wo 2017/111983 A1 |[IN I 0000 O A O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

29 June 2017 (29.06.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/111983 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
H04J 11/00 (2006.01) H04B 7/06 (2006.01)
H04B 7/04 (2006.01)

International Application Number:
PCT/US2016/022603

International Filing Date:
16 March 2016 (16.03.2016)

Filing Language: English
Publication Language: English
Priority Data:
PCT/CN2015/098393

23 December 2015 (23.12.2015) CN

Applicant (for all designated States except CN): INTEL
IP CORPORATION [US/US]; 2200 Mission College
Blvd., Santa Clara, California 95054 (US).

Inventors: ZHANG, Yushu; Raycom Building A 8F,
No.2, Kexueyuan South Road, Zhong Guan Cun, Haidan
District, Beijing 100190 (CN). ZHU, Yuan; Room 605,
Building 16, Mo Li Yuan, Bei Yuan Jia Yuan, Chaoyang,
Beijing 100013 (CN). CHANG, Wenting; 8F, Raycom In-
fotech Park A, No2, Kexueyuan South Road, Beijing
100190 (CN). XIONG, Gang; 16682 NW Arizona Dr.,

(74

(8D

(84)

Beaverton, Oregon 97006 (US). FWU, Jong-Kae; 1519
Dominion Ave., Sunnyvale, California 94087 (US).

Agents: PERDOK, Monique M. et al.; Schwegman Lund-
berg & Woessner, P.A., c/o CPA Global, P.O. Box 52050,
Minneapolis, Minnesota 55402 (US).

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

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

[Continued on next page]

(54) Title: DEVICES AND METHODS FOR INITIAL ACCESS IN MASSIVE MIMO SYSTEM

502~
SUBFRAME
A
r ™
A / v /.
A D e 1
v
% 2 \\ "\-.\__\ l.f"ht}j%
= \ O] T PSS
50
g A B
—— - >
OFDM SYMBOL ——504 ThiE

FiG. 5

(57) Abstract: Devices and methods of providing a cell search-related resource mapping structure are generally described. The UE
selects one of multiple simultaneous MIMO beams. Each beam contains a PSS, BRS and xPBCH and may contain an SSS. The sig-
nals are FDM mapped in a symbol in a subframe such that the BRS is adjacent to and surrounds the PSS or PSS/SSS. The informa-
tion in the signals enables the UE to acquire timing and cell ID information and confirm at least some of the information using the
xPBCH before communicating with the eNB.



WO 2017/111983 A1 WK 00T 000 T AU

Declarations under Rule 4.17: Published:
—  of inventorship (Rule 4.17(iv)) —  with international search report (Art. 21(3))




WO 2017/111983 PCT/US2016/022603

DEVICES AND METHODS FOR INITIAL ACCESS IN MASSIVE MIMO
SYSTEM

PRIORITY CLAIM
{6001} This application is a continuation of and claims priotity under 35
U.8.C. §120 to International Application No. PCT/CN2015/098393, filed
December 23, 20135, and entitled “INITIAL ACCESS SIGNAL STRUCTURE
10 IN MASSIVE MIMO SYSTEM,” which 1s incorporated herein by reference in

its entirety.

TECHNICAL FIELD
{0002] Embodiments pertain to Multiple Tnput Multiple Output (MIMO)
15 communication in cellular networks. Some embodiments relate to tnitial access
m MIMO communication in cellular and wireless focal area network {WLAN}
networks, including Third Generation Partnership Project Long Term Evolution
(3GPP LTE) networks and LTE advanced (LTE-A) networks as well as 4th
generation (4G} networks and sth generation (5G) networks.
20
BACKGROUND
{0003} With the ever-increasing demand for bandwidth, system operators
have turned to Multiple Input Multiple Gutput (MIMO) systeims to increase the
amount of data simmidtaneously delivered. MIMO uses multipath signal
25 propagation to conununicate with a user equipment (UE) via multiple signals on
the same or on overlapping frequencies that would interfere with each other if
they were on the same path. This icrease in uplink or downlink data may be
dedicated to one UE, increasing the effective bandwidth for that UE by the
number of spatial streams (Single User MIMO or SU-MIMO) or may be spread
30 across multiple UEs using different spatial streams for each UE (Multiple User
MIMO or MU-MIMO). MU-MIMO systems may use beamforming, in which

multiple signals may be transmutted in parallel in different directions. UEs may

i
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acquire system mnformation through different mechanisms, which is becommg
increasingly complicated with the new generation (5G}) LTE system when

multiple beams of a MIMO are used.

BRIEF DESCRIPTION OF THE FIGURES
{0004] In the figures, which are not necessarily drawn to scale, like
numerals may describe stmilar components in different views. Like numerals
having different letter suffixes may represent different mstances of sumlar
components. The figures illustrate generally, by way of example, but not by way
of limutation, various embodiments discussed in the present document.
{0005} FIG. 1 1s a functional diagram of a wireless network in
accordance with some embodiments.
10006} FIG. 2 illustrates components of a communication device in
accordance with some embodiments,
6007 FIG. 3 dlustrates a block diagram of a commumication device in
accordance with some embodimentis.
{0008} FIG. 4 ilustrates another block diagram of a communication
device in accordance with some embodiments.
{6009] FIG. S illustrates a resource mapping structure in accordance with
some embodiments.
{6010} FIG. 6 illustrates a mapping strocture for a Primary
Synchronization Signal (PSS} and Secondary Syunchronization Signal (888) in
accordance with some embodiments.
{0011} F1G. 7 lustrates generation of a 5G Physical Broadcast Channel

{(xPBCH} in accordance with some embodiments.

DETAILED DESCRIPTION
{0012} The following description and the drawings sufficiently ilhustrate
specific embodiments to enable those skilied in the art to practice them. Other
embodiments may incorporate structural, logical, electrical. process, and other

changes. Portions and features of some embodiments may be included in, or

]
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substituted for, those of other embodiments. Embodiments set forth in the
claims encormpass all available equivalents of those claims.

{0013} FIG. 1 shows an example of a portion of an end-to-end network
architecture of a Long Term Evolution (LTE) network with various components

of the network 1n accordance with some embodiments. As used herein, an LTE

A

network refers o both LTE and LTE Advanced (LTE-A) networks as well as
other versions of LTE networks to be developed. The network 100 may
comprise a radio access network (RAN) {e.g., as depicted, the evolved universal
terrestrial radio access network (E-UTRAN) 101 and core network 120 (e.g.,

10 shown as an evolved packet core (EPC)) coupled together through an S1
mterface 115, For convenience and brevity, only a portion of the core network
120, as well as the RAN 101, 1s shown i the example.

