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Description
Title of Invention: APPARATUS AND METHOD FOR

ENHANCING FEATURES OF UPLINK REFERENCE SIGNALS

Technical Field

The present invention related generally to wireless communication systems and,
more specifically, to enhancing the functionality of reference signals transmitted from
a User Equipment (UE). The reference signals provide, in general, an estimate of a

channel medium experienced by the UE at a given time.

Background Art

Several types of signals are supported for the proper functionality of a commu-
nication system. This includes data signals tor conveying information content and
control signals, which are transmitted from UEs to their respective serving Base
Stations ((BSs) or Node Bs) in an UpLink (UL) of the communication system and from
the serving Node Bs to the UEs in a DownLink (DL) of the communication system, for
conveying information for processing the data signals. For example, control signals
include positive or negative ACKnowledgement signals (ACK or NACK, respectively)
that are transmitted 1n response to (correct or incorrect, respectively) data packet
reception and are associated with a Hybrid Automatic Repeat reQuest (HARQ)
process, 1.e., HARQ-ACK and HARQ-NACK signals. Control signals also include
Channel Quality Indication (CQI) signals that a UE sends to a Node B to provide 1n-
formation about DL channel conditions the UE experiences. Further, Reterence Signals
(RSs), also known as pilots, are typically transmitted to provide channel estimation and
enable coherent demodulation for the transmitted data or control signals or, in the UL,
to be used by the receiving Node B to measure the UL channel conditions that the UE
experiences. The RS used for demodulation ot data or control signals will be reterred
to as a DeModulation RS (DMRS), and the RS, which 1s typically wideband in nature,
used tor sounding the UL channel medium will be referred to as a Sounding RS (SRS).

A UE, e.g., a terminal or a mobile station, may be fixed or mobile and may be a
wireless device, a cellular phone, a personal computer device, etc. A Node B 1s
generally a fixed station, which may also be reterred to as a Base Transceiver System
(BTS), an Access Point (AP), or some other similar terminology.

UEs transmit signals conveying data or control information through a Physical
Uplink Shared CHannel (PUSCH), and in the absence of PUSCH transmission, the
UESs transmit control signals through a Physical Uplink Control CHannel (PUCCH). A
UE receives signals conveying data information through a Physical Downlink Shared

CHannel (PDSCH) and DL control signals are conveyed through a Physical Downlink
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Control CHannel (PDCCH).

A UE transmits data or control signals over a Transmission Time Interval (TTI),
which may, for example, correspond to a sub-frame with a duration of 1 millisecond
(msec).

FIG. 1 1s a diagram illustrating a UL sub-frame structure tor PUSCH transmission in
a UL of a conventional communication system.

Referring to FIG. 1, a sub-frame 110 for PUSCH transmission includes two slots
120, each slot 120 including seven symbols. Each symbol 130 further includes a Cyclic
Pretix (CP), which 1s used to mitigate interterence due to channel propagation effects.
Some symbols 1n each slot may be used for DMRS transmission or SRS transmission.
For example, in FIG. 1, symbols 140 and 160 are used tor DMRS transmission and
symbol 150 1s used for SRS transmission. Further, the second DMRS in the sub-frame,
1.e., symbol 160, may or may not be transmitted with its negative value (scaled with "-
1"), as will be described 1n more detail below.

The PUSCH transmission BandWidth (BW) includes trequency resource units,
which will be referred to herein as Resource Blocks (RBs). In FIG. 1, each RB

includes RE sub-carriers 170, also reterred to as Resource Elements

N =12

(REs). A UE may be allocated one or more consecutive RBs for PUSCH transmission
and one RB tor PUCCH transmission.

PUSCH transmission or PDSCH reception by a UE may be scheduled by a Node B
dynamically through a respective Scheduling Assignment (SA) transmitted by the
Node B using a Downlink Control Information (DCI) tormat in the PDCCH or through
Semi-Persistent Scheduling (SPS). The DCI tormat informs a UE about a data packet
transmission by the Node B in the PDSCH (1.e., a DL SA) or about a data packet
transmission to the Node B (i.e., a UL SA) 1n the PUSCH. With SPS, a UE transmits or
receives data packets at predetermined sub-trames.

FIG. 2 1s a block diagram illustrating a conventional coding process of an SA at a
Node B.

Referring to FIG. 2, a Medium Access Control (MAC) layer IDentity (ID) of the UE
(or UE ID) masks a Cyclic Redundancy Check (CRC) of the SA information bits in
order to enable the UE to 1dentity that the SA 1s intended tor it. The CRC computation
220 of the SA 1information bits 210 1s performed and then the CRC 1s masked using the
exclusive OR (XOR) operation 230 between CRC bits and UE ID bits 240, where
XOR(0,0) =0, XOR(0,1) =1, XOR(1,0) =1, and XOR(1,1) = 0. The masked CRC 1s
appended 250 to the SA information bits, and channel coding (such as convolutional
coding) 260 1s pertormed. This 1s followed by rate matching 270 to the allocated
PDCCH resources, and by interleaving and modulation 280. Finally, the SA 1s

CA 02785914 2012-06-27
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transmitted as a control signal 290. For ease of description, it 1s assumed that both the
CRC and the UE 1D have the same length, tor example, 16 bits.

A UE receiver performs the reverse operations of the Node B transmitter to
determine whether 1t has an SA assigned to it.

FIG. 3 1s a block diagram illustrating a conventional decoding process of an SA at a
UE.

Referring to FIG. 3, a received control signal 310 1s demodulated and the resulting
bits are de-interleaved 320. Rate matching 330, as applied at a Node B transmitter, is
restored and followed by channel decoding 340. The SA bits 360 are then obtained
after extracting the CRC bits 350, which are then de-masked by applying the XOR
operation 370 with the UE ID 380. Finally, the UE performs a CRC test 390. If the
CRC test passes, the UE concludes that the SA 1s valid and determines the parameters
for signal reception (1.e., DL SA) or signal transmission (1.e., UL SA). If the CRC test
does not pass, the UE disregards the received SA.

An example of a UL SA 1s provided 1n Table 1 below, in order to provide 1n-
formation about some of the Information Elements (IEs) typically included in a UL
SA.

Table 1: IEs of a UL SA DCI format for PUSCH Transmission

Information ElerEnt _NumEer of Bits “ Comment

Resource Allocation | 11 - Assig?nnent_f)f Consecutive RBs

~ MCS Levels

MCS ~ MCSLevel ]
NDI New Data Indicator (synchronous HARQ)
TPC 2 Power control commands _jl
Cyclic Shift Indicator 3 SDMA (maximum of 8 UEs)
_Hoﬁang Flag 1 Frealfency-'W _J
] Include EQI ;éport_(Yes/ilT)-) |

The first IE provides a Resource Allocation (RA) in terms of RBs. Single Carrier
Frequency Division Multiple Access (SC-FDMA) 1s assumed where the signal

transmission BW 1s contiguous. For an operating BW ot 7 /7. RBs, the number of

NRB

possible contiguous RB allocations to a UE 1s

1 +2+ ... +Noy =N (N +1)/2

and can be signaled

CA 02785914 2012-06-27
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with bits, where [ ] denotes a

[ 10g,(Npy (Nps + 1) /2) ]

celling operation that rounds a number to 1ts next higher integer. For example, for
Nyps = 50
REB

of the transmission method, the UL SA 1s assumed to include an RA IE.

RBs, the number of required RA IE bits 1s 11. In general, regardless

The second IE provides a Modulation and Coding Scheme (MCS). For example, the
modulation may be Quadrature Phase Shitt Keying (QPSK), Quadrature Amplitude
Modulation (QAM)16, or QAM64 and the coding rate may take discrete values
between 1/16 and 1.

The third IE 1s a New Data Indicator (NDI). The NDI 1s set to 1 when the UE should
transmit a new Transport Block (TB) and 1s set to O when the UE should transmit the
same TB as 1n a previous PUSCH transmission (synchronous UL HARQ 1s assumed).

The fourth IE provides a Transmit Power Control (TPC) command tor PUSCH and
SRS transmission power adjustments.

The fifth IE 1s a Cyclic Shitt Indicator (CSI) indicating a Cyclic Shitt (CS) for the
transmission of a Constant Amplitude Zero Auto-Correlation (CAZAC) sequence used
as a DMRS. As will be described below, using a different CS of a CAZAC sequence
can provide orthogonal multiplexing ot a respective RS.

The sixth IE, Hopping Flag, indicates whether trequency hopping applies to the
PUSCH transmission.

The seventh IE, CQI Request, indicates whether the UE should include a DL CQI
report in the PUSCH transmission.

In order for a Node B to properly determine RBs and MCS for PUSCH transmission
from a UE, the Node B estimates a UL channel medium experienced by the UE (1.e., a
UL CQI) over at least a part of the operating BW to obtain a respective Signal-
to-Interterence and Noise Ratio (SINR) estimate. This UL CQI 1s typically obtained by
the Node B using an SRS transmitted by the UE.

FIG. 4 1s a diagram illustrating a conventional SRS multiplexing method 1in a UL
sub-frame. Specitically, FIG. 4 illustrates an SRS transmission occurring in a last sub-
frame symbol of every 2 sub-frames 460, 463.

