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APPARATUS, METHOD AND COMPUTER PROGRAM PRODUCT

PROVIDING SEQUENCE MODULATION FOR UPLINK CONTROL

SIGNALING

TECHNICAL FIELD:

[0001] The teachings in accordance with the exemplary and non-limiting

embodiments of this invention relate generally to wireless communication systems,

methods, devices and computer program products and, more specifically, relate to

techniques for signaling control information from a user device to a wireless network

device.

BACKGROUND:

[0002] Certain abbreviations that may be found in the description and/or in the

Figures are herewith defined as follows:

3GPP Third Generation Partnership Project

ACK acknowledgment

AMC adaptive modulation and coding

BER bit error rate

BPSK binary phase shift keying

BW bandwidth

CAZAC constant-amplitude zero auto-correlation

CDM code division multiplexing

CM cubic metric

CP cyclic prefix

CQI channel quality indicator

DFT-S-OFDMA discrete Fourier transform spread OFDM (SC-FDMA based on

frequency domain processing)

E-UTRAN evolved UTRAN



FBI feedback information

FDM frequency division multiplexing

FDMA frequency division multiple access

FFT fast Fourier transform

HARQ hybrid automatic repeat request

IFDMA interleaved FDMA

IFFT inverse FFT

Ll Layer 1 (physical layer)

L2 Layer 2 (data link layer)

LB long block

LTE long term evolution

MCS modulation coding scheme

NACK negative ACK

Node-B Base Station

eNB EUTRAN Node B

OBO output backoff

OFDM Orthogonal Frequency Domain Multiplex

PAPR/PAR peak to average power ratio

PRB physical resource block

PSK phase shift keying

PUCCH physical uplink control channel

QAM quadrature amplitude modulation

QPSK quadrature phase shift keying

QoS quality of service

SB short block

SC-FDMA single carrier, frequency division multiple access

SF spreading factor

SINR signal-to-interference and noise ratio

TPC transmission power control

TTI transmission time interval

UE user equipment

UL uplink

UTRAN universal terrestrial radio access network



ZAC zero autocorrelation sequence

[0003] A proposed communication system known as evolved UTRAN

(E-UTRAN, also referred to as UTRAN-LTE) is currently under discussion within the

3GPP. The current working assumption is that the DL access technique will be OFDM,

and the UL technique will be SC-FDMA.

[0004] Control channel multiplexing is performed in the UTRAN-LTE system,

including control channel multiplexing in the SC-FDMA based UL. There are two

different type of control signals to be carried in the UL:

1. Data associated control signaling including transport format and HARQ information.

This information is associated with UL data transmissions.

2. Data-non-associated control signaling, such as CQI and/or ACK/NACK due to

downlink transmissions.

Of particular interest to this discussion is the data-non-associated control signaling, the

transmission of which may be divided into two separate classes:

a) data-non-associated control signaling multiplexed with UL data; and

b) data-non-associated control transmitted without UL data.

[0005] Reference in this regard may be had to 3GPP TR 25.814, v7.0, Section,

9.1.1.2.3, Multiplexing of L1/L2 control signaling, where it is stated that there are three

multiplexing combinations for the uplink pilot, data, and L1/L2 control signaling within a

sub-frame that are considered for a single UE:

multiplexing of pilot, data, and data-associated L1/L2 control signaling;

multiplexing of pilot, data, and data-associated and data-non-associated L1/L2 control

signaling; and

multiplexing of pilot and data-non-associated L1/L2 control signaling.

[0006] In single-carrier FDMA radio access, time-domain multiplexing is used

for the above-mentioned three multiplexing combinations in order to retain the

advantageous single-carrier feature with a low PAPR.

[0007] Both data-associated and data-non-associated control signaling are



time-multiplexed with data and pilot within the sub-frame. Furthermore, the

data-associated and data-non-associated control signaling from multiple UEs are

multiplexed in the frequency or/and code domains associated with multiple pilot

channels.

[0008] The data-non-associated control signaling can also be time-multiplexed

with data if the UE has UL data transmission. Meanwhile, the data-non-associated control

signaling, that transmits only the L1/L2 control, is multiplexed exclusively in a

semi-statically assigned time-frequency region. This uplink control signaling is

transmitted on a channel that can be referred to as a Physical Uplink Control Channel

(PUCCH) in LTE terminology. The data-non-associated control signaling of different

UEs is multiplexed using the frequency/time/code domain or a hybrid of them within the

assigned time-frequency region. The exclusive time-frequency region can be separated

into multiple separate frequency-time resources. The possibility for multiplexing of

data-non-associated control signaling with data channel by exclusive frequency resource,

i.e., frequency-multiplexing, is for further study.

