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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application Serial No. 62/318,725, entitled "Narrow Band
Secondary Synchronization Signal" and filed on April 5, 2016, U.S. Provisional Application Serial No. 62/320,486, entitled
"Narrow Band Secondary Synchronization Signal" and filed on April 9, 2016, and U.S. Patent Application Serial No.
15/436,047, entitled "Narrow Band Synchronization Signal Transmission and Detection" and filed on February 17, 2017.

BACKGROUND

Field

[0002] The present disclosure relates generally to communication systems, and more particularly, to aspects of a
Narrow Band (NB) Secondary Synchronization Signal (SSS) (NB-SSS). Such NB-SSS are described, for example, in
ZTE: "Considerations on Synchronization Signal Design of NB-IoT", 3GPP TSG RAN WG1 Meeting #83, R1-156625
and in Ericsson: "Narrowband LTE - Synchronization Channel Design and Performance", 3GPP TSG RANI #82bits,
R1-156009.

Background

[0003] Wireless communication systems are widely deployed to provide various telecommunication services such as
telephony, video, data, messaging, and broadcasts. Typical wireless communication systems may employ multiple-
access technologies capable of supporting communication with multiple users by sharing available system resources.
Examples of such multiple-access technologies include code division multiple access (CDMA) systems, time division
multiple access (TDMA) systems, frequency division multiple access (FDMA) systems, orthogonal frequency division
multiple access (OFDMA) systems, single-carrier frequency division multiple access (SC-FDMA) systems, and time
division synchronous code division multiple access (TD-SCDMA) systems.
[0004] These multiple access technologies have been adopted in various telecommunication standards to provide a
common protocol that enables different wireless devices to communicate on a municipal, national, regional, and even
global level. An example telecommunication standard is Long Term Evolution (LTE). LTE is a set of enhancements to
the Universal Mobile Telecommunications System (UMTS) mobile standard promulgated by Third Generation Partnership
Project (3GPP). LTE is designed to support mobile broadband access through improved spectral efficiency, lowered
costs, and improved services using OFDMA on the downlink, SC-FDMA on the uplink, and multiple-input multiple-output
(MIMO) antenna technology.
[0005] In another example, a fifth generation (5G) wireless communications technology (which can be referred to as
new radio (NR)) is envisaged to expand and support diverse usage scenarios and applications with respect to current
mobile network generations. In an aspect, 5G communications technology can include: enhanced mobile broadband
addressing human-centric use cases for access to multimedia content, services and data; ultra-reliable-low latency
communications (URLLC) with certain specifications for latency and reliability; and massive machine type communica-
tions, which can allow a very large number of connected devices and transmission of a relatively low volume of non-
delay-sensitive information. However, as the demand for mobile broadband access continues to increase, there exists
a need for further improvements in LTE technology. These improvements may also be applicable to other multi-access
technologies and the telecommunication standards that employ these technologies.
[0006] In Narrow Band (NB) wireless communication, resources for wireless communications may be limited. For
example, in narrow band internet-of-things (NB-IOT), wireless communication is limited to a single Resource Block (RB).
In eMTC, communication is limited to six RBs. Such limited resources lead to unique challenges in transmitting data.

SUMMARY

[0007] The following presents a simplified summary of one or more aspects in order to provide a basic understanding
of such aspects. This summary is not an extensive overview of all contemplated aspects, and is intended to neither
identify key or critical elements of all aspects nor delineate the scope of any or all aspects. Its sole purpose is to present
some concepts of one or more aspects in a simplified form as a prelude to the more detailed description that is presented
later.
[0008] In LTE, there are two downlink synchronization signals, a primary synchronization signal (PSS) and a secondary
synchronization signal SSS, transmitted by the eNB and used by the UE to obtain the cell identity and frame timing.
[0009] Due to the resource limitations for NB communication, it might not be possible or desirable to use a legacy
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synchronization signal, and SSS in particular. It is important that such a NB-SSS does not have an undesirable level of
ambiguity. Such ambiguity may require complex processing at the receiver. In order to address the unique needs of
narrow band communication, an NB-SSS transmission and detection technique is provided.
[0010] In an aspect of the disclosure, a method, a computer-readable medium, and an apparatus are provided for
wireless communication at an eNB. The apparatus generates an SSS signal, wherein the SSS sequence spans multiple
orthogonal frequency division multiplexing (OFDM) symbols, and each OFDM symbol of the SSS sequence is mapped
to a code symbol of a forward error correction (FEC) codeword. Source symbols of the sequence of SSS symbols carry
information about a cell identifier (PCID) and frame timing information, and parity symbols of the sequence of SSS
symbols introduce redundancy and error correction capability for the detection of PCID and frame timing. The apparatus
then transmits the SSS using an NB.
[0011] Each symbol of the sequence of SSS symbols may map to a short Zadoff-Chu (ZC) base sequence, wherein
the sequence of SSS symbols are concatenated in a time domain according to an encoding rule derived from a linear
block FEC encoder, e.g., based on a RS code. The FEC codeword may be shortened or extended to fit the resource
allocation constraint for a SSS signal. A combination of cyclic shifts and root index may be used to generate the short
Zadoff-Chu base sequences employed by a SSS symbol mapping, wherein different combinations of root index and
cyclic shift will convey different cell ID and frame timing information. The mapping table of SSS may be configured by
upper layer and known by both eNB and UE. The SSS generation may also include using parity check codes and using
a constrained cyclic shift. Code symbols may be represented by a plurality of root indexes that are partitioned into two
subsets based on a quadratic residue property and using a constrained cyclic shift mapping. The apparatus may signal
additional information using a position of a null tone of the SSS base sequence mapping.
[0012] In another aspect of the disclosure, a method, a computer-readable medium, and an apparatus are provided
for NB wireless communication at a UE. The apparatus receives a NB-SSS over a plurality of OFDM symbols, wherein
each symbol of the NB-SSS comprises a short ZC sequence with a specific combination of root index and cyclic shift.
The apparatus first derives path metrics for the received NB-SSS signal using cross-correlation for each of the plurality
of symbols, then determines a candidate SSS source message from the received NB-SSS based on the derived path
metrics and coding constraints of FEC codewords, and finally identifies a cell ID and frame timing information based on
the candidate SSS source message.
[0013] To the accomplishment of the foregoing and related ends, the one or more aspects comprise the features
hereinafter fully described and particularly pointed out in the claims. The following description and the annexed drawings
set forth in detail certain illustrative features of the one or more aspects. These features are indicative, however, of but
a few of the various ways in which the principles of various aspects may be employed, and this description is intended
to include all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a diagram illustrating an example of a wireless communications system and an access network.
FIGs. 2A, 2B, 2C, and 2D are diagrams illustrating LTE examples of a DL frame structure, DL channels within the
DL frame structure, an UL frame structure, and UL channels within the UL frame structure, respectively.
FIG. 3 is a diagram illustrating an example of an evolved Node B (eNB) and user equipment (UE) in an access network.
FIG. 4 illustrates an example of source information mapping for NB-SSS.
FIG. 5 illustrates and example of Root Index/Cyclic Shift mapping for NB-SSS.
FIG. 6 illustrates an example of a first null tone position for NB-SSS.
FIG. 7 illustrates an example of a second null tone position for NB-SSS.
FIG. 8 illustrates an example of a third null tone position for NB-SSS.
FIG. 9 illustrates example components of an NB-SSS.
FIG. 10 is a flowchart of a method of wireless communication.
FIG. 11 is a conceptual data flow diagram illustrating the data flow between different means/components in an
exemplary apparatus.
FIG. 12 is a diagram illustrating an example of a hardware implementation for an apparatus employing a processing
system.
FIG. 13 is a flowchart of a method of wireless communication.
FIG. 14 is a conceptual data flow diagram illustrating the data flow between different means/components in an
exemplary apparatus.
FIG. 15 is a diagram illustrating an example of a hardware implementation for an apparatus employing a processing
system.
FIG. 16 illustrates an example 5G slot structure.
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DETAILED DESCRIPTION

