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METHOD AND APPARATUS FOR
SUPPORTING MULTIPLE REFERENCE
SIGNALS IN OFDMA COMMUNICATION
SYSTEMS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Morve than one Reissue Application has been filed for U.S.
Pat. No. §,634,385. This application is a Reissue of U.S. Pat.
No. 8,634,385. Additionally, Continuation Reissues of this
application have been filed and assigned U.S. application
Ser. Nos. 14/877,458, 14/877,482, and 14/877,494, respec-

tively.
PRIORITY

The present application claims priority under 35 U.S.C.

§119(e) to U.S. Provisional Application No. 61/088,886,
entitled “Support of Multiple Reference Signals in OFDMA
Communication Systems”, which was filed on Aug. 14,
2008, the contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention 1s directed to a wireless communi-
cation system and, more specifically, to an Orthogonal
Frequency Division Multiple Access (OFDMA) communi-
cation system, in light of the development of the 3¢
Generation Partnership Project (3GPP) Evolved Universal
Terrestrial Radio Access (E-UTRA) Long Term Evolution
(LTE).

2. Description of the Art

A User Equipment (UE), also commonly referred to as a
terminal or a mobile station, may be fixed or mobile and may
be a wireless device, a cellular phone, a personal computer
device, a wireless modem card, etc. A Node B (or base
station) 1s generally a fixed station and may also be referred
to as a Base Transceiver System (B'TS), an access point, or
some other terminology.

Several types of signals should be supported for the
proper functionality of a communication system. The Down-
Link (DL) signals consist of data signals, control signals,
and reference signals (also known as pilot signals). The data
signals carry the information content and can be conveyed
from the serving Node B to UEs through a Physical Down-
link Shared CHannel (PDSCH). The control signals may be
of broadcast or UE-specific. Broadcast control signals con-
vey system information to all UEs. UE-specific control
signals convey information related to the scheduling of data
signal transmissions from the serving Node B to a UE or
from a UE to the serving Node B. The signal transmissions
from UEs to a serving Node B occur in the UpLink (UL) of
the communication system. The transmission of UE-specific
control signals from the serving Node B to UEs 1s assumed

to be through a Physical Downlink Control CHannel (PD-
CCH).

The DL Reference Signals (RS) can serve for the UEs to
perform multiple functions, as known 1n the art, such as:
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2

channel estimation in order to perform demodulation of data
signals or control signals; phase reference for Multiple-Input
Multiple Output (MIMO) or beam-forming reception; mea-
surements assisting 1 a cell search and a handover; or
Channel Quality Indication (CQI) measurements for link
adaptation and channel-dependent scheduling.

The DL RS transmission can have certain characteristics
including: time multiplexed (transmitted only during certain
Orthogonal Frequency Division Multiplexing (OFDM) sym-
bols); scattered (having a pattern in both the time and
frequency domains); common (can be received by all UEs 1n
a serving Node B); dedicated (can be received only by one
or a few UEs 1n a serving Node B); or multiple antennas (in
support of MIMO, beam-forming, or transmission (1X)
diversity).

An exemplary structure for a Common RS (CRS) trans-
mitted from four antennas of a serving Node B 1s shown 1n
FIG. 1. FIG. 1 corresponds to one of the structures used 1n
the 3GPP E-UTRA LTE. The DL data packet transmission
time unit 1s assumed to be a sub-frame comprising 14
OFDM symbols 110. Each OFDM symbol 1s transmitted
over an operating BandWidth (BW) comprising OFDM
sub-carriers 120 or Resource Elements (REs). Four Node B
transmission antennas are assumed. The DL RS from
antenna 1, antenna 2, antenna 3, and antenna 4 1s respec-
tively denoted as RS1 130, RS2 140, RS3 150, and RS4 160.
Each RS has a scattered structure over the DL sub-frame. If
only two Node B antennas exist, the corresponding sub-
carriers occupied by the RS for Node B antennas 3 and 4
may be used for the transmission of control or data signals
or simply left empty. The same applies for the sub-carriers
occupied by the RS for antenna 2 if only one antenna exists.
The time density of RS1 and RS2 15 twice the time density
of RS3 and RS54 as the frequency density 1s the same for all
RSs. The former RSs exist in 4 OFDM symbols while the
latter RSs exist in 2 OFDM symbols. The rationale for such
a non-uniformity is that the use of the third and fourth
antennas 1s typically associated with low to moderate UE
velocities, such as, for example, up to 200 Kilometers per
hour, and the time density of the respective RS can be
decreased but remain adequate to capture the time varnations
of the channel medium for typical carrier frequencies while
the corresponding RS overhead from Node B antennas 3 and
4 becomes half that from Node B antennas 1 and 2.

The RS structures 1llustrated 1n FIG. 1 correspond to the
CRS which substantially occupies the entire operating BW
as opposed to the UE-Dedicated RS (DRS) which typically
occupies only the BW where a UE 1s scheduled to receive
DL data packet reception in the PDSCH. This enables the
CRS to be used for the reception of signals with frequency
diverse transmission, such as, for example, control signals,
for CQI measurements, or for cell search and handover
measurements. However, it the RS 1s intended to be used
only for providing a phase reference for beam-forming or
MIMO, a DRS transmitted over the PDSCH data packet
transmission BW to a UE suflices. In FIG. 1 for the PDCCH
and PDSCH multiplexing, the PDCCH 170 occupies the first
N OFDM symbols while the remaining 14-N OFDM sym-
bols are typically assigned to PDSCH transmission 180 but
may occasionally also contain transmission of synchroniza-
tion and broadcast channels.

