the second set is precoded with a precoding vector of [q; ¢ ...
qnv]’, where the precoding vector is applied across the antenna elements in each ¢
olumn of the active antenna array in each set of H-CSI-RS APs. UE 116 determi
nes the vertical CSI for the entire Ny x Ny antennas in the 2D active antenna arra
y 405 by estimating the phase difference between the two sets of H-CSI-RS APs
1405, 1410, as well as the horizontal CSI by relying on the traditional methods of
estimating horizontal CSI. The two virtualization precoding vectors can be indica
ted by the network to each UE.
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FIGURE 15 illustrates primary and secondary CSI-RS APs according to e
mbodiments of the present disclosure. The embodiment of the transmitter chain 1
500 including the primary and secondary CSI-RS APs shown in FIGURE 15 is fo
r illustration only. Other embodiments could be used without departing from the
scope of the present disclosure.

~ In one alternative, CSI-RS configuration includes a CSI-RS type field, to i
ndicate whether the configured CSI-RS is the primary CSI-RS or the secondary C
SI-RS.

Configuration of a first and a second horizontal CSI-RS APs:

In certain embodiments, two sets of CSI-RS APs out of the at least two set
s of CSI-RS APs are separately constructed and configured (period as well): a set
of primary CSI-RS APs 1505 and a set of secondary CSI-RS APs 1510.

Primary CSI-RS APs 1505: in certain embodiments, UE 116 utilizes the s
et of primary CSI-RS APs 1505 to derive either H-CSI or V-CSI, depending on w
hether the primary CSI-RS 1505 are corresponding to the (Ny) horizontally place
d antenna elements or (Ny) vertically placed antenna elements. Whether UE 116
can derive H-CSI or V-CSI out of the primary CSI-RS 1505 is indicated by the ne
twork, or fixed in the standard specification (e.g., pre-stored in memory 360).

Secondary CSI-RS APs 1510: in certain embodiments, UE 116 combines t
he primary CSI-RS APs 1505 and the secondary CSI-RS APs 1510 to determine e
ither V-CSI-RS or H-CSI-RS. In one example, when the primary CSI-RS APs 15
05 correspond to the horizontally placed antenna elements and are used for estima
ting H-CSI-RS, the secondary CSI-RS APs 1510, together with the primary CSI-
RS APs 1505, can be used for estimating the V-CSI-RS. In another example, whe
n the primary CSI-RS APs 1505 correspond to the vertically placed antenna elem
ents and are used for estimating V-CSI-RS, the secondary CSI-RS APs 1510 toget
her with the primary CSI-RS APs 1505 can be used for estimating the H-CSI-RS.
The number of secondary APs can be less than the number of the primary APs, an
d can be separately configured from the number of the primary CSI-RS APs 1505.

In this case, the total number of antenna ports at TP N is separately RRC ¢
onfigured from the configurations for the two sets of CSI-RS. The total number o
f antenna ports N = Ny x Ny is used for deriving at least one of joint CQI and join
t PMI for the N antenna channels.

FIGURE 16 illustrates construction of the primary and the secondary CSI-
RS according to embodiments of the present disclosure. The embodiment of the ¢
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onstruction 1600 shown in FIGURE 16 is for illustration only. Other embodimen
ts could be used without departing from the scope of this disclosure.

In the example construction of the primary and the secondary CSI-RS sho
wn in FIGURE 16, the primary CSI-RS 1605 are H-CSI-RS, while only one AP is
provided for the secondary CSI-RS 1610, which is the first antenna element 1615

of the second row of the 2D active antenna array 405. When UE 116 is configure

d with these primary and secondary CSI-RS, UE 116 derives H-CSI utilizing the
primary CSI-RS, and UE 116 derives V-CSI utilizing the primary and the seconda
ry CSI-RS, such as, by estimating the phase difference between the two types of
CSI-RS. The relative location of the secondary CSI-RS with respect to the primar
y CSI-RS can be configured by the network.

In another method (method 3), the network is capable of configuring and t
ransmitting at least two sets of CSI-RS APs. A first set of CSI-RS APs is used fo
r horizontal CSI estimation at a first group of UEs, and a second set of CSI-RS A
Ps is used for horizontal CSI estimation at a second group of UEs.

Each of the at least two sets of CSI-RS APs can be targeted to be best rece
ived in a certain distance from the TP (or a certain range of elevation angles). For
example, a first set of CSI-RS is best received at distance of Om to 200m, while th
¢ second set of CSI-RS is best received at distance of 200m to 400 m. For this ope
ration, the network can tailor antenna virtualization precoding method of each set
of CSI-RS accordingly. That is, the first set of CSI-RS is virtualized with a first v
irtualization precoding so that it is best recetved at a first range of distances, and t
he second set of CSI-RS is virtualized with a second virtualization precoding so t
hat it is best received at a second range of distances.