[0009] Figure 1 herein reproduces a part of Figure 9.1.1.23-2 of 3GPP

TR25.814,"Multiplexing scheme for L1/L2 control signaling, data, and pilot", and

assumes that data-non-associated control signaling for UEs that transmit only the L1/L2

control, is multiplexed exclusively in a semi-statically assigned time-frequency region

(denoted with the asterisk in Figure 1). On the contrary, UEs which have both UL data

and data-non-associated control signaling utilize time-multiplexing between control and

data.

[0010] It is important to note that data-non-associated control signaling

transmitted in the UL presents special requirements for system design. In general, the

transmitted information includes only a few information bits having tight delay

requirements, and the ability to use re-transmissions is severely curtailed. Furthermore,

the QoS requirement is stringent, e.g., for ACK/NACK signaling an error probability of

the order of 10~2 or less is required. This indicates that frequency diversity is of high

importance. In addition, maintaining the intra-cell orthogonality and low PAR properties

of the SC-FDMA system should also be considered in the system design. Providing an

optimized coverage area is also of importance.

[001 1] Several contributions on data-non-associated channel multiplexing have

been proposed thus far during the 3GPP standardization process for UTRAN-LTE.



[0012] For example, in Rl -06 1862, "Uplink Non-data-associated Control

Signaling": Ericsson, June 27-30, 2006, it is proposed to have a new sub-frame format

with an additional short block for data-non-associated control signaling. At least one

perceived problem with this proposal, however, is that the scalability of the resource is

less than optimum.

[0013] Also by example, in Rl-062065, "L1/L2 UL Control Mapping and

Numerology": Motorola, August 28-September 1, 2006, it is proposed to have a FDM-

type of multiplexing combined with frequency hopping within a sub-fame. At least one

perceived problem with this proposal is that the number of active sub-carriers is only two,

which can lead to very high power differences between UEs occupying a large

bandwidth. Thus, there is an increased probability that intra-cell orthogonality would be

lost at least to some extent under practical transmission conditions, such as those where

frequency and timing errors exist.

[0014] Additional related contributions include:

Rl-061674, "Multiplexing Method of Uplink L1/L2 Control Channel", NTT DoCoMo;

Rl-061675, "Data-non-associated L1/L2 Control Channel Structure for E-UTRA

Uplink", NTT DoCoMo;

Rl-061699, "Uplink ACK/NACK Signalling: FDM vs TDM", Samsung;

R l -06 1779, "Multiplexing of control signalling in E-UTRA", LG;

Rl -06 1802, "Multiplexing and Link analysis of UL control channels", Qualcomm,

respectively; and

3GPP TR 25.814, section 9.1 . 1 incorporated by reference.

[0015] These various proposals suggest the use of the same DFT-S-OFDMA

modulation scheme for both data-non-associated control signaling and for data. However,

a problem that arises is that DFT-S-OFDMA is not the most optimum modulation option

for the intended purpose.



SUMMARY:

[0016] In an exemplary aspect of the invention, there is a method comprising

modulating information using a selected modulation coding scheme, multiplying the

modulated information with a cyclically shifted sequence, and mapping the multiplied

modulated information into at least one subcarrier and transmitting the mapped

information on an uplink.

[0017] In another exemplary aspect of the invention, there is an apparatus

comprising a transmitter, a sequence modulator coupled to the transmitter and comprising

circuitry configurable to provide a cyclically shifted sequence, a modulator configurable

to modulate information using a selected modulation coding scheme, a multiplier

configurable to multiply the modulated information with the cyclically shifted sequence,

and a mapper coupled to the transmitter configurable to map the multiplied modulated

information into at least one subcarrier and transmit the mapped information on an

uplink.

[0018] In another exemplary aspect of the invention, there is a computer readable

medium encoded with a computer program executable by a processor to perform actions

comprising modulating information using a selected modulation coding scheme,

multiplying the modulated information with a cyclically shifted sequence, and mapping

the multiplied modulated information into at least one subcarrier and transmitting the

mapped information on an uplink.

[0019] In another exemplary aspect of the invention, there is an integrated circuit

comprising a first circuit configured to modulate information using a selected modulation

coding scheme, a second circuit configured to multiply the modulated information with a

cyclically shifted sequence, and a third circuit configured to map the multiplied

modulated information into at least one subcarrier and transmit the mapped information

on an uplink.

[0020] In still another exemplary aspect of the invention, there is an apparatus

comprising means for modulating information using a selected modulation coding

scheme, means for multiplying the modulated information with a cyclically shifted

sequence, and means for mapping the multiplied modulated information into at least one

subcarrier and transmitting the mapped information on an uplink.