An OFDM transmutter 1s illustrated 1n FIG. 2. The infor-
mation data 210 1s first encoded and interleaved by coding
and 1nterleaving unit 220, for example, using turbo encoding

and block interleaving. The data 1s then modulated 1n
modulator 230, for example, using QPSK, QAMI16, or

QAMO64 modulation. A Serial to Parallel (S/P) conversion 1s
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applied to generate M modulation symbols 1n S/P converter
1:M 240 which are subsequently provided to an IFFT unit
250 which effectively produces a time superposition of M
orthogonal narrowband sub-carriers. The M-point time
domain blocks obtained from the IFFT unit 250 are then
serialized Parallel to Serial (P/S) converted M:1 260 to
create a time domain OFDM signal 270. The RS transmis-
sion can be viewed as a non-modulated data transmission.
Additional functionalities, such as data scrambling, cyclic
prefix insertion, time windowing, filtering, and others are
well known 1n the art and are omitted for clarity.

The reverse functions are performed at the OFDM
receiver as 1llustrated 1n FIG. 3. The recetved OFDM signal
310 1s provided to a serial to parallel converter 320 to
generate M received signal samples which are then provided
to an FFT unit 330, and after the output of the FF'T unit 330
1s serialized in P/S converter 340, the signal 1s provided to
demodulator 350 and decoding and deinterleaving unit 360
to produce decoded data. Similarly to the OFDM transmuitter
structure 1n FIG. 2, well known 1n the art functionalities such
as liltering, time-windowing, cyclic prefix removal, and
de-scrambling are not shown for clanty. Also, receiver
operations such as channel estimation using the RS are also
omitted for clarty.

The total operating BW may consist of elementary sched-
uling units, referred to as Physical Resource Blocks (PRBs).
For example, a PRB may consist of 12 consecutive sub-
carriers. This allows the serving Node B to configure,
through the PDCCH, multiple UEs to simultaneously trans-
mit or receive data packets 1 the UL or DL by assigning
different PRBs for the packet transmission or reception from
or to each UE. For the DL, this concept 1s 1llustrated 1n FIG.

4 where five out of seven UEs are scheduled to receive data
in one sub-frame over 8 PRBs 410. UE1 420, UE2 430, UE4
440, UES 450, and UE7 460, are scheduled for PDSCH
reception 1n one or more PRBs while UE3 470 and UE6 480
are not scheduled for any PDSCH reception during the
reference sub-frame 490. The allocation of PRBs may or
may not be contiguous 1n the frequency domain and a UE
may be allocated an arbitrary number of PRBs (up to a

maximum number as determined by the operating BW and
the PRB size).

The Node B scheduler can select the PRBs used to
transmit the data packet to a scheduled UE based on the CQI
teedback from the scheduled UE over a set of PRBs. The
CQI feedback 1s typically a Signal-to-Interference and Noise
Ratio (SINR) estimate over a set of PRBs as illustrated 1n
FIG. 5. The Node B scheduler can use this information to
schedule PDSCH transmissions to UEs 1n the PRBs where
the SINR 1s the highest, thereby maximizing the system
throughput. In FIG. 5, the SINR 501 of UE1, the SINR 502
of UE2 and the SINR 503 of UE3 are maximized respec-
tively over the PRB sets 504, 506, and 5035 and the corre-
sponding PDSCH transmissions can be over these PRB sets.

If the set of PRBs 1s a set corresponding to the entire
operating BW, a RS for the respective Node B transmission
antenna port 1s needed over the operating BW to obtain the
CQI estimate and, as previously mentioned, requires the use
of a CRS. For the sub-frame structure and the RS structure
in FIG. 1, the total RS overhead from four Node B trans-
mission antennas 1s equal to 14.3% of the total overhead,
which 1s significant but not unacceptably large.

The maximum and average supportable data rates 1n a
communication system depend, among other factors, on the
number of transmission antennas. In order to increase these
data rate metrics, and thereby more eflectively utilizing the
BW resource, additional antennas are oiten required. To
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4

ecnable gains in system throughput and peak data rates
alforded by increasing the number of transmission antennas
to be realized 1n practice, it 1s essential to avoid a substantial
increase 1n the total RS overhead as required to support
signal transmission from the additional antennas. For
example, for eight Node B transmission antennas, even 1f
antennas 5-8 employed the RS structure with reduced time
density as antennas 3 and 4 1n FIG. 1, the total RS overhead
would be 23.8% of the total overhead, which 1s unacceptably
large.

Additionally, 1t 1s often desirable to support PDSCH
transmission to UEs with diflerent capabailities. For example,
some UHEs may be able to receive PDSCH transmissions
from a maximum of only four Node B antennas (legacy

UEs) while other UEs may be able to receive PDSCH

transmissions from a maximum of eight Node B antennas
(non-legacy UEs). Support for RS transmitted from eight
Node B antennas should not conflict with the capability of
legacy UEs to receive PDSCH transmitted from a maximum
of four Node B antennas without requiring additional
receiver operations.

Therefore, there 1s a need to avoid proportionally increas-
ing the RS overhead as the number of Node B transmission
antennas increases.

There 1s another need to support RS transmissions for
providing reliable data scheduling at the Node B, by
enabling the UEs to provide the appropriate CQI feedback,
and to enable reliable signal reception at UEs as the number
of Node B transmission antennas increases.

There 1s yet another need to support RS transmissions
from a number of Node B antennas without affecting the
signal processing at UE receivers capable of processing only
signals transmitted from a smaller number of Node B

antennas.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been designed to
solve at least the aforementioned problems in the prior art,
and the present invention provides methods and apparatus
for enabling the transmission of Reference Signals (RS)
from a new subset of Node B transmission antennas 1n the
set of Node B transmission antennas to allow the estimation
of channel quality indicator metrics while controlling the
associated overhead and mimmizing the impact on the
operation on legacy User Equipments (UEs) which utilize
only the legacy subset of Node B transmission antennas
from the set of Node B transmission antennas.