Referring to FIG. 4, UE] and UE2 multiplex PUSCH transmissions in different BWs
during a first sub-trame 401, UE2 and UE3 multiplex PUSCH transmissions in
diffterent BWs during a second sub-frame 402, and UE4 and UES multiplex PUSCH
transmissions 1n different BWs during a third sub-frame 403. That 1s, UE 1 data 410
and UE 2 data 420 are transmitted 1in different BWs in the first sub-frame 401, UE 2
data 420 and UE 3 data 430 are transmitted in different BWs in the second sub-frame
402, and UE 4 data 440 and UE 5 data 455 are transmitted in different BWs in the third

CA 02785914 2012-06-27
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sub-frame 403. Accordingly, UEL, UE2, UE3, UE4, and UES respectively transmit
DMRSs 415, 425, 435, 445, and 455. UEs with SRS transmission may or may not have

PUSCH transmission 1n the same sub-tframe and, if they co-exist in the same sub-
frame, SRS and PUSCH transmissions may be located at different BWs.
[28] It 1s assumed herein that the RS (DMRS or SRS) 1s constructed from CAZAC

sequences. An example of such sequences 1s given by Equation (1).

- ¢, (n) = exp[ jsz (n+nn2i)] R

|30] In Equation (1), L 1s a length of a CAZAC sequence, n 1s an index of a sequence

element, 4y — {O, 1? 2:, . 71 },andkisasequence index. For

CAZAC sequences of prime length L, the number of sequences 1s L-1. Therefore, an

entire tamily of sequences 1s defined as k ranges in { 1 2 7 -1 } .
v, 2 sse 2

However, the sequences tor DMRS or SRS transmission are not only generated using
Equation (1).

rE = 12REs, CAZAC-based
N ¢

sequences can be generated either by truncating a longer prime length (such as length

[31] For example, as 1 RB 1s assumed to include

13) CAZAC sequence or by extending a shorter prime length (such as length 11)
CAZAC sequence by repeating its first element(s) at the end (cyclic extension),
although the resulting sequences do not strictly fulfill the detfinition of a CAZAC
sequence.

|32] Alternatively, CAZAC sequences can be generated through a computer search for
sequences satistying the CAZAC properties.

|33] FIG. 5 1s a block diagram 1llustrating a conventional RS transmission process.
Specitically, FIG. 5 illustrates a DMRS or SRS transmission process at a UE, based on
a CAZAC sequence.

| 34] The frequency domain version ot a CAZAC sequence may be obtained by applying a
Discrete Fourier Transtorm (DFT) to its time domain version. By choosing non-
consecutive REs, a comb spectrum can be obtained for either the DMRS or for the
SRS. The number of combs 1s reterred to as the Repetition Factor (RPF). A comb
spectrum 1s usetul for orthogonally multiplexing (through frequency division)
overlapping SRS transmissions with unequal BWs. Such SRS are constructed by
CAZAC sequences of ditterent lengths, which cannot be orthogonally multiplexed
using different CS.

[335] Referring to FIG. 5, a frequency domain CAZAC sequence 510 1s generated, the REs

CA 02785914 2012-06-27
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in the assigned transmission BW 530 are selected by subcarrier mapping 520, the
Inverse Fast Fourier Transtorm (IFFT) 1s performed 540, the CS 550 1s applied, CP
560 and filtering 570 are applied, and the generated signal 1s transmitted 580. The UE
also applies zero padding in REs where the DMRS or the SRS 1s not transmitted (not
shown). For brevity, additional transmitter circuitry such as digital-to-analog converter,

analog filters, amplifiers, and transmitter antennas, as they are known 1n the art, are not

1llustrated.
[36] A Node B recerver performs reverse tunctions ot the UE transmitter.
|37] FIG. 6 1s a block diagram 1llustrating a conventional RS reception process.

Specitically, FIG. 6 illustrates reverse operations of those 1llustrated in FIG. 3.

| 38] Reterring to FIG. 6, an antenna receives a Radio-Frequency (RF) analog signal and
after passing processing units such as filters, amplitiers, frequency down-converters,
and analog-to-digital converters (not shown) the resulting digital received signal 610
passes through a time windowing unit 620 and the CP 1s removed 630. Subsequently,
the CS of the transmitted CAZAC-based sequence 1s restored 640, a Fast Fourier
Transtorm (FFT) 6350 1s applied, the selection through controlling reception bandwidth
660 for the transmitted REs is performed by subcarrier mapping 665, and correlation
by multiplying 670 with the CAZAC-based sequence replica 680 1s applied. Finally,
the output 690 1s obtained, which can be passed to a channel estimation unit, such as a
time-frequency interpolator (for a DMRS), or a UL CQI estimator (for an SRS).

[39] Ditferent CSs of a CAZAC sequence provide orthogonal sequences. Theretore, tor a
given CAZAC sequence, different CSs can be allocated to different UEs and achieve
orthogonal multiplexing of the RS transmitted by these UEs in the same RBs. This
principle 1s 1llustrated 1in FIG. 7.

[40] FIG. 7 1s a diagram 1llustrating conventional orthogonal RS multiplexing using
difterent cyclic shifts of a CAZAC sequence.
[41] Reterring to FIG. 7, in order tor multiple CAZAC sequences 710, 730, 750, and 770

generated correspondingly from multiple CSs 720, 740, 760, and 780 of a same
CAZAC sequence to be orthogonal, the CS value A 790 should exceed the channel
propagation delay spread D (including a time uncertainty error and filter spillover
etfects). If Tg 1s the duration of one symbol, the number of CSs 1s equal to

[ T /D J where [ J denotes a "tloor" operation, which rounds a
s

number to its lower integer.

[42] Multi-User Multiple-Input Multiple-Output (MU-MIMO) can substantially improve
the spectral etficiency of a communication system. With MU-MIMO, PUSCH trans-
missions from multiple UEs share at least part of a BW. MU-MIMO 1s facilitated 1t a

Node B can obtain interterence-free estimates ot a channel medium experienced by

CA 02785914 2012-06-27
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[43]

[44]

[45]

[46]

[47]

MU-MIMO UEs. This requires orthogonal reception tor the respective DMRS. If the
PUSCH transmissions from MU-MIMO UEs share exactly the same BW, orthogonal
DMRS multiplexing can be obtained using different CS of the same CAZAC-based
sequence. The CSI IE in a UL SA indicates the CS. However, if the PUSCH trans-
missions from MU-MIMO UEs do not share exactly the same BW, orthogonal DMRS
multiplexing using ditterent CS 1s not possible as the respective CAZAC sequences
have different lengths. However, the application of Orthogonal Covering Codes (OCC)
in a time domain to the DMRS transmission can also provide orthogonal DMRS mul-

tiplexing. For example, using the sub-frame structure illustrated in FIG. 1, which has 2
DMRS symbols, the OCCs can be {1, 1} and {1, -1}. As for the CS, the UL SA should

indicate the OCC for the DMRS transmission in the PUSCH.

An SRS transmission BW may depend on a UL SINR experienced by the UE. For
UEs with low UL SINR, a Node B may assign a small SRS transmission BW, in order
to provide a relatively large ratio of transmitted SRS power per BW unit, thereby
improving a quality of a UL CQI estimate obtained from the SRS. Conversely, for UEs
with high UL SINR, the Node B may assign a large SRS transmission BW because
good UL CQI estimation quality can be achieved from the SRS while obtaining this
estimate over a large BW.

Several combinations for the SRS transmission BW may be supported, as shown 1n
Table 2 below.

A Node B may signal a configuration through a broadcast channel. For example, 3
bits can indicate one of the eight configurations. The Node B can then individually
assign to each UE one of the possible SRS transmission BWs o (in RBs) by

M sps.b
indicating the value of b tor contiguration c. Theretore, the Node B can multiplex SRS

transmissions from UEs 1n the BWs o , and

’ ' y C
Monso Msps1 Mspso
- (b=0, b=1, b=2, and b=3, respectively, in Table 2).

Msrs, 3
Table 2: Example of o RBs values for UL BW of 7 77, RBs with 80<
M sps b N g
777, <I110.

NRB

CA 02785914 2012-06-27
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I"

J

SRS BW configuration | 5=0 | b=1 h=2 bh=3
=0 06 | 48 24 __|_4_'
=1 | 9% | 32 16 4
- c=2 l 80 | 40 20 | 4

c=3 72 | 24 12 | 4
c=4 —|_—64 32 16 T 4 -l

c=5 60 | 20 | NotApplicable | 4
— ¢=6 | 48 | 24 ] 12 i
L c=17 38| 16 3 ¢ |

PCT/KR2011/000082

A variation 1n a maximum SRS BW i1s primarily intended to accommodate a varying
PUCCH size. The PUCCH 1s assumed to be transmitted at the two edges of the
operating BW and to not be intertered with by the SRS. Theretore, the larger the
PUCCH size (in RBs), the smaller the maximum SRS transmission BW.

FIG. 8 1s a diagram 1illustrating conventional multiplexing of SRS transmissions in

various bandwidths. Specifically, FIG. 8 turther illustrates the concept of multiple SRS

transmission BWs for configuration ¢ = 3 from Table 2.

Referring to FIG. &, the PUCCH 1s located at the two edges, 802 and 804, of the

operating BW and a UE i1s contigured SRS transmission BWs with either

72 RBs 812, or

3 =24 RBs 814, or 3
M sns o

=4 RBs 818. A few RBs, 806 and 808, may not be sounded but this usually does not
aftect the Node B’s ability to schedule PUSCH transmissions in those RBs, as the re-
spective UL SINR may be interpolated from nearby RBs with SRS transmission. For

M gns

3 —
M sns o

= 12 RBs 816, or 3

M gns 3

SRS BWs other than the maximum one, the Node B also assigns the starting frequency

position of the SRS transmission to a UE.