[0021] Wherein the exemplary aspect of the invention above, the means for

modulating and the means for multiplying comprise a sequence modulator coupled to a

multiplier, and the means for mapping and transmitting comprise a mapper coupled to a

transmitter.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0022] The foregoing and other aspects of embodiments of this invention are

made more evident in the following Detailed Description, when read in conjunction with

the attached Drawing Figures, wherein:

[0023] Fig. 1 reproduces a part of Figure 9.1.1.23-2 of 3GPP TR25.814;

[0024] Fig. 2 shows a simplified block diagram of various electronic devices that

are suitable for use in practicing the exemplary embodiments of this invention;

[0025] Fig. 3 illustrates a block diagram of circuitry that forms a part of the UE of

Figure 2;

[0026] Fig. 4 shows an example of an UL multiplexing scheme in accordance

with an exemplary embodiment of this invention;

[0027] Fig. 5 illustrates a non-limiting example of a MCS set that can be

employed with the UL multiplexing scheme shown in Figure 4;

[0028] Figure 6 is a graph that shows CM properties of sequence modulation as

compared to DFT-S-OFDM;

[0029] Figure 7 is a graph that provides a comparison between the CAZAC

sequence modulation approach in accordance with the exemplary embodiments of this

invention and DFT-S-OFDMA;

[0030] Figure 8 is a logic flow diagram that is illustrative of a method, and the



operation of a computer program product, for the UE shown in Figures 2 and 3;

[0031] Figure 9 depicts cyclic shifts of one exemplary CAZAC code, where

different rows correspond to different cyclic shifts; and

[0032] Figure 10 is a logic flow diagram that is illustrative of a method in

accordance with an exemplary embodiment of this invention.

DETAILED DESCRIPTION:

[0033] Reference is made to Figure 2 for illustrating a simplified block diagram

of various electronic devices that are suitable for use in practicing the exemplary

embodiments of this invention. In Figure 2 a wireless network 1 is adapted for

communication with a UE 10 via at least one Node B (base station) 12 (also referred to

herein as an eNode B 12). The network 1 may include a network control element 14

coupled to the eNode B 12 via a data link 13. The UE 10 includes a data processor (DP)

1OA, a memory (MEM) 1OB that stores a program (PROG) 1OC, and a suitable radio

frequency (RF) transceiver 1OD for bidirectional wireless communications with the

eNode B 12, which also includes a DP 12A, a MEM 12B that stores a PROG 12C, and a

suitable RF transceiver 12D. The eNode B 12 is typically coupled via the data path 13 to

the network control element 14 that also includes at least one DP 14A and a MEM 14B

storing an associated PROG 14C. At least one of the PROGs 1OC and 12C is assumed to

include program instructions that, when executed by the associated DP, enable the

electronic device to operate in accordance with the exemplary embodiments of this

invention, as will be discussed below in greater detail.

[0034] In general, the various embodiments of the UE 10 can include, but are not

limited to, cellular telephones, personal digital assistants (PDAs) having wireless

communication capabilities, portable computers having wireless communication

capabilities, image capture devices such as digital cameras having wireless

communication capabilities, gaming devices having wireless communication capabilities,

music storage and playback appliances having wireless communication capabilities,

Internet appliances permitting wireless Internet access and browsing, as well as portable

units or terminals that incorporate combinations of such functions.



[0035] The exemplary embodiments of this invention may be implemented by

computer software executable by the DP 1OA of the UE 10 and the other DPs, or by

hardware, or by a combination of software and hardware.

[0036] The MEMs 1OB, 12B and 14B may be of any type suitable to the local

technical environment and may be implemented using any suitable data storage

technology, such as semiconductor-based memory devices, magnetic memory devices

and systems, optical memory devices and systems, fixed memory and removable

memory. The DPs 1OA, 12A and 14A may be of any type suitable to the local technical

environment, and may include one or more of general purpose computers, special purpose

computers, microprocessors, digital signal processors (DSPs) and processors based on a

multi-core processor architecture, as non-limiting examples.

The exemplary embodiments of this invention provide a novel transmission format for

DL control signaling that is transmitted in the UL. Referring to Figure 3, there is shown a

block diagram of circuitry that forms a part of the UE 10 of Figure 2. A sequence

modulator receives encoded control information bits to be transmitted. The encoded

control information bits are applied to an input to a phase modulator unit 1OF. The output

of a reference signal (or sequence) generator such as a CAZAC codes unit 1OE is applied

to a bank of multipliers that form a part of the phase modulator 1OF. The CAZAC

sequence is modulated by using one of, for example, BPSK, QPSK, 8 PSK or 16QAM.