Further, the present invention provides methods and appa-
ratus for the placement of the RS from the new subset of
Node B transmission antennas.

The present invention also provides methods and appa-
ratus for the Node B, legacy UEs, and non-legacy UEs, to
address the resource collisions between RS transmissions
from the new subset of Node B transmission antennas and
transmissions ol information signals.

Additionally, the present invention provides methods and
apparatus for the Node B to multiplex RS transmissions
from the new subset of Node B transmission antennas in a
transmission time interval for the purpose of channel quality
indicator estimation.

Additionally, the present invention provides methods and
apparatus for the Node B to multiplex RS transmissions
from the new subset of Node B transmission antennas in a
transmission time interval for the purpose of information
data signal demodulation.
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Finally, the present invention also provides methods and
apparatus for the Node B to multiplex RS transmissions
from the new subset of Node B transmission antennas for the
purpose of channel quality indicator estimation over mul-
tiple transmission time intervals and to determine which
transmission time intervals have RS transmissions from the
new subset of Node B transmission antennas.

In accordance with an embodiment of the present inven-
tion, the RS transmissions from the new subset of Node B
transmission antennas are located only 1n the region of the
transmission time interval where data information signals
are transmitted, unlike RS transmissions from the legacy
subset of Node B transmission antennas which are addition-
ally located 1n the region of the transmission time interval
where control information signals are transmitted. More-
over, the present invention considers that legacy UEs treat
RS transmissions from the new subset of Node B transmis-
sion antennas as data information signals while non-legacy
UEs puncture the respective resources from the reception of
data information signals.

In accordance with another embodiment of the present
invention, RS transmissions from the new subset of Node B
transmission antennas 1s code division multiplexed in the
time domain and 1n the frequency domain while RS trans-
missions from the legacy subset of Node B transmission
antennas uses time division multiplexing and frequency
division multiplexing.

In accordance with another embodiment of the present
imnvention, RS transmissions from the new subset of Node B
transmission antennas for the purpose of channel quality
indicator estimation can be periodic in non-consecutive
transmission time intervals. The starting transmission time
interval, 1n a set of transmission time intervals, can be
determined by the i1dentity of the cell served by the Node B
and the transmission period can be signaled by the Node B
through a broadcast channel.

In accordance with another embodiment of the present
imnvention, RS transmissions from the new subset of Node B
transmission antennas for the purpose of information signal
demodulation can be transmitted over only a portion of the
operating bandwidth while RS transmissions from the
legacy subset of Node B transmission antennas 1s substan-
tially transmitted over the entire operating bandwidth.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
the present imvention will be more apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a diagram 1illustrating a downlink sub-frame
structure for an OFDMA communication system;

FIG. 2 1s a block diagram illustrative of an OFDM
transmitter;

FIG. 3 1s a block diagram illustrative of an OFDM
recelver;

FIG. 4 1s a diagram 1llustrative of scheduling data packet
transmissions 1n an OFDMA communication system;

FIG. 5 15 a diagram 1llustrative of scheduling data packet
transmissions 1n an OFDMA communication system based
on feedback of channel quality indicators from user equip-
ments;

FIG. 6 1s a diagram 1llustrating the incorporation of new
reference signals, for the estimation of channel quality
indicators, 1n a legacy sub-frame structure through fre-
quency division multiplexing;
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FIG. 7 1s a diagram 1llustrating the incorporation of new
reference signals, for the estimation of channel quality
indicators, 1n a legacy sub-frame structure through code
division multiplexing 1in the time domain and in the fre-
quency domain;

FIG. 8 1s a diagram 1llustrating the incorporation of new
reference signals, for the estimation of the channel medium
and the demodulation of data information signals, in a
legacy sub-frame structure through code division multiplex-
ing in the time domain and in the frequency domain;

FIG. 9 1s a diagram 1llustrating the incorporation of new
reference signals, for the estimation of the channel medium
and the demodulation of data information signals, 1n a
legacy sub-frame structure through code division multiplex-
ing in the time domain and 1n the frequency domain; and

FIG. 10 1s a diagram 1illustrative of the periodic transmis-
sion of new reference signals, for the estimation of channel
quality indicators, 1n an existing sub-frame structure.

L1l

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

The present invention will now be described more fully
heremnafter with reference to the accompanying drawings.
This invention may, however, be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete
and will fully convey the scope of the mvention to those
skilled 1n the art.

Additionally, although the present invention 1s described
in relation to a Single-Carrier Frequency Division Multiple
Access (SC-FDMA) communication system, the present
invention also applies to all Frequency Division Multiplex-

ing (FDM) systems in general and to Orthogonal Frequency
Division Multiple Access (OFDMA), OFDM, FDMA, Dis-

crete Fourier Transform (DFT)-spread OFDM, DF1T-spread
OFDMA, Single-Carrier OFDMA (SCOFDMA), and
SCOFDM 1n particular.

System and methods of the embodiments of the present
invention are related to the need for the Node B to transmut
Retference Signals (RS) to enable User Equipments (UEs) to
demodulate information signals and estimate a Channel
Quality Indicator (CQI) metric which is then fed back to the
Node B to enable channel-dependent scheduling for the
transmission ol information signals. Supporting the trans-
mission of information signals from a number of Node B
transmission antennas beyond the one existing in legacy
communication systems, requires RS transmissions from the
additional Node B antennas. However, this should minimize
the associated overhead, the impact to legacy UEs, while
ecnabling additional transmission features.

The first object of the present invention aims to provide
methods and means for introducing transmission of RS from
multiple Node B antennas while providing the desired
reliability for the associated RS functionalities without pro-
portionally increasing the total RS overhead.