The SRS transmission parameters for each UE are assumed to be contigured by the

Node B through higher layer signaling, for example, through Radio Resource Control

(RRC) signaling. These SRS transmission parameters may include the transmission

BW, the comb (if the SRS has a comb spectrum), the CS, the starting BW position, the

period (for example one SRS transmission every 5 sub-frames), the starting sub-frame

(for example the first sub-frame 1n a set of 1000 sub-frames), and an indication ot

whether frequency hopping according to a predetermined pattern 1s enabled between

successive SRS transmissions.

In order to satisty a service quality that 1s largely independent of the UE location 1n a

cell, Inter-Cell Interterence Coordination (ICIC) based on soft trequency reuse tor the

CA 02785914 2012-06-27
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allocation of RBs in adjacent cells can mitigate the inter-cell interference experienced
by UEs located near the cell edge. The allocation of some RBs to each cell for
exclusive use by cell-edge UEs can be through semi-static or dynamic network coor-
dination, taking into account the distribution (location and/or transmit power re-
quirements) and throughput requirements ot cell-edge UEs.

53] FIG. 9 1llustrates a conventional application of trequency-domain ICIC.

[54] Referring to F1G. 9, a UL operating BW 910 1s divided 1nto 6 sets of RBs, with the
first and fourth sets allocated to cell-edge UEs of cell 1 920, the second and fifth sets
allocated to cell-edge UEs of cells 2, 4, and 6 930, and the third and sixth sets allocated
to cell-edge UESs of cell 3, 5, and 7 940. The RB sets are not contiguous due to imple-
mentation reasons or to maximize trequency diversity. A Node B may use the RBs
over the entire UL operating BW to schedule PUSCH from cell-interior UEs, but may
only use the allocated sets of RBs to schedule PUSCH from cell-edge UEs.

[53] FIG. 10 1s a diagram 1llustrating a conventional heterogeneous network.

[56] ICIC 1s beneticial in heterogeneous networks, as illustrated in FIG. 10, where a
macro-cell served by a macro-Node B 1010 encompasses micro-cells served by re-
spective micro-Node Bs 1020 and 1030. As the macro-Node B covers a larger area
than a micro-Node B, a UE connected to the macro-Node B (macro-UE) may transmit
its signals with substantially higher power than a UE connected to a micro-Node B
(micro-UE). Macro-UESs can theretore cause significant interference to micro-UEs es-
pecially if they are both located near their cell edge.

[57] With conventional SRS hopping methods, the SRS transmission hops over a
maximum contigured SRS BW (the SRS transmission with BW . b >0,

M sps b

hops over a BW defined by ). This 1s clearly 1nefticient for ICIC as cell-
M srs.0
interior UEs should transmit SRS over substantially the entire operating BW used for
PUSCH transmissions and cell-edge UEs should transmit SRS only 1n a part of the
operating BW. Even more importantly, for heterogeneous networks, allowing SRS
transmission by macro-UEs near a micro-cell to hop over an entire operating BW can
create significant interference to the SRS transmissions by micro-UEs. Theretore, it 1s
beneticial to enable SRS hopping with non-maximum transmission BW only in parts
of the maximum configured SRS transmission BW.

[ 58] Frequency-domain scheduling can exploit trequency selectivity ot a channel and
PUSCH scheduling can be 1n parts of an operating BW where a respective SINR 1s
optimized according to a scheduler metric (such as for example a proportional-tair
metric). In order to enable PUSCH scheduling over non-contiguous parts of the

operating BW, it 1s beneticial to enable simultaneous SRS transmissions over non-
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[59]

[60]

[61]

[62]

[63]

[64]

[65]

contiguous BWs. This does not impact the SRS multiplexing capacity and does not
increase the SRS overhead assuming that the total BW of SRS transmission remains

the same.

Disclosure of Invention

Technical Problem

Therefore, a need exists for a method to enable SRS transmissions over non-
contiguous BWs.

Another need exists for a method to enable hopping of SRS transmissions over a BW
smaller than a maximum SRS transmission BW.

Additionally, a need exists for a method to enable a UL SA to indicate an OCC a UE
should apply to a DMRS transmission in a PUSCH.

Solution to Problem

Accordingly, the present invention has been designed to address at least some of the
above-described problems in the prior art and the present invention provides methods
and apparatus to support a configuration ot DMRS transmission parameters, through
the application of a CS and an OCC, to support SRS bandwidth hopping only 1n parts
of a maximum SRS bandwidth, and to enable simultaneous SRS transmissions from a
same UE over non-contiguous parts of an operating bandwidth.

An aspect of the present invention 1s to provide a Node B that dynamically assigns,
using an Information Element (IE) in a Downlink Control Information (DCI) format
transmitted in a PDCCH and decoded by a respective UE, the CS and/or the OCC the
UE applies to the DMRS transmission that uses a CAZAC sequence, where different
CSs are always associated with different OCCs and the same IE 1s used to configure
either both a CS and an OCC or only an OCC tfor the DMRS transmission by a UE.

Another aspect of the present invention 1s to provide a bandwidth hopping pattern ot
an SRS transmitted by a UE that 1s constrained so that the SRS transmission bandwidth
1s only 1n specific parts of the maximum bandwidth allowed for SRS transmissions.
The SRS bandwidth pattern may be the same regardless if the SRS transmission from a
UE 1s restricted to be only in specitic parts of the maximum bandwidth allowed tfor
SRS transmissions or not, or a different SRS bandwidth hopping pattern may be used
by the UE 1n each case (bandwidth restricted or bandwidth unrestricted SRS
transmission).

Another aspect ot the present invention 1s to provide a UE that i1s contigured to si-
multaneously transmit multiple SRS over respective multiple non-contiguous
bandwidths. Some of the multiple SRS can be transmitted at the same bandwidth at
different SRS transmission instances and the remaining SRS may be transmitted

according to an SRS bandwidth hopping pattern.
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[66] In accordance with an aspect of the present invention, a method for assigning a
first Cyclic Shift (CS) and a first Orthogonal Cover Code (OCC) to a first User Equipments
(UE) for a first Reference Signal (RS) transmission and a second CS and a second OCC to a
second UE for a second RS transmission is provided in a communication system wherein a
Base Station (BS) transmits in Physical Downlink Control Channels (PDCCHs) a respective
set of Downlink Control Information (DCI) formats to a plurality of UEs, wherein each DCI
format from a subset of the set of DCI formats includes Information Elements (IEs)
configuring data and RS transmissions from the plurality of UEs to the BS, and wherein the
IEs includes binary elements and an RS Configuration (RSC) IE assigning a CS and an OCC
for an RS transmission by a UE. The method includes indicating, by the BS, through an RSC
IE included in a first DCI format from a subset of the set of DCI formats, the first CS and the
first OCC for the first RS transmission by the first UE, and indicating, by the BS, through an
RSC IE in a second DCI format from a subset of the set of DCI formats, the second CS and
the second OCC for the second RS transmission by the second UE. The first CS 1s ditterent
than the second CS, and the first OCC 1s different than the second OCC.

[664a] [n accordance with another aspect of the present invention, there is provided a
method for assigning, by a base station (BS), to a user equipment (UE), a demodulation (DM)
reference signal (RS) associated with a physical uplink shared channel (PUSCH) 1n a
communication system, the method comprising: allocating a resource, a cyclic shift (CS) for
the DM RS and an orthogonal cover code (OCC) for a UE; configuring a downlink control
information (DCI) including a plurality of information elements (IEs) for the UE, where the

plurality of IEs include a resource allocation (RA) indicating the resource and information

~ indicating a combination of the CS for the DM RS and the OCC; transmitting the DCI

including the plurality of IEs over physical downlink control channels (PDCCHs), based on a
UE identifier (ID) corresponding to the UE; and receiving, from the UE, the DM RS
associated with the PUSCH, based on the DCI.

[66D] In accordance with another aspect of the present invention, there 1s provided a

user equipment (UE) for transmitting a physical uplink shared channel (PUSCH) and a
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demodulation (DM) reference signal (RS) associated with transmission of the PUSCH 1n a
communication system, the UE comprising: a receiver configured to receive a downlink
control information (DCI) including a plurality of information elements (IEs) over physical
downlink control channel (PDCCH) based on a UE identifier (ID) corresponding to the UE,
where the plurality of IEs include a resource allocation (RA) and information indicating a
combination of a cyclic shift (CS) for the DM RS and an orthogonal cover code (OCC), and
identify the CS for the DM RS and the OCC using the information indicating the combination
of the CS for the DM RS and the OCC; and a controller configured to acquire a DM RS
sequence based on the identified CS, the identified OCC, and a constant amplitude zero auto-
correlation (CAZAC)-based sequence, controlling an inverse fourier transtorm (I1F 1)
operation performed based on the DM RS sequence and the RA to generate the DMRS, and
control a transmitter configured to transmit the DMRS associated with the PUSCH.