Each modulated CAZAC sequence forms a symbol that carries 1 bit, 2 bits, 3 bits or 4

bits, depending on the selected modulation scheme. Thus, this approach is capable of

conveying not only the ACK/NACK but also other data-non-associated control signaling,

e.g., FBI needed by different DL MIMO techniques, or the CQI. The modulated sequence

is then applied to a sub-carrier mapping block 1OG. The sub-carrier mapping performed

in block 1OG may be either localized or distributed. The mapped symbols are then

applied to an IFFT block 1OH, after which a CP is added by block 101 prior to being

transmitted from the UE 10 to the Node-B 12. As an alternative to the CAZAC code the

reference signal (or sequence) could be a computer search based Zero Autocorrelation

sequence (ZAC). The properties of ZAC sequences are similar to CAZAC, with respect

to Zero Autocorrelation (or "nearly zero autocorrelation"). However ZAC sequences

have no Constant Amplitude (this is a property of CAZAC).

[0037] There are proposed certain computer search-based ZAC-sequences to be



used for demodulation reference signals in LTE UL and for sequence modulation applied

on PUCCH. Currently, there are proposals to include this sequence set in the LTE

standard. These sequences are disclosed in 2007E02646 FI Low PAR zero

autocorrelation zone sequences for multi-code sequence modulation. In 2007E02646 FI

the term RAZAC (Random ZAC) is used. However, currently this term is not fully

established.

[0038] Significant advantages that can be gained through the use of the exemplary

embodiments of this invention include, but are not limited to, an increased coverage for

the control signaling, as the coverage gain is obtained due to a lower OBO and Eb/No

requirement (see the discussion below of Figure 6). Another advantage is a capability to

multiplex several sequences orthogonally into a certain frequency band, which can be

accomplished without reducing a number of allocated frequency bins (similar to an FDM

type of multiplexing). This is particularly beneficial for a case where there is only

data-non-associated control signals to be transmitted on the UL.

[0039] It should also be noted that the PAR properties of this signaling scheme

are not dependent of the phase modulation scheme that is used.

[0040] It can be noted that any reduction in spectrum efficiency that may be

experienced is minimal and can well be tolerated in the control information transmission.

This is true at least for the reason that the very limited form of AMC is economical due to

small amount of control information (a sufficient amount of processing gain is needed to

guarantee the control channel coverage). Furthermore, and as was mentioned above, the

spectrum efficiency of the sequence modulation can be significantly enhanced by

allocating several UEs 10 into the same time and frequency resource by means of

providing different cyclic shifts of CAZAC sequence in block 1OE. Complete

orthogonality between the CAZAC sequences under perfect synchronization is achieved

if the length of cyclic shift is larger than the delay spread of the radio channel. The

number of orthogonal cyclic shifts, assuming 5 microsecond delay spread, is 13 within

one block.

[0041] It should be noted that other embodiments of this invention may employ

other than CAZAC sequences such as, by example, truncated GCL (generalized, chirp-

like) sequences (e.g., see K. Fazel and S. Keiser, "Multi Carrier and Spread Spectrum

Systems," John Willey and Sons, 2003).

[0042] It should be further noted that the CAZAC sequence has been agreed on to



be a pilot sequence for the LTE UL. The CAZAC sequence can be generated as:

where k is the sample index and Ng is length of CAZAC sequence.

[0043] The matrix shown in Figure 9 depicts the cyclic shifts of one exemplary

CAZAC code (different rows correspond to different cyclic shifts).

[0044] It may be assumed that the Node-B 12 signals the CAZAC code cyclic

shift to be used to the UE 10 (implicitly or explicitly) hi case of implicit signaling certain

cyclic shifts may be coupled with the allocated resource, or a DL allocation table (AT)

may be used. During handover, the signaling resources are changed according to the new

cell.

[0045] The exemplary embodiments of this invention can be implemented by

multiplexing control signal transmissions into separate (pre-defined) blocks (block level

multiplexing) when the UE 10 has both UL data and uplink data-non-associated control

signaling to transmit.

[0046] When the UE 10 has only data-non-associated control signaling to be

transmitted, different signals can be multiplexed by means of CDMA applying Hadamard

spreading for the modulated sequences. Reference in this regard can be made to

commonly owned U.S. Provisional Patent Application 60/847,414, filed on September

26, 2006 herewith, entitled: "Apparatus, Method and Computer Program Product

Providing Multiplexing for Data-non-associated Control Channel", by Esa Tiirola and

Kari Pajukoski, the content of which is incorporated by reference herein in its entirety.

[0047] Figure 4 shows a multiplexing scheme for a case where the UE 10 has

only data-non-associated control signaling (e.g. ACK/NACK, CQI) to be transmitted. A

sub-frame length (formerly a TTI) of one millisecond and slot (formerly sub-frame) based

frequency hopping is assumed in Figure 4 . Using the CDM-type of multiplexing it is

possible to have six orthogonal pilot signals within one SB.