[0015] The detailed description set forth below in connection with the appended drawings is intended as a description
of various configurations and is not intended to represent the only configurations in which the concepts described herein
may be practiced. The detailed description includes specific details for the purpose of providing a thorough understanding
of various concepts. However, it will be apparent to those skilled in the art that these concepts may be practiced without
these specific details. In some instances, well known structures and components are shown in block diagram form in
order to avoid obscuring such concepts.
[0016] Several aspects of telecommunication systems will now be presented with reference to various apparatus and
methods. These apparatus and methods will be described in the following detailed description and illustrated in the
accompanying drawings by various blocks, components, circuits, processes, algorithms, etc. (collectively referred to as
"elements"). These elements may be implemented using electronic hardware, computer software, or any combination
thereof. Whether such elements are implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system.
[0017] By way of example, an element, or any portion of an element, or any combination of elements may be imple-
mented as a "processing system" that includes one or more processors. Examples of processors include microprocessors,
microcontrollers, graphics processing units (GPUs), central processing units (CPUs), application processors, digital
signal processors (DSPs), reduced instruction set computing (RISC) processors, systems on a chip (SoC), baseband
processors, field programmable gate arrays (FPGAs), programmable logic devices (PLDs), state machines, gated logic,
discrete hardware circuits, and other suitable hardware configured to perform the various functionality described through-
out this disclosure. One or more processors in the processing system may execute software. Software shall be construed
broadly to mean instructions, instruction sets, code, code segments, program code, programs, subprograms, software
components, applications, software applications, software packages, routines, subroutines, objects, executables, threads
of execution, procedures, functions, etc., whether referred to as software, firmware, middleware, microcode, hardware
description language, or otherwise.
[0018] Accordingly, in one or more example embodiments, the functions described may be implemented in hardware,
software, or any combination thereof. If implemented in software, the functions may be stored on or encoded as one or
more instructions or code on a computer-readable medium. Computer-readable media includes computer storage media.
Storage media may be any available media that can be accessed by a computer. By way of example, and not limitation,
such computer-readable media can comprise a random-access memory (RAM), a read-only memory (ROM), an elec-
trically erasable programmable ROM (EEPROM), optical disk storage, magnetic disk storage, other magnetic storage
devices, combinations of the aforementioned types of computer-readable media, or any other medium that can be used
to store computer executable code in the form of instructions or data structures that can be accessed by a computer.
[0019] FIG. 1 is a diagram illustrating an example of a wireless communications system and an access network 100.
The wireless communications system (also referred to as a wireless wide area network (WWAN)) includes base stations
102, UEs 104, and an Evolved Packet Core (EPC) 160. The base stations 102 may include macro cells (high power
cellular base station) and/or small cells (low power cellular base station). The macro cells include eNBs. The small cells
include femtocells, picocells, and microcells.
[0020] The base stations 102 (collectively referred to as Evolved Universal Mobile Telecommunications System
(UMTS) Terrestrial Radio Access Network (E-UTRAN)) interface with the EPC 160 through backhaul links 132 (e.g., S1
interface). In addition to other functions, the base stations 102 may perform one or more of the following functions:
transfer of user data, radio channel ciphering and deciphering, integrity protection, header compression, mobility control
functions (e.g., handover, dual connectivity), inter-cell interference coordination, connection setup and release, load
balancing, distribution for non-access stratum (NAS) messages, NAS node selection, synchronization, radio access
network (RAN) sharing, multimedia broadcast multicast service (MBMS), subscriber and equipment trace, RAN infor-
mation management (RIM), paging, positioning, and delivery of warning messages. The base stations 102 may com-
municate directly or indirectly (e.g., through the EPC 160) with each other over backhaul links 134 (e.g., X2 interface).
The backhaul links 134 may be wired or wireless.
[0021] The base stations 102 may wirelessly communicate with the UEs 104. Each of the base stations 102 may
provide communication coverage for a respective geographic coverage area 110. There may be overlapping geographic
coverage areas 110. For example, the small cell 102’ may have a coverage area 110’ that overlaps the coverage area
110 of one or more macro base stations 102. A network that includes both small cell and macro cells may be known as
a heterogeneous network. A heterogeneous network may also include Home Evolved Node Bs (eNBs) (HeNBs), which
may provide service to a restricted group known as a closed subscriber group (CSG). The geographic coverage area
110 for a base station 102 may be divided into sectors or cells making up only a portion of the coverage area (not shown).
The wireless communication network 100 may include base stations 102, 180 of different types (e.g., macro base stations
or small cell base stations, described above). Additionally, the plurality of base stations 102 may operate according to
different ones of a plurality of communication technologies (e.g., 5G (New Radio or "NR"), fourth generation (4G)/LTE,
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3G, Wi-Fi, Bluetooth, etc.), and thus there may be overlapping geographic coverage areas 110 for different communication
technologies.
[0022] The communication links 120 between the base stations 102 and the UEs 104 may include uplink (UL) (also
referred to as reverse link) transmissions from a UE 104 to a base station 102 and/or downlink (DL) (also referred to as
forward link) transmissions from a base station 102 to a UE 104. The communication links 120 may use MIMO antenna
technology, including spatial multiplexing, beamforming, and/or transmit diversity. The communication links may be
through one or more carriers. The base stations 102 / UEs 104 may use spectrum up to Y MHz (e.g., 5, 10, 15, 20 MHz)
bandwidth per carrier allocated in a carrier aggregation of up to a total of Yx MHz (x component carriers) used for
transmission in each direction. The carriers may or may not be adjacent to each other. Allocation of carriers may be
asymmetric with respect to DL and UL (e.g., more or less carriers may be allocated for DL than for UL). The component
carriers may include a primary component carrier and one or more secondary component carriers. A primary component
carrier may be referred to as a primary cell (PCell) and a secondary component carrier may be referred to as a secondary
cell (SCell).
[0023] The wireless communications system may further include a Wi-Fi access point (AP) 150 in communication with
Wi-Fi stations (STAs) 152 via communication links 154 in a 5 GHz unlicensed frequency spectrum. When communicating
in an unlicensed frequency spectrum, the STAs 152 / AP 150 may perform a clear channel assessment (CCA) prior to
communicating in order to determine whether the channel is available.
[0024] The small cell 102’ may operate in a licensed and/or an unlicensed frequency spectrum. When operating in an
unlicensed frequency spectrum, the small cell 102’ may employ LTE and use the same 5 GHz unlicensed frequency
spectrum as used by the Wi-Fi AP 150. The small cell 102’, employing LTE in an unlicensed frequency spectrum, may
boost coverage to and/or increase capacity of the access network. LTE in an unlicensed spectrum may be referred to
as LTE-unlicensed (LTE-U), licensed assisted access (LAA), or MuLTEfire.
[0025] The millimeter wave (mmW) base station 180 may operate in mmW frequencies and/or near mmW frequencies
in communication with the UE 182. Extremely high frequency (EHF) is part of the RF in the electromagnetic spectrum.
EHF has a range of 30 GHz to 300 GHz and a wavelength between 1 millimeter and 10 millimeters. Radio waves in the
band may be referred to as a millimeter wave. Near mmW may extend down to a frequency of 3 GHz with a wavelength
of 100 millimeters. The super high frequency (SHF) band extends between 3 GHz and 30 GHz, also referred to as
centimeter wave. Communications using the mmW / near mmW radio frequency band has extremely high path loss and
a short range. The mmW base station 180 may utilize beamforming 184 with the UE 182 to compensate for the extremely
high path loss and short range.
[0026] The EPC 160 may include a Mobility Management Entity (MME) 162, other MMEs 164, a Serving Gateway
166, a Multimedia Broadcast Multicast Service (MBMS) Gateway 168, a Broadcast Multicast Service Center (BM-SC)
170, and a Packet Data Network (PDN) Gateway 172. The MME 162 may be in communication with a Home Subscriber
Server (HSS) 174. The MME 162 is the control node that processes the signaling between the UEs 104 and the EPC
160. Generally, the MME 162 provides bearer and connection management. All user Internet protocol (IP) packets are
transferred through the Serving Gateway 166, which itself is connected to the PDN Gateway 172. The PDN Gateway
172 provides UE IP address allocation as well as other functions. The PDN Gateway 172 and the BM-SC 170 are
connected to the IP Services 176. The IP Services 176 may include the Internet, an intranet, an IP Multimedia Subsystem
(IMS), a PS Streaming Service (PSS), and/or other IP services. The BM-SC 170 may provide functions for MBMS user
service provisioning and delivery. The BM-SC 170 may serve as an entry point for content provider MBMS transmission,
may be used to authorize and initiate MBMS Bearer Services within a public land mobile network (PLMN), and may be
used to schedule MBMS transmissions. The MBMS Gateway 168 may be used to distribute MBMS traffic to the base
stations 102 belonging to a Multicast Broadcast Single Frequency Network (MBSFN) area broadcasting a particular
service, and may be responsible for session management (start/stop) and for collecting eMBMS related charging infor-
mation.
[0027] The base station may also be referred to as a Node B, evolved Node B (eNB), an access point, a base transceiver
station, a radio base station, a radio transceiver, a transceiver function, a basic service set (BSS), an extended service
set (ESS), or some other suitable terminology. The base station 102 provides an access point to the EPC 160 for a UE
104. Examples of UEs 104 include a cellular phone, a smart phone, a session initiation protocol (SIP) phone, a laptop,
a personal digital assistant (PDA), a satellite radio, a global positioning system, a multimedia device, a video device, a
digital audio player (e.g., MP3 player), a camera, a game console, a tablet, a smart device, a wearable device, or any
other similar functioning device. Additionally, a UE 104 may be Internet of Things (IoT) and/or machine-to-machine
(M2M) type of device, e.g., a low power, low data rate (relative to a wireless phone, for example) type of device, that
may in some aspects communicate infrequently with wireless communication network 100 or other UEs. The UE 104
may also be referred to as a station, a mobile station, a subscriber station, a mobile unit, a subscriber unit, a wireless
unit, a remote unit, a mobile device, a wireless device, a wireless communications device, a remote device, a mobile
subscriber station, an access terminal, a mobile terminal, a wireless terminal, a remote terminal, a handset, a user agent,
a mobile client, a client, or some other suitable terminology.
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[0028] Referring again to FIG. 1, in certain aspects, the eNB 102 may be configured to include an NB-SSS component
198. The NB-SSS may comprise a frame structure similar to LTE, e.g., as described in connection with FIGs. 2A-2D. In
another example, the NB-SSS may have a 5G frame structure, e.g., as illustrated in FIG. 16.
[0029] FIG. 16 illustrates an example 5G slot structure comprising DL centric slots and UL centric slots. In NR, a slot
may have a duration of 0.5 ms, 0.25 ms, etc., and each slot may have 7 or 14 symbols. A resource grid may be used
to represent the time slots, each time slot including one or more time concurrent resource blocks RBs, also referred to
as PRBs. The resource grid may be divided into multiple resource elements REs. The number of bits carried by each
RE depends on the modulation scheme.
[0030] A slot may be DL only or UL only, and may also be DL centric or UL centric. FIG. 16 illustrates an example DL
centric slot. The DL centric slot may comprise a DL control region 1602, e.g., in which in which various scheduling and/or
control information corresponding to various portions of the DL-centric subframe are transmitted. The control information
may comprise a PDCCH, as illustrated in FIG. 16.
[0031] The DL-centric subframe may also include a DL data portion 1604. The DL data portion 1604 may sometimes
be referred to as the payload of the DL-centric subframe. The DL data portion 1604 may include the communication
resources utilized to communicate DL data from the scheduling entity (e.g., a UE or a base station (BS)) to the subordinate
entity (e.g., a UE). In some configurations, the DL data portion 1604 may comprise a physical DL shared channel
(PDSCH) that carriers user data, broadcast system information not transmitted through the PBCH such as system
information blocks (SIBs), and paging messages, etc..
[0032] The DL-centric subframe may also include a common UL portion 1606. The common UL portion 1606 may
sometimes be referred to as an UL burst, a common UL burst, and/or various other suitable terms. The common UL
portion 1606 may include feedback information corresponding to various other portions of the DL-centric subframe. For
example, the common UL portion 1606 may include feedback information corresponding to the control portion 1602.
Non-limiting examples of feedback information may include an ACK signal, a NACK signal, a HARQ indicator, and/or
various other suitable types of information. The common UL portion 1606 may include additional or alternative information,
such as information pertaining to random access channel (RACH) procedures, scheduling requests, and various other
suitable types of information. The end of the DL data portion 1604 may be separated in time from the beginning of the
common UL portion 1606. This time separation may sometimes be referred to as a gap, a guard period, a guard interval,
and/or various other suitable terms. This separation provides time for the switch-over from DL communication (e.g.,
reception operation by the subordinate entity (e.g., UE)) to UL communication (e.g., transmission by the subordinate
entity (e.g., UE)). The foregoing is merely one example of a DL-centric subframe and alternative structures having similar
features may exist without necessarily deviating from the aspects described herein.
[0033] Similar to the DL based slot, the UL based slot may comprise a control region 1608, e.g., for PDCCH trans-
missions. The control region 1602, 1608 may comprise a limited number of symbols at the beginning of a slot. The UL-
centric subframe may also include an UL data portion 1610. The UL data portion 1610 may sometimes be referred to
as the payload of the UL-centric subframe. The UL portion may refer to the communication resources utilized to com-
municate UL data from the subordinate entity (e.g., a UE) to the scheduling entity (e.g., a UE or a BS). In some config-
urations, the control portion 1608 may be a physical UL shared channel (PUSCH).
[0034] As illustrated in FIG. 16, the end of the control portion 1608 may be separated in time from the beginning of
the UL data portion 1610. This time separation may sometimes be referred to as a gap, guard period, guard interval,
and/or various other suitable terms. This separation provides time for the switch-over from DL communication (e.g.,
reception operation by the scheduling entity) to UL communication (e.g., transmission by the scheduling entity). The UL-
centric subframe may also include a common UL portion 1612. The common UL portion 1612 in FIG. 16 may be similar