[66C] In accordance with another aspect of the present invention, there is provided a
base station (BS) for assigning, to a user equipment(UE), a demodulation (DM) reference
signal (RS) associated with a physical uplink shared channel (PUSCH) in a communication
system, the BS comprising: a controller configured to allocate a resource, a cyclic shift (CS)
for the DM RS and an Orthogonal Cover Code (OCC) for a UE, configure a Downlink
Control Information (DCI) including a plurality of Information Elements (1Es) tor the UE,
where the plurality of IEs include a Resource Allocation (RA) indicating the Resource and
information indicating a combination of the CS for the DM RS and the OCC, and control a
transmitter configured to transmit the DCI including the plurality of IEs over physical
downlink control channels (PDCCHs), based on a UE identifier (ID) corresponding to the UE;
and a receiver configured to receive, from the UE, the DM RS associated with the PUSCH,
based on the DCI.

[67] In accordance with another aspect of the present invention, a method for
restricting a Reference Signal (RS) bandwidth size and an RS bandwidth location is provided
in a communication system wherein a User Equipment (UE) transmits an RS to a Base Station
(BS), the RS bandwidth size being less than or equal to a predefined maximum RS bandwidth

size. The method includes transmitting, by the UE, an RS with a first bandwidth size and 1n a
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first bandwidth location in a first set of sub-frames, and transmitting, by the UE, an RS with a
second bandwidth size and in a second bandwidth location in a second set of sub-frames. The

second bandwidth size 1s smaller than the predefined maximum RS bandwidth size.

|68] In accordance with another aspect of the present invention, a method for a User
Equipment (UE) to determine a bandwidth location for a Reference Signal (RS) transmission
from a set of bandwidth locations 1s provided in a communication system wherein the UE
transmits an RS to a Base Station (BS). The method includes determining, by the UE, a
number of RS bandwidth locations according to a bandwidth location hopping pattern, starting
fr.om a predetermined bandwidth location for an initial RS transmission or from a next
bandwidth location, determined according to a hopping pattern relative to a bandwidth
location of a last RS transmission, until a bandwidth location that belongs in a set of
bandwidth locations 1s 1dentified, and transmitting, by the UE, an RS in an i1dentified

bandwidth location.

[69] In accordance with another aspect of the present invention, a method for a first
User Equipment (UE) to transmit a first User Equipments (UEs) over a first bandwidth and for

a second UE to transmit a second RS over a second bandwidth 1s provided in a
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[70]

[71]

[72]

[73]

communication system, wherein a plurality ot UEs transmit RSs to a Base Station
(BS). The method includes transmitting, by the first UE, the first RS according to a
first bandwidth hopping pattern spanning the first bandwidth, and transmitting, by the
second UE, the second RS according to a second bandwidth hopping pattern spanning
the second bandwidth. The first bandwidth is larger than the second bandwidth and
includes at least a portion of the second bandwidth.

In accordance with another aspect of the present invention, a method for a User
Equipment (UE) to transmit Reterence Signals (RSs) during a same transmission
symbol of a Transmission Time Interval (TTI) 1s provided in a communication system
wherein the UE communicates with a Base Station (BS). The method includes
informing, by the BS, the UE of multiple non-contiguous bandwidth locations for si-
multaneous RS transmission, and transmitting, by the UE, multiple RSs at the multiple
non-contiguous bandwidth locations. At least some of the multiple RSs have a
bandwidth size that 1s ditferent than a bandwidth size of other signals that the UE may
transmit in a same TTI.

In accordance with another aspect of the present invention, a User Equipment (UE)
apparatus 1s provided for transmitting a Reference Signal (RS) having a bandwidth size
that 1s equal to or smaller than a predefined maximum RS bandwidth size. The UE
apparatus includes a transmitter for transmitting an RS with a first bandwidth size and
in a first bandwidth location in a first set of sub-frames, and transmitting an RS with a
second bandwidth size and 1n a second bandwidth location during a second set of sub-
frames. The second bandwidth size 1s smaller than the predefined maximum RS
bandwidth size.

In accordance with another aspect of the present invention, a User Equipment (UE)
apparatus 1s provided for transmitting a Reference Signal (RS) at a bandwidth location
from a set of bandwidth locations. The UE apparatus includes a bandwidth location
evaluation unit for determining a number of RS bandwidth locations according to a
bandwidth location hopping pattern, starting from a predetermined bandwidth location
for an 1nitial RS transmission or from a next bandwidth location determined according
to a hopping pattern relative to a bandwidth location of a last RS transmission, until a
bandwidth location that belongs 1n a set of bandwidth locations 1s 1dentified, and a
transmitter for transmitting the RS 1n an identified bandwidth location.

In accordance with another aspect of the present invention, a User Equipment (UE)
apparatus 1s provided for transmitting a Reference Signal (RS) over a first bandwidth
or over a second bandwidth. The UE includes a transmitter for transmitting an RS
according to a first bandwidth hopping pattern spanning the first bandwidth, and for
transmitting an RS according to a second bandwidth hopping pattern spanning a
second bandwidth. The first bandwidth 1s larger than the second bandwidth and

CA 02785914 2012-06-27
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includes at least a portion of the second bandwidth.
In accordance with another aspect of the present invention, a User Equipment (UE)

apparatus 1s provided for transmitting Reterence Signals (RSs) during a same
transmission symbol of a Transmission Time Interval (TTI), wherein each of the RSs
has a bandwidth size that is different than a bandwidth size ot other signals that the UE
apparatus may transmit in the same TTI1. The UE apparatus includes a transmitter for
transmitting an RS 1n a first mode over a contiguous bandwidth, and transmitting an

RS 1n a second mode at multiple non-contiguous bandwidth locations.

Brief Description of Drawings

The above and other aspects, teatures, and advantages of the present invention will
be more apparent from the tollowing detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a diagram illustrating a UL sub-frame structure tor PUSCH transmission in
a UL of a conventional communication system;

FIG. 2 1s a block diagram illustrating a conventional coding process of an SA at a
Node B:;

FIG. 3 1s a block diagram illustrating a conventional decoding process of an SA at a
UE;

FIG. 4 1s a diagram illustrating a conventional SRS multiplexing method in a UL
sub-frame;

FIG. 5 1s a block diagram 1llustrating a conventional RS transmission process;

FIG. 6 1s a block diagram illustrating a conventional RS reception process;

FIG. 7 1s a diagram 1illustrating conventional orthogonal RS multiplexing using
different cyclic shifts of a CAZAC sequence;

FIG. 8 1s a diagram 1illustrating conventional multiplexing of SRS transmissions in
various bandwidths;

FIG. 9 1s a diagram 1illustrating a conventional application of trequency-domain
ICIC;

FIG. 10 1s a diagram 1llustrating a conventional heterogeneous network;

FIG. 11 1s a diagram 1illustrating a restriction ot SRS hopping in parts of a maximum
configured SRS BW, according to an embodiment of the present invention;

FIG. 12 1s a diagram 1llustrating SRS transmissions over a restricted BW, which 1s
smaller than a maximum SRS transmission BW, based on a tirst hopping pattern used
for SRS transmissions over the maximum SRS transmission BW, according to an em-
bodiment of the present invention;

FIG. 13 1s a diagram 1llustrating SRS transmissions over a restricted BW, which is

smaller than a maximum SRS transmission BW, based on a second hopping pattern

CA 02785914 2012-06-27
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[89]

[90]

[91]

[92]

93]

[94]

[95]

achieving maximum separation in frequency between successive SRS transmissions,

according to an embodiment of the present invention;
FIG. 14 1s a diagram 1llustrating simultaneous SRS transmissions 1n multiple BWs

according to an embodiment of the present invention;

FIG. 15 1s a diagram 1llustrating simultaneous SRS transmissions in two BWs, which
are determined according to an SRS hopping pattern, according to an embodiment of
the present invention; and

FIG. 16 1s a block diagram illustrating an exemplary structure of a reception

apparatus, according to an embodiment of the present invention.

Mode for the Invention

Various embodiments of the present invention will be described below 1n more detail
with reterence to the accompanying drawings. The present invention may, however, be
embodied 1n many ditterent torms and should not be construed as limited to the em-
bodiments set torth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete and will tully convey the scope of the
invention to those skilled in the art.

Additionally, although the embodiments of the present invention are described below
in relation to an Orthogonal Frequency Division Multiple Access (OFDMA) commu-
nication system, the present invention is also applicable to all Frequency Division Mul-
tiplexing (FDM) systems in general and to Single-Carrier Frequency Division Multiple
Access (SC-FDMA), OFDM, FDMA, Discrete Fourier Transtorm (DFT)-spread
OFDM, DFT-spread OFDMA, SC?0OFDMA, and SC-OFDM.

The various embodiments of the present invention described below are directed to
enhancing teatures of UL RS transmissions by enabling signaling to support or-
thogonal DMRS multiplexing in the PUSCH among UEs using ditfferent OCCs 1n the
time domain while optimizing the combined use of CS and OCCs for orthogonal
DMRS multiplexing, enabling SRS BW hopping over parts of a maximum SRS BW,
and enabling simultaneous SRS transmissions from a UE over non-contiguous parts of
an operating BW.

In accordance with an embodiment of the present invention, a CSI IE in a UL SA 1s
used to provide signaling support for orthogonal DMRS multiplexing among UEs 1n a
time domain by indicating a respective OCC, 1n addition to a CS. Accordingly, the CSI
IE 1s hereafter referred to as an RS Contfiguration (RSC) IE. Additionally, the UL SA
remains unchanged and no additional IE 1s introduced to indicate the OCC tor the
DMRS transmission by a UE. Instead, the RSC IE provides mapping to both the CS
value and the OCC for UEs supporting the application of OCC for their DMRS

transmission.