[0048] Figure 4 assumes, as a non-limiting example, modulating a CAZAC

sequence with six different UE-specific cyclic shifts. Thus, there are six simultaneous

resources of equal size reserved for data-non-associated control signaling (within 1PRB

corresponding to a 180 kHz bandwidth allocation). Each resource is capable of conveying

1-48 bits of data-non-associated control signaling that includes only ACK/NACK, only



CQI, or both ACK/NACK and CQI. However, and as was noted above, Ll feedback

(FB), needed by various MIMO and closed loop beamforming techniques, may also be

considered. It is further noted that a placement of RS blocks and ACK/NACK data blocks

may differ from what has been presented in Figure 4 . It is further noted in the currently

agreed slot format, that 3 RS blocks are in the middle of the slot, whereas 2+2

ACK/NACK symbols are in both edges of the slot.

[0049] An example of one possible MCS set is shown in Figure 5. A maximum

allowed modulation and coding scheme can be based on propagation conditions, e.g., an

average SINR, whereas the MCS that is actually used is based on the amount of bits in

the data-non-associated control channel. It should be noted that the values shown in

Figure 5 can change, for example when one or more blocks are replaced by additional

pilot signals, which can be beneficial from the channel estimation point of view.

[0050] In general, there is no need for fast (explicit) signaling between the UE 10

and the Node-B 12 in this regard. Instead, some slow signaling to indicate the applied

MCS can be used. This is true at least for the reason that the selected MCS mainly

depends on the amount of data to be sent (e.g., ACK/NACK or CQI) and the average

radio conditions (which typically do not change rapidly). In addition, blind detection is

not needed at the Node-B 12 since the Node-B 12 knows what information is being

transmitted (e.g., ACK/NACK is due to the DL transmission, and CQI is typically

periodic).

[0051 ] As was discussed above, a significant advantage that is realized by the use

of the exemplary embodiments of this invention is increased transmission coverage, as

the coverage area is increased because of lower OBO and Eb/No requirements.

[0052] A significant benefit that is gained by the use of the sequence modulator

shown in Figure 3 is a reduced PAR, as shown in Figure 6, where it can be noted that the

Cubic Metric illustrates the actual OBO requirement of the UE 10 transmitter.

[0053] In Figure 6 the performance of the DFT-S-OFDMA waveform, in the

sense of ACK/NACK BER, is compared with CAZAC sequence (C-Sequence)

modulated waveform in accordance with the exemplary embodiments of this invention.

In this comparison a frequency allocation granularity of 25 sub-carriers is assumed, and a

frequency domain equalizer with ideal channel estimation is used. The DFT-S-OFDMA

is implemented according to 3GPP TR 25.814 (see generally section 9.1.1). With

DFT-S-OFDM the symbol level repetition is performed over 25 symbols. A sequence



length of 25 symbols is used with the C-Sequence modulation. In a distributed format 25

sub-carriers are equally spaced over the 5 MHz bandwidth. As can be seen the C-

Sequence modulation outperforms DFT-S-OFDM by 1.3 dB with localized sub-carrier

mapping, and by 1.7 dB with distributed sub-carrier mapping. This improvement is due at

least to the fact that the DFT-S-OFDMA approach suffers from non-optimum

equalization, whereas the C-Sequence modulation employed by the exemplary

embodiments of this invention is essentially conventional OFDM in the sense of

equalization. The observed improvement is also due to the fact that DFT-S-OFDMA with

symbol level repetition cannot fully exploit the frequency diversity since the frequency

response is not flat. However, this characteristic is a property of the CAZAC sequences

used in the sequence modulation circuitry shown in Figure 3.

[0054] As should be appreciated, the Node-B 12 is constructed and operated so as

to receive, demodulate, demultiplex and process the UL transmissions from a plurality of

UEs 10 so as to extract the data-non-associated control signaling from each of the UEs

10.

[0055] In earlier discussions of LTE development, there were 12 sub-carriers

corresponding to LBs and six corresponding to SBs, and six different cyclic shifts exist

with CAZAC codes of length 6. The number of cyclic shifts in the pilot block limits the

number of users in a given physical resource block. On the other hand, the number of

cyclic shifts of the LB was double that of the SBs (i.e., there werel2 in a single physical

resource block). Some of this terminology is now changed. Currently in LTE, there are

typically 7 blocks in each slot (normal cyclic prefix). All of the blocks are of equal size.

In current ACK/NACK setup, 3 blocks are reserved for RS (SF=3) and 4 blocks for

ACK/NACK data (SF=4). It is noted than in the agreed upon ACK/NACK format, the

number of RS blocks has been increased to optimize the performance of control channel

transmission.