{6014] The core network 120 may include a mobility management entity
(MME} 122, serving gateway (serving GW) 124, and packet data network

15 gateway (PDN GW) 126, The RAN 101 may melude evolved node Bs (eNBs)
104 {which may operate as base stations) for communicating with user
equipment (UE) 102, The eNBs 104 may mclude macro eNBs 104a and fow
power {LP} eNBs 104b. The eNBs 104 and UEs 102 may employ the
synchronization techniques as described herein.

20 |6D15] The MME 122 may be sinular in function to the control plane of
legacy Serving GPRS Support Nodes (SGSN}. The MME 122 may manage
mobtlity aspects in access such as galeway selection and tracking area hist
roanagement. The serving GW 124 may terronate the ioterface toward the RAN
101, and route data packets between the RAN 101 and the core network 120. In

25 addition, the serving GW 124 may be a local mobility anchor point for inter-eNB
handovers and also roay provide an anchor for inter-3GPP mobility. Other
responsibilities may include lawful intercept, charging, and some policy
enforcement. The serving GW 124 may serve as the local mobility anchor for
data bearers when a UE 102 moves between eNBs 104, The serving GW 124

30 may retain information about the bearers when the UE 102 s m 1dle state
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{(known as ECM_IDLE) and temporarity buffer downlink data while the MME
122 initiates paging of the UE 102 to re-establish the bearers.

{0016} The serving GW 124 and the MME 122 may be implementad in
one physical node or separate physical nodes. The MME 122 may be connected

with a Home Subscriber Server (HSS) 128 that containg user-related and

A

subscription-related information. The HSS 128 may support mobility
management, call and session establishment support, user authentication and
access authorization. The protocols running between the UE 102 and the EPC
124 are known as the Non-Access Stratum (NAS) protocol. Other protocols,
10 mcluding RRC, Packet Data Convergence Protocol {(PDCP), Radio Laver
Control (RLC), Media Access Control (MAC) and Physical Layer (PHY ), are
termunated 1n the eNB 104, The NAS laver performs EPS bearer management,

authentication for LTE, mobility support for idie mode UEs, paging origination

for idle mode UEs, and security handling.
5 o017} The RRC layer may provide radio resource management, RRC

connection management, and mobility support {or connected mode UEs 102, As
the RRC conirol message between the eNB 104 and the UE 102, the RRC layer
may handle the broadcast of system information, which is cell-specific, and a
dedicated RRC control message, which 1s UE-specific. In addition, the RRC

20 layer may perform paging, radio bearer control, and control of UE measurement
reporting, among others. The PDCP laver may process RRC messages in the
control plane and IP packets in the user plane. Depending on the radio bearer,
the PDCP layer may perform header compression, secunty {(integrity protection
and ciphering), and support for reordering and retransmission during handover.

25 There may be one PDCP entity per radio bearer. The RLC layer may provide
segmentation and reassembly of upper layer packets (0 adapt the packets to a
size that can actually be transmitied over the radio interface. For a radio bearer
using error-{ree transmission, the RLC laver may also perform retransmission 1o
recover from packet losses. Additionally, the RLC laver may perform

30 reordening to compensate for out-of-order reception due to HARQ (Hybnd

Automatic Repeat reQuest) operation in the layer below. There may be one
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RLC entity per radio bearer. The MAC layer may multiplex the data from
different radio bearers. By deciding the amount of data that can be transmitted
from each radio bearer and instructing the RLC layer as to the size of packets to
provide, the MAC layer aims (o achieve the negotiated QoS (Quality of Service)
for each radio bearer. For the uplink, this process may include reporting to the
eNB 104 the amount of buffered data for iransnussion. The PHY layer may
perform CRC insertion, channel coding, physical channel HARQ processing,
charmel interleaving, scrambling, modulation, layer mapping and pre-coding for
transport channels. Power control and cell search procedures are also performed
as the PHY functions.

{06013] The PDN GW 126 may terminate a SGi interface toward the
packet data network (PDN). The PDN GW 126 mav route data packets between
the EPC 120 and the external PDN, and may perform policy enforcement and
charging data collection. The PDN GW 126 may be responsible for IP address
allocation for the UEs 102, as well as QoS enforcement and flow-based charging
according to the rules from the PCRF (Policy and Charging Rules Functions).
The PDN GW 126 may also provide an anchor point for mohility devices with
non-LTE access. The external PDN can be any kind of 1P network, as well as an
IP Multimedia Subsystern (IMS) domain. The PDN GW 126 and the serving
GW 124 may be implemented in a single physical node or separate physical
nodes.

{0019] The eNBs 104 {macro and micro) may lerminate the air interface
protocol and may be the first point of contact for a UE 102, In some
embodiments, an eNB 104 may fulfill various logical functions for the RAN 101
including, but not limited to, RNC (radio network controller functions} such as
radto bearer management, uplink and downlink dynamic radio resource
management and data packet scheduling, and mobility management. In
accordance with embodiments, UEsS 102 may be configured to communicate
orthogonal frequency division muliiplexed (OFDM) communication signals with

an eNB 104 over a multicarner communucation channel in accordance with an
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OFDMA communication technigue. The OFDM signals may comprise a
plurality of orthogonal subcarriers.

{6020} The §1 imterface 115 may be the interface that separates the RAN
101 and the EPC 120. It may be sphit into two parts: the $1-U, which may carry
traffic data between the eNBs 104 and the serving GW 124, and the S1-MME,
which may be a signaling interface between the eNBs 104 and the MME 122,
The X2 interface may be the mterface between eNBs 104, The X2 mterface may
comprise two parts, the X2-C and X2-U. The X2-C mayv be the control plane
interface between the eNBs 104, while the X2-U roay be the user plane interface
between the eNBs 104,

{0021] With cellular networks, LP cells 104b may be typically used to
extend coverage to indoor areas where outdoor signals do not reach well. or to
add network capacity i areas with dense usage. In particular, it may be
desirable 1o enhance the coverage of a wireless commumnication sysiem using
cells of different sizes, macrocells, microcells, picocells, and femtocells, to boost
sysiem performance. The cells of dilferent sizes may operate on the same
frequency band, or may operate on different frequency bands with each cell
operating in a different frequency band or only cells of different sizes operating
on different frequency bands. As used herein, the term LP eNB refers to any
suitable relatively LP eNB for implementing a smaller cell (smaller than a macro
cell) such as a femtocell, a picocell, or a microcell. Femtocell eNBs may be
typically provided by a mobile network operator {o is residential or enterprise
customers. A femtocell may be typically the size of a residential gateway or
smaller and generally connect to a broadband line. The femtocell may connect
to the mobile operator's mobile network and provide extra coverage in a range of
tvptcally 30 to 50 meters. Thus, a LP eNB 104b might be a femtocell eNB since
it 15 coupled through the PDN GW 126, Similarlv, a picocell may be a wireless
communication system typicaily covering a small area, such as m-butlding
{offices, shopping malls, train stations, etc.), or more recently in-aircraft. A
picocell eNB may generallv connect through the X2 link to another eNB such as

a macro eNB through its base station controller (BSC) functionality. Thus, LP
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eNB may be implemented with a picocell eNB since it may be coupled to a
macro eNB 104a via an X2 interface. Picocell eNBs or other LP eNBs LP eNB
104b may mcorporate some or all functionality of a macro eNB LP eNB 104a.