to the common UL portion 1612 described above with reference to FIG. 16. The common UL portion 1606 may additionally,
or alternatively, include information pertaining to a channel quality indicator (CQI), sounding reference signals (SRSs),
and various other suitable types of information.
[0035] The UL centric slot may comprise a guard period. The DL control region 1602, may comprise a limited number
of symbols at the beginning of a slot and the ULCB region may comprise one or two symbols of the slot, for both the DL
centric and the UL centric slots. Resource management of PUSCH or PUCCH transmissions in the ULRB may be similar
to that PUSCH or PUCCH for LTE. However, where LTE may be primarily driven by a SC-FDM waveform, NR may be
based on an SC-FDM or OFDM waveform in the ULRB.
[0036] FIG. 2A is a diagram 200 illustrating an example of a DL frame structure in LTE. FIG. 2B is a diagram 230
illustrating an example of channels within the DL frame structure in LTE. FIG. 2C is a diagram 250 illustrating an example
of an UL frame structure in LTE. FIG. 2D is a diagram 280 illustrating an example of channels within the UL frame
structure in LTE. Other wireless communication technologies may have a different frame structure and/or different
channels. In LTE, a frame (10 ms) may be divided into 10 equally sized subframes. Each subframe may include two
consecutive time slots. A resource grid may be used to represent the two time slots, each time slot including one or
more time concurrent resource blocks (RBs) (also referred to as physical RBs (PRBs)). The resource grid is divided into
multiple resource elements (REs). In LTE, for a normal cyclic prefix, an RB contains 12 consecutive subcarriers in the
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frequency domain and 7 consecutive symbols (for DL, OFDM symbols; for UL, SC-FDMA symbols) in the time domain,
for a total of 84 REs. For an extended cyclic prefix, an RB contains 12 consecutive subcarriers in the frequency domain
and 6 consecutive symbols in the time domain, for a total of 72 REs. The number of bits carried by each RE depends
on the modulation scheme.
[0037] As illustrated in FIG. 2A, some of the REs carry DL reference (pilot) signals (DL-RS) for channel estimation at
the UE. The DL-RS may include cell-specific reference signals (CRS) (also sometimes called common RS), UE-specific
reference signals (UE-RS), and channel state information reference signals (CSI-RS). FIG. 2A illustrates CRS for antenna
ports 0, 1, 2, and 3 (indicated as R0, R1, R2, and R3, respectively), UE-RS for antenna port 5 (indicated as R5), and CSI-
RS for antenna port 15 (indicated as R). FIG. 2B illustrates an example of various channels within a DL subframe of a
frame. The physical control format indicator channel (PCFICH) is within symbol 0 of slot 0, and carries a control format
indicator (CFI) that indicates whether the physical downlink control channel (PDCCH) occupies 1, 2, or 3 symbols (FIG.
2B illustrates a PDCCH that occupies 3 symbols). The PDCCH carries downlink control information (DCI) within one or
more control channel elements (CCEs), each CCE including nine RE groups (REGs), each REG including four consec-
utive REs in an OFDM symbol. A UE may be configured with a UE-specific enhanced PDCCH (ePDCCH) that also
carries DCI. The ePDCCH may have 2, 4, or 8 RB pairs (FIG. 2B shows two RB pairs, each subset including one RB
pair). The physical hybrid automatic repeat request (ARQ) (HARQ) indicator channel (PHICH) is also within symbol 0
of slot 0 and carries the HARQ indicator (HI) that indicates HARQ acknowledgement (ACK) / negative ACK (NACK)
feedback based on the physical uplink shared channel (PUSCH). The primary synchronization channel (PSCH) is within
symbol 6 of slot 0 within subframes 0 and 5 of a frame, and carries a primary synchronization signal (PSS) that is used
by a UE to determine subframe timing and a physical layer identity. The secondary synchronization channel (SSCH) is
within symbol 5 of slot 0 within subframes 0 and 5 of a frame, and carries a secondary synchronization signal (SSS)
that is used by a UE to determine a physical layer cell identity group number. Based on the physical layer identity and
the physical layer cell identity group number, the UE can determine a physical cell identifier (PCI). Based on the PCI,
the UE can determine the locations of the aforementioned DL-RS. The physical broadcast channel (PBCH) is within
symbols 0, 1, 2, 3 of slot 1 of subframe 0 of a frame, and carries a master information block (MIB). The MIB provides a
number of RBs in the DL system bandwidth, a PHICH configuration, and a system frame number (SFN). The physical
downlink shared channel (PDSCH) carries user data, broadcast system information not transmitted through the PBCH
such as system information blocks (SIBs), and paging messages.
[0038] As illustrated in FIG. 2C, some of the REs carry demodulation reference signals (DM-RS) for channel estimation
at the eNB. The UE may additionally transmit sounding reference signals (SRS) in the last symbol of a subframe. The
SRS may have a comb structure, and a UE may transmit SRS on one of the combs. The SRS may be used by an eNB
for channel quality estimation to enable frequency-dependent scheduling on the UL. FIG. 2D illustrates an example of
various channels within an UL subframe of a frame. A physical random access channel (PRACH) may be within one or
more subframes within a frame based on the PRACH configuration. The PRACH may include six consecutive RB pairs
within a subframe. The PRACH allows the UE to perform initial system access and achieve UL synchronization. A
physical uplink control channel (PUCCH) may be located on edges of the UL system bandwidth. The PUCCH carries
uplink control information (UCI), such as scheduling requests, a channel quality indicator (CQI), a precoding matrix
indicator (PMI), a rank indicator (RI), and HARQ ACK/NACK feedback. The PUSCH carries data, and may additionally
be used to carry a buffer status report (BSR), a power headroom report (PHR), and/or UCI.
[0039] FIG. 3 is a block diagram of an eNB 310 in communication with a UE 350 in an access network. In the DL, IP
packets from the EPC 160 may be provided to a controller/processor 375. The controller/processor 375 implements
layer 3 and layer 2 functionality. Layer 3 includes a radio resource control (RRC) layer, and layer 2 includes a packet
data convergence protocol (PDCP) layer, a radio link control (RLC) layer, and a medium access control (MAC) layer.
The controller/processor 375 provides RRC layer functionality associated with broadcasting of system information (e.g.,
MIB, SIBs), RRC connection control (e.g., RRC connection paging, RRC connection establishment, RRC connection
modification, and RRC connection release), inter radio access technology (RAT) mobility, and measurement configuration
for UE measurement reporting; PDCP layer functionality associated with header compression / decompression, security
(ciphering, deciphering, integrity protection, integrity verification), and handover support functions; RLC layer functionality
associated with the transfer of upper layer packet data units (PDUs), error correction through ARQ, concatenation,
segmentation, and reassembly of RLC service data units (SDUs), re-segmentation of RLC data PDUs, and reordering
of RLC data PDUs; and MAC layer functionality associated with mapping between logical channels and transport chan-
nels, multiplexing of MAC SDUs onto transport blocks (TBs), demuliplexing of MAC SDUs from TBs, scheduling infor-
mation reporting, error correction through HARQ, priority handling, and logical channel prioritization.
[0040] The transmit (TX) processor 316 and the receive (RX) processor 370 implement layer 1 functionality associated
with various signal processing functions. Layer 1, which includes a physical (PHY) layer, may include error detection on
the transport channels, forward error correction (FEC) coding/decoding of the transport channels, interleaving, rate
matching, mapping onto physical channels, modulation/demodulation of physical channels, and MIMO antenna process-
ing. The TX processor 316 handles mapping to signal constellations based on various modulation schemes (e.g., binary
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phase-shift keying (BPSK), quadrature phase-shift keying (QPSK), M-phase-shift keying (M-PSK), M-quadrature am-
plitude modulation (M-QAM)). The coded and modulated symbols may then be split into parallel streams. Each stream
may then be mapped to an OFDM subcarrier, multiplexed with a reference signal (e.g., pilot) in the time and/or frequency
domain, and then combined together using an Inverse Fast Fourier Transform (IFFT) to produce a physical channel
carrying a time domain OFDM symbol stream. The OFDM stream is spatially precoded to produce multiple spatial
streams. Channel estimates from a channel estimator 374 may be used to determine the coding and modulation scheme,
as well as for spatial processing. The channel estimate may be derived from a reference signal and/or channel condition
feedback transmitted by the UE 350. Each spatial stream may then be provided to a different antenna 320 via a separate
transmitter 318TX. Each transmitter 318TX may modulate an RF carrier with a respective spatial stream for transmission.
[0041] At the UE 350, each receiver 354RX receives a signal through its respective antenna 352. Each receiver 354RX
recovers information modulated onto an RF carrier and provides the information to the receive (RX) processor 356. The
TX processor 368 and the RX processor 356 implement layer 1 functionality associated with various signal processing
functions. The RX processor 356 may perform spatial processing on the information to recover any spatial streams
destined for the UE 350. If multiple spatial streams are destined for the UE 350, they may be combined by the RX
processor 356 into a single OFDM symbol stream. The RX processor 356 then converts the OFDM symbol stream from
the time-domain to the frequency domain using a Fast Fourier Transform (FFT). The frequency domain signal comprises
a separate OFDM symbol stream for each subcarrier of the OFDM signal. The symbols on each subcarrier, and the
reference signal, are recovered and demodulated by determining the most likely signal constellation points transmitted
by the eNB 310. These soft decisions may be based on channel estimates computed by the channel estimator 358. The
soft decisions are then decoded and deinterleaved to recover the data and control signals that were originally transmitted
by the eNB 310 on the physical channel. The data and control signals are then provided to the controller/processor 359,
which implements layer 3 and layer 2 functionality.
[0042] The controller/processor 359 can be associated with a memory 360 that stores program codes and data. The
memory 360 may be referred to as a computer-readable medium. In the UL, the controller/processor 359 provides
demultiplexing between transport and logical channels, packet reassembly, deciphering, header decompression, and
control signal processing to recover IP packets from the EPC 160. The controller/processor 359 is also responsible for
error detection using an ACK and/or NACK protocol to support HARQ operations.
[0043] Similar to the functionality described in connection with the DL transmission by the eNB 310, the controller/proc-
essor 359 provides RRC layer functionality associated with system information (e.g., MIB, SIBs) acquisition, RRC con-
nections, and measurement reporting; PDCP layer functionality associated with header compression / decompression,
and security (ciphering, deciphering, integrity protection, integrity verification); RLC layer functionality associated with
the transfer of upper layer PDUs, error correction through ARQ, concatenation, segmentation, and reassembly of RLC
SDUs, re-segmentation of RLC data PDUs, and reordering of RLC data PDUs; and MAC layer functionality associated
with mapping between logical channels and transport channels, multiplexing of MAC SDUs onto TBs, demuliplexing of
MAC SDUs from TBs, scheduling information reporting, error correction through HARQ, priority handling, and logical
channel prioritization.
[0044] Channel estimates derived by a channel estimator 358 from a reference signal or feedback transmitted by the
eNB 310 may be used by the TX processor 368 to select the appropriate coding and modulation schemes, and to facilitate
spatial processing. The spatial streams generated by the TX processor 368 may be provided to different antenna 352
via separate transmitters 354 TX. Each transmitter 354 TX may modulate an RF carrier with a respective spatial stream
for transmission.
[0045] The UL transmission is processed at the eNB 310 in a manner similar to that described in connection with the
receiver function at the UE 350. Each receiver 318RX receives a signal through its respective antenna 320. Each receiver
318RX recovers information modulated onto an RF carrier and provides the information to a RX processor 370.
[0046] The controller/processor 375 can be associated with a memory 376 that stores program codes and data. The
memory 376 may be referred to as a computer-readable medium. In the UL, the controller/processor 375 provides
demultiplexing between transport and logical channels, packet reassembly, deciphering, header decompression, control
signal processing to recover IP packets from the UE 350. IP packets from the controller/processor 375 may be provided
to the EPC 160. The controller/processor 375 is also responsible for error detection using an ACK and/or NACK protocol
to support HARQ operations.
[0047] NB wireless communication involves unique challenges due to the limited frequency dimension of the narrow
band. One example of such NB wireless communication is NB-IOT, which is limited to a single resource block (RB) of
system bandwidth, e.g., 180 kHz. Another example of NB wireless communication is eMTC, which is limited to six RBs
of system bandwidth. This narrow band communication may be deployed "in-band," utilizing resource blocks within a
carrier (e.g., an LTE carrier), or in the unused resource blocks within a carrier’s guard-band, or standalone for deployments
in dedicated spectrum. Multiple users, e.g., UEs may utilize the narrow band. While only some of the UEs may be active
at a particular time, the NB communication should support such multi-user capacity.
[0048] In LTE, there are two downlink synchronization signals, a primary synchronization signal (PSS) and a secondary
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synchronization signal (SSS), transmitted by the eNB and used by the UE to obtain the cell identity and frame timing.
For example, the PSS may be linked to the cell identity within a group, and the SSS may map to the cell identity group
and the individual cell identity within the group. Then, PSS and SSS may be demodulated by the UE and used in order
to identify the cell identify group and the individual cell ID within the cell identity group.
[0049] Due to the resource limitations for NB communication, it might not be possible or not desirable to use a legacy
synchronization signal, and SSS in particular.
[0050] A Narrow Band Secondary Synchronization Signal (NB-SSS) may be used to convey a cell ID for an eNB and
frame timing for the eNB. The NB-SSS design can use a concatenation of short Zadoff-Chu (ZC) sequences, wherein
each ZC sequence is conveyed in every symbol of the NB-SSS and the concatenation is based on an encoding rule of
an error correction code. The mapping from NB-SSS symbols to ZC sequences can use a combination of root indexes
and cyclic shifts, for example. Thus, different root indexes or cyclic shifts may be used for the different symbols of the
NB-SSS. An RB may include 12 tones, for example. In one example, out of 12 available tones, only 11 tones might be
used. One tone may be reserved for a null tone, which can be used to signal additional system information such as
deployment mode. A mapping may then be established for an NB-SSS symbol and each of the 11 remaining tones.
[0051] FIG. 4 illustrates an example source information mapping 400 for NB-SSS.
[0052] In FIG. 4, the source information, e.g., the cell ID for the eNB and the frame timing may be used to construct
the codeword corresponding to a NB-SSS sequence. FIG. 4 illustrates that each symbol of the NB-SSS sequence may
be constructed using, e.g., at least one root index and cyclic shift 402. Inverse Fast Fourier Transform (IFFT) 404 and
(CP) cyclic prefix 406 may be used in order to generate the symbols 408a-c of the NB-SSS, e.g., B1, B2, ..., B11, etc.
FIG. 4 illustrates the NB-SSS symbols B1- B11 may correspond to 11 out of 14 OFDM symbols of the subframe e.g.,
symbols 3-13 in FIG. 4.