[0056] Assume that the rows in the matrix shown in Figure 9 represent the cyclic

shifts of a CAZAC code used for the pilot (SBl), and assume a similar type of matrix can

be generated for LBs (there are 12 rows in that matrix). Based on these assumptions, it is

within the scope of the exemplary embodiments of this invention for the allocation of

cyclic shifts for SBs and LBs to be coordinated in such a manner that the allocation of

code resources in the SB and LB are coupled together in accordance with the following

principles (both matrices are preferably arranged in such a manner that the amount of the



cyclic shift increases linearly, as in the matrix shown in Figure 9):

the 1st cyclic shift of SBs ( 1st row in the matrix) is paired with 1st cyclic shift of LBs;

the 2nd cyclic shift of SBs is paired with the 3r cyclic shift of LBs;

the 3rd cyclic shift of SBs is paired with the 5th cyclic shift of LBs;

...; and

the 6th cyclic shift of SBs is paired with the 11th cyclic shift of LBs.

[0057] There are certain benefits that can be realized by the use of this further

embodiment of the invention that include, but need not be limited to, simpler signaling

and improved cross-correlation properties.

[0058] With regard to the second improvement noted above, the improved cross-

correlation properties, it can be realized that the cross-correlation properties of different

cyclic shifts depend not only on the delay spread of the radio channel but also on the

difference in cyclic shifts of the CAZAC sequence. From the matrix shown in Figure 9 it

can be seen that two adjacent codes (rows) have a smallest window where two codes are

orthogonal, whereas (for example) codes 1 and 4 (corresponding to the rows 1 and 4)

have the best orthogonality in a case when the delay spread is large. As was mentioned

above, a limitation exists as to the total number of pilot codes, rather than the number of

cyclic shifts in the LB. Thus, it is preferred to utilize the cyclic shifts of the LB in an

order such that codes which have the best cross-correlation properties with each other are

used first. Using this arrangement, one may allocate only six out of 12 codes for the

sequence modulated LBs.

[0059] It should be further noted that if the number of allocated resources is

smaller than six (e.g., three), it is possible to utilize only the best codes also for the pilot

signals (the corresponding code pairs are selected for the LBs). The order of utilization

can be extended to the network level in such a way that the orthogonal resources are

utilized in a predetermined order in different cells, e.g., according to the pre-determined

frequency reuse pattern. The goal of this arrangement is that when the utilization of

control resources is low, then the interference caused by the control channels is

minimized (orthogonal resources are used in neighboring cells). Furthermore, in order to

minimize the cross-correlation properties of the CAZAC codes, different CAZAC

sequences may be used in different cells.

[0060] One further benefit of sequence modulation is that it is possible to adjust



the pilot power simply by allocating a predetermined LB(s) for the pilot. This can be done

orthogonally without generating additional interference for those UEs transmitting the

control information bits using modulated cyclic shifts of the same CAZAC sequence.

[0061] Based on the foregoing description it should be appreciated that the

exemplary embodiments of this invention provide an UL waveform that is well suited for

conveying data-non-associated control signaling from the UE 10.

[0062] Based on the foregoing it should be apparent that the exemplary

embodiments of this invention provide, in a non-limiting aspect thereof, a method,

apparatus and computer program product(s) to provide an enhanced data-non-associated

control signaling procedure for use on the single carrier, frequency division multiple

access uplink in an evolved UTRAN wireless communication system.

[0063] Figure 8 is a logic flow diagram that is illustrative of a method, and the

operation of a computer program product, for the UE 10 shown in Figures 2 and 3. The

method includes providing information to be transmitted on the UL (Block 8A), and

providing a constant-amplitude zero auto-correlation sequence having a UE-specifϊ c

cyclic shift (Block 8B). In addition, the method includes modulating the provided

information using a selected modulation coding scheme and with the constant-amplitude

zero auto-correlation sequence having the UE-specific cyclic shift (Block 8C), and

mapping the modulated information into at least one sub-carrier prior to transmission

from the UE (Block 8D).

[0064] In the method (and computer program product) of the previous paragraph

the selected modulation and coding scheme comprises using one of phase shift keying

and quadrature amplitude modulation, and where a modulation coding scheme defined

for generating an UL waveform is comprised of DFT-S-OFDMA.

[0065] In the method (and computer program product) of the previous paragraphs

the modulation and coding scheme is selected based at least in part on an amount of the

information to be transmitted on the UL.

[0066] In the method (and computer program product) of the previous paragraphs

the modulation and coding scheme is selected based at least in part on channel conditions

between the UE and a base station.