The second object of the present invention assumes in 1ts
exemplary embodiment that the RS transmission structure
from a maximum of four Node B antennas, for example as
described 1n FIG. 1, 1s an existing (legacy) transmission
structure and aims to provide methods and means for
introducing RS transmission from additional Node B anten-
nas while maintaining the capability of legacy UEs support-
ing the reception of signals transmaitted from a maximum of
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four Node B antennas to receive such signals. The goal 1s for
the insertion of additional RS to be transparent to such
legacy UFEs.

FIG. 6 illustrates the introduction of reference signals
RSS 670 and RS6 680 transmitted from Node B antennas 3
and 6, respectively, which represent the only modification
relative to FIG. 1 in the RS transmission structure in a
sub-frame. The additional overhead introduced by RSS and
RS6 15 4.76% of the available overhead bringing the total RS
overhead to about 19% of the available overhead. Assuming
that the PDCCH 690 1s transmitted at most in the first N
OFDM symbols and that the system should support legacy
UEs configured to receive signal transmission from at most
four Node B antennas, RS5 and RS56 should not exist in the
PDCCH region (first N OFDM symbols) because this may
require the PDCCH to extend to the first N+1 OFDM
symbols 1 order to maintain the same capabilities for
control signaling. Then, legacy UEs may not be able to
successiully recerve the PDCCH. Additionally, puncturing
sub-carriers where the PDCCH 1s transmitted in order to
insert additional RS may cause significant degradation 1n the
PDCCH reception reliability. Unlike the PDSCH 695, the
PDCCH does not typically benefit from the application of
Hybrid Automatic Repeat reQuest (HARQ) and requires
better reception reliability than the PDSCH.

The present invention takes into consideration that RS
from additional Node B antennas, beyond the ones sup-
ported for legacy UEs, are always placed outside the
PDCCH region. Note however that PDCCH transmission
from all Node B antennas may still apply for UEs supporting
reception of signals transmitted from all Node B antennas.

Continuing from FIG. 6, FIG. 7 illustrates the introduc-
tion of reference signals RS7 760 and RS8 770 which are
transmitted from Node B antenna ports 7 and 8, respectively,
in addition to the RS1 731, RS2 732, RS3 733, RS4 734,
RS5+RS6+RS7+RS8 740, and RS5-RS6+RS7-RS8 750
which are respectively transmitted from Node B antennas 1
through 6. Unlike the RS from the four Node B transmission
antennas which are orthogonally multiplexed either by occu-
pying diflerent sub-carriers 720 (Frequency Division Mul-
tiplexing (FDM)) or different OFDM symbols 710 (Time
Division Multiplexing (TDM)), or both, RS5, RS6, RS7, and
RS8 are multiplexed 1n the same sub-carriers and the same
OFDM symbols through Code Division Multiplexing
(CDM). With CDM, Walsh-Hadamard (WH) codes apply to
the RS 1n two consecutive OFDM symbols and i two
consecutive sub-carriers having RS transmission. The WH
codes are:

RS5: {1, 1} in the time domain and {1, 1} in the
frequency domain;

RS6: {1, 1} in the time domain and {1, -1} in the
frequency domain;

RS7: {1, -1} in the time domain and {1, 1} in the
frequency domain; and

RS8: {1, -1} in the time domain and {1, -1} in the
frequency domain.

At the UE receiver, the reverse operations are performed
to remove the covering of WH codes. For example, if the {
1} WH code is applied at the Node B transmitter, the U!
receiver needs to sum (average) the RS from two consecu-
tive locations in time or frequency while if the {1, -1} WH
code 1s applied at the Node B transmitter, the UE receiver
needs to sum (average) the RS from two consecutive loca-
tions 1n time or frequency after having reversed the sign of
the RS value 1n the second location. A requirement for
successiully applying CDM 1s that the response of the
channel medium remains practically the same within two
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consecutive locations (1in time or frequency) so that orthogo-
nality 1s maintained in the received signal.

S, and S, , denote the received signal on odd and even RS
sub-carriers, respectively, in the first OFDM symbol with RS
transmission, and S,, and S, denote the received signal on
odd and even RS sub-carriers, respectively, in the second
OFDM symbol with RS transmission. Ignoring normaliza-
tion factors, the respective channel estimates for the signals
transmitted Node B antennas 5 through 8 in each OFDM

symbol at sub-carriers at or between odd and even RS
sub-carriers could be obtained as:

Channel Estimate for Antenna 5: S, +S,,+S,,+S,,;

Channel Estimate for Antenna 6: S,;,-S,,+S,,-S,,;

Channel Estimate for Antenna 7: S,,+S,,-S,,-S,,; and

Channel Estimate for Antenna 8: S;,-S,,-S,,+S,,.

Other averaging methods preserving and restoring
orthogonality may also apply. For example, the channel
estimate at an even RS sub-carrier may incorporate both odd
RS sub-carriers at each side of the even RS sub-carrier and
vICEe versa.

With the use of CDM to transmit the RS from Node B
antennas 5 through 8 1n FIG. 7, the respective received RS
SINR 1s decreased by a factor of 2 relative to the SINR
obtained for the RS transmitted from Node B antennas 3 and
4, and by a factor of 4 relative to the SINR obtained for the
RS transmitted from Node B antennas 1 and 2, assuming the
same transmission power for all RS. This 1s because for the
RS from Node B antennas 5 through 8, four RS share the
same sub-carrier while the RS from Node B antennas 3 and
4 has no such sharing and the RS from Node B antennas 1
and 2 1s transmitted 1 twice as many sub-carriers. This
SINR reduction may be less than the previous factors if RS
in different cells of a communication system do not always
occupy the same sub-carriers.