In some cases, this may be referred {0 as an access point base station or

A

enterprise femiocell.

10022} Embodiments described herein may be implemented into a

system using any suitably configured hardware and/or software. FIG. 2

Hlustrates components of a UE 1 accordance with some embodiments. At least

some of the compounents shown may be used m an eNB or MME, for example,

10 such as the UE 102 or eNB 104 shown 1n FIG. 1. The UE 200 and other
components may be configured to use the synchronization signals as described
herein. The UE 200 may be one of the UEs 102 shown in FIG. 1 and may be a
stationary, non-mobile device or may be a mobile device. In some
embodiments, the UE 200 may mclude application circuitry 202, baseband

15 circuitry 204, Radio Frequency (RF) creuitry 206, front-end module (FEM)
circuitry 208 and one or more antermas 210, coupled together at least as shown.
At least some of the baseband circuttry 204, RF circuitry 206, and FEM circuitry
208 may form a transcetver. In some embodiments, other network elements,
such as the eNB may contain some or all of the components shown in FIG. 2.

20 Other of the network elements, such as the MME, may contain an interface, such
as the 81 interface, to communicate with the eNB over a wired connection
regarding the UE.

{0023} The application or processing circwitry 202 may include one or
more application processors. For example, the application circuitry 202 may

25 include circuitry such as, but not limited to, one or more single-core or multi-
core processors, The processor(s) may include any combination of general-
purpose processors and dedicated processors (e.g., graphics processors,
application processors, etc.). The processors may be coupled with and/or may
melude memory/storage and may be configured to execute mstructions stored in

30 the memory/storage to enable various apphcations and/or operating systems to

run on the systerm.
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{6024] The baseband circuiry 204 may mclude circuttry such as, but not
Himited 10, one or more single-core or multi-core processors. The baseband
circuitry 204 may include one or more baseband processors and/or control logic

io process baseband signals received from a recetve signal path of the RF

A

cireuitry 206 and to generate baseband signals for a transmut signal path of the
RF cireuttry 206, Baseband processing circuity 204 may interface with the
application circuitry 202 for generation and processing of the baseband signals
and for controlling operations of the RF circuiiry 206. For example, 1o some
embodiments, the baseband circuitry 204 may include a second generation (2G)
10 baseband processor 204a, third generation (3G} baseband processor 204b, fourth
generation (40} baseband processor 204c¢, and/or other baseband processor(s)
2044 for other existing generations, generations in developroent or to be
developed in the future (e.g.. fifth generation (3G}, 6G, etc.). The baseband
circuitry 204 {e.g., ong or more of baseband processors 204a-d) may handle
15 various radio control fanctions that enable conumunication with one or more
radio networks via the RF circuitry 206. The radio condrol funciions may
mclude, but are not limited to, signal modulation/demodulation,
encoding/decoding, radio frequency shifting, etc. In some embodiments,
modulation/demodulation circuitry of the baseband circuitry 204 may include
20 FFT, precoding, and/or consteliation mapping/demapping functionality. In some
embodiments, encoding/decoding circuttry of the baseband circuitry 204 may
include convolution, tail-biting convolution, turbo, Viterht, and/or Low Density
Parity Check (LDPC) encoder/decoder functionality. Embodiments of
modulation/demodulation and encoder/decoder functionality are not Himited to
25 these examples and may include other suitable functionality in other
erobodiments.
{0025} In some embodiments. the baseband circuitry 204 may include
glements of a protocol stack such as, for example, elements of an evolved
untversal terrestrial radio access network (EUTRAN) protocol including, for
30 examnple, physical (PHY). media access control (MAC), radio link control

{RLC), packet data convergence protocol (PDCP), and/or radio resource control
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(RRC) elements. A central processing unit (CPU) 204e of the baseband circuitry
204 may be configured to run elements of the protocol stack for signaling of the
PHY, MAC, RLC, PDCP and/or RRC lavers. In some embodiments, the
baseband circuitry may include one or more audio digital signal processor(s)

(DSP) 204f The audio DSP(s) 204f may be include elements for

A

compression/decompression and echo cancellation and may include other
suitable processing elements in other embodiments. Components of the
baseband circwiry may be suitably combined in a single chip, a single chupset, or
disposed on a same circutt board in some embodiments. In some embodiments,
10 some or all of the constituent components of the baseband circuitry 204 and the
application circuitry 202 may be implemented fogether such as, for example, on
a system on a chip (SOC).
{0026] In some embodiments, the baseband circuitry 204 mav provide
for communication compatible with one or more radio technologies. For
15 example, i some embodimenis, the baseband circuitry 204 mway support
comynunication with an evolved umversal terrestrial radio access network (E-
UTRAN) and/or other wireless metropolitan area networks (WMAN), a wireless
focal area network {(WLAN), a wireless personal area network (WPAN}.
Embodiments in which the baseband circuitry 204 15 configured to support radio
20 communications of more than one wireless protocol may be referred to as multi-
mode baseband circuitry. In some embodiments, the device can be configured to
operate in accordance with communication standards or other protocols or
standards, mcluding Institute of Electrical and Elecironic Engineers (IEEE)
802.16 wireless technology {WiMax), IEEE 802 11 wireless technology (WiFi)
25 mcloding IEEE 802.11 ad, which operates in the 60 GHz millimeter wave
spectrum, various other wireless technologies sach as global system for mobile
commurications {GSM), enhanced data rates for GSM evolution (EDGE), GSM
EDGE radio access network (GERAN}, universal mobile telecommunications
system (UMTS), UMTS terrestrial radio access network {UTRAN), or other 20,

30 3G, 4G, 5G, etc. technologies either already developed or to be developed.
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{0027} RF circuitry 206 may enable comrunication with wireless
networks using modulated electromagnetic radiation through a non-solid
medium. In various embodiments, the RF circurtry 206 may include switches,

{ilters, amplifiers, eic. lo facilitate the commumication with the wireless network.