[0067] In the method (and computer program product) of the previous paragraphs,

UL transmissions from a plurality of UEs are multiplexed simultaneously into a same slot

(formerly sub-frame).



[0068] In the method (and computer program product) of the previous paragraphs

the provided information may comprise only ACK/NACK information, only CQI

information, or both ACK/NACK and CQI information. However, it should be noted that

Ll feedback (FB), needed by various MIMO and closed loop beamforming techniques,

may also be considered.

[0069] Figure 10 is a logic flow diagram that is illustrative of a method in

accordance with an exemplary embodiment of this invention. The method includes

modulating information using a selected modulation coding scheme (Block 10A),

multiplying the modulated information with a cyclically shifted sequence (Block 10B),

and mapping the multiplied modulated information into at least one subcarrier and

transmitting the mapped information on an uplink (Block 10C).

[0070] The various blocks shown in Figures 8 and 10 may be viewed as method

steps, and/or as operations that result from operation of computer program code, and/or as

a plurality of coupled logic circuit elements constructed to carry out the associated

function(s).

[0071] Further in accordance with the exemplary embodiments of this invention

there is provided a UE that comprises a sequence modulator comprised of circuitry,

responsive to a presence of information to be transmitted on the UL, to modulate the

information using a selected modulation coding scheme and with a constant-amplitude

zero auto-correlation sequence having a UE-specific cyclic shift. The UE further

comprises circuitry to map the modulated information into a plurality of sub-carriers prior

to transmission from the UE.

[0072] In the UE of the previous paragraph the selected modulation and coding

scheme comprises using one of phase shift keying and quadrature amplitude modulation,

and a modulation coding scheme defined for generating an UL waveform is comprised of

DFT-S-OFDMA.

[0073] Ln the UE of the previous paragraphs the modulation and coding scheme is

selected based at least in part on an amount of the information to be transmitted on the

UL.

[0074] In the UE of the previous paragraphs the modulation and coding scheme is

selected based at least in part on channel conditions between the UE and a base station.

[0075] In the UE of the previous paragraphs, where UL transmissions from a

plurality of UEs are multiplexed simultaneously into a same slot (formerly sub-frame).



[0076] In the UE of the previous paragraphs the provided information comprises

only ACK/NACK information, only CQI information, or both ACK/NACK and CQI

information.

[0077] In the UE of the previous paragraphs the provided information comprises

MIMO-related feedback information.

[0078] In the UE of the previous paragraphs at least a portion of the circuitry is

embodied in one or more integrated circuit packages or modules.

[0079] In general, the various exemplary embodiments may be implemented in

hardware or special purpose circuits, software, logic or any combination thereof. For

example, some aspects may be implemented in hardware, while other aspects may be

implemented in firmware or software which may be executed by a controller,

microprocessor or other computing device, although the invention is not limited thereto.

While various aspects of the exemplary embodiments of this invention maybe illustrated

and described as block diagrams, flow charts, or using some other pictorial

representation, it is well understood that these blocks, apparatus, systems, techniques or

methods described herein may be implemented in, as non-limiting examples, hardware,

software, firmware, special purpose circuits or logic, general purpose hardware or

controller or other computing devices, or some combination thereof.

[0080] As such, and as was noted above, it should be appreciated that at least

some aspects of the exemplary embodiments of the inventions may be practiced in

various components such as integrated circuit chips and modules. The design of

integrated circuits is by and large a highly automated process. Complex and powerful

software tools are available for converting a logic level design into a semiconductor

circuit design ready to be fabricated on a semiconductor substrate. Such software tools

can automatically route conductors and locate components on a semiconductor substrate

using well established rules of design, as well as libraries of pre-stored design modules.

Once the design for a semiconductor circuit has been completed, the resultant design, in a

standardized electronic format (e.g., Opus, GDSII, or the like) may be transmitted to a

semiconductor fabrication facility for fabrication as one or more integrated circuit

devices.

[0081] Various modifications and adaptations to the foregoing exemplary

embodiments of this invention may become apparent to those skilled in the relevant arts

in view of the foregoing description, when read in conjunction with the accompanying



drawings. However, any and all modifications will still fall within the scope of the non-

limiting and exemplary embodiments of this invention.

[0082] In addition, the term "coupled" as used herein is not intended to be limited

to a direct connection between recited components, but encompasses a disposition

wherein there may be one or more intervening components or elements between the

recited ones.

[0083] Furthermore, some of the features of the various non-limiting and

exemplary embodiments of this invention may be used to advantage without the

corresponding use of other features. As such, the foregoing description should be

considered as merely illustrative of the principles, teachings and exemplary embodiments

of this invention, and not in limitation thereof.