Use of Single Root Sequence

[0053] The NB-SSS may be generated using a single root Zadoff-Chu base sequence with different cyclic shifts. In
another example, a pair of conjugate roots may be used. The root sequences chosen for the NB-SSS symbols should
be different from the NB-PSS symbols. Therefore, the eNB may identify one, or two, root indexes not used by NB-PSS
that can be used to generate the NB-SSS. The eNB may then select a subset, Q, of the possible cyclic shifts and index
them from 1 to Q. Different cyclic shifts from the subset Q of possible cycle shifts may be used in each symbol, e.g.,
with the cyclic shift being in the frequency domain. In other examples, the cyclic shift may be in the time domain.
[0054] An NB-SSS sequence mapping may be derived according to a forward error correction (FEC) code. The FEC
codewords may comprise a linear block code, which have source symbols and parity symbols. The source symbols of
the FEC codeword carry the cell ID and the frame timing information, and the redundancy introduced by parity symbols
are used to check the consistency of codeword recovery and protect the source symbols from decoding errors incurred
by channel impairments. In one example, the Reed Solomon (RS) code is used as the FEC code to construct the NB-
SSS source symbols and parity symbols.
[0055] In this example, the eNB may define an RS code on a Galois Field (GF), GF(Q), with K source symbols. For
example, the eNB may map the length-(Q-1) RS codeword to (Q-1) SSS symbols, and each SSS symbol is mapped to
a ZC base sequence in frequency domain. There are Q different base sequences available in defining the alphabet of
GF(Q), which for example can be constructed by using different combinations of root index and cyclic shifts of ZC
sequence. The size of the information field may be sufficient to accommodate 504 possible PCIDs and 4 possible frame
timing information. Constrained selection of cyclic shifts and root index for the base sequences may enhance robustness
and reduce complexity for NB-SSS detection, by leveraging the good correlation properties of base sequences and the
distance properties of Reed-Solomon FEC codewords.
[0056] In one example, the length of the NB-SSS may be either 11 or 12. In an example having a length of 11, at every
symbol some of the possible cyclic shifts may be used to generate the NB-SSS symbol. The cyclic shifts may be in the
frequency domain, and it is possible that shifts in the time domain may be used.
[0057] In order to derive a mapping for the NB-SSS, Reed-Solomon code may be used. Other linear block code may
also be used.
[0058] In a first example, 8 out of the 11 possible cyclic shifts may be used to generate the NB-SSS. In this example,
for Reed-Solomon code based on alphabet size 8 (GF 23), the Reed-Solomon code will be RS(7,3). That is, each OFDM
symbol may be associated with an element in an 8-ary alphabet, the code carrying 3∗3=9 information bits. This example
may be simpler for the eNB.
[0059] In a second example, 11 OFDM symbols may be used to construct the NB-SSS signal. In particular, 3 out of
the 11 OFDM symbols will be used for source symbols of a forward error correction (FEC) codeword, and the rest of
the OFDM symbols will be used as parity symbols of the FEC codeword. Moreover, each of the NB-SSS OFDM symbols
can be mapped a Zadoff-Chu base sequence, which is chosen from 1 out of 16 candidates according to the encoding
rule of FEC. The 16 base sequences can be constructed by different combinations of root index and cyclic shifts. The
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16 base sequences can also be mapped to the alphabet of a Reed-Solomon code defined on GF(24). In this example,
a shortened Reed-Solomon code will be used to reduce the overhead of NB-SSS, which can be constructed as RS(11,
3). The 11-symbol codewords carry log2(163)=12 bits. This second example may perform better than the first example
because of the larger coding gain.
[0060] In every symbol, the UE may perform cross correlation in time domain or frequency domain, and derive 8
complex correlation values for the first example using 8 cyclic shifts or 11 complex correlation values for the second
example using 11 cyclic shifts. Then, the UE simply collects and coherently sums the appropriate correlation values
according to the coding constraint of a Reed-Solomon encoder in order to decode the NB-SSS that it receives from the
eNB and to determine the cell ID, timing information, and potential additional system information. The good auto and
cross correlation properties of the base sequences can be leveraged by UE to remove the need to run a brute-force RS
decoder for SSS detection. This can reduce both detection latency and power consumption of the UE, which is desirable
for low-cost design of narrow-band devices.
[0061] Although these two examples show the use of 8 or 16 of the possible combinations of cyclic shifts and/or root
index , other numbers of the possible cyclic shifts and root index may also be used to generate the base sequences of
NB-SSS. Moreover, the length of the FEC codewords can be shortened or extended to fit the resource allocation for
NB-SSS signal.

Use of Multiple Root Indexes/Constrained Cyclic Shift

[0062] Rather than using a single root sequence, in a second example, a plurality of root indexes may be used to
generate the NB-SSS. In this example, binary or non-binary parity check codes may be used in order to construct an
NB-SSS mapping. In the example having a single root sequence, the cyclic shift was used to convey the cell ID and
timing information. In the example using multiple root indexes, the combination of root index and cyclic shift may be
used to convey the cell ID and frame timing information. A root index partition may be based on a quadratic residue
property to separate the potential root indexes into two exclusive subgroups. A constrained cyclic shift mapping may
also be used based, e.g., on a generic or expanded RS codes. Constrained cyclic shifts may provide error protection
capability for SSS information.
[0063] FIG. 5 illustrates an example root index/cyclic shift mapping 500 that may be used to construct an NB-SSS
mapping. FIG. 5 illustrates that the non-zero root indexes, e.g., 1-10, may be partitioned into two mutually exclusive
subsets Ω0 and Ω1. This partitioning may be based on a quadratic residue property. For example, the 10 NB-SSS
symbols may be partitioned into two exclusive subgroups with different combinations of root indexes and cyclic shifts. Then 

[0064] In this calculation, Mi is the i-th source symbol sequence, u corresponds to the root index, b corresponds to
the source symbol, X is the phase rotation size of the base sequence, m is the index of the element within a base

sequence, N is the periodicity of the phase rotation. It is optional to include the identity of the sector, i.e.  in
configuring the phase rotation of a subset of root indexes.
[0065] The aspects presented herein reduce the complexity of the processing required by a receiver receiving the NB-
SSS. For example, a UE receiving the NB-SSS may estimate or otherwise determine the cell ID, timing information, and
any additional information without implementing a Forward Error Correction (FEC) decoder. For an alphabet of Q source
symbols, a total length of the NB-SSS sequence with M source symbols and L parity symbols would be (M + L) symbols.
Based on a structured SSS design, the entire SSS sequence may be split into two parts, i.e., [S| P], where vector S
represents the source symbols and vector P represents parity symbols. The degrees of freedom of the parity symbols,
P, may be constrained by the range of source symbols, S. The source symbols, S, may be used to carry the cell ID,
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frame timing, and potentially additional information. The frame timing may indicate a SFN. FIG. 9 illustrates the two parts
of the NB-SSS, including the Source symbols 902 and the parity symbols 904.
[0066] The receiver may derive path metrics by cross-correlation across the symbols of the NB-SSS. Q x (M+L) cross
correlations may be applied to the (M+L) symbols individually, either in the time domain or in the frequency domain.
Hard-coded coding constraints may be used for selective combining of (M+L) cross correlations sequentially. QM paths
need to be exhausted. Each path metric may be the sum of (M+L) complex values, which correspond to the (M+L)
symbol-wise cross correlations. The complexity may be upper bounded by Q(M+L) complex multiplications and QM

(M+L-1) complex additions. Further complexity reduction may be possible by exploiting the duplicity of route metrics
and/or symmetry properties of the Zadoff-Chu sequence.
[0067] The receiver may also reduce the complexity of processing the NB-SSS by maintaining a list of cell IDs. Thus,
once a cell ID is determined, the receiver may maintain that cell ID in a short list. The list of cell IDs may be used to sort
or prune potential paths based on the magnitude of path metrics, the path corresponding to a codeword of NB-SSS
sequence that conveys a cell ID and frame timing. Instead of selecting only a single cell ID, a short list of cell IDs may
be stored for a number of purposes. In addition to the use in receiving NB-SSS and determining cell ID, the list of cell
IDs may be used for any of cell selection for dual connectivity, cell verification in following stages, handover, etc.
[0068] The cross correlations performed by the receiver may be simplified based on the properties of ZC sequences.
The NB-SSS comprises a short ZC sequence, such that each symbol of the NB-SSS comprises the ZC sequence in its
entirety. Due the properties of the ZC sequence, the NB-SSS has a central symmetric property and will have a conjugate
property. Thus, a dual transformation may be performed in the time and/or the frequency domain, e.g., depending on
whether the cross correlation is performed in the time or frequency domain. For example, alternative and efficient Discrete
Fourier Transformation (DFT) or Inverse DFT (IDFT) may be performed for the NB-SSS. Additionally, the dual cyclic
shift property in the time and/or frequency domain may reduce the complexity of the processing performed by the receiver.
For example, rather than performing multiplication sample by sample prior to summing, based on the symmetry, two
samples may be summed and a single multiplication may be performed. This reduces the required multiplication by half
when performing cross-correlation.
[0069] For example, for a ZC sequence with Root Index m, Cyclic Shift p and Odd Length N

In these calculations, Z is the ZC base sequence, W is the subcarrier sequence of DFT, k is the element index of the
ZC sequence.
[0070] An IDFT of such a ZC Sequence would be: 

[0071] In a Closed Form Expression, 

Therefore, 

[0072] This illustrates the conjugate nature of the NB-SSS. Table 1 illustrates reciprocal root indexes for a symbol
length of N = 11.
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[0073] Therefore, given a ZC base sequence with root index m and cyclic shift "p" in the frequency domain, its waveform
in the time domain can be generated by a constant phase rotation proportional to "p" and cyclically resampling with a
decimation factor proportional to the reciprocal root index u-1.
[0074] The NB-SSS may also signal additional information through the null tone position. Among others, this signaled
additional information may include a group of cell IDs, a cell ID, a sector ID, an indication of time division duplex (TDD)
or frequency division duplex (FDD), etc. Null tone positions may be used by an eNB to indicate an 80 ms boundary or
other frame timing.
[0075] An example of different null tone positions may include, e.g., null tone positions in (1) the first tone, (2) last
tone, or (3) combinations of the first tone and the last tone. Null tone positions may also be in the other tone locations
than the first or the last tone. However, this may require a change of the Chu sequence property. The location of the
null tones may convey information to the UE.
[0076] FIGs. 6-8 show examples of null tone positioning that may be used to signal such additional information. FIGs.
6-8 illustrate an NB-SSS having a null tone at which no signal is transmitted by the eNB and an NB-SSS base sequence
at which the SSS signal is transmitted by the eNB. The location of the null tone may be used to convey limited amount
of system information, such as the sector ID, or the duplexing mode (FDD or TDD), or the deployment mode (in-band,
guard-band, stand-alone). FIGs. 6-8 also illustrate a CRS puncture pattern. The CRS puncture may be employed, e.g.,
when the NB communication is deployed for in-band mode . When the NB communication is deployed for out-of-band
modes (guard band or stand-alone), a CRS puncture might not be used.
[0077] In one example, the locations of null tones may be a function of sector ID.
[0078] The SSS null tone positioning in the configuration 600 of FIG. 6, in which the null tones are at Tone #0, or at
the beginning of the NB-SSS, may correspond to Sector ID zero. Thus, if a UE does not receive a signal at Tone #0,
the UE can understand that the SSS is for Sector ID 0.
[0079] The SSS null tone positioning in the configuration 700 of FIG. 7, in which some of the null tones are positioned
at the beginning, Tone #0, and others are positioned at the end, Tone #11, of the NB-SSS may correspond to Sector
ID 1. The null tone positioning in the configuration 800 of FIG. 8, in which the null tones are at Tone #11, or at the end
of the NB-SSS, may correspond to Sector ID 2.
[0080] This use of null tone positions allows the eNB to signal additional information without requiring sophisticated
coding for the information.
[0081] FIG. 10 is a flowchart 1000 of a method of NB wireless communication by a transmitter, such as an eNB. The
method may be performed by an eNB (e.g., the eNB 102, 310, 1450, apparatus 1102, 1102’).
[0082] At block 1002, the eNB generates a secondary synchronization signal (SSS), wherein the SSS signal comprises
a sequence of orthogonal frequency division multiplexing (OFDM) symbols. Each symbol of the sequence of SSS symbols
is mapped to a codeword symbol of an forward error correction (FEC) code, e.g., at block 1008. Source symbols of the
sequence of SSS symbols carry a cell identifier (ID) and frame timing information. Parity symbols of the sequence of
SSS symbols introduce redundancy and coding gain, e.g., to protect the source information against errors. Each symbol
of the SSS sequence comprises a short ZC sequence.. The NB-SSS construction may be subject to a code word/coding
structure in order to reduce the complexity of processing the NB-SSS at the receiver. For example, the NB-SSS may
be configured to enable the cell ID, e.g., PCID, and timing information to be estimated using cross-correlation for each
of the symbols of the NB-SSS at the receiver. The code word structure may remove some of the ambiguity that may
otherwise be present in an NB-SSS. The "short" ZC sequence means that each symbols conveys the entire ZC sequence.
Different symbols may be based on a different root index or cyclic shift according to the code word structure. The code
word structure may be based on a linear block code, such as a Reed-Solomon (RS) code.
[0083] The NB-SSS may additionally be generated according to the aspects illustrated in FIG. 4, e.g., including IFFT,
CP, etc. in order to generate each of the NB-SSS symbols.
[0084] The NB-SSS construction enables a receiver to perform cross-correlation on a symbol-by-symbol basis and to
use a collection of cross-metrics collected through the cross-correlation to derive a most likely NB-SSS candidate that
carries the most likely cell ID and frame timing information.
[0085] At block 1004, the eNB transmits the SSS using the NB.
[0086] At block 1006, the eNB may also signal additional information using a position of a null tone of the SSS base
sequence mapping, as described in connection with FIGs. 6-8. Optional aspects, such as block 1006 are illustrated in