A

RF cireuttry 206 may include a recetve signal path which may mclude circuitry

to down-convert RF signals recetved from the FEM circuitry 208 and provide

baseband signals to the baseband circuitry 204. RF circuitry 206 may also

include a transmit signal path which may include circuitry {o up-convert

basehand signals provided by the baseband circuitry 204 and provide RF output

10 signals to the FEM circuitry 208 for transmission.
{06028] In some embodiments, the RF circuitry 206 may include a receive
signal path and a transmoit signal path. The receive signal path of the RF circuitry
206 may inchude mixer circuitry 206a, amplifier circuitry 206b and filter
circuitry 206¢. The transmit signal path of the RF circuitry 206 may mnclude

15 filter circuitry 2060 and mixer cireuityy 206a. RF circuitry 206 may also include
synthesizer circuitry 2064 for synthesizing a {frequency for use by the muxer
circuitry 206a of the receive signal path and the transmit signal path. In some
embodiments, the mixer circuitey 206a of the receive signal path may be
configured to down-~convert RF signals recetved from the FEM circuitry 208

20 based on the synthesized frequency provided by synthesizer circuitry 206d. The
amplifier circuitry 206b may be configured to amplify the down-converted
signals and the filter circuitry 206¢ may be a low-pass filter (LPF) or band-pass
filter (BPF) configured to remove unwanted sigonals from the down-converted
signals to generate output baseband signals. Output baseband signals may be

25 provided to the baseband circuitry 204 for further processing. In some
ermbodiments, the ouiput baseband signals may be zero-frequency baseband
signals, although this is not a requirement. In some embodiments, mixer circuitry
206a of the receive signal path may comprise passive nuxers, although the scope
of the embodiments 1s not limited in this respect.

30 {0029] In some embodiments, the mixer circuitry 206a of the transnut

signal path may be configured to up-convert nput baseband signals based on the

10
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synthesized frequency provided by the synthesizer cirauiry 2064 to generate RF
output signals for the FEM circuitry 208. The baseband signals may be provided
by the baseband circuitry 204 and may be filtered bv filter circuitry 206¢. The
filter circuntry 206¢ may include a low-pass filter (LPF), although the scope of

the embodiments 13 not limited in this respect.

A

{0030] In some embodiments, the mixer circuitry 206a of the receive
signal path and the mixer circuitry 206a of the fransmit signal path may mclude
two or more mixers and may be arranged for quadrature downconversion and/or
upconversion respectively. In soroe embodiments, the mixer crcuitry 206a of the

10 receive signal path and the mixer circuitry 206a of the transmmit signal path may
include two or more mixers and may be arranged for image rejection (e.g.,
Hartley 1roage rejection). In some embodiments, the nuxer circuitry 2062 of the
receive signal path and the mixer circuitry 206a may be arranged for direct
downconversion and/or direct upconversion, respactively. In some embodiments,

15 the mixer circuitry 206a of the recetve signal path and the maxer circuitry 206a
of the transmut signal path may be configured for super-heterodyne operation.
{0031} In some embodiments, the output haseband signals and the mput
baseband signals may be analog baseband signals, although the scope of the
erobodirnents 15 not linuted i this respect. In some alternate embodiments, the

20 output baseband signals and the input baseband signals may be digital baseband
signals. In these alternate embodiments, the RF circuitry 206 may inchude
analog-to-digital converter (ADC) and digital-to-analog converler (DAC)
circuitry and the baseband circuitry 204 may mclude a digital baseband interface
to commnunicate with the RF circuitry 206,

25 {06032} In some dual-mode embodiments, a separate radio IC circuitry
may be provided for processing signals for each spectrum, abihough the scope of
the embodiments is not limited in this respect.

{00331 In some embodiments, the synthesizer circuitry 2064 may be a
fractional-N synthesizer or a fractional N/N+1 synthesizer, although the scope of

30 the embodiments 15 not limuted m this respect as other tvpes of frequency

synthesizers may be suitable. For example, synthesizer circuitry 206d may be a

it
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delta~-sigma synthesizer, a frequency mudtiplier, or a synthesizer comprising a
phase-locked loop with a frequency divider.

{0034} The synthesizer circuitry 206d may be configured to synthesize
an output frequency for use by the mixer circuitry 206a of the RF circuitry 206
based on a frequency input and & divider control input. In soe embodiments,
the svnthesizer circuiiry 206d may be a fractional N/N+1 synthestizer.

{0035] In some embodiments, frequency input may be provided by a
voliage controlled oscillator (VCO), although that 1s not a requirernent, Divider
control input may be provided by either the baseband circuitry 204 or the
applications processor 202 depending on the desired output frequency. In some
embodiments, a divider control mmput (e g., N) may be determined from a fook-
up table based on a channel indicated by the applications processor 202,

{6036] Synthesizer circuitry 206d of the RF circuitry 206 may mclude a
divider, a delay-locked loop (DLL), a multiplexer and a phase accumulator. In
some embodiments, the divider may be a dual modutus divider (BMBD) and the
phase accumulator may be a digital phase accurnulgtor (DPA). In some
embodiments, the DMD may be configured to divide the input signal by either N
or N+1 {e.g., based on a carry out) to provide a fractional division ratio. In some
example embodiments, the DLL may include a set of cascaded, tunable, delay
elements, a phase detector, a charge pump and a D-type flip-flop. In these
embodiments, the delay elements may be configured to break a VCO period up
inio Nd equal packets of phase, where Nd is the number of delay elements in the
delay line. To this way, the DLL provides negative feedback to help ensure that
the total delay through the delay line is one VU O cycle.

{6037} In some embodiments, synthesizer circuitry 206d may be
configured to generate a carmer frequency as the output frequency, while in other
embodiments, the output frequency may be a multiple of the carrier frequency
(2.g., twice the carrier frequency, four times the carrier frequency) and used in
conjunction with quadrature generator and divider cirenitry to generate muliiple
signals at the carner frequency with multiple different phases with respect to

each other. In some embodiments, the output frequency may be a LO frequency
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(o). Insome embodiments, the RF cirauitry 206 may mclude an 1Q/polar
converter.

10038] FEM circutry 208 may include a receive signal path which may
nclude circuitry configured to operate on RF signals received from one or more
antennas 210, amplify the received signals and provide the amplified versions of
the received signals to the RF circuitry 206 for further processing. FEM circuitry
208 may also include a transmit signal path which may include circuitry
configured to amphify signals for transmission provided by the RF circuitry 206
for transmission by one or more of the one or more antennas 210,

10039} In some embodiments. the FEM circuitry 208 may include a
TX/RX switch to switch between transmit mode and receive mode operation.
The FEM cirewiry may include a recetve signal path and a transroit signal path.
The receive signal path of the FEM circuitry may include a low-noise amplifier
{LNA) to amplify received RF signals and provide the amplified recetved RF
signals as an ouiput (e.g., to the RF circuitry 2063, The transmit signal path of
the FEM circuitty 208 may include a power amplifier (PA) to anphfy input RF
signals {e.g., provided by RF circuitry 206), and one or more filters o generate
RF signals for subsequent transmission {e.g., by one or more of the one or more
aniennas 210}