CLAIMS

What is claimed is:

1. A method, comprising:

modulating information using a selected modulation coding scheme;

multiplying the modulated information with a cyclically shifted sequence; and

mapping the multiplied modulated information into at least one subcarrier and

transmitting the mapped information on an uplink.

2. The method of claim 1, where the sequence is a constant amplitude zero auto

correlation sequence (CAZAC) or a zero autocorrelation sequence (ZAC).

3. The method of claim 1, where the sequence is a CAZAC sequence generated as:

k2
au(k)=exp^j2mι— ) ,

N G

where k is the sample index and Ng is a length of the constant-amplitude zero auto

correlation sequence.

4 . The method of claim 1, where the selected modulation coding scheme comprises

using one of binary phase shift keying and quadrature phase shift keying.

5. The method of claim 1, where the modulation coding scheme is selected based at

least in part on an amount of the information to be transmitted on the uplink.

6. The method of claim 1, where the modulation coding scheme is selected based at

least in part on channel conditions between a user equipment and a base station.

7. The method of claim 1, where the uplink transmissions are multiplexed



simultaneously into a same slot.

8. The method of claim 1, where the provided information comprises at least one of

ACK information, NACK information, CQI information, and scheduling request

information.

9. The method of claim 1 executed by a user equipment.

10. The method as in claim 1, where the sequence is specific to a user equipment.

11. The method of claim 1, where the cyclic shift is unique to a user equipment.

12. The method of claim 1, where a cyclic shift difference between user equipment

allocated to adjacent cyclic shifts is determined by characteristics of a radio channel.

13. An apparatus, comprising:

a transmitter;

a sequence modulator coupled to the transmitter and comprising circuitry

configurable to provide a cyclically shifted sequence;

a modulator configurable to modulate information using a selected modulation

coding scheme;

a multiplier configurable to multiply the modulated information with the

cyclically shifted sequence; and

a mapper coupled to the transmitter configurable to map the multiplied

modulated information into at least one subcarrier and transmit the mapped

information on an uplink.

14. The apparatus of claim 13, where the sequence is a constant amplitude zero auto



correlation sequence (CAZAC) or a zero autocorrelation sequence (ZAC).

15. The apparatus of claim 13, where the sequence is a CAZAC sequence generated

as:

k1
au(k) =exτ j 2mι—-) ,

where k is the sample index and Ng is a length of the constant-amplitude zero

auto-correlation sequence.

16. The apparatus of claim 13, where the selected modulation coding scheme

comprises using one of binary phase shift keying and quadrature phase shift keying.

17. The apparatus of claim 13, where the modulation coding scheme is selected based

at least in part on an amount of the information to be transmitted on the uplink.

18. The apparatus of claim 13, where the modulation coding scheme is selected based

at least in part on channel conditions between the apparatus and a base station.

19. The apparatus of claim 13, where the provided information comprises at least one

of ACK information, NACK information, CQI information, and scheduling request

information.

20. A computer readable medium encoded with a computer program executable by a

processor to perform actions comprising:

modulating information using a selected modulation coding scheme;

multiplying the modulated information with a cyclically shifted sequence; and

mapping the multiplied modulated information into at least one subcarrier and

transmitting the mapped information on an uplink.

2 1. The computer readable medium encoded with a computer program of claim 20,



where the sequence is a constant amplitude zero auto correlation sequence (CAZAC)

or a zero autocorrelation sequence (ZAC).

22. The computer readable medium encoded with a computer program of claim 20,

where the sequence is a CAZAC sequence generated as:

k1
au(k) = a rj ϊ au—) ,

N G

where k is the sample index and Ng is a length of the constant-amplitude zero

auto-correlation sequence.

23. An integrated circuit, comprising:

a first circuit configured to modulate information using a selected modulation

coding scheme;

a second circuit configured to multiply the modulated information with a

cyclically shifted sequence; and

a third circuit configured to map the multiplied modulated information into at

least one subcarrier and transmit the mapped information on an uplink.

24. The integrated circuit of claim 23, where the sequence is a constant amplitude zero

auto correlation sequence (CAZAC) or a zero autocorrelation sequence (ZAC).

25. The integrated circuit of claim 23, comprising a fourth circuit configured to

generate a CAZAC sequence as:

where k is the sample index and Ng is a length of the constant-amplitude zero

auto-correlation sequence.

26. An apparatus, comprising:



means for modulating information using a selected modulation coding scheme;

means for multiplying the modulated information with a cyclically shifted

sequence; and

means for mapping the multiplied modulated information into at least one

subcarrier and transmitting the mapped information on an uplink.

27. The apparatus of claim 26, where the means for modulating and the means for

multiplying comprise a sequence modulator coupled to a multiplier; and the means for

mapping and transmitting comprise a mapper coupled to a transmitter.
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