The reduction 1n the recerved SINR for the RS from Node
B antennas 5 through 8 is offset by the savings in time-
frequency resources. Typically, PDSCH transmission using
all eight Node B antennas 1s targeted to relatively high SINR
UEs with low velocities for which channel estimation 1s
highly accurate and a small loss 1n RS SINR does not lead
to noticeably degraded PDSCH reception reliability. Addi-
tionally, legacy UEs capable of supporting reception of
signals transmitted from a maximum of four Node B anten-
nas are not aflected by the transmission of RS from Node B
antennas 3 through 8. The legacy UEs can assume PDSCH
transmission in the sub-carriers where the RS from Node B
antennas 3 through 8 are actually transmitted with the only
ramification being a small degradation 1n the PDSCH recep-
tion reliability which the Node B scheduler can consider in
advance when selecting the modulation and coding scheme.
Moreover, as PDSCH benefits from HARQ, the overall
impact on system throughput 1s negligible while no change
in the recerver processing 1s needed for the legacy UFEs.

Consequently, the RS transmission structure in FIG. 7 can
support eight Node B antennas with a total overhead of
about 19% without aflecting the functionality of legacy UE
receivers which are assumed to be configured for receiving
signals transmitted from at most the four Node B antennas.

The RS transmission from Node B antennas 5 through 8
in FIG. 7 spanned the entire operating BW. This 1s typically
appropriate when the RS 1s a Common RS (CRS) that can be
received from all UEs. The second object of the invention
considers that Node B antennas 3 through 8 transmit a
mixture of CRS and UE-Dedicated RS (DRS). As 1t 1s
subsequently analyzed, this can provide another mechanism
for controlling the respective RS overhead.
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FIG. 8 illustrates the concept of DRS from Node B
antennas 5 through 8 (this can obviously be extended to DRS
from Node B antennas 1 through 4). A reference UE capable
of receiving a signal transmitted from all eight Node B
antennas 1s scheduled to receive PDSCH 1n the sub-set 830
of sub-carriers 820 during the portion of OFDM symbols
810 allocated to PDSCH transmission 1n a sub-frame. The
CRS from Node B antennas 1 through 4, namely RS1 841,
RS2 842, RS3 843, and RS4 844, remain unchanged. The RS
from Node B antennas 5 through 8, namely RS5, RS6, RS7,
and RS8, are multiplexed 1in the same sub-carriers and
OFDM symbols through CDM as described 1n FIG. 7. In
particular, in the odd sub-carriers of the first OFDM symbol
having RS transmission from Node B antennas 5 through 8,
RS5+RS6+RS7+RS8 850 1s transmitted while 1n the even
sub-carriers, RS5-RS6+RS7-RS8 860 1s transmitted. In the
odd sub-carriers of the second OFDM symbol having RS
transmission from Node B antennas 5 through 8, RS5+RS56-
RS7-RS8 870 1s transmitted while 1n the even sub-carriers,
RSS5-RS6-RS7+RS8 880 15 transmitted. Compared to FIG.
7, the additional RS overhead from Node B antennas 5
through 8 1n FIG. 8 1s smaller and the PDSCH reception
from legacy UEs remains entirely unaflected.

An alternative structure for the DRS transmission from
Node B antennas 5 through 8 1s illustrated 1n FIG. 9. The
same structure applies for the DRS from Node B antennas 1
through 4 (not shown for brevity). The respective DRS
overhead 1s doubled relative to the DRS overhead 1n FIG. 8
but there 1s no constraint for the channel medium response
to eflectively remain the same between consecutive sub-
carriers or OFDM symbols with RS transmission as required
for the successtul application of CDM. Similarly to FIG. 8,
a reference UE capable of receiving a signal transmitted

from all eight Node B antennas 1s scheduled to receive
PDSCH 1n the sub-set 930 of sub-carriers 920 during the

portion of OFDM symbols 910 allocated to PDSCH trans-
mission in a sub-frame. The CRS from Node B antennas 1
through 4, namely RS1 941, RS2 942, RS3 943, and RS54
944, remain unchanged. The RS from Node B antennas 3
through 8, namely RS5 950, RS6 960, RS7 970, and RS8
980, are multiplexed 1n different sub-carriers or different
OFDM symbols using FDM/TDM.

It should be noted that although 1n all the described RS
structures the separation of sub-carriers and OFDM symbols
with RS transmission from Node B antennas 3 through 8 are
shown to be the same as the ones for the RS transmission
from Node B antennas 1 through 4, this 1s only an exemplary
embodiment. The separation of RS sub-carriers and OFDM
symbols with RS transmission can generally be different
between Node B antennas 5 through 8 and Node B antennas
1 through 4. It 1s also possible for the RS structure from
Node B antennas 5 through 8 to be configurable. For
example, 1n channels with small frequency selectivity, CDM
may apply as mn FIG. 7 or FIG. 8, while in channels with
large frequency selectivity, FDM/TDM may apply as 1n FIG.
6 or FIG. 9. The multiplexing method may be blindly
determined by the UEs having a reception capability of
signals transmitted from eight Node B antennas or it can be
signaled using 1 bit in a broadcast channel from the serving
Node B.

Although having a DRS transmitted from Node B anten-
nas 5 through 8 1s suflicient for PDSCH reception by a UE,
this cannot apply for PDCCH transmission which typically
needs to be frequency diverse and not located only in a
sub-set of contiguous sub-carriers, and cannot apply for CQI
estimation enabling scheduling from Node B antennas 3
through 8. To address the first 1ssue, an embodiment of the
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invention considers that a Node B having eight antennas
uses only four of these antennas for PDCCH transmission
(for example, by combining pairs from eight antennas) while
the Node B can use all eight antennas for PDSCH transmis-
S1011.