{0040} In some embodiments, the UE 200 may include additional
elements such as, for example, memory/storage, display, camera, sensor, and/or
input/output (O) interface as described 1o more detal below. In some
ermbodiments, the UE 200 described herem may be part of a portable wireless
communication device, such as a personal digital assistant (PDA), a laptop or
portable computer with wireless communication capability, a web tablet, a
wireless telephone, a smartphone, a wireless headeet, a pager, an mstant
messaging device, a digital camera, an access point, a television, a medical
device {e.g., a heart rate monitor, a blood pressure monitor, etc }, or other device
that mav recetve and/or transmit mformation wirelessly. In some embodiments,
the UE 200 may mclude one or more user interfaces designed to enable user

interaction with the system and/or peripheral component interfaces designed to
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enable peripheral component interaction with the system. For example, the UE
200 may inchude one or more of a kevboard, a kevpad, a touchpad, a display, a
sensor, a non-volatile memorv port, a universal serial bus (USB} port, an audio
jack, a power supply interface, one or more aniennas, a graphics processor, an
application processor, a speaker, a microphone, and other /O components. The
display may be an LCD or LED screen including a touch screen. The sensor
may include a gyro sensor, an accelerometer, a proximuty sensor, an ambient
light sensor, and a positioning umit. The posibioning unit may comrmunicate with
components of a positioning network, e.g., a global positioning system {GPS)
satellite.

{0041} The antennas 210 mayv comprise one or more directional or
ommidirectional antennas, including, for example, dipole antennas, monopole
antennas, patch antennas, loop antennas, microstnip antennas or other types of
antennas suitable for transmigsion of RF signals. In some multiple-input
mudtiple-ouiput (MIMO) embodiments, the antennas 210 may be effectively
separated to take advantage of spatial diversity and the different channel
characteristics that may result.

{0041} Although the UE 200 is tllustrated as having several separate
functional elements, one or more of the functional elements may be combined
and may be implemented by combinations of software-configured elements,
such as processing elements including digital signal processors {DSPs), and/or
other hardware elements. For example, some elements may comprise one or
more nucroprocessors, DS8Ps, field-programmable gate arravs (FPGAs),
apphication specific integrated circuits {ASICs), radio-frequency integrated
circuits (RFICs) and combinations of various hardware and logic circuitry for
performing at least the Runctions described hereine In sore embodiments, the
functional elements may refer {o one or more processes operating on one or
more processing elements,

{00431 Embodiments may be implemenied 1n one or a combination of
hardware, firmware and software. Embodiments may also be implemented as

mstructions stored on a computer-readable storage device, which may be read
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and execuied by at least one processor to perform the operations described
herein. A computer-readable storage device may include any non-transitory
mechanism for storing information in a form readable by amachine (e g, a
compuier). For example, a compuler-readable storage device may include read-
only memory {ROM)}, randorm-~access memory (RAM), magnetic disk storage
media, optical storage media, {lash-memory devices, and other storage devices
and media. Some embodiments may include one or more processors and may be
configured with instructions stored on a computer-readable storage device.
{0044] FIG. 3 1s a block diagram of a comnwnication device in
accordance with some embodiments. The device may be a UE or eNB, for
example, such as the UE 102 or eNB 104 shown in FIG. 1 that may be
configured to track the UE as described herein. The physical layer circuttrv 302
may perform various encoding and decoding functions that may include
formation of baseband signals for transmission and decoding of received signals.
The communieation device 300 may also include medium access control laver
{(MAC) circuitry 304 for controlling access 1o the wireless medium. The
communication device 300 may also include processing circuitry 306, such as
one or more single-core or nuilti~core processors, and merory 308 arranged to
perform the operations described herein. The physical laver circuitry 302, MAC
circuitry 304 and processing circuiiry 306 may handle various radio control
functions that enable communication with one or more radio networks
compatible with one or more radio technologies and, {or example, may contain
an LTE stack. The radio control functions may include signal modulation,
encoding, decoding, radio frequency shifting, etc. For example, similar to the
device shown in FIG. 2, in some embodiments, communication may be enabled
with one or more of 3 WMAN, a WLAN and a WPAN, In some embodiments,
the communication device 300 can be configured to operate in accordance with
3GPP standards or other protocols or standards, including WiMax, WiFi, WiGig,
GSM, EDGE, GERAN, UMTS, UTRAN, or other 3G, 3G, 4G, 5G, etc.
technologies either already developed or to be developed. The conuununication

device 300 may include transceiver circutry 312 fo enable communication with
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other external devices wirelessly and mterfaces 314 to enable wired
communication with other external devices. As another example, the transceiver
circuitry 312 may perform various transmission and reception functions such as

conversion of signals between a baseband range and a Radio Frequency (RF)

range.
10045] The antennas 301 may comprise one or more directional or

omnidirectional antennas, inclhuding, for example, dipole antennas, monopole
antennas, patch antennas, loop anlennas, microsinp antennas or other types of
antennas suitable for transnussion of RF signals. In some MIMO ernbodiments,
the antennas 301 may be effectively separated to take advantage of spatial
diversity and the different channel charactenistics that may result.

10046} Although the conununication device 300 is illustrated as having
several separate functional elements, one or more of the functional elements may
be combined and mav be implemented by combinations of software-configured
elements, such as processing elements including DSPs, and/or other hardware
elements. For example, some elements may comprise one or more
microprocessors, DSPs, FPGAs. ASICs, RFICs and combinations of various
hardware and logic circuitry for performing at east the functions described
herein. In some embodiments, the functional elements mayv refer to one or more
processes operating on one of more processing elements. Embodiments may be
implemented 1n one or a combination of hardware, firmware and software.
Embodiments may also be implemented as instructions siored on a computer-
readable storage device, which may be read and executed by at least one
procassor to perform the operations described herein.

{6047} FIG. 4 illustrates another block diagram of a communication
device in accordance with some embodiments. In alternative embodiments, the
commurication device 400 may operate as a standalone device or may be
connected {e g, networked) to other comumuntcation devices. In anetworked
deployment, the communication device 400 may operate in the capacity of a
server communication device, a client commumnication device, or both in server-

client network enviromments. In an example, the communication device 400
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may act as a peer communication device in peer-to-peer (P2P) (or other
distributed) network environment. The communication device 400 may be a
UE. eNB, PC, atablet PC, a8TB, a PDA, a mobile telephone. a smart phone, a

web apphiance, a network router, switch or bridge, or any cormmunication device

A

capable of executing instructions (sequential or otherwise) that specify actions to

be taken by that communication device. Further, while only a single

communication device 1s illustrated, the term “communication device” shall also
be taken to mclude any collection of communication devices that mdividually or
jointly execute a set {or multiple sets) of instructions to perform any one or more

10 of the methodologies discussed herein, such as cloud computing, software as a
service {SaaS}, other computer cluster configurations.