CA 02785914 2012-06-27
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[96] Basically, in accordance with an embodiment ot the present invention, mappings are
provided that satisty certain design criteria that maximize orthogonal separation among
DMRS or optimize a multiplexing capacity of orthogonal DMRS.

[O7] A CSI IE consists of, tor example, 3 bits and addresses a CS from a set of eight CSs,
{CSp, CS, CS,, CSs, CS,, CSs, CSe, CS-}, wherein the CS values are listed 1n an
ascending order. For example, for frequency domain generation of a CAZAC-based

sequence with n denoting an RE index, a DMRS sequence 1s

(1)
}"'(DL)(I?) _ é’jm ; (n),wherealsaCS given as - 27[37@3 /12

where _ with being
nes = (Npyps T Ppypeg) modl2 N pams

common to all UEs 1n the same cell and 1s determined from the 3 bits of the
1 pars

CSI IE 1n the UL SA based on the mapping shown in Table 3 below.
98] Table 3: Mapping of CSI IE to

" DrRs
[59] CSI1 IE Value | nppzs
000 0
001 6
010 3
CS; 011 4
CS, 100 2
| CSs 101 8
CSs 110 10 |
| CS7 { 111 - 9
[ 100] Selecting CS values having a largest mutual distance in a time domain (modulo 12),

optimal CS values for 2 MU-MIMO UEs are CS, and CS,, optimal CS values for 3
MU-MIMO UEs are CS,, CS; and CSs, and optimal CS values for 4 MU-MIMO UEs
are CSy, CS,, CS, and CS,. For more than 4 MU-MIMO UEs, the optimal CS values
practically consist of the first 4 ones and any other additional values.

[101] Additionally, for 2 DMRS per sub-frame, the possible OCCs are {1, 1} and {1, -1}.
It 1s noted that UEs that do not support time domain OCC for the DMRS (legacy UEs)
have an implicit assignment of the OCC {1, 1}. To avoid loss ot orthogonality due to
temporal channel variation, a difterent set of CS values should be assigned tor the 2
OCCs. As the communication system 1s assumed to support legacy UEs that implicitly
use OCC {1, 1}, and as OCC {1, -1} should not use the same CS values as OCC {1,
1}, the first 4 CS values with maximum mutual distance should be linked to OCC {1,

CA 02785914 2012-06-27
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1}. Table 4 presents an example of mapping RSC IE values to combinations of CS

values and the OCC based on the above-described design considerations.

[102] Table 4: Mapping of RSC IE to ” and OCC:s.
MRS
[103] CS [ RSCIE Value | fumee | OCC
CSo 000 0 {1, 1}
CS; 001 6 | {1,1}
CS; ‘ 010 3| 1,1}
[ css oL | 4 (1,-1}
CS: | 100 2 | (1,-1}
CS; 101 g8 | {1,-1} |
CSq 110 10 | {1,-1)
CS; 111 | 9 (1, 1}

[104] As seen 1n Table 4, while the CS values associated with the OCC {1, 1} have
maximum mutual distance, CS values associated with the OCC {1, -1} do not. A

mapping that achieves this objective for the OCC {1, -1} 1s presented 1in Table 5
below.

[1035] Table 5: Mapping of RSC IE to and OCCs. Maximum CS distance for
T DMRS

OCC {1, -1}.

[ 106]

CSo

CS; |
CS:

[107] To maximize the number of MU-MIMO UEs that use the mapping in Table 3, while
supporting a mixture of legacy UESs, , and UEs that apply OCCs to their DMRS trans-
missions, the mapping ot the RSC IE to CS values and OCCs for the latter UEs can be
performed as shown in Table 6, where the OCC {1, 1} uses CS values that are not used
by legacy UEs. Accordingly, for OCC {1, 1}, the CS values not used by legacy UEs
are used by UEs that apply OCCs to their DMRS transmission and CS values used by
both types of UEs are combined with the OCC {1, -1} tor UEs that apply OCCs to

CA 02785914 2012-06-27
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their DMRS transmission. This mapping maximizes the number ot supportable MU-

MIMO UEs while maintaining mutual DMRS orthogonality.

[ 108] Table 6: Mapping of RSC IE Values to - and OCCs to maximize MU-
MRS
MIMO capacity.
[109] CS | RSCIE Value | #ipygs | OCC
CS 000 | 0 [ {1,-1)
CS; 001 5 (1,-1}
CS,| 010 3| (1,-1} |
CS; 011 1] L1
CS:| 100 | 5 | (L1}
[ CSs 101 7 | {1, 1} |
CSe 1o [ 11 | {1, 1
CS; 111 9 | {1,-1}
[110] In accordance with another embodiment of the invention, SRS hopping 1s enabled 1n
parts of a maximum configured SRS transmission BW (in RBs), or 1n parts
M srs.0

of a UL operating BW. A UE can be contigured by the Node B whether to perform
SRS BW hopping. Additionally, although a single UE transmitter antenna is described
herein, tor multiple UE transmitter antennas, the same concepts can apply for each in-
dividual antenna.

[111] FIG. 11 1s a diagram 1llustrating a restriction of SRS hopping in parts of a maximum
configured SRS BW, according to an embodiment of the present invention. General-
1zations will be subsequently discussed and the restriction may apply only 1n a sub-set
of TTIs. For clarity, only the SRS transmission from 3 UESs 1s depicted.

[112] Referring to FIG. 11, the maximum SRS transmission BW for a particular SRS con-
figuration 1s L RBs 1102 and the remaining SRS transmission BWs

Mepso = 48

are RBs 1104,
= 16

RBs 1106, and o
M gp s 3 = 4

Mepgo = M gn s 3

RBs 1108. UE] 1s restricted to transmit an SRS 1n the first o RBs
Mgy = 16

during its odd-numbered SRS sub-tframes 1112 and 1n the third _
Mpsy = 16

RBs during its even-numbered SRS sub-trames 1114. UEZ2 1s restricted to transmit an

SRS 1n the first o RBs during its odd-numbered SRS sub-frames 1122
Mspsr = S

and 1n the third o RBs during its even-numbered SRS sub-frames 1124,
Mspss= O

CA 02785914 2012-06-27
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[113]

[114]

[115]

Further, UE3 1s restricted to transmit an SRS 1n the second o RBs
Mgpss = 4

during its odd-numbered SRS sub-tframes 1132 and in the sixth .
Mepsz = 4
RBs during its even-numbered SRS transmission sub-frames 1134.

Conventional SRS hopping patterns include a simple serial pattern, where SRS trans-

missions from a UE sweep consecutively in trequency through the maximum

contigured SRS BW ot RBs 1n

/ steps of
M sns o Mepso! Mgpsp

RBs during respective SRS transmission sub-frames, and also include
M srs. b

patterns enhancing the frequency diversity where successive SRS transmissions are in

non-consecutive BWs ot RBs. The frequency location of the first SRS
M srs b

transmission with BW of RBs, 1s informed to the UE through RRC
M srs. b 5 0
signaling by the Node B. The number of distinct SRS transmissions before the SRS
transmission returns to 1its initial frequency location 1s / .
Msrso! Msps p
However, as conventional SRS hopping patterns are not appropriate tor operation
with ICIC and in heterogeneous networks, in accordance with an embodiment of the
present invention, hopping of SRS transmissions with BW smaller than the maximum
configured BW ot RBs 1s enabled only in parts of RBs. For a
M grs.0 M grs.0
sertal SRS hopping pattern, this 1s achieved by barring the SRS transmission with BW

of RBs from some BWs of RBs within the maximum
M sns p M sps h

configured BW of RBs.
M srs.0

For example, in FIG. 11, UE] pertorms the first SRS transmission 1n the first
— 16 RBs 1112 (the numbering of SRS transmissions starts from 0),

Mspsi
skips the second L RBs 1116, performs the second SRS
Mgpsy — 16
transmission in the third o RBs 1114, and continues SRS trans-
Mg, — 10

missions 1n the same manner by performing the third SRS transmission in the first

B RBs 1112.
Mgps1 — 16

CA 02785914 2012-06-27
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[116]

[117]

[118]

[119]

[120]

[121]
[122]

[123]

[124]

[125]

The indexing ot the BWs ot RBs where a UE can perform SRS trans-
i
SRS, b
missions 1s provided to the UE by the Node B through RRC signaling. For example,

using a bitmap, the BWs ot - RBs where UE1 can perform SRS
Mepsy = 16

transmissions in FIG. 11 can be indicated as {1, O, 1}. However, additional signaling to
provide the indexing may not be needed if the UE can implicitly determine the BWs
for SRS transmission from other information provided by the Node B, such as, for
example, information related to the application ot 1CIC.

The SRS frequency position atter transmissions, starting from

1,  Hgrs

, may be determined usin uations an elow.

0 y be d ined using Equations (2) and (3) bel

Msrs —
n, = (I, (Ngs) T ry o )modN, [ (2)

In Equation (2), L :
Ny = Mgy / Mgpgy, O >0

e modIT2., N, | | # modIl’., N,
(Nb / 2) _SES_T_.I’_-EM [ 4 _{RS ..b._]_b.f{'fp_.b_ if Nb even
Fy(ngrs) = Iy, Ny | 2115, Ny
N, /ZJI_nSRS 1oy Nb._| if N, odd

.. (3)
In Equation (3), b

={0,1,2,3}"™ N, =1

hC?? fop

When a UE is restricted from performing SRS transmission from certain BWs ot
RBs, SRS transmissions 1n those BWs can be skipped and the UE can
i
SRS, b
instead transmit at a next BW specitied by the above pattern. This scenario 1s 1l-
lustrated in FIG. 12 where, using the above hopping pattern, an SRS transmission ot
o RBs 1s shown without restrictions 1n the SRS transmission BW and
74 = 4
SRS, b
with restrictions 1n the SRS transmission BW.