To address the second 1ssue, another embodiment of the
present invention considers that a CRS 1s also transmuitted
from Node B antennas 3 through 8 to at least enable UEs to
obtain a CQI estimate from antennas 5 through 8. This CQI
estimate can then be provided by UEs to the serving Node
B through the uplink communication channel in order for the
Node B to perform scheduling of PDSCH transmissions to
UEs from Node B antennas 5 through 8 using the appropri-
ate parameters, such as the set of sub-carriers and the
modulation and coding scheme, for each scheduled UE. As
this CRS transmitted from Node B antennas 5 through 8 1s
intended to primarily serve for CQI estimation, and not for
channel estimation to perform PDSCH demodulation 1n each
sub-frame, the CRS does not need to be transmitted 1n every
sub-frame, thereby avoiding significantly increasing the
total RS overhead. Considering that PDSCH transmissions
from Node B antennas 5 through 8 are primarily intended for
UEs with low or medium velocities, the CQI variations in
time are slow and the CRS transmission from Node B
antennas 3 through 8 does not need to be frequent. Naturally,
in sub-frames where CRS from Node B antennas 3 through
8 1s transmitted, 1t can also be used 1n PDSCH reception and
possibly 1n the reception of control channels 1f a method
involving all Node B transmission antennas 1n the respective
sub-frames 1s used for their transmission.

FIG. 10 further illustrates an exemplary CRS transmission
from Node B antennas 5 through 8. This CRS transmission
1s assumed to be once every 5 sub-frames. The sub-frame
structure consists of OFDM symbols 1010 in the time
domain and sub-carriers 1020 1n the frequency domain as 1t
was previously described. The CRS from Node B antennas
1 through 4, namely RS1 1031, RS2 1032, RS3 1033, and
RS4 1034, 1s transmitted in all sub-frames. The CRS from
Node B antennas 5 through 8, namely RS5 1045, RS6 1046,
RS7 1047, and RS8 1048, are transmitted only 1n sub-frame
4 1054 and sub-frame 9 1059. DRS transmission from Node
B antennas 5 through 8 1s not shown for simplicity.

To minmimize the CRS overhead from Node B antennas 5
through 8, an exemplary embodiment of the invention
considers that each of these CRS 1s transmitted in only one
OFDM symbol. Otherwise, the same structure with the CRS
from Node B antennas 1 through 4 1s maintained to allow for
similar processing at a UE receiver. Nevertheless, the CRS
from each of the Node B antennas 5 through 8 may be
transmitted 1n two OFDM symbols or CDM can be used for
the transmission of RS5, RS6, RS7, and RS8 as described 1n
FI1G. 7. Moreover, the CRS from all Node B antennas 5
through 8 are transmitted 1n one sub-frame to enable UEs to
monitor only the respective sub-frames, thereby enabling
UE power savings, or assist in the reception of specific
control channels transmitted 1n such sub-frame.

The sub-frames having CRS transmission from Node B
antennas 5 through 8 can be either pre-determined or sig-
naled by the serving Node B using a broadcast channel. In
the former case, CRS transmission can be pre-determined,
for example, that every fifth sub-frame contains CRS trans-
mission from Node B antenna ports 5 through 8 (at prede-
termined time-frequency locations). The exact sub-frames
with CRS transmission from Node B antennas 3 through 8
may also be pre-determined, such as sub-frame 0 and
sub-frame 4, or may simply have a predetermined offset with
the first sub-frame depending on the cell identity (Cell-1ID).
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For example, for a first Cell-ID the first sub-frame 1is
sub-frame 0 while for a second Cell-ID the first sub-frame
1s sub-frame 3. This further assumes that UEs obtain the

Cell-ID after mitial synchronization with their serving cell.
With broadcast signaling of the sub-frames where the >
Node B transmits the CRS from antennas 5 through 8,
several such configurations can be supported, for example,
depending on the system load. If the cell primarily serves

legacy UEs supporting RS transmission from only Node B
antennas 1 through 4, no sub-frames may contain CRS
transmission from Node B antennas 5 through 8. I1 the cell
primarily serves UEs supporting RS transmission from all
cight Node B antennas, all sub-frames may contain CRS
transmission from Node B antennas 5 through 8. Naturally,
intermediate configurations can also be supported. Table 1 13
outlines possible configurations of sub-frames with CRS
transmission from Node B antennas 3 through 8 assuming
that 3 bits are included 1n a broadcast channel to specity the
configuration.

10

20
TABLE 1

Broadcasted 3-bit Field Specifying Sub-Frames with
CRS Transmission from Antennas 5 through X.

Sub-Frame Configuration with CRS 23
Broadcasted Value Transmission from Antennas 5 through 8
000 No sub-frame
001 One every 60 sub-frames
010 One every 20 sub-frames
011 One every 10 sub-frames 30
100 One every 5 sub-frames
101 One every 3 sub-frames
110 One every 2 sub-frames
111 All sub-frames
35

The starting sub-frame may always be the same, for
example, the first sub-frame every 60 sub-frames, or may
depend on the Cell-ID as previously described. As legacy
UEs may not be able to iterpret the broadcasted field
specilying the sub-frames with CRS transmission from 4q
Node B antennas 5 through 8, this field may be 1n a
broadcast channel that 1s received only by UEs capable of

receiving this CRS transmission.

While the present invention has been shown and
described with reference to certain preferred embodiments 45
thereot, 1t will be understood by those skilled 1n the art that
various changes 1 form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the appended claims.

50
What 1s claimed 1s:
1. A method for transmitting first and second sets of
Retference Signals (RSs) from a set of Node B antennas, the
set of Node B antennas also transmitting control data signals
in a Physical Downlink Control Channel (PDCCH) and 55
information data signals 1n a Physical Downlink Shared
Channel (PDSCH) over a transmission time interval having
transmission symbols, the PDCCH being located in different
transmission symbols than the PDSCH, the method com-
prising: 60
transmitting the first set of RSs, from the set of Node B
antennas, using frequency division multiplexing and
time division multiplexing, in both PDCCH transmis-
sion symbols and PDSCH transmission symbols of
consecutive transmission time intervals; and 65

periodically transmitting the second set of RSs, from the
set of Node B antennas, using code division multiplex-

12

ing i a time domain and 1n a frequency domain, 1n
PDSCH transmission symbols of the transmission time
interval,

wherein a transmission period 1s recerved from the Node

B.