UE 116 can be configured for one set out of the at least two sets of CSI-R
S APs by an RRC configuration. Then, UE 116 estimates horizontal CSI based on

the configured set of CSI-RS APs. '

UE 116 can be re-configured to estimate horizontal CSI based on a first se
t of CSI-RS APs from a second set of CSI-RS APs, by an RRC configuration.

UE 116 can be configured for the at least two sets of CSI-RS APs. UE 11
6 can estimate and report RSRPs for the at least two sets of CSI-RS APs, e.g., dep
ending on a configured triggering condition.

Although the present disclosure has been described with an exemplary em
bodiment, various changes and modifications may be suggested to one skilled in t
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he art. It is intended that the present disclosure encompass such changes and mod
ifications as fall within the scope of the appended claims.



WO 2013/147565 PCT/KR2013/002688

- 38 -
WHAT IS CLAIMED IS:
1. For use in a wireless communication network, a base station
comprising:

a two dimensional (2D) antenna array comprising a number N of antenna
elements configured in a 2D grid Ny x Ny, the 2D antenna array configured to
communicate with at least one subscriber station; and

a controller configured to transmit N channel-state-information
reference-signal (CSI-RS) antenna ports (APs) associated with each of the N
antenna elements.

2. The base station as set forth in Claim 1, wherein the controller is config
ured to transmit at least two sets of CSI-RS APs and wherein the at least one subs
criber station derives and feeds back horizontal CSI (H-CSI) and vertical CSI (V-
CSI) estimated by the at least one subscriber station receiving and processing the
at least two sets of CSI-RS APs, and wherein a total number of CSI-RS APs is les
s than N.

3. The base station as set forth in Claim 2, wherein the controller is config
ured to multiplex a first set of CSI-RS APs and a second set of CSI-RS APs for th
¢ at least two sets of CSI-RS APs.

4. The base station as set forth in Claim 5, wherein the multiplexer operati
on comprises one or more of: a time-domain multiplexing (TDM), code-domain
multiplexing (CDM), frequency-domain multiplexing (FDM) and spatial-domain
multiplexing (SDM) and wherein:

when TDM multiplexing is applied, the controller is configured to transmit
the CSI-RS corresponding to the at least two sets of CSI-RS APs at two different
time locations comprising at least one of: in two different time slots, in two differ
ent subframes, in two different sets of OFDM symbols;

when FDM multiplexing is applied, the controller is configured to transmit
the CSI-RS corresponding to the at least two sets of CSI-RS APs at two different
frequency or subcarrier locations;

when CDM multiplexing is applied, the controller is configured to transmit
the CSI-RS APs corresponding to the at least two sets of CSI-RS APs using two
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different orthogonal codes in the same time-frequency location;

when SDM is applied, the controller is configured to transmit the CSI-RS
APs corresponding to the at least two sets of CSI-RS APs in two different spatial
beams and wherein the at least two sets of CSI-RS APs are differently scrambled
using two different scrambling initializations; and

when FDM/TDM multiplexing is applied, the controller is configured to
transmit the CSI-RS APs corresponding to the at least two sets of CSI-RS APs at
two different time-frequency location.

5. A subscriber station configured to communicate with at least one
base station using a multiple input multiple output (MIMO) cdmmunication, the
subscriber station comprising:

an antenna array configured to communicate with at least one base station;
and

processing circuitry configured receives physical downlink shared channel
s (PDSCHs) from a 2D active antenna array at the at least one base station, the 2D
active antenna array comprising a number N antenna elements; the processing cir
cuitry further configured to estimate a horizontal and vertical CSI associated with

the N antenna elements.

6. The subscriber station as set forth in Claim 5, wherein the processing
circuitry is configured to receiving and process at least two sets of CSI-RS APs,
and configured to derive and feed back horizontal CSI (H-CSI) and vertical CSI
(V-CSI) from the at least two sets of CSI-RS APs, wherein a total number of
CSI-RS APs is less than N.

7. The subscriber station as set forth in Claim 6, wherein a first set of
CSI-RS and a second set of CSI-RS APs for the at least two sets of CSI-RS APs are
multiplexed.