16048} Examples, as described herem, may include, or may operate on,
fogic or a mumber of components, modules, or mechanisms. Modules are
tangible entities (e.g., hardware} capable of performing specified operations and

15 way be configured or arranged n a certain manner. In an example, circuils may
be arranged {(¢.g., mitemally or with respect {0 exiemal entities such as other
circuits) in a specified manner as a module. In an example, the whole or part of
one or more computer systems (e.g., a standalone, client or server computer
systern} or one or more hardware processors roay be configured by firmware or

20 software {e g, instructions, an application portion, or an application) as a
module that operates to perform specified operations. In an example, the
software may reside on a communication device readable mediom. I an
exarople, the software, when executed by the underlying hardware of the
module, causes the hardware to perform the specified operations.

25 [0049] Accordingly, the term “module” is understood to encompass a
tangible entity, be that an entity that is phvsically construcied, specifically
configured (e.g., hardwired). or temporarily {e.g., transitorily) configured (2.g.,
programmed) 1o operate in a specified manner or to perform part or ali of any
operation described herein. Considering examples in which modules are

30 temporanly configured, each of the modules need not be mstantiated at any one

moment in time. For example, where the modules comprise a general-purpose
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hardware processor configured using software, the general-purpose hardware
processor may be configured as respective different modules at different times.
Software may accordingly configure a hardware processor, for example. to
constitute a particular module at one instance of tiwe and o constitute a dilferent

module at a different instance of time.

A

{0050] Communication device {e.g., computer system} 400 may include
a hardware processor 402 {e.g., a central processing unit {CPU), a graphics
processing unit {GPL), a hardware processor core, or any combination thereof),
amain memory 404 and a static memory 406, some or all of which roay

10 communicate with each other via an interlink {e.¢., bus) 408. The
communication device 400 mav further include a display unit 410, an
alphanumenc mput device 412 (e.g, a kevboard). and a user interface (UD)
navigation device 414 (e.g, amouse}. In an example, the display unit 410, input
device 412 and Ul navigation device 414 may be a touch screen display. The

{5 communication device 400 may additionally include a storage device {e.g., drive
untt) 416, a signal generation device 418 {e.g.. a speaker), a network interface

evice 420, and one or more sensors 421, such as a global positioning system

{GPS) sensor, compass, acceleromeier, or other sensor. The communication
device 400 may mclude an output controller 428, such as a senal (e.g., unmversal

20 serial bus (USBY. parallel, or other wired or wireless {e ¢, mfrared (IR}, near
field commumnication (NFC), etc.) connection to communicate or control one or
more peripheral devices (e.g., a printer, card reader, etc.).
{0051} The storage device 416 may include a conumunication device
readable medium 422 on which is stored one or more sets of data structures or

25 mstroctions 424 (e.g., software} embodying or utilized by anv one or more of the
techrigues or functions deseribed berein. The instructions 424 may also reside,
completely or at least partially, within the main memory 404, within static
memory 406, or within the hardware processor 402 during execuiion thereof by
the communication device 400. In an example, one or any combination of the

30 hardware processor 402, the mamn memory 404, the static memory 406, or the

storage device 416 may constitute communication device readable media
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{6052] While the communication device readable medium 422 1¢
lustrated as a single medium, the term "communication device readable
medium” may include a single medium or multiple media {e.¢., a centralized or
distributed database, and/or associated caches and servers) configured to store

the one or more instructions 424,

A

10083} The term “communication device readable medium™ may include
any medium that is capable of storing, encoding, or carrving instructions for
gxecution by the commumication device 400 and that cause the communication
device 400 to perform any one or more of the techruques of the present

10 disclosure, or that is capable of storing, encoding or carrving data structures used
by or associated with such instructions. Non-limiting communication device
readable medium examples may mnclude solid-state memories, and optical and
magnetic media. Specific examples of conumunication device readable media
may include: non-volatile memory, such as semiconductor memory devices

15 (&g, Electrically Programmable Read-Only Memory (EPROM), Electrically
Erasable Programmable Read-Only Memory (EEPROM}) and flash memory

evices; magnetic disks, such as internal hard disks and removable disks;

magneto-optical disks; Random Access Memory {RAM);, and CDB-ROM and
DVD-ROM disks. To some examples, cornmunication device readable media

20 may include non-transitory communication device readable media. In some
examples, commumication device readable media may include communication
device readable media that 13 not a transitory propagating signal.
{0054] The mstructions 424 may further be transnutied or received over
a conununications network 426 using a transimission medium via the network

25 mterface device 420 utilizing any one of a mumber of transfer protocols (e.g.,
frame relay, internet profocol {(IP), transmission control protocol (TCP), user
datagram protocol (UDP}, hypertext transfer protocol (HTTP), etc.). Example
communication networks may include a local area network (LAN), a wide area
network {WAN), a packet data network (e.g., the Internet), mobile telephone

30 networks (e.g., cellular networks), Plain Old Telephone (POTS) networks, and

wireless data networks {e g, Institute of Electrical and Electronics Engineers
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(IEEE) 802.11 farmly of standards known as Wi-Fi®, IEEE 802.16 famuly of
standards known as WiMax®), IEEE 802 13.4 famuly of standards, a Long Term
Evolution (LTE) family of standards, a Universal Mobile Telecommunications

Systern (UMTS) family of siandards, peer-to-peer {(P2P) networks, among

A

others. In an example. the network interface device 420 may include one or
more physical jacks (e g, Ethernet, coaxial, or phone jacks) or one or more
antennas to connect to the communications network 426, In an example, the
network interface device 420 may inchude a plurality of antennas to wirelessly
conununicate using at least one of single~input multiple-output (SIMO), MIMO,
10 or multiple-input single-output (MISO} techniques. In some examples, the
network interface device 420 may wirelessly commumicate using Multiple User
MIMO techruques. The term “transmission medium” shall be taken to include
any intangible medium that is capable of storing, encoding or carrving
instructions for execution by the communication device 400, and mcludes digital
15 or analog communications signals or other intangible mediam {0 facilitate
conununication of such software,
{0055] As above, due o the complexity of the next generation of LTE
systems {503}, it would be desirable for a number of 13sues to be resolved before
deplovment. Oune of these 1ssues may arise from the acqusition of cell
20 information by a UE. Before the UE of any of FIGS. 1-4 1s able to communicate
with the eNB, the UE may perform cell search to obtain the cell mformation and
cell selection using the cell information. Each cell i an LTE system may be
identified by a physical layer cell identity (113). There are 504 possible physical
layer cell IDs available in LTE. The physical fayer cell IDs are divided into 168
25 wumque cell ID groups (NID(1)), and each group has 3 cell IDs (NID(ZH. To
perform cell search and selection, the UE may obtain mformation regarding
specific physical signals and downlink channels. to acquire the physical layer
cell ID and communicate with the eNB.
{0056} Specifically, the UE mav acquire the timing and cell ID
30 information using the Primary Synchronization Signal (PSS) and the Secondary