Table 1

Reciprocal Root Indexes for N = 11

m 1 2 3 4 5 6 7 8 9 10

m-1 1 6 4 3 9 2 8 7 5 10
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FIG. 10 with a dashed line. The signaled additional information comprise any of a sector ID, an ID for a group of cells ,
deployment mode, TDD, DDD, frame size information, etc. For example, the frame size information may indicate that
the signal comprises an 80 ms boundary or another frame timing.
[0087] Each symbol of the sequence of SSS symbols may map to a short ZC base sequence, and the sequence of
SSS symbols may be concatenated in a time domain according to an encoding rule derived from a linear block FEC
encoder. The linear block FEC encoder may be based on a shortened RS code. A combination of cyclic shifts and root
index may be used to generate the short ZC base sequences employed by the SSS symbol mapping. Different combi-
nations of root index and cyclic shift can be used by the base sequences of SSS to convey different cell ID and frame
timing information. A subset of the possible cyclic shifts may be used to generate the SSS mapping. For example, 8 of
11 possible cyclic shifts may be used along with the RS code to generate the symbols of the NB-SSS. In another example,
each of the possible cyclic shifts may be used to generate the SSS mapping, e.g., 11 out of 11 possible cyclic shifts
may be used along with the RS code to generate the symbols of the NB-SSS. Other choices of the number of cyclic
shifts are also possible.
[0088] As another example, generating the SSS mapping at 1002 may include using parity check codes at block 1012,
wherein the code symbols are represented by a plurality of root indexes that are partitioned into two subsets based on
a quadratic residue property. FIG. 5 illustrates an example of root indexes partitioned into two subsets Ω0, Ω1 based on
a quadratic residue property. FIG. 9 illustrates an example 900 of two parts of an NB-SSS, e.g., source symbols and
parity symbols, where the source symbols convey cell ID, timing information, etc. Generating the SSS mapping may
also comprise using a constrained cyclic shift mapping at block 1014, e.g., based on an RS code or other code. Different
combinations of root index and cyclic shift for the subsets may convey the cell ID and the frame timing information.
[0089] FIG. 11 is a conceptual data flow diagram 1100 illustrating the data flow between different means/components
in an exemplary apparatus 1102. The apparatus may be an eNB. The apparatus 1102 includes a reception component
for receiving UL communication of UE 1150 and an NB-SSS Construction Component 1108 configured to generate a
wherein the SSS signal comprises a sequence of OFDM symbols, wherein each symbol of the sequence of SSS symbols
are mapped to a codeword symbol of an FEC code, wherein source symbols of the sequence of SSS symbols carry a
cell ID and frame timing information, and parity symbols of the sequence of SSS symbols introduce redundancy and
coding gain, as described in connection with FIG. 9. The NB-SSS construction component may include any of a ZC
Component 1110 configured to use a ZC sequence in constructing the NB-SSS, e.g., where each symbol of the sequence
of SSS symbols maps to a short Zadoff-Chu base sequence, and where the sequence of SSS symbols are concatenated
in a time domain according to an encoding rule derived from a linear block FEC encoder. The NB-SSS construction
component may include a root sequence component 1112 configured to use a single root sequence or multiple root
sequences in constructing the NB-SSS and a cyclic shift component 1114 configured to use at least one cyclic shift in
generating the NB-SSS. For example, a combination of cyclic shifts and root index may be used to generate the short
Zadoff-Chu base sequences employed by a SSS symbol mapping, wherein different combinations of root index and
cyclic shift convey different cell ID and frame timing information. The NB-SSS construction component may include a
Code component 1116 configured to use an encoding rule derived by a linear block FEC encoder, e.g., based on a
shortened RS code. The NB-SSS construction component may include a parity component 1118 configured to use parity
check codes in generating the NB-SSS, e.g., where code symbols are represented by a plurality of root indexes that
are partitioned into two subsets based on a quadratic residue property. The cyclic shift component may use a constrained
cyclic shift mapping. The NB-SSS construction component may include a Null Tone Component 1120 configured to use
a position of a null tone of an SSS base sequence mapping to convey additional information to the receiver, such as
described in connection with FIGs. 4-9. The apparatus 1002 also includes a transmission component 1106 that transmits
DL communication to UE, included the generated SSS using a NB.
[0090] The apparatus 1102, may include additional components that perform each of the blocks of the algorithm in
the aforementioned flowchart of FIG. 10 and the aspects described in connection with FIGs. 4-8. As such, each block
in the aforementioned flowchart of FIG. 10 and the aspects described in connection with FIGs. 4-8 may be performed
by a component and the apparatus may include one or more of those components. The components may be one or
more hardware components specifically configured to carry out the stated processes/algorithm, implemented by a proc-
essor configured to perform the stated processes/algorithm, stored within a computer-readable medium for implemen-
tation by a processor, or some combination thereof.
[0091] FIG. 12 is a diagram 1200 illustrating an example of a hardware implementation for an apparatus 1102’ employing
a processing system 1214. The processing system 1214 may be implemented with a bus architecture, represented
generally by the bus 1224. The bus 1224 may include any number of interconnecting buses and bridges depending on
the specific application of the processing system 1214 and the overall design constraints. The bus 1224 links together
various circuits including one or more processors and/or hardware components, represented by the processor 1204,
the components 1104, 1106, 1108, 1110, 1112, 1114, 1116, 1118, 1120, and the computer-readable medium / memory
1206. The bus 1224 may also link various other circuits such as timing sources, peripherals, voltage regulators, and
power management circuits, which are well known in the art, and therefore, will not be described any further.
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[0092] The processing system 1214 may be coupled to a transceiver 1210. The transceiver 1210 is coupled to one
or more antennas 1220. The transceiver 1210 provides a means for communicating with various other apparatus over
a transmission medium. The transceiver 1210 receives a signal from the one or more antennas 1220, extracts information
from the received signal, and provides the extracted information to the processing system 1214, specifically the reception
component 1104. In addition, the transceiver 1210 receives information from the processing system 1214, specifically
the transmission component 1106, and based on the received information, generates a signal to be applied to the one
or more antennas 1220. The processing system 1214 includes a processor 1204 coupled to a computer-readable medium
/ memory 1206. The processor 1204 is responsible for general processing, including the execution of software stored
on the computer-readable medium / memory 1206. The software, when executed by the processor 1204, causes the
processing system 1214 to perform the various functions described supra for any particular apparatus. The computer-
readable medium / memory 1206 may also be used for storing data that is manipulated by the processor 1204 when
executing software. The processing system 1214 further includes at least one of the components 1104, 1106, 1108,
1110, 1112, 1114, 1116, 1118, 1120. The components may be software components running in the processor 1204,
resident/stored in the computer readable medium / memory 1206, one or more hardware components coupled to the
processor 1204, or some combination thereof. The processing system 1214 may be a component of the eNB 310 and
may include the memory 376 and/or at least one of the TX processor 316, the RX processor 370, and the controller/proc-
essor 375.
[0093] In one configuration, such an apparatus for wireless communication includes means for generating a secondary
synchronization signal (SSS), means for transmitting the SSS signal using an NB, and means for signaling additional
information using a position of a null tone of the SSS. The means for generating the SSS may include means for using
parity check codes and means for using a constrained cyclic shift mapping.
[0094] The aforementioned means may be one or more of the aforementioned components of the apparatus and/or
the processing system of the apparatus configured to perform the functions recited by the aforementioned means. As
described supra, the processing system may include the TX Processor 316, the RX Processor 370, and the control-
ler/processor 375. As such, in one configuration, the aforementioned means may be the TX Processor 316, the RX
Processor 370, and the controller/processor 375 configured to perform the functions recited by the aforementioned
means.
[0095] FIG. 13 is a flowchart 1300 of a method of wireless communication. The method may be performed by a UE
(e.g., the UE 104, 350, 1150, the apparatus 1402, 1402’). Optional aspects of the method are illustrated with a dashed line.
[0096] At block 1302, the UE receives a NB-SSS sequence over a plurality of OFDM symbols. For example, the NB-
SSS may be generated as described in connection with FIG. 10. Each symbol of the SSS may comprise a short Zadoff-
Chu sequence with a combination of root index and cyclic shift. Each SSS sequence may comprises the concatenation
of multiple short ZC sequences, and each ZC sequence may be comprised in each symbol of the SSS.
[0097] At block 1304, the UE derives path metrics for the received NB-SSS using cross-correlation for each of the
plurality of symbols. The receiver may partition the NB-SSS into 11 symbols and perform the cross-correlation for each
of the symbols. The cross-correlation may be performed in either a time domain or a frequency domain. The derivation
of the path metrics for the received NB-SSS may include performing dual transformation in the time domain or the
frequency domain based on a central symmetric property of the SSS.
[0098] At block 1306, the UE determines a candidate SSS source message for the received SSS signal based on the
derived path metrics and coding constraints of FED codewords. The candidate SSS may be a highest ranked potential
SSS sequence based on the path metrics.
[0099] At block 1308, the UE identifies a cell ID and timing information from the NB-SSS based on the candidate
source message. The SSS sequence may comprise source symbols that carry the cell ID and timing information, and
may also comprise parity symbols. The parity symbols may be constrained by a range of the source symbols. For
example, the parity symbols may be derived from the source symbols and generated by an FEC encoder.
[0100] The UE may maintain, at block 1310, the identified cell ID in a list of cell IDs, wherein the list of cell IDs is used
in determining the candidate SSS source message for the received NB-SSS. The list of cell IDs may be used to prune
trellis paths corresponding to different codewords in determining the candidate SSS source message for the received
NB-SSS.
[0101] The UE may determine additional information from a null tone placement at 1312, e.g., from a position of the
null tone of the SSS base sequence mapping such as described in connection with FIGs. 6-8. The determined additional
information may comprise any of a sector ID, an ID of a group of cells, a deployment mode, TDD, FDD, or frame size
information.
[0102] FIG. 14 is a conceptual data flow diagram 1400 illustrating the data flow between different means/components
in an exemplary apparatus 1402. The apparatus may be a UE (e.g. UE 104, 350, 1150). The apparatus includes a
reception component 1404 that receives DL communication including an NB-SSS from an eNB 1450 and a transmission
component 1406 that transmits UL communication to the eNB 1450. The UE comprises a path metric component 1408
configured to derive path metrics for the received NB-SSS using cross-correlation, a candidate component 1410 con-
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figured to determine a candidate SSS source message from the received NB-SSS based on the derived path metrics
and coding constraints of FEC codewords, a cell ID/timing component 1412 configured to identify a cell ID/frame timing
for the NB-SSS based on the candidate SSS source message, a cell ID list component 1414 configured to maintain the
identified cell ID in a cell ID list, and a null tone component 1416 configured to determine additional information from a
location of a null tone.
[0103] The apparatus may include additional components that perform each of the blocks of the algorithm in the
aforementioned flowchart of FIG. 13 and the aspects of FIGs. 4-8. As such, each block in the aforementioned flowchart
of FIG. 13 and the aspects of FIGs. 4-8 may be performed by a component and the apparatus may include one or more
of those components. The components may be one or more hardware components specifically configured to carry out
the stated processes/algorithm, implemented by a processor configured to perform the stated processes/algorithm,
stored within a computer-readable medium for implementation by a processor, or some combination thereof.
[0104] FIG. 15 is a diagram 1500 illustrating an example of a hardware implementation for an apparatus 1402’ employing
a processing system 1514. The processing system 1514 may be implemented with a bus architecture, represented
generally by the bus 1524. The bus 1524 may include any number of interconnecting buses and bridges depending on
the specific application of the processing system 1514 and the overall design constraints. The bus 1524 links together
various circuits including one or more processors and/or hardware components, represented by the processor 1504,
the components 1404, 1406, 1408, 1410, 1412, 1414, 1416, and the computer-readable medium / memory 1506. The
bus 1524 may also link various other circuits such as timing sources, peripherals, voltage regulators, and power man-
agement circuits, which are well known in the art, and therefore, will not be described any further.
[0105] The processing system 1514 may be coupled to a transceiver 1510. The transceiver 1510 is coupled to one
or more antennas 1520. The transceiver 1510 provides a means for communicating with various other apparatus over
a transmission medium. The transceiver 1510 receives a signal from the one or more antennas 1520, extracts information
from the received signal, and provides the extracted information to the processing system 1514, specifically the reception
component 1404. In addition, the transceiver 1510 receives information from the processing system 1514, specifically
the transmission component 1406, and based on the received information, generates a signal to be applied to the one
or more antennas 1520. The processing system 1514 includes a processor 1504 coupled to a computer-readable medium
/ memory 1506. The processor 1504 is responsible for general processing, including the execution of software stored
on the computer-readable medium / memory 1506. The software, when executed by the processor 1504, causes the
processing system 1514 to perform the various functions described supra for any particular apparatus. The computer-
readable medium / memory 1506 may also be used for storing data that is manipulated by the processor 1504 when
executing software. The processing system 1514 further includes at least one of the components 1404, 1406, 1408,
1410, 1412, 1414, 1416. The components may be software components running in the processor 1504, resident/stored
in the computer readable medium / memory 1506, one or more hardware components coupled to the processor 1504,
or some combination thereof. The processing system 1514 may be a component of the UE 350 and may include the
memory 360 and/or at least one of the TX processor 368, the RX processor 356, and the controller/processor 359.
[0106] In one configuration, the apparatus 1402/1402’ for wireless communication includes means for receiving an
NB-SSS, means for deriving path metrics, means for determining a candidate SSS source message, means for identifying
a cell ID and timing information, mean for maintaining the identified cell ID in a list of cell IDs, and means for determining
additional information from a null tone placement. The aforementioned means may be one or more of the aforementioned
components of the apparatus 1402 and/or the processing system 1514 of the apparatus 1402’ configured to perform
the functions recited by the aforementioned means. As described supra, the processing system 1514 may include the
TX Processor 368, the RX Processor 356, and the controller/processor 359. As such, in one configuration, the afore-
mentioned means may be the TX Processor 368, the RX Processor 356, and the controller/processor 359 configured
to perform the functions recited by the aforementioned means.
[0107] It is understood that the specific order or hierarchy of blocks in the processes / flowcharts disclosed is an
illustration of exemplary approaches. Based upon design preferences, it is understood that the specific order or hierarchy
of blocks in the processes / flowcharts may be rearranged. Further, some blocks may be combined or omitted. The
accompanying method claims present elements of the various blocks in a sample order, and are not meant to be limited
to the specific order or hierarchy presented.
[0108] The previous description is provided to enable any person skilled in the art to practice the various aspects
described herein. Various modifications to these aspects will be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other aspects. Thus, the claims are not intended to be limited to the
aspects shown herein, but is to be accorded the full scope consistent with the language claims, wherein reference to
an element in the singular is not intended to mean "one and only one" unless specifically so stated, but rather "one or
more." The word "exemplary" is used herein to mean "serving as an example, instance, or illustration." Any aspect
described herein as "exemplary" is not necessarily to be construed as preferred or advantageous over other aspects.
Unless specifically stated otherwise, the term "some" refers to one or more. Combinations such as "at least one of A,
B, or C," "one or more of A, B, or C," "at least one of A, B, and C," "one or more of A, B, and C," and "A, B, C, or any
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combination thereof’ include any combination of A, B, and/or C, and may include multiples of A, multiples of B, or multiples
of C. Specifically, combinations such as "at least one of A, B, or C," "one or more of A, B, or C," "at least one of A, B,
and C," "one or more of A, B, and C," and "A, B, C, or any combination thereof’ may be A only, B only, C only, A and B,
A and C, B and C, or A and B and C, where any such combinations may contain one or more member or members of
A, B, or C. Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of whether such
disclosure is explicitly recited in the claims. The words "module," "mechanism," "element," "device," and the like may
not be a substitute for the word "means." As such, no claim element is to be construed as a means plus function unless
the element is expressly recited using the phrase "means for."
[0109] In the following, further embodiments are described to facilitate the understanding of the invention:

1. A method of narrow band (NB) wireless communication at an evolved Node B (eNB), comprising:

generating a secondary synchronization signal (SSS signal), wherein the SSS signal comprises a sequence of
orthogonal frequency division multiplexing (OFDM) symbols, wherein each symbol of the sequence of SSS
symbols is mapped to a codeword symbol of an forward error correction (FEC) code, wherein source symbols
of the sequence of SSS symbols carry a cell identifier (ID) and frame timing information, and parity symbols of
the sequence of SSS symbols introduce redundancy and coding gain; and
transmitting the SSS signal using the NB.

2. The method of embodiment 1, wherein each symbol of the sequence of SSS symbols maps to a short Zadoff-
Chu base sequence, and wherein the sequence of SSS symbols are concatenated in a time domain according to
an encoding rule derived from a linear block FEC encoder.

3. The method of embodiment 2, wherein the linear block FEC encoder is based on a shortened Reed-Solomon Code.

4. The method of embodiment 2, wherein a combination of cyclic shifts and root index are used to generate the
short Zadoff-Chu base sequence employed by a SSS symbol mapping, wherein different combinations of root index
and cyclic shift convey different cell ID and frame timing information.

5. The method of embodiment 1, wherein generating the SSS signal comprises:

using parity check codes, wherein code symbols are represented by a plurality of root indexes that are partitioned
into two subsets based on a quadratic residue property; and
using a constrained cyclic shift mapping.

6. The method of embodiment 5, wherein different combinations of root index and cyclic shift for the two subsets
convey the cell ID and the frame timing information.

7. The method of embodiment 1, further comprising:
signaling additional information using a position of a null tone of a SSS base sequence mapping.

8. The method of embodiment 7, wherein the signaled additional information comprises at least one of a sector ID,
an ID for a group of cells, a deployment mode, time division duplex (TDD), frequency division duplex (FDD), or
frame size information.

9. An apparatus for narrow band (NB) wireless communication, comprising:

a memory; and
at least one processor coupled to the memory and configured to:

generate a secondary synchronization signal (SSS signal), wherein the SSS signal comprises a sequence
of orthogonal frequency division multiplexing (OFDM) symbols, wherein each symbol of the sequence of
SSS symbols is mapped to a codeword symbol of an forward error correction (FEC) code, wherein source
symbols of the sequence of SSS symbols carry a cell identifier (ID) and frame timing information, and parity
symbols of the sequence of SSS symbols introduce redundancy and coding gain; and
transmit the SSS signal using the NB.

10. The apparatus of embodiment 9, wherein each symbol of the sequence of SSS symbols maps to a short Zadoff-
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Chu base sequence, and wherein the sequence of SSS symbols are concatenated in a time domain according to
an encoding rule derived from a linear block FEC encoder.

11. The apparatus of embodiment 10, wherein the linear block FEC encoder is based on a shortened Reed-Solomon
Code.

12. The apparatus of embodiment 10, wherein a combination of cyclic shifts and root index are used to generate
the short Zadoff-Chu base sequence employed by a SSS symbol mapping, wherein different combinations of root
index and cyclic shift convey different cell ID and frame timing information.

13. The apparatus of embodiment 9, wherein the at least one processor is further configured to generate the SSS
using parity check codes, wherein code symbols are represented by a plurality of root indexes that are partitioned
into two subsets based on a quadratic residue property and using a constrained cyclic shift mapping.

14. The apparatus of embodiment 13, wherein different combinations of root index and cyclic shift for the two subsets
convey the cell ID and the frame timing information.

15. The apparatus of embodiment 9, wherein the at least one processor is configured to:
signal additional information using a position of a null tone of a SSS base sequence mapping.

16. A method of narrow band (NB) wireless communication at a user equipment (UE), comprising:

receiving a NB secondary synchronization signal (NB-SSS signal) over a plurality of orthogonal frequency
division multiplexing (OFDM) symbols, wherein each symbol of the NB-SSS signal comprises a short Zadoff-
Chu sequence with a combination of root index and cyclic shift;
deriving path metrics for the received NB-SSS signal using cross-correlation for each of the plurality of OFDM
symbols;
determining a candidate SSS source message from the received SSS signal based on the derived path metrics
and coding constraints of forward error correction (FEC) codewords; and
identifying a cell identifier (ID) and timing information from the NB-SSS signal based on the candidate SSS
source message.

17. The method of embodiment 16, wherein the sequence of SSS symbols comprises source symbols and parity
symbols, wherein the parity symbols are derived from the source symbols and generated by an FEC encoder, and
the source symbols carry the cell ID and frame timing information.

18. The method of embodiment 16, further comprising:
maintaining the identified cell ID in a list of cell IDs, wherein the list of cell IDs is used in determining the candidate
SSS source message for the received NB-SSS signal.

19. The method of embodiment 18, wherein the list of cell IDs is used to prune trellis paths corresponding to different
codewords in determining the candidate SSS source message for the received NB-SSS signal.

20. The method of embodiment 16, wherein the cross-correlation is performed in either a time domain or a frequency
domain.

21. The method of embodiment 20, wherein deriving path metrics for the received NB-SSS comprises performing
dual transformation in the time domain or the frequency domain based on a central symmetric property of the NB-
SSS signal.

22. The method of embodiment 16, further comprising:
determining additional information from a null tone placement.

23. The method of embodiment 22, wherein the determined additional information comprises at least one of a sector
ID, an ID for a group of cells, a deployment mode, time division duplex (TDD), frequency division duplex (FDD), or
frame size information.

24. An apparatus for narrow band (NB) wireless communication, comprising:
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a memory; and
at least one processor coupled to the memory and configured to:

receive a NB secondary synchronization signal (NB-SSS signal) over a plurality of orthogonal frequency
division multiplexing (OFDM) symbols, wherein each symbol of the NB-SSS signal comprises a short Zadoff-
Chu sequence with a combination of root index and cyclic shift;
derive path metrics for the received NB-SSS signal using cross-correlation for each of the plurality of OFDM
symbols;
determine a candidate SSS source message from the received SSS signal based on the derived path
metrics and coding constraints of forward error correction (FEC) codewords; and
identify a cell identifier (ID) and timing information from the NB-SSS signal based on the candidate SSS
source message.

25. The apparatus of embodiment 24, wherein the sequence of SSS symbols comprises source symbols and parity
symbols, wherein the parity symbols are derived from the source symbols and generated by an FEC encoder, and
the source symbols carry the cell ID and frame timing information.

26. The apparatus of embodiment 24, wherein the at least one processor is further configured to:
maintain the identified cell ID in a list of cell IDs, wherein the list of cell IDs is used in determining the candidate
SSS source message for the received NB-SSS signal.