FIG. 12 1s a diagram 1llustrating SRS transmissions over a restricted BW, which is
smaller than a maximum SRS transmission BW, based on a first hopping pattern used
for SRS transmissions over the maximum SRS transmission BW, according to an em-
bodiment of the present invention.

Referring to FIG. 12, A4 RBs, and

o R Bs, -
Mepso = 24 Mers1 —

CA 02785914 2012-06-27



20

WO 2011/083986 PCT/KR2011/000082
. Then, for o RBs SRS BW, L and
[126]
b b
Popg modH ety N, Hops modH ety N,
Fy(n5es) = (N /2)-| —— = |+ AT N,
'=bhop ' b'=bhop b
[127] =

[ 128]

[129]

[ 130]

.."_S_RMJ
2

(N,/2)-(nggs mod N, )+ [_M;"ﬂj _ 3. (14 mod 6)+[

In FIG. 12, the SRS transmission BW 1n different SRS transmission sub-frames 1210

1s 1llustrated without restrictions 1220 and with restrictions 1230, where the SRS 1s
barred from being transmitted in certain BWs 1240.

The advantage of the previous SRS hopping method with BW restrictions 1s that it
re-uses applicable hopping patterns without restrictions in the SRS BW location with
the restriction that if the SRS transmission 1s to occur 1n a barred BW location, instead.,
it occurs 1n the next allowable BW determined according to the hopping pattern.
However, when there are restrictions, as the total SRS transmission BW 1s a subset of
the total SRS transmission BW with restrictions, the frequency diversity optimality of
the SRS hopping pattern without BW restrictions 1s not maintained using BW re-
strictions for the SRS transmission.

An alternative method tor defining an SRS hopping pattern 1s described below, in ac-
cordance with another embodiment of the present invention, wherein some parts of the

maximum contigured BW of RBs are restricted from having SRS trans-
M grs. o

missions with smaller BW of RBs, b>0, from a reference UE. A new
M sps b

maximum SRS BW, 5 B 5 , 1s defined with » denoting
Mepso = Ny Mgps Ny,

the number of BWs of size where the SRS transmission can hop,
M srs.b

.. This modification

IV,

is only for the tformula to determine the SRS hopping pattern, while the remaining BW

5 , and 1s substituted by
Ny < Mgpso/ Mg, N

indexing remains the same as previously described. Then, at least tor b=1,

F; (7 gp5 )

can be determined using Equation (4).
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[131]

[ 132]

[ 133]

[134]

[ 135]

[ 136]

[137]

| 138]

[ 139]

.. (4)

if N, even

(N7 /2)- (1505 mod N7 )+ [— m"%J

cmnm@)zj
N7 72 ] nge if N7 odd

\.

The respective hopping pattern 1s illustrated in FIG. 13 for the same parameters as in
FIG. 12.

For _ RBs SRS BW, - and can be de-
Mepsy = 4 N, =4 £ (M gps)

termined using Equation (5).

. (5)

' d4
Fy(nges) = (N7 /2)-(1es mod Ny J+ ”SRS—“‘Z"dN*’J=2-(nSRS mod4)+[f’m - }

-

FIG. 13 1s a diagram 1llustrating SRS transmissions over a restricted BW, which is
smaller than a maximum SRS transmission BW, based on a second hopping pattern
achieving maximum separation in frequency between successive SRS transmissions,
according to an embodiment of the present invention.

Referring to FIG. 13, the SRS transmission BW in different SRS transmission sub-
frames 1310 1s illustrated without restrictions 1320 and with restrictions 1330 where
the SRS 1s barred from being transmitted in certain BWs 1340. As described above, the
Node B 1s assumed to inform the UE through RRC signaling whether the UE should
use the moditied hopping pattern and ot the associated parameters.

In accordance with another embodiment of the present invention, an SRS
transmission 1s provided for supporting PUSCH scheduling in non-contiguous parts of
the UL operating BW. Again, the description below 1s provided with reference to a
single UE transmitter antenna. However, tor multiple UE transmitter antennas, the
same concepts can apply for each individual antenna.

Simultaneous SRS transmission BWs of RBs, b > 0, can be indicated 1n a
M srs. b

similar manner as the BW parts of the maximum SRS BW of RBs, where
M srs. 0

an SRS transmission 1s permitted or barred, as was previously described. For example,

the Node B using a bitmap ot bits, can indicate to the

N < M sps o /mSRS,b

UE to simultaneously perform SRS transmission in a number of BWs ot
M srs b

RBs, b > 0.

For example, it

/ Q and the bitmap 1s {0, 1, 0, 0, 0, O, 1,
Mepso! Mepsp
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[ 140]

[141]

[142]

0}, the UE performs simultaneous SRS transmission 1n the second and seventh SRS
BWs ot RBs, b > 0. Alternatively, a UE conftigured to pertorm M si-

M grs. b
multaneous SRS transmissions may use the same BWs as the BWs corresponding to M
SRS transmissions in M consecutive SRS transmission sub-trames for the UE using the
respective SRS hopping pattern.

For example, for M = 2, a UE with SRS hopping pattern in BWs {BW,;, BW,, BW,,
BWs, BW;, BWs, BW, ... }, as illustrated 1n the left side of FIG. 12 or FIG. 13, during
respective consecutive SRS transmission sub-frames for the UE, can have two si-
multaneous SRS transmissions during a first SRS transmission sub-frame in { BW,,
BW.,}, two simultaneous SRS transmissions during a second SRS transmission sub-
frame in { BW,, BWs}, two simultaneous SRS transmissions during a third SRS
transmission sub-frame in { BW;, BWg}, two simultaneous SRS transmissions during a
fourth SRS transmission sub-frame 1n {BW,;, BW,}, etc. In this manner, the benefits of
the SRS hopping pattern are preserved without requiring additional signaling, for
example, through a bit-map.

Indexing with a fewer number of bits than required by a bit-map can be developed
with some restrictions in the number or 1n the positions ot simultaneous SRS trans-
missions that have the same BW. For example, it a UE 1s contigured to simultaneously

perform 2 SRS transmissions ot RBs, b > 0, with the BW position of the
M grs b

first SRS transmission being in the first half of RBs and using the same
M srs.0

BW position for the second SRS transmission but in the second haltf of

M srs.0
RBs, then the number of bits can be reduced by half relative to the one required using a
bitmap. Variations of the indexing method can directly apply. For example, the BW

positions of two simultaneous SRS transmissions can be symmetric from each end ot

the maximum configured SRS BW of RBs (instead ot being in the same
M srs.0

position 1n the first and second half of ).
M srs.0
Additionally, potential BW positions tor smaller SRS BWs can be grouped so that

the same number of bits 1s used for indexing regardless of the SRS BW. For example,

considering a first SRS transmission ot RBs and a second SRS
M srs b1

transmission of RBs, where o ]
M gps b2 M eps po /mSRS:bl = 1> 1
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the BW position of the first SRS transmission can only be indicated to be within F

blocks ot RBs with the actual block being always a predetermined one,
M grs b1

such as the first or the middle one, or implicitly determined, tor example based on the
UE ID or other parameters assigned to the SRS transmission such as the CS, the comb,

etc. For example, for a maximum SRS transmission BW of RBs and

4m SRS. b2

o o a bit-map with 4 bits can indicate the
Mpspr! Mepsp = F =2

possible positions for the SRS transmission with BW ot RBs. One of
M RS b2

these positions 1s for SRS transmission BW ot RBs, but as two such
M grs. b1

positions exist within RBs (starting at the first RB or starting atter
M sps b2

RBs), the UE may be configured, for example, to always use the first
M srs b1

position.
[143] With the exception of the multiple BWs for simultaneous SRS transmission ot
RBs, b > 0, which are separately contigured for each UE, the Node B may
I
SRS.b
configure for each UE a single set tor the remaining SRS transmission parameters that
are applicable to all sub-BWs, including a single CS, a single comb, a single SRS
transmission period, and a single SRS starting transmission sub-frame.
[144] A single CS
[1435] The SRS CS may be the same 1n all multiple BWs or it may vary according to a pre-
determined manner across the multiple BWs ot RBs, b > 0. Having a
M srs b
variable CS 1s beneficial for statistically minimizing the increase in the cubic metric

that 1s associated with the transmission of multiple SRS when they happen to have the

same BW of RBs, b > 0.
M srps b

[146] For example, assuming 8 possible CS values {CS,, CS,, CS,, CS,, CS,, CSs, CSs, CS;
} and that a UE 1s assigned CS, as the SRS CS for transmission in the first BW ot

RBs, b > 0, if the UE 1s also assigned 2 more BWs ot RBs, b >
M sps b M sps b

0, the SRS CS 1n those BWs can simply be the next CS, CS,, and CS,, or they can be
the CS with the largest mutual separation, CS; and CSs.