2. The method of claim 1, wherein the first set of RSs 1s
used for demodulation of the control data signals or for
demodulation of the information data signals and for obtain-
ing channel quality estimates, and the second set of RSs 1s
used for obtaining the channel quality estimates.

3. The method claim 1, wherein the second set of RSs 1s
used for obtaining a channel quality estimate.

4. The method of claim 1, further comprising:

transmitting the first set of RSs from the set of Node B

antennas over an entire operating bandwidth; and

transmitting the second set of RSs from the set of Node B

antennas over a portion of the operating bandwidth that
1s less than the entire operating bandwidth.

5. A method for transmitting first and second sets of
Reference Signals (RSs) from a set of Node B antennas, over
a transmission time interval 1n a set of transmission time
intervals and over an entire operating bandwidth in a cell,
the method comprising:

transmitting the first set of RSs from the set of Node B

antennas 1n all sub-frames in consecutive transmisson
time intervals using frequency division multiplexing
and time division multiplexing; and

periodically transmitting the second set of RSs from the

set of Node B antennas in one sub-frame among a set
of sub-frames 1n transmission time intervals using code
division multiplexing 1 a time domain and 1n a fre-
quency domain, a number of the sub-frames in the set
being greater than 1,

wherein a sub-frame comprises a plurality of symbols,

and

wherein a transmission period 1s received from the Node

B.

6. The method of claim 5, wherein the second set of RSs
1s used for obtaining a channel quality estimate.

7. The method of claim 5, wherein the one sub-frame 1n
the set of sub-frames for the second set of RSs 1s determined
from a cell 1dentity.

8. The method of claim 5, wherein the Node B commu-
nicates with a first category and a second category of User
Equipments (UEs) and the second category of UEs interprets
the broadcast signaling from the Node B.

9. The method of claim S wherein the second set of RSs
1s used for obtaining channel quality estimates.

10. The method of claim 5, further comprising:

combining at the Node B the first set of RSs or the second

set of RSs for demodulation of information control
signals; and

transmitting the first set of RSs and the second set or RSs

separately for demodulation of immformation data sig-
nals.

11. The method of claim 10, wherein a number of RSs
used for the demodulation of the information data signals 1s
eight, and a number of RSs used for the demodulation of the
information control signals 1s four.

12. The method of claim 5, wherein the number of the
sub-frames 1n the set 1s transmitted to a user equipment.

13. An apparatus for transmitting first and second sets of
Reference Signals (RSs) from a set of Node B antennas, the
set of Node B antennas also transmitting control data signals
in a Physical Downlink Control CHannel (PDCCH) and
information data signals 1 a Physical Downlink Shared
CHannel (PDSCH) over a transmission time interval having
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transmission symbols, the PDCCH being located in different
transmission symbols than the PDSCH, the apparatus com-
prising:

a first transmitter for transmitting the first set of RSs, from
the set of Node B antennas, using frequency division
multiplexing and time division multiplexing, in both
PDCCH transmission symbols and PDSCH transmis-
sion symbols of consecutive transmission time inter-
vals; and

a second transmitter for periodically transmitting the
second set of RSs, from the set of Node B antennas,
using code division multiplexing 1n a time domain and
in a frequency domain, i PDSCH transmission sym-
bols of the transmission time interval,

wherein a transmission period 1s received from the Node
B.

14. The apparatus of claim 13, wherein the first set of RSs
1s used for demodulation of the control data signals or for
demodulation of the information data signals and for obtain-
ing channel quality estimates, and the second set of RSs 1s
used for obtaining the channel quality estimates.

15. An apparatus for transmitting first and second sets of
Reterence Signals (RSs) from a set of Node B antennas, over
a transmission time interval 1n a set of transmission time
intervals and over an entire operating bandwidth 1 a cell,
the apparatus comprising:

a first transmitter for transmitting the first set of RSs from
the set of Node B antennas 1n all sub-frames in con-
secutive transmission time intervals using frequency
division multiplexing and time division multiplexing;
and

a second transmitter for periodically transmitting the
second set of RSs from the set of Node B antennas 1n
one sub-frame among a set of sub-frames 1n transmis-
s1on time 1ntervals using code division multiplexing 1n
a time domain and 1n a frequency domain, a number of
the sub-frames 1n the set being greater than 1,

wherein a sub-frame comprises a plurality of symbols,
and

wherein a transmission period 1s received from the Node
B.

16. The apparatus of claim 15, wherein the number of the

sub-frames 1n the set 1s transmitted to a user equipment.

17. The apparatus of claim 15, wherein the second set of
RSs 1s used for obtaining a channel quality estimate.

18. The apparatus of claim 15, wherein the one sub-frame
in the set of sub-frames for the second set of RSs is
determined from a cell 1dentity.

19. The apparatus of claim 15, wherein a Node B com-

14

and information data signals in a phvsical downlink shared
channel (PDSCH) over a transmission time interval having
transmission symbols, the PDCCH being located in diffevent
transmission symbols than the PDSCH, the method com-
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municates with a first category and a second category ol 50

User Equipments (UEs) and the second category of UEs
interprets the broadcast signaling from the Node B.
20. The apparatus of claim 15, further comprising:

combining at a Node B the first set of RSs or the second

transmitting the first set of RSs, from the set of Node B
antennas, using frequency division multiplexing and
time division multiplexing, in both PDCCH transmis-
sion symbols and PDSCH transmission symbols of
consecutive transmission time intervals; and

periodically transmitting the second set of RSs, from the
set of Node B antennas, using code division multiplex-
ing in a time domain and in a frequency domain, in
PDSCH transmission symbols of the transmission time
interval,

wherein the second set of RSs is used for obtaining a
channel guality estimate, and

wherein a transmission period of the second set of RSs is
transmitted to a user equipment (UL).