Synchronization Signal (S88} and a MIMO reference signal (called a Beam
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Reference Signal (BRS)) in the same subframe. The PSS may be constructed
from a frequency-domain Zadoff-Chu sequence of length 63. The PSS may be
used by the UE for slot timing detection and to determine which of the 3 cell IDg
is used by the eNB. The S5§ may then be used by the UE to determine the radio
5 frame timing and obtain the cell 1D group, as well as the cyclic prefix length

(symbol boundary acquisition}. The physical layer cell ID can then be obtained
by using a combination of the cell 1D and the cell ID group, NiD el = 3NIL il
~ Ninf(2).
{0057} In some embodiments, the PSS and §88 may be multtiplexed

10 using frequency division multiplexing (FDM). In particular, the PSS and 888
may be multiplexed at the first 12 OFDM svmbols of one subframe, with the
S8 adjacent to the PSS, The 888 may be an interleaved concatenation of two
length-31 binary sequences (BPSK-modulated secondary synchronization
codes). To randomize the interference from the neighboring cells, the

15 concatenated sequence may be scrambled with a scrambling sequence given by
the PSS. In one example, the SS§ may be transnutted 1n subframe 0 and 25. The
combination of two length-31 sequences defining the SS5 may differ between

the subframe 0 and subframe 25 according to:

(m ( . \
njcoln) in subframe O
oy |5 ) s
Si( Vn)ey(n) in subframe 25
{ngi)(iz>é?i (n)zgi??‘:’} (n) in subframe 0
20 d(2n+}.)z (m N
ESO 0)(14)01 (l?>Z§i?zi)(iZ) in subframe 25
{0058} where s(n} 1s the 8§88 sequence, c{n) and z{n) are the scrambling

R TR
sequence, and the indices mg and my are derived from cell D group N H).
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{4039] FIG. 3 dlustrates a resource mapping structure in accordance with
some embodiments. The resource mapping structure shows a single subframe
502 that includes PSS/888 508 in a myjority of the OFDM symbols 504 in the
center of the frequency band. The frequency band may be all subcarriers able to
be allocated by the eNB. The subframe 502 may also contain a Beam Reference

Signal {BRS) 506, described in more detail below. As shown, the PSS/SSS 508

A

and BRS 506 each cover adjacent svmbols in each subcarrier and are spread
across a plurality of subcarriers in a particular symbol position. In some
embodiments, the final two OFDM symbols 504 1n the subframe 502 may be

10 reserved as a guard period to ensure sufficient isolation between uplink and
downlink transmissions. This permits a UE to be able o acquire cell
information as the cell information carnied by the PSS/8SS 508 and BRS 506 15
in a known set of resource blocks (as the PSS/885 508 and BRS 306 also appear
periodically in time at a known timing},

15 [o0ed] In addition to obtaining the svstem information from multiple
signals (the PSS, 858 and xPBCH), the UE mayv determine mformation
particular to MIMO systems for network communication. Ina MIMO system,
the eNB may transmil these and other signals using a plorality of beams. Each
beam mayv be transoutted using a different antenna panel of the eNB and. unlike

20 the PSS and SSS, may have a different BRS, such as the BRS 506 shown in FIG.
5. BRSs may be transnmutted by the eNB in each beam for power measurement
by the UEs serviced by the eNB and beam selection by the UEs. The stracture of
the BRS 506 may be mncreasingly complicated for massive MIMO systems (e g,
containing 64-128 or more antennas). The BRS sequence, as well as the location,

25 may differ from beam to beam, subframe to subframe or, as below, symbol to
svmbol, for example. The BRS sequence, like the 8§88, may be composed of a
binary phase shifting key (BPSK)-modulated base sequence. The UE may select
a particular beam and acquire timing and cell ID mformation using that beam.
in some embodiments, the UE may use multiple beams 10 acquire the timing and

30 cell ID information. The BRS ray have a BRS 1D as well as be a member of a

group of BRSs and thus have a BRS group ID.
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{6061} As above, the PSS/SSS 508 may be used for cell ID and symbol
boundary acquisition, while the BRS 506 may be usad to carry the symbol index
and transmit beam information (based on the BRS sequence). In some

embodiments, the PSS/SSS 508 and BRS 506 may be mapped m a FDM

A

manner. In this case, the PSS and 888 508 may occupy the central resource
blocks of the frequency band Npgt™SS + NppSSS as shown in FIG. 5, with the
BRS 506 mapped to the other NppPRS resource blocks in the subframe 502. In

some embodiments, the PSS 508 may occupy the central resource blocks of the
frequency band, with the S8S 508 on at least one side of the PSS 508 and/or the

10 BRS 506 surrounding the PSS 508 {and S88 if present}. The number of resource
blocks Npg!SS and NpgSsS may be predefined by the system, and NpgBits
may be predefined by the system or configured by higher laver (RRC) signaling.
Unlike some embodiments, in which the PSS and 858 may be located i only
certain symbols and in certain subframes, the PSS and 858 508 in FIG 5 may be

13 repeatedly transmutted in each OFDM symbol 504 in the subframe 502 (other
than the guard symbols, if any}. In some embodiments, the BRS sequence may
be deternuned by the syrobol index. The BRS 506 may, as shown n the
embodiment of FIG. 5, be disposed in the subcarniers and resource blocks
surrounding the PSS and 888 508. Multiple beams may be aggregated to

20 provide the PSS and $88 508 and BRS 506 10 one svmbol 304, Different beams
may thus be applied to form different symbols 504 for all reference signals.
{00621 Although the PSS and S5§ are shown i FIG. 5 as disposad in the
center resource blocks of the subframe, the PSS and SS8S may be in different
resource blocks within this location. FIG. 6 dllustrates a mapping structure for

25 PSS and 858 in accordance with some embodiments. As shown in FIG. 6, the

above, the PSS 602 may occupy NRBP 58 resource blocks and the S88 604 may

oceupy NppdS resource blocks, where the number of resource blocks for each

of the PSS 602 and the 888 604 may be the same {(such as 6) or may be
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cifferent. In etther case, the number of resource blocks may be defined by the
system and thus may not change from eNB to eNB.
{0063} As shown in FIG. 6, while the PSS 602 may remain disposed in

the center resource blocks of the symbol, the 888 604 may be disposed in

A

alternate locations adjacent o the PSS 602, Specifically, FIG. 6 illustrates three

options for mapping of the PSS 602 and the 88 604 within a symbol. In a first

option, the SSS 604 1s disposed in resource blocks above {i.e., at a higher

frequency than) the resource blocks of the PSS 602, In a second option, the $88

604 15 disposed m resource blocks below (1., at a lower frequency than) the

10 resource blocks of the PSS 602, In a third option, the 85§ 604 1s disposed in
resource blocks surrounding the resource blocks of the PSS 602, In some
ermbodiments, the SSS 604 may be divided equally such that the resource blocks
of the 8§88 604 symmetrically surround the PSS 602, In some embodiments, the
588 604 may be divided unequally such that one of the resource blocks of the