[147] A single comb
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[ 148]

[149]

[ 150]
[151]

[ 152]
[ 153]

[ 154]

[ 153]

[ 156]

[157]

The SRS comb may be the same in all multiple BWs ot RBs, b > 0, or it
g
SRS, b
may vary according to a predetermined manner across these BWs.
For example, a pseudo-random pattern may be applied to the SRS comb deter-
mination in the variable BWs to randomize the interference experienced on a particular
comb.

A single SRS transmission period

A single SRS transmission period applicable to all multiple BWs ot RBs,
M sps b

b > 0.

A single SRS starting transmission sub-frame
A single SRS starting transmission sub-frame applicable to all multiple BWs ot

RBs, b > 0.
M gps p

SRS hopping is enabled or not tfor all multiple BWs ot RBs, b > 0. Alter-
M srs.b

natively, SRS hopping may be enabled for a subset of the multiple SRS transmissions.

For example, one SRS transmission may always occur at a tfixed BW and another
SRS transmission may be hopping among multiple BWs. In this manner, the Node B
can obtain the UL channel medium information at the fixed BW tor UE scheduling in
that BW while it can also obtain the UL channel medium information in other multiple
BWs and, based on that information, switch the UE scheduling trom the fixed BW in
one of the multiple BWs and then make that BW the new fixed BW.

FIG. 14 1s a diagram 1llustrating simultaneous SRS transmissions in multiple BWs
according to an embodiment of the present invention. Specitically, FIG. 14 illustrates
the sitmultaneous SRS transmission in multiple BWs of RBs, b > 0, within

M sns b

the maximum configured SRS BW of RBs. For ease of description, only
M srs.0

SRS transmissions trom 2 UEs are depicted.

Referring to FIG. 14, the maximum SRS transmission BW 1s .
Mopso =~ 48

RBs 1402 and the remaining SRS transmission BWs are L RBs
Mgps1 = 16

1404, RBs 1406, and

_ 8 4 RBs 1408. UE1 1410 has
M gps o " gns 3

two simultaneous SRS transmissions 1412 and 1414, both with the same BW

, which are respectively located at the same position in the first halt and 1n
Mgrs.2
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the second half of RBs. UE2 1420 has two simultaneous SRS trans-
M grso
missions 1422 and 1424, again, both with the same BW , which are sym-
M srs 3
metrically located relative to each side of RBs.
M srs.0
[ 158] FIG. 15 1s a diagram 1llustrating simultaneous SRS transmissions in two BWs, which

[ 159]

[ 160]

[161]

| 162]

[ 163]

164 ]
[ 1635]

are determined according to an SRS hopping pattern, according to an embodiment ot
the present invention. Specifically, FIG. 15 1llustrates the simultaneous SRS
transmission in M =2 BWs, having 4 RBs, which are determined using the SRS
hopping pattern.

Referring to FIG. 15, 1n a total SRS transmission BW of 24 RBs 1510, the SRS
transmission during a first SRS transmission sub-frame 1520 1s 1n the first and tourth
BWs 1530, the SRS transmission during a second SRS transmission sub-frame 1s in the
second and fifth BWs 1540, the SRS transmission during a third SRS transmission sub-
frame 1s 1n the third and sixth BWs 1550, the SRS transmission during a fourth SRS
transmission sub-frame is in the first and fourth BWs 1560, etc.

FIG. 16 1s a block diagram illustrating an exemplary structure of a reception
apparatus, according to an embodiment of the present invention.The reception
apparatus 1600 includes, for example, a transmitter 1610, a controller 1620.

The transmitter 1610 transmits an RS with a tirst bandwidth size and in a first
bandwidth location 1n a first set of sub-frames, and transmits an RS with a second
bandwidth size and 1n a second bandwidth location during a second set ot sub-frames,
wherein the second bandwidth size 1s smaller than the predefined maximum RS
bandwidth size.

Also, the transmitter 1610 transmits an RS according to a first bandwidth hopping
pattern spanning the first bandwidth, and transmits an RS according to a second
bandwidth hopping pattern spanning a second bandwidth, The first bandwidth 1s larger
than the second bandwidth and includes at least a portion of the second bandwidth.

Also, the transmitter 1610 transmits an RS 1n a first mode over a contiguous
bandwidth, and transmits an RS 1n a second mode at multiple non-contiguous
bandwidth locations.

The reception apparatus further includes a bandwidth location evaluation unit.

The bandwidth location evaluation unit 1630 determines a number of RS bandwidth
locations according to a bandwidth location hopping pattern, starting from a prede-
termined bandwidth location for an initial RS transmission or from a next bandwidth
location determined according to a hopping pattern relative to a bandwidth location ot

a last RS transmission, until a bandwidth location that belongs in the set of bandwidth

CA 02785914 2012-06-27
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locations is identified. The transmitter 1610 transmits the RS in an identified
- bandwidth location.
[166] The controller 1620 controls an operation of the transmitter 1610, and bandwidth
location evaluation unit 1630 according to an embodiment of the present invention
[167] While the present invention has been shown and described with reference to certain
embodiments thereof, it will be understood by those skilled in the art that various
changes 1n form and details may be made therein without departing from the
scope of the present invention as defined by the appended claims and their equivalents.
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CLAIMS:
l. A method for transmitting a demodulation (DM) reference signal (RS)

associated with a physical uplink shared channel (PUSCH) in a communication system, the

method comprising:

receiving, by a user equipment (UE), a downlink control information (DCI)
including a plurality of information elements (IEs) over physical downlink control channel
(PDCCH) based on a UE identifier (ID) corresponding to the UE, where the plurality of IEs
include a resource allocation (RA) and information indicating a combination of a cyclic shift

(CS) for the DM RS and an orthogonal cover code (OCC);

identifying the CS for the DM RS and the OCC using the information
indicating the combination of the CS for the DM RS and the OCC;

acquiring a DM RS sequence based on the identified CS and the 1dentified

OCC, and a constant amplitude zero auto-correlation (CAZAC)-based sequence;

performing an inverse fourier Transform (IFT) operation based on the DM RS

sequence and the RA to generate the DMRS; and

transmitting the DMRS associated with the PUSCH.

2. The method of claim 1, further comprising:

adding a cyclic prefix (CP) to the DMRS before transmitting the DMRS
associated with the PUSCH.

3. The method of claim 1, wherein the OCC indicates one of {1,1} and {1,-1}.

4, The method of claim 1, wherein the CS indicates one of a 0, 6, 3, 4, 2, 8, 10,
and 9 shift of the CAZAC-based sequence.

5. The method of claim 1, wherein the DM RS sequence is configured by:
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() . Jon
ro(n)=e¢e r(n)

where F ( }’l) is the CAZAC-based sequence, (0 = 2TR CS / 12 isa

shift value of the CAZAC-based sequence, and n¢ 1s determined based on (Npmgrs + Npmrs)

mod 12,

where Npwmrs 1s configured by a higher layer and npwrg corresponds to the CS.

6. The method of claim 1, wherein if an IE among the plurality of IEs indicates
‘000°, the CS indicates ‘0, if the IE indicates ‘001°, the CS i1s ‘6°, 1f the IE indicates “010°, the
CS is ‘3’, if the IE indicates ‘011, the CS is ‘4, if the IE indicates ‘100°, the CS 1s ‘2’, 1f the
[E indicates ‘101°, the CS is ‘8, if the IE indicates “‘110°, the CS 1s “10°, and 1f the IE
indicates ‘111°, the CS 15 ‘9°.

7. The method of claim 1, wherein a combination of an IE among the plurality of

[Es, the CS and the OCC includes a plurality of cases,

a first case: if an IE among the plurality of 1Es indicates ‘000°, the CS1s *0’
and the OCC is {1,1}, if the IE indicates “101°, the CS is ‘8’ and the OCC 1s {1,-1}, if the IE
indicates ‘110°, the CS is *10” and the OCC is {1,-1}, and if the IE indicates ‘111°, the CS 1s
‘9’ and the OCC 1s {1,1},

a second case: if the IE among the plurality of IEs indicates ‘000°, the CS 1s *0°
and the OCC is {1,1}, if the IE indicates ‘101°, the CS is 8’ and the OCC 1s {1,-1}, and 1f the
[E indicates 1117, the CS is ‘9’ and the OCC i1s {1,1}, and

a third case: if the IE among the plurality of IEs indicates ‘001°, the CS 1s *6°
and the OCC is {1,-1}, and if the IE indicates ‘010°, the CS is ‘3’ and the OCC 1s {1,-1}.

8. The method of claim 1, wherein the plurality of IEs further include at least one
of a modulation and coding scheme (MCS), a new data indicator (NDI), a transmit power

control (TPC), a hopping flag, and a channel quality intormation (CQI) Request.
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9. A method for assigning, by a base station (BS), to a user equipment (UE), a
demodulation (DM) reference signal (RS) associated with a physical uplink shared channel

(PUSCH) in a communication system, the method comprising:

allocating a resource, a cyclic shift (CS) for the DM RS and an orthogonal
o5 cover code (OCC) for a UE;

configuring a downlink control information (DCI) including a plurality of
information elements (IEs) for the UE, where the plurality of IEs include a resource allocation

(RA) indicating the resource and information indicating a combination of the CS for the DM

RS and the OCC;

10 transmitting the DCI including the plurality of IEs over physical downlink
control channels (PDCCHs), based on a UE identifier (ID) corresponding to the UE; and

receiving, from the UE, the DM RS associated with the PUSCH, based on the

DCI.
10. The method of claim 9, wherein the OCC indicates one of {1,1} and {1,-1}
15 11. The method of claim 9, wherein the CS indicates one ot a 0, 6, 3, 4, 2, 8, 10,

and 9 shift of the CAZAC-based sequence.