27. The apparatus of embodiment 26, wherein the list of cell IDs is used to prune trellis paths corresponding to
different codewords in determining the candidate SSS source message for the received NB-SSS signal.

28. The apparatus of embodiment 24, wherein the cross-correlation is performed in either a time domain or a
frequency domain.

29. The apparatus of embodiment 28, wherein deriving path metrics for the received NB-SSS comprises performing
dual transformation in the time domain or the frequency domain based on a central symmetric property of the NB-
SSS signal.

30. The apparatus of embodiment 24, wherein the at least one processor is further configured to:
determine additional information from a null tone placement.

Claims

1. A method of narrow band, NB, wireless communication at a base station (102, 1102), comprising:

generating (1002) a secondary synchronization signal, SSS signal, wherein the SSS signal comprises a se-
quence of orthogonal frequency division multiplexing, OFDM, symbols, wherein each symbol of a sequence of
SSS symbols is mapped to a codeword symbol of an forward error correction, FEC, code, each FEC codeword
comprising source symbols and parity symbols, wherein source symbols of the sequence of SSS symbols carry
a cell identifier, ID, and frame timing information, and parity symbols of the sequence of SSS symbols introduce
redundancy and coding gain, wherein generating the SSS signal comprises using parity check codes, wherein
code symbols of each FEC codeword are represented by ZC sequences selected based on a plurality of root
indexes that are partitioned into two subsets based on a quadratic residue property and using a constrained
cyclic shift mapping; and
transmitting (1004) the SSS signal using the NB.

2. The method of claim 1, wherein each symbol of the sequence of SSS symbols maps to a short Zadoff-Chu base
sequence, and wherein the sequence of SSS symbols are concatenated in a time domain according to an encoding
rule derived from a linear block FEC encoder.

3. The method of claim 2, wherein the linear block FEC encoder is based on a shortened Reed-Solomon Code.

4. The method of claim 2, wherein a combination of cyclic shifts and root index are used to generate the short Zadoff-
Chu base sequence employed by a SSS symbol mapping, wherein different combinations of root index and cyclic
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shift convey different cell ID and frame timing information.

5. An apparatus (102, 1102, 1200) for narrow band, NB, wireless communication, comprising:

a memory (1206); and
at least one processor (1204) coupled to the memory and configured to:

generate a secondary synchronization signal, SSS signal, wherein the SSS signal comprises a sequence
of orthogonal frequency division multiplexing, OFDM, symbols, wherein each symbol of a sequence of SSS
symbols is mapped to a codeword symbol of an forward error correction, FEC, code, each FEC codeword
comprising source symbols and parity symbols, wherein source symbols of the sequence of SSS symbols
carry a cell identifier, ID, and frame timing information, and parity symbols of the sequence of SSS symbols
introduce redundancy and coding gain, wherein generating the SSS signal comprises using parity check
codes, wherein code symbols of each FEC codeword are represented by ZC sequences selected based
on a plurality of root indexes that are partitioned into two subsets based on a quadratic residue property
and using a constrained cyclic shift mapping; and
transmit the SSS signal using the NB.

6. The apparatus of claim 5, wherein each symbol of the sequence of SSS symbols maps to a short Zadoff-Chu base
sequence, and wherein the sequence of SSS symbols are concatenated in a time domain according to an encoding
rule derived from a linear block FEC encoder.

7. The apparatus of claim 6, wherein the linear block FEC encoder is based on a shortened Reed-Solomon Code.

8. The apparatus of claim 6, wherein a combination of cyclic shifts and root index are used to generate the short Zadoff-
Chu base sequence employed by a SSS symbol mapping, wherein different combinations of root index and cyclic
shift convey different cell ID and frame timing information.

9. A method of narrow band, NB, wireless communication at a user equipment (104, 1150), UE, comprising:

receiving (1302) a NB secondary synchronization signal, NB-SSS signal, over a sequence of orthogonal fre-
quency division multiplexing, OFDM symbols, wherein
each symbol of the sequence of NB-SSS symbols has been mapped to a codeword symbol of a forward error
correction, FEC, code, and each FEC codeword comprises source symbols and parity symbols, and wherein
each symbol of the NB-SSS signal comprises a short Zadoff-Chu sequence with a combination of root index
and cyclic shift;
deriving (1304) path metrics for the received NB-SSS signal using cross-correlation for each of the plurality of
OFDM symbols;
determining (1306) a candidate SSS source message from the received NB-SSS signal based on the derived
path metrics and coding constraints of forward error correction, FEC, codewords; and
identifying (1308) a cell identifier, ID, and timing information from the NB-SSS signal based on the candidate
SSS source message.

10. The method of claim 9, wherein the sequence of SSS symbols comprises source symbols and parity symbols,
wherein the parity symbols are derived from the source symbols and generated by an FEC encoder, and the source
symbols carry the cell ID and frame timing information.

11. The method of claim 9, further comprising:
maintaining (1310) the identified cell ID in a list of cell IDs, wherein the list of cell IDs is used in determining the
candidate SSS source message for the received NB-SSS signal.

12. The method of claim 11, wherein the list of cell IDs is used to prune trellis paths corresponding to different codewords
in determining the candidate SSS source message for the received NB-SSS signal.

13. An apparatus (1500) for narrow band, NB, wireless communication, comprising:

a memory (1506); and
at least one processor (1504) coupled to the memory and configured to:
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receive a NB secondary synchronization signal, NB-SSS signal, over a sequence of orthogonal frequency
division multiplexing, OFDM, symbols, wherein each symbol of the sequence of NB-SSS symbols has been
mapped to a codeword symbol of a forward error correction, FEC, code, and each FEC codeword comprises
source symbols and parity symbols, and wherein each symbol of the NB-SSS signal comprises a short
Zadoff-Chu sequence with a combination of root index and cyclic shift;
derive path metrics for the received NB-SSS signal using cross-correlation for each of the plurality of OFDM
symbols;
determine a candidate SSS source message from the received NB-SSS signal based on the derived path
metrics and coding constraints of forward error correction, FEC, codewords; and
identify a cell identifier, ID, and timing information from the NB-SSS signal based on the candidate SSS
source message.

14. The apparatus of claim 13, wherein the sequence of SSS symbols comprises source symbols and parity symbols,
wherein the parity symbols are derived from the source symbols and generated by an FEC encoder, and the source
symbols carry the cell ID and frame timing information.

15. The apparatus of claim 13, wherein the at least one processor is further configured to:
maintain the identified cell ID in a list of cell IDs, wherein the list of cell IDs is used in determining the candidate
SSS source message for the received NB-SSS signal.

Patentansprüche

1. Ein Verfahren zur drahtlosen Schmalband-, NB-, Kommunikation an einer Basisstation (102, 1102), aufweisend:

Erzeugen (1002) eines sekundären Synchronisationssignals, SSS-Signals, wobei das SSS-Signal eine Folge
von orthogonalen frequenzgeteilten gemultiplexten, OFDM-, Symbolen aufweist, wobei jedes Symbol einer
Folge von SSS-Symbolen auf ein Codewortsymbol eines Vorwärtsfehlerkorrektur-, FEC-, Codes abgebildet
wird, wobei jedes FEC-Codewort Quellensymbole und Paritätssymbole aufweist, wobei Quellensymbole der
Folge von SSS-Symbolen tragen eine Zellenkennung, ID, und Rahmenzeitinformationen, und Paritätssymbole
der Folge von SSS-Symbolen führen Redundanz und Kodierverstärkung ein, wobei Erzeugen des SSS-Signals
aufweist Verwenden von Paritätsprüfcodes, wobei Codesymbole jedes FEC-Codeworts durch ZC-Folgen dar-
gestellt werden, die basierend auf einer Vielzahl von Wurzelindizes ausgewählt werden, die basierend auf einer
quadratischen Residueneigenschaft in zwei Teilmengen unterteilt sind und Verwenden einer beschränkten
zyklischen Verschiebungsabbildung; und
Übertragen (1004) des SSS-Signals unter Verwenden des NBs.

2. Das Verfahren nach Anspruch 1, wobei jedes Symbol der Folge von SSS-Symbolen auf eine kurze Zadoff-Chu-
Basisfolge abbildet und wobei die Folge von SSS-Symbolen in einem Zeitbereich verkettet wird gemäß einer von
einem linearen Block-FEC-Kodierer abgeleiteten Kodierungsregel.

3. Das Verfahren nach Anspruch 2, wobei der lineare Block-FEC-Kodierer auf einem verkürzten Reed-Solomon-Code
basiert.

4. Das Verfahren nach Anspruch 2, bei dem eine Kombination aus zyklischen Verschiebungen und Wurzelindex
verwendet wird, um die kurze Zadoff-Chu-Basisfolge zu erzeugen, die von einer SSS-Symbolabbildung verwendet
wird, wobei verschiedene Kombinationen von Wurzelindex und zyklischer Verschiebung unterschiedliche Zellen-
ID und Rahmenzeitinformationen vermitteln.

5. Eine Vorrichtung (102, 1102, 1200) für drahtlose Schmalband-, NB-, Kommunikation, aufweisend:

einen Speicher (1206); und
mindestens einen Prozessor (1204), der an den Speicher gekoppelt ist und konfiguriert ist, um:

ein sekundäres Synchronisationssignal, SSS-Signal, zu erzeugen, wobei das SSS-Signal eine Folge von
orthogonalen frequenzgeteilten gemultiplexten, OFDM-, Symbolen aufweist, wobei jedes Symbol einer
Folge von SSS-Symbolen auf ein Codewortsymbol eines Vorwärtsfehlerkorrektur-, FEC-, Codes abgebildet
wird, wobei jedes FEC-Codewort Quellensymbole und Paritätssymbole aufweist, wobei Quellensymbole



EP 3 440 788 B1

22

5

10

15

20

25

30

35

40

45

50

55

der Folge von SSS-Symbolen tragen eine Zellenkennung, ID, und Rahmenzeitinformationen, und Paritäts-
symbole der Folge von SSS-Symbolen führen Redundanz und Kodierverstärkung ein, wobei Erzeugen des
SSS-Signals aufweist Verwenden von Paritätsprüfcodes, wobei Codesymbole jedes FEC-Codeworts durch
ZC-Folgen dargestellt werden, die basierend auf einer Vielzahl von Wurzelindizes ausgewählt werden, die
basierend auf einer quadratischen Residueneigenschaft in zwei Teilmengen unterteilt sind und Verwenden
einer beschränkten zyklischen Verschiebungsabbildung; und
das SSS-Signal unter Verwenden des NBs zu übertragen.

6. Die Vorrichtung nach Anspruch 5, wobei jedes Symbol der Folge von SSS-Symbolen auf eine kurze Zadoff-Chu-
Basisfolge abbildet und wobei die Folge von SSS-Symbolen in einem Zeitbereich verkettet wird gemäß einer von
einem linearen Block-FEC-Kodierer abgeleiteten Kodierungsregel.

7. Die Vorrichtung nach Anspruch 6, wobei der lineare Block-FEC-Kodierer auf einem verkürzten Reed-Solomon-Code
basiert.

8. Die Vorrichtung nach Anspruch 6, bei der eine Kombination aus zyklischen Verschiebungen und Wurzelindex ver-
wendet wird, um die kurze Zadoff-Chu-Basisfolge zu erzeugen, die von einer SSS-Symbolabbildung verwendet
wird, wobei verschiedene Kombinationen von Wurzelindex und zyklischer Verschiebung unterschiedliche Zellen-
ID und Rahmenzeitinformationen vermitteln.

9. Ein Verfahren zur drahtlosen Schmalband-, NB-, Kommunikation an einem Benutzergerät (104, 1150), UE, aufwei-
send:

Empfangen (1302) eines sekundären NB-Synchronisationssignals, NB-SSS-Signals, über eine Folge von or-
thogonalen frequenzgeteilten gemultiplexten, OFDM-, Symbolen, wobei jedes Symbol der Folge von NB-SSS-
Symbolen auf ein Codewortsymbol eines Vorwärtsfehlerkorrektur-, FEC-, Codes abgebildet worden ist und
jedes FEC-Codewort Quellensymbole und Paritätssymbole aufweist, und wobei jedes Symbol des NB-SSS-
Signals aufweist eine kurze Zadoff-Chu-Folge mit einer Kombination aus Wurzelindex und zyklischer Verschie-
bung;
Ableiten (1304) von Pfadmetriken für das empfangene NB-SSS-Signal unter Verwendung von Kreuzkorrelation
für jedes der Vielzahl von OFDM-Symbolen;
Bestimmen (1306) einer Kandidaten-SSS-Quellennachricht aus dem empfangenen NB-SSS-Signal basierend
auf den abgeleiteten Pfadmetriken und Kodierungsbeschränkungen von Vorwärtsfehlerkorrektur-, FEC-, Co-
dewörtern; und
Identifizieren (1308) einer Zellenkennung, ID, und von Zeitinformationen aus dem NB-SSS-Signal basierend
auf der Kandidaten-SSS-Quellennachricht.