23. The method of claim 22, wherein the first set of RSs is
used for demodulation of the control data signals or for
demodulation of the information data signals and for obtain-
ing channel quality estimates.

24. The method of claim 22, further comprising:

transmitting the first set of RSs from the set of Node B
antennas over an entire operating bandwidth; and

transmitting the second set of RSs from the set of Node B
antennas over a portion of the operating bandwidth
that is less than the entire operating bandwidth.

25. A method for transmitting first and second sets of
reference signals (RSs) from a set of Node B antennas, over
a transmission time interval in a set of transmission time
intervals and over an entive operating bandwidth in a cell,
the method comprising:

transmitting the first set of RSs from the set of Node B
antennas in all sub-frames in consecutive transmission
time intervals using frequency division multiplexing
and time division multiplexing; and

periodically transmitting the second set of RSs from the
set of Node B antennas in one sub-frame among a set
of sub-frames in transmission time intervals using code
division multiplexing in a time domain and in a fre-
quency domain, a number of the sub-frames in the set
being greater than 1,

wherein a sub-frame comprises a plurality of symbols,

wherein a transmission period of the second set of RSs is
transmitted to a user equipment (UL), and

wherein the second set of RSs is used for obtaining a
channel gquality estimate.

26. The method of claim 25, wherein the one sub-frame in

the set of sub-frames for the second set of RSs is determined

from a cell identity.

27. The method of claim 25, whervein the Node B com-

municates with a first category and a second category of

set of RSs for demodulation of information control 55 UEs and the second category of UEs interprets the broad-

signals; and

transmitting the first set of RSs and the second set of RSs
separately for demodulation of information data sig-
nals.

21. The apparatus of claim 20, wherein a number of RSs
used for the demodulation of the information data signals 1s
cight, and a number of RSs used for the demodulation of the
information control signals 1s four.

22. A method for transmitting first and second sets of

60

cast signaling from the Node B.

28. The method of claim 25, further comprising:

combining at the Node B the first set of RSs or the second
set of RSs for demodulation of information control
signals; and

transmitting the first set of RSs and the second set or RSs
separately for demodulation of information data sig-
nals.

29. The method of claim 28, wherein a number of RSs used

reference signals (RSs) from a set of Node B antennas, the 65 forthe demodulation of the information data signals is eight,

set of Node B antennas also tramnsmitting control data

signals in a physical downlink contvol channel (PDCCH)

and a number of RSs used for the demodulation of the
information control signals is four.



US RE47,344 E

15
30. The method of claim 25, wherein the number of the

16
transmit the first set of RSs from the set of Node B

sub-frames in the set is transmitted to the UE.

31. A Node B for transmitting first and second sets of
reference signals (RSs) from a set of Node B antennas in a
wireless communication system, the set of Node B antennas 5

also transmitting contvol data signals in a physical downlink
control channel (PDCCH) and information data signals in

a physical downlink shaved channel (PDSCH) over a trans-

mission time interval having transmission symbols, the

antennas in all sub-frames in consecutive transmis-
sion time intervals using frequency division multi-
plexing and time division multiplexing, and
periodically transmit the second set of RSs from the set
of Node B antennas in one sub-frame among a set of

sub-frames in transmission time intervals using code
division multiplexing in a time domain and in a

frequency domain, a number of the sub-frames in the

PDCCH being located in different transmission symbols 10 ot beine oveater than |
than the PDSCH, the Node B comprising: . 58 . .
a transceiver configured to: wherein a sub-frame comprises a plurality of symbols,
st the ﬁm‘;g set of R Ss, from the set of Node B wherein a transmission period of the second set of RSs is
antennas, using frequency division multiplexing and rmnﬁsmzﬁed lo a user equipment (UE), and .
time division multiplexing, in both PDCCH trans- 15 wherein the second set of RSs is used for obtaining a

channel quality estimate.
34. The Node B of claim 33, wherein the number of the
sub-frames in the set is transmitted to the UE.
35. The Node B of claim 33, wherein the one sub-frame in
the set of sub-frames for the second set of RSs is determined
from a cell identity.
36. The Node B of claim 33, wherein the Node B com-

municates with a first category and a second category of
UL's and the second category of UEs interprets the broad-
cast signaling from the Node B.

37. The Node B of claim 33, wherein the first set of RSs
or the second set of RSs ave combined for demodulation of
information control signals, and

wherein transceiver is further configured to transmit the

fivst set of RSs and the second set of RSs separately for
demodulation of information data signals.

38. The Node B of claim 37, wherein a number of RSs used
for the demodulation of the information data signals is eight,
and a number of RSs used for the demodulation of the
information control signals is four.

mission symbols and PDSCH transmission symbols
of consecutive transmission time intervals, and

periodically transmit the second set of RSs, from the set
of Node B antennas, using code division multiplexing
in a time domain and in a frequency domain, in
PDSCH transmission symbols of the transmission
time interval,

wherein the second set of RSs is used for obtaining a

channel guality estimate, and

wherein a transmission period of the second set of RSs is

transmitted to a user equipment (UE).

32. The Node B of claim 31, wherein the first set of RSs
is used for demodulation of the control data signals or for
demodulation of the information data signals and for obtain-
ing channel quality estimates.

33. A Node B for transmitting first and second sets of
reference signals (RSs) from a set of Node B antennas, over
a transmission time interval in a set of transmission time
intervals and over an entive operating bandwidth in a cell in
a wireless communication system, the Node B comprising: 35

a transceiver configured to: I T

20

25

30
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