8. The subscriber station as set forth in Claim 7, wherein the multiplexer o
peration comprises one or more of: a time-domain multiplexing (TDM), code-do
main multiplexing (CDM), frequency-domain multiplexing (FDM) and spatial-do
main multiplexing (SDM) and wherein:

when TDM multiplexing is applied, the controller is configured to transmit
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the CSI-RS corresponding to the at least two sets of CSI-RS APs at two different
time locations comprising at least one of: in two different time slots, in two differ
ent subframes, in two different sets of OFDM symbols;

when FDM multiplexing is applied, the controller is configured to transmit
the CSI-RS APs corresponding to the at least two sets of CSI-RS APs at two diff
erent frequency or subcarrier locations;

when CDM multiplexing is applied, the controller is configured to transmit
the CSI-RS APs corresponding to the at least two sets of CSI-RS APs using two
different orthogonal codes in the same time-frequency location;

when SDM is applied, the controller is configured to transmit the CSI-RS ¢
orresponding to the at least two sets of CSI-RS APs in two different spatial beams
and wherein the at least two sets of CSI-RS APs are differently scrambled using t
wo different scrambling initializations; and

when FDM/TDM multiplexing is applied, the controller is configured to
transmit the CSI-RS APs corresponding to the at least two sets of CSI-RS APs at
two different time-frequency location.

9. For use in a wireless communication network, a method comprising:

transmitting, from a two dimensional (2D) antenna array, N
channel-state-information reference-signal (CSI-RS) antenna ports (APs), the 2D
antenna array comprising a number N of antenna elements configured in a 2D grid
Ny x Ny, the CSI-RS APs associated with each of the N antenna elements.

10. The method as set forth in Claim 15, wherein transmitting comprises tr
ansmitting at least two sets of CSI-RS APs and further comprising:

receiving a feedback signal from the at least one subscriber station, the fee
dback signal comprising horizontal CSI (H-CSI) and vertical CSI (V-CSI) estimat
ed by the at least one subscriber station receiving and processing the at least two s
ets of CSI-RS, and wherein a total number of CSI-RS APs is less than N.

11.  The base station as set forth in Claim 2 or the subscriber station as set
forth in Claim 6 or the method as set forth in Claim 10, wherein the H-CSI
comprises channel characteristics mainly associated with horizontally placed
antenna elements estimated at the at least one subscriber station and includes
horizontal CQI (H-CQI), horizontal PMI (H-PMI) and horizontal RI (H-RI).



WO 2013/147565 PCT/KR2013/002688

- 41 -

12. The base station as set forth in Claim 2 or the subscriber station as set f
orth in Claim 6 or the method as set forth in Claim 10, wherein the V-CSI compri
ses channel characteristics mainly associated with vertically placed antenna eleme
nts estimated at the at least one subscriber station and includes vertical CQI (V-C
Ql), vertical PMI (V-PMI) and vertical RI (V-RI).

13. The method as set forth in Claim 9, wherein transmitting comprises mu
Itiplexing a first set of CSI-RS and a second set of CSI-RS for the at least two sets
of CSI-RS.

14. The method as set forth in Claim 10, wherein the V-CSI comprises cha
nnel characteristics mainly associated with vertically placed antenna elements esti
mated at the at least one subscriber station and includes vertical CQI (V-CQI), ver
tical PMI (V-PMI) and vertical RI (V-RI),

- wherein multiplexing comprises one or more of: a time-domain multiplexi
ng (TDM), code-domain multiplexing (CDM), frequency-domain multiplexing (F
DM) and spatial-domain multiplexing (SDM) and wherein:

when TDM multiplexing is applied, the controller is configured to transmit
the CSI-RS corresponding to the at least two sets of CSI-RS APs at two different
time locations comprising at least one of: in two different time slots, in two differ
ent subframes, in two different sets of OFDM symbols;

when FDM multiplexing is applied, the controller is configured to transmit

the CSI-RS corresponding to the at least two sets of CSI-RS APs at two different
frequency or subcarrier locations;

when CDM multiplexing is applied, the controller is configured to transmit

the CSI-RS corresponding to the at least two sets of CSI-RS APs using two differ
ent orthogonal codes in the same time-frequency location;

when SDM is applied, the controller is configured to transmit the CSI-RS ¢
orresponding to the at least two sets of CSI-RS APs in two different spatial beams

and wherein the at least two sets of CSI-RS APs are differently scrambled using t
wo different scrambling initializations; and

when FDM/TDM multiplexing is applied, the controller is configured to tr
ansmit the CSI-RS corresponding to the at least two sets of CSI-RS APs at two di
fferent time-frequency location.
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15. The base station as set forth in Claim 2 or the subscriber station as set £
orth in Claim 6 or the method as set forth in Claim 10, wherein the at least two set
s of CSI-RS APs comprise one of:

A-CSI-RS and B-CSI-RS;

a vertical CSI-RS AP and a horizontal CSI-RS AP;

two horizontal CSI-RS APs; and

a primary CSI-RS AP and a secondary CSI-RS AP.
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