10. Das Verfahren nach Anspruch 9, wobei die Folge von SSS-Symbolen Quellensymbole und Paritätssymbole aufweist,
wobei die Paritätssymbole von den Quellensymbolen abgeleitet und von einem FEC-Kodierer erzeugt werden und
die Quellensymbole die Zellen-ID und Rahmenzeitinformation tragen.

11. Das Verfahren nach Anspruch 9, weiter aufweisend:
Beibehalten (1310) des identifizierten Zell-IDs in einer Liste von Zell-IDs, wobei die Liste der Zell-IDs beim Bestimmen
der Kandidaten-SSS-Quellennachricht für das empfangene NB-SSS-Signal verwendet wird.

12. Das Verfahren nach Anspruch 11, bei dem die Liste der Zell-IDs verwendet wird, um die Trellis-Pfade zu beschneiden,
die verschiedenen Codewörtern entsprechen beim Bestimmen der Kandidaten-SSS-Quellennachricht für das emp-
fangene NB-SSS-Signal.

13. Eine Vorrichtung (1500) für drahtlose Schmalband-, NB-, Kommunikation, aufweisend:

einen Speicher (1506); und
mindestens einen Prozessor (1504), der an den Speicher gekoppelt ist und konfiguriert ist, um:

ein sekundäres NB-Synchronisationssignal, NB-SSS-Signal, über eine Folge von orthogonalen frequenz-
geteilten gemultiplexten, OFDM-, Symbolen zu empfangen, wobei jedes Symbol der Folge von NB-SSS-
Symbolen auf ein Codewortsymbol eines Vorwärtsfehlerkorrektur-, FEC-, Codes abgebildet worden ist und
jedes FEC-Codewort Quellensymbole und Paritätssymbole aufweist, und wobei jedes Symbol des NB-
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SSS-Signals eine kurze Zadoff-Chu-Folge mit einer Kombination aus Wurzelindex und zyklischer Verschie-
bung aufweist;
Pfadmetriken für das empfangene NB-SSS-Signal unter Verwendung von Kreuzkorrelation für jedes der
Vielzahl von OFDM-Symbolen abzuleiten;
eine Kandidaten-SSS-Quellennachricht aus dem empfangenen NB-SSS-Signal basierend auf den abge-
leiteten Pfadmetriken und Codierungsbeschränkungen von Vorwärtsfehlerkorrektur-, FEC-, Codewörtern
zu bestimmen; und
eine Zellenkennung, ID, und Zeitinformationen aus dem NB-SSS-Signal basierend auf der Kandidaten-
SSS-Quellennachricht zu identifizieren.

14. Die Vorrichtung nach Anspruch 13, wobei die Folge von SSS-Symbolen Quellensymbole und Paritätssymbole
aufweist, wobei die Paritätssymbole von den Quellensymbolen abgeleitet und von einem FEC-Kodierer erzeugt
werden und die Quellensymbole die Zellen-ID und die Rahmenzeitinformation tragen.

15. Die Vorrichtung nach Anspruch 13, wobei der mindestens eine Prozessor weiter konfiguriert ist, um:
die identifizierte Zell-ID in einer Liste von Zell-IDs beizubehalten, wobei die Liste der Zell-IDs beim Bestimmen der
Kandidaten-SSS-Quellennachricht für das empfangene NB-SSS-Signal verwendet wird.

Revendications

1. Un procédé de communication sans fil à bande étroite, NB, au niveau d’une station de base (102, 1102), comprenant :

la génération (1002) d’un signal de synchronisation secondaire, signal SSS, dans lequel le signal SSS comprend
une séquence de symboles de multiplexage par répartition en fréquences orthogonales, OFDM, dans lequel
chaque symbole d’une séquence de symboles de SSS est mappé à un symbole de mot de code d’un code à
correction d’erreur directe, FEC, chaque mot de code à FEC comprenant des symboles sources et des symboles
de parité, dans lequel des symboles sources de la séquence de symboles de SSS transportent une information
d’identifiant, ID, de cellule et de séquencement de trames, et des symboles de parité de la séquence de symboles
de SSS introduisent un gain de redondance et de codage, dans lequel la génération du signal SSS comprend
l’utilisation de codes de contrôle de parité, dans lequel des symboles de code de chaque mot de code à FEC
sont représentés par des séquences de ZC sélectionnées sur la base d’une pluralité d’indices de racine qui
sont partitionnés en deux sous-ensembles sur la base d’une propriété résiduelle quadratique, et l’utilisation
d’un mappage de décalage cyclique contraint ; et
la transmission (1004) du signal SSS en utilisant la NB.

2. Le procédé selon la revendication 1, dans lequel chaque symbole de la séquence de symboles de SSS se mappe
à une courte séquence de base de Zadoff-Chu, et dans lequel la séquence de symboles de SSS sont concaténés
dans un domaine temporel selon une règle de codage déduite d’un codeur de FEC de bloc linéaire.

3. Le procédé selon la revendication 2, dans lequel le codeur à FEC de bloc linéaire est basé sur un code de Reed-
Solomon raccourci.

4. Le procédé selon la revendication 2, dans lequel une combinaison de décalages cycliques et d’indice de racine
sont utilisés pour générer la courte séquence de base de Zadoff-Chu employée par un mappage de symboles de
SSS, dans lequel différentes combinaisons d’indice de racine et de décalage cyclique transportent des informations
d’ID de cellule et de séquencement de trames différentes.

5. Un appareil (102, 1102, 1200) pour une communication sans fil à bande étroite, NB, comprenant :

une mémoire (1206) ; et
au moins un processeur (1204) couplé à la mémoire et configuré pour :

générer un signal de synchronisation secondaire, signal SSS, dans lequel le signal SSS comprend une
séquence de symboles de multiplexage par répartition en fréquences orthogonales, OFDM, dans lequel
chaque symbole d’une séquence de symboles de SSS est mappé à un symbole de mot de code d’un code
à correction d’erreur directe, FEC, chaque mot de code à FEC comprenant des symboles sources et des
symboles de parité, dans lequel des symboles sources de la séquence de symboles de SSS transportent



EP 3 440 788 B1

24

5

10

15

20

25

30

35

40

45

50

55

une information d’identifiant, ID, de cellule et de séquencement de trames, et des symboles de parité de
la séquence de symboles de SSS introduisent un gain de redondance et de codage, dans lequel la génération
du signal SSS comprend l’utilisation de codes de contrôle de parité, dans lequel des symboles de code de
chaque mot de code à FEC sont représentés par des séquences de ZC sélectionnées sur la base d’une
pluralité d’indices de racine qui sont partitionnés en deux sous-ensembles sur la base d’une propriété
résiduelle quadratique, et l’utilisation d’un mappage de décalage cyclique contraint ; et
transmettre le signal SSS en utilisant la NB.

6. L’appareil selon la revendication 5, dans lequel chaque symbole de la séquence de symboles de SSS se mappe à
une courte séquence de base de Zadoff-Chu, et dans lequel la séquence de symboles de SSS sont concaténés
dans un domaine temporel selon une règle de codage déduite d’un codeur à FEC de bloc linéaire.

7. L’appareil selon la revendication 6, dans lequel le codeur à FEC de bloc linéaire est basé sur un code de Reed-
Solomon raccourci.

8. L’appareil selon la revendication 6, dans lequel une combinaison de décalages cycliques et d’indice de racine est
utilisée pour générer la courte séquence de base de Zadoff-Chu employée par un mappage de symboles de SSS,
dans lequel différentes combinaisons d’indice de racine et de décalage cyclique transportent différentes informations
d’ID de cellule et de séquencement de trames.

9. Un procédé de communication sans fil à bande étroite, NB, au niveau d’un équipement d’utilisateur (104, 1150),
UE, comprenant :

la réception (1302) d’un signal de synchronisation secondaire de NB, signal NB-SSS, par le biais d’une séquence
de symboles de multiplexage par répartition en fréquences orthogonales, OFDM, dans lequel chaque symbole
de la séquence de symboles de NB-SSS a été mappé à un symbole de mot de code d’un code à correction
d’erreur directe, FEC, et chaque mot de code à FEC comprend des symboles sources et des symboles de
parité, et dans lequel chaque symbole du signal NB-SSS comprend une courte séquence de Zadoff-Chu avec
une combinaison d’indice de racine et de décalage cyclique ;
la déduction (1304) de mesures de trajet pour le signal NB-SSS reçu en utilisant une corrélation croisée pour
chacun de la pluralité de symboles OFDM ;
la détermination (1306) d’un message source de SSS candidat à partir du signal NB-SSS reçu sur la base des
mesures de trajet déduites et de contraintes de codage de mots de code à correction d’erreur directe, FEC ; et
l’identification (1308) d’informations d’identifiant, ID, de cellule et de séquencement à partir du signal NB-SSS
sur la base du message source de SSS candidat.

10. Le procédé selon la revendication 9, dans lequel la séquence de symboles de SSS comprend des symboles sources
et des symboles de parité, dans lequel les symboles de parité sont déduits des symboles sources et générés par
un codeur à FEC, et les symboles sources transportent les informations d’ID de cellule et de séquencement de trames.

11. Le procédé selon la revendication 9, comprenant en outre :
le maintien (1310) de l’ID de cellule identifié dans une liste d’ID de cellule, dans lequel la liste d’ID de cellule est
utilisée dans la détermination du message source de SSS candidat pour le signal NB-SSS reçu.

12. Le procédé selon la revendication 11, dans lequel la liste d’ID de cellule est utilisée pour élaguer des trajets de
treillis correspondant à différents mots de code dans la détermination du message source de SSS candidat pour le
signal NB-SSS reçu.

13. Un appareil (1500) pour une communication sans fil à bande étroite, NB, comprenant :

une mémoire (1506) ; et
au moins un processeur (1504) couplé à la mémoire et configuré pour :

recevoir un signal de synchronisation secondaire de NB, signal NB-SSS, par le biais d’une séquence de
symboles de multiplexage par répartition en fréquences orthogonales, OFDM, dans lequel chaque symbole
de la séquence de symboles NB-SSS a été mappé à un symbole de mot de code d’un code à correction
d’erreur directe, FEC, et chaque mot de code à FEC comprend des symboles sources et des symboles de
parité, et dans lequel chaque symbole du signal NB-SSS comprend une courte séquence de Zadoff-Chu



EP 3 440 788 B1

25

5

10

15

20

25

30

35

40

45

50

55

avec une combinaison d’indice de racine et de décalage cyclique ;
déduire des mesures de trajet pour le signal NB-SSS reçu en utilisant une corrélation croisée pour chacun
de la pluralité de symboles OFDM ;
déterminer un message source de SSS candidat à partir du signal NB-SSS reçu sur la base des mesures
de trajet déduites et de contraintes de codage de mots de code à correction d’erreur directe, FEC ; et
identifier une information d’identifiant, ID, de cellule et de séquencement à partir du signal NB-SSS sur la
base du message source de SSS candidat.

14. L’appareil selon la revendication 13, dans lequel la séquence de symboles de SSS comprend des symboles sources
et des symboles de parité, dans lequel les symboles de parité sont déduits des symboles sources et générés par
un codeur à FEC, et les symboles sources transportent l’information d’ID de cellule et de séquencement de trames.

15. L’appareil selon la revendication 13, dans lequel l’au moins un processeur est en outre configuré pour :
maintenir l’ID de cellule identifié dans une liste d’ID de cellule, dans lequel la liste d’ID de cellule est utilisée dans
la détermination du message source de SSS candidat pour le signal NB-SSS reçu.
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