12. ' The method of claim 9, wherein the DM RS sequence is configured by:
() . Jun
r-(n) =¢e r(n)

where #° (n) is the CAZAC-based sequence, o0 = 27/ CS / 12 isashift

20 value of the CAZAC-based selquence, and n. 1S determined based on (Npwmrs + Npmrs) mod

12,

where Npwrs 1s configured by a higher layer and npyrs corresponds to the CS.
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13. The method of claim 9, wherein if an IE among the plurality of 1Es indicates
‘000’, the CS indicates ‘0’, if the IE indicates ‘001°, the CS 1s °6’, if the IE indicates ‘010°, the
CS 1s “3°, 1f the IE indicates ‘011°, the CS 1s ‘4, 1f the IE indicates ‘100°, the CS 1s 2°, 1f the
[E indicates ‘101°, the CS 1s °8’, if the IE indicates ‘110°, the CS 1s *10°, and 1f the IE
indicates ‘111°, the CS is ‘9’.

14. The method of claim 9, wherein a combination of an IE among the plurality of

IEs, the CS and the OCC includes a plurality of cases,

a first case: if an IE among the plurality of IEs indicates ‘000°, the CS1s (0’
and the OCC 1s {1,1}, if the IE indicates ‘101°, the CS 1s ‘8’ and the OCC 1s {1,-1}, 1f the IE
indicates ‘110°, the CS 1s ‘10° and the OCC is {1,-1}, and if the IE indicates ‘111°, the CS is
0" and the OCC is {1,1}.

a second case: if the IE among the plurality of IEs indicates ‘000°, the CS 1s 0’
and the OCC 1s {1,1}, if the IE indicates ‘101°, the CS 1s ‘8 and the OCC 1s {1,-1}, and if the
IE indicates 1117, the CS 1s ‘9’ and the OCC 1s {1,1}, and a third case: if the IE among the
plurality of IEs indicates ‘001°, the CS 1s ‘6’ and the OCC 1s {1,-1}, and if the IE indicates
‘010°, the CS 1s *3° and the OCC 1s {1,-1}.

15. The method of claim 9, wherein the plurality of IEs further include at least one
of a modulation and coding scheme (MCS), a new data indicator (NDI), a transmit power

control (TPC), a hopping flag, and a channel quality information (CQI) Request.

16. A user equipment (UE) for transmitting a physical uplink shared channel
(PUSCH) and a demodulation (DM) reference signal (RS) associated with transmission of the

PUSCH in a communication system, the UE comprising:

a receiver configured to receive a downlink control information (DCl)
including a plurality of information elements (IEs) over physical downlink control channel
(PDCCH) based on a UE identifier (ID) corresponding to the UE, where the plurality ot IEs
include a resource allocation (RA) and information indicating a combination of a cyclic shift

(CS) for the DM RS and an orthogonal cover code (OCC), and 1dentify the CS for the DM RS
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and the OCC using the information indicating the combination of the CS for the DM RS and
the OCC:; and

| a controller configured to acquire a DM RS sequence based on the identified
CS, the 1dentified OCC, and a constant amplitude zero auto-correlation (CAZAC)-based
sequence, controlling an inverse fourler transform (IFT) operation performed based on the
DM RS sequence and the RA to generate the DMRS, and control a transmitter configured to
transmit the DMRS associated with the PUSCH.

17. The UE claim 16, turther comprising:

a CP 1nserter configured to adding a cyclic prefix (CP) to the DMRS before
transmitting the DMRS associated with the PUSCH.

18. The UE of claim 16, wherein the OCC indicates one of {1,1} and {1,-1}.

19. The UE of claim 16, wherein the CS indicatesone ofa 0, 6, 3,4, 2, 8, 10, and 9
shift of the CAZAC-based sequence.

20. The UE of claim 16, wherein the DM RS sequence 1s configured by:

r(n) = e r(n)

where #° (7’3) 1s the CAZAC-based sequence, O — 21n CS / 12 isa shift

value of the CAZAC-based sequence, and n 1s determined based on (Npmrs + Npmrs) mod
12,

where Npmrs 1S configured by a higher layer and npymrs corresponds to the CS.

21. The UE of claim 16, wherein if an IE among the plurality of 1Es indicates
‘000°, the CS indicates ‘0’ if the [E indicates ‘001°, the CS 1s “6°, 1f the IE indicates ‘010°, the
CS ié 3’ 1f the [E indicates ‘011°, the CS 1s ‘4’ 1f the IE indicates ‘100, the CS 1s ‘2°, 1f the
[E indicates ‘101°, the CS 1s ‘8, if the IE indicates ‘110°, the CS 1s ‘10°, and 1f the IE
indicates ‘1117, the CS is 9°.
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22. ' The UE of claim 16, wherein a combination of an IE among the plurality of

IEs, the CS and the OCC includes a plurality of cases,

a first case: if an [E among the plurality of IEs indicates ‘000°, the CSis ‘0’
and the OCC 1s {1,1}, if the [E indicates ‘101°, the CS is ‘8" and the OCC is {1,-1}, if the IE
indicates ‘110°, the CS is ‘10’ and the OCC is {1,-1}, and if the IE indicates ‘111°, the CS is
‘9> and the OCC 1s {1,1},

a second case: 1f the IE among the plurality of IEs indicates ‘000°, the CS is ‘0’
and the OCC is {1,1}, if the IE indicates ‘101°, the CS is ‘8’ and the OCC is {1,-1}, and 1f the
IE indicates 1117, the CS is ‘9’ and the OCC is {1,1}, and

a third case: if the IE among the plurality of IEs indicates ‘001°, the CS is ‘6
and the OCC 1s {1,-1}, and if the IE indicates ‘010°, the CS is ‘3” and the OCC is {1,-1}.

23. The UE of claim 16, wherein the plurality of IEs further include at least one of

a modulation and coding scheme (MCS), a new data indicator (NDI), a transmit power control

(TPC), a hopping tlag, and a channel quality information (CQI) Request.

24, A base station (BS) for assigning, to a user equipment(UE), a demodulation
(DM) reference signal (RS) associated with a physical uplink shared channel (PUSCH) in a

communication system, the BS comprising:

a controller contigured to allocate a resource, a cyclic shift (CS) for the DM RS
and an Orthogonal Cover Code (OCC) for a UE, configure a Downlink Control Information
(DCI) including a plurality of Information Elements (IEs) for the UE, where the plurality of

IEs include a Resource Allocation (RA) indicating the Resource and information indicating a

combination of the CS for the DM RS and the OCC, and control a transmitter configured to
transmit the DCI including the plurality of IEs over physical downlink control channels

(PDCCHs), based on a UE 1dentifier (ID) corresponding to the UE; and

a recerver configured to receive, from the UE, the DM RS associated with the

PUSCH, based on the DCI.
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25. Thé BS of claim 24, wherein the OCC indicates one of {1,1} and {1,-1}.
26. The BS of claim 24, wherein the CS indicatesone ofa 0, 6, 3,4, 2, 8, 10, and 9
shift of the CAZAC-based sequence.
27. The BS of claim 24, wherein the DM RS sequence is configured by:

Fn) = ™ ¥ (n)

where #° (n ) is the CAZAC-based sequence, o = 2T CS / 12 isashift

value of the CAZAC-based sequence, and n¢ 1s determined based on (Npmrs + npmrs) mod
12,

where Npwmrs 18 configured by a higher layer and npyrs corresponds to the CS.

28. The BS of claim 24, wherein if an IE among the plurality of IEs indicates
‘000’, the CS indicates ‘0°, if the IE indicates ‘001°, the CS 1s ‘6°, if the IE indicates ‘010,
the CS is ‘3’, if the IE indicates ‘011°, the CS 1s ‘4’, if the IE indicates *100°, the CS 1s *2°, 1f
the IE indicates ‘101°, the CSis ‘8, if the IE indicates ‘110°, the CS 1s ‘10°, and if the IE
indicates ‘111, the CS is “9”.

29. The BS of claim 24, wherein a combination of an IE among the plurality of

[Es, the CS and the OCC includes a plurality of cases,

a first case: if an IE among the plurality of IEs indicates ‘000°, the CS 1s 0’
and the OCC is {1,1}, if the IE indicates ‘101, the CS is ‘8" and the OCC is {1,-1}, 1f the IE
indicétes “110°, the CS is ‘10° and the OCC is {1,-1}, and if the IE indicates *111°, the CS 15
‘9’ and the OCC 1s {1,1},

a second case: if the IE among the plurality of IEs indicates ‘000°, the CS 1s ‘0’
and the OCC is {1,1}, if the IE indicates ‘101°, the CS is ‘8’ and the OCC is {1,-1}, and if the
[E indicates ‘111°, the CS is ‘9’ and the OCC is {1,1}, and a third case: if the IE among the
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plurality of IEs indicates ‘001°, the CS 1s ‘6’ and the OCC is {1,-1}, and if the IE indicates
‘0107, the CS 1s ‘3’ and the OCC 1s {1,-1}.

30. The BS of claim 24, wherein the plurality of IEs further include at least one of
a modulation and coding scheme (MCS), a new data indicator (NDI), a transmit power

control (TPC), a hopping tlag, and a channel quality information (CQI) Request.
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