15 888 604 surrounding the PSS 602 1s larger than the other of the resource blocks
of the 885 604, The larger resource block may be disposed either in higher
frequency subcarriers or lower frequency subcarriers than the PSS 602, In each
of the various options however, the resource blocks of the SS8 604 may remain
adjacent to the resource blocks of the PSS 602,

20 j06D64] In some embodiments, a BRS sequence may be mapped to the

resource element (k,/) by:

ot § = di(m), 0=-5, -4, L, 65, 66

i
7\] I}L ‘,t\/r ! \48

o - 4 }33 J/ /AS’(:' 4 7/ /’TR_B @/ /Y . .
k=n-31+ > +72m+ N xN qpoxmy
23
{0065} where d‘i(n) may denote the BRS sequence in symbol /, which

may be generated based on a BRS group ID BGyyy; NppPl may indicate the

number of total resource blocks in the downlink subframe; Ngo™5 may indicate
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the number of subcarriers in one resource block: m can be deternuned by Nppy

the ruraber of BRS resource block groups and may be configured by the eNB;
Ngpgis the number of sounding reference signals; and my; can be determined by

the cell 1D or cell ID group index. As above, the total number n 15 72 as the

W

middle 72 subcarriers n the symbols that carry the PSS and SSS are reserved for
the PSS and $8S. In one example, my = Ny modN gt max where
Npps® RIft.max may be defined by the system or

, shiff ;max |
X\VBRS L BRS / KBRB_J and Ngps'l may be the

number of total BRS resource block groups in the subframe. In one

10 ernbodirent, the SS8 may not be transmitled, and N[D( ) can be obtained by

( ) _ = Mg + B(IH)}”LA BR% / K\JBRS_J, In another

ernbodiment. a S8S can be transmitted m which the 888 15 generated based on a

M S, max
shortened 1D NS5, N D€ {@ ]\/ ﬁ ) ﬂ7 where

NypyS8max indicates the maximum number of 88§ IDs and can be defined by
15 thesystem The cell ID group index can be obtained by:

(1) o LDL J A 5SSy
N =mg+BGipxNgrs ! Npps [+ Nip XN ghs

X 1_ Ngrs ! Nars ,J

{0066] In some embodiments, the code space for the PSS, 888, and BRS
may be NwPSS WX NZDSSS' Max 5 N]DBRS- Az x Np; r,s\ﬂlu AMAX T this

S IU . . . . ~ . YUY .
20 case, Nypl S M0Y may indicate the maxinuum number of PSS TDs; NypSSSmax
roay denote the maxirum number of $88 1s; N7 BRSMAY may indicate the

maximum number of BRS IDs; and Ngp ™18 M@% may represent the maximum

frequency domain shift for the BRS.
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{0067} The subframe index, symbol index, cell ID and nomber of BRS
resource block groups, and other common configuration information, such as the
number of consecutive OFDM symbots for one beam group can be determined

by the UE through use of the PSS ID, 8§88 ID, BRS ID and BRS resource index

A

in vartous combinations, dependent on the embodiment. For example, in some

gmbodiments, the cell ID may be determined using the PSS 1D and S88 1D; the

subframe index may be determined using S8 1B, the symbol index may be

deternyned using the BRS ID; and the number of BRS RBGs may be delermimed

using the BRS resource index and BRS ID. In other embodiments, the cell 1D

10 may be determined using the PSS ID, BRS ID and S85 1D, the symbol index and
subframe index may be determined by the UE using the 888 ID; the number of
BRS RBGs may be determaned by the UE using the BRS ID; and the number of
consecutive OFDM symbols for one beam group may be determined by the UE
using the BRS resource index. The UE may thus select a particular beam and

15 acquire timing and cell ID mformation asing the PSS, 888 and BRS associated
with the beam.
{0068} After obtaining cell information using the PSS, 888 and BRS to
synchromize o the cell, in a non-standalone eNB deployment, the UE may use
the xPBCH 1n the same subframe to determine whether or not the cell search 1s

20 correct. The xPBCH, PSS, BRS and 888 (if present) may be mapped ina
frequency division mmiltiplexing manner. The xPBCH may be mapped in
consecutive FDM resource blocks adjacent to the FDM resource elements of the
combination of the PSS, BRS and 888, In some embodiments, the xPBCH may
surround the combination of the PSS, BRS and 888§ simular to the arrangement

25 shown in option 3 of FIG. 6, while in other embodiments the xPBCH may be
located on only one side (higher or lower frequency} than the combination of the
PSS, BRS and 88, sinuiar to options 1 or 2 of FIG. 6.
{0069} In particular the UE may decode the xPBCH and extract
mformation in the Master Information Block (MIB), using the associated

30 reference signals to aid in the determination. The xPBCH may broadcast

parameters for mitial access of the cell. These parameters may include the beam
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information, the most significant 8-bits of the Svstem Frarme Nuwmber {SFN})
and/or downlink system bandwidth. However, for 5G systems. The xPBCH
may occupy 6 resource blocks or 72 subcarriers of the first 4 OFDMA symbols

of the second slot of every frame, less reference signal resowrce elements. The

A

*PBCH may thus occupy about (72 x 4) - 48 = 240 resource elements, or 480

bits when the xPBCH uses Quadrature Phase Shift Keying (QPSK) modulation.

A xPBCH transmission may be spread over 4 frames (over subframe 0) to span a

40 ms period.

{0070} FI1G. 7 illustrates generation of a 5G Physical Broadeast Channel

10 {(xPBCH) in accordance with some embodiments. The xPBCH may be used to
carry common configuration information, which may be transmitted in the
subframe where the PSS and SSS 15 enabled. In one exaniple, the common
configuration can contain number of total BRS resource block groups and the
number of consecutive OFDM svmbols in one beam group and/or system

15 bandwidth. The cell search information may be carried by sPBCH signal

generation — the manner in which the xPBCH may carry this information. This

may permit the UE to determine whether or not the cell search is correct.

{06071} As shown in FIG. 7, a Cychic Redundaney Code {CRC) 702 may

be applied to the configuration mformation. The CRC sequence roay be

20 determined by the cell ID V¢ o cell ID group index N;[;,( 1} or index within
acell 1D group. In one example, the CRC sequence can be & bits and its value is
equal to Nw( 1) In another example, the CRC sequence can generated by a 16
bit or 24 bit sequence defined by the system and scrambled by the cell ID
Nipte For cell ID group ndex ]\"1[)( 1} The CRC may indicate the number of

25 antennas used for transmission of the xPBCH.
{6072} After applving the CRC 702 to individual bits, a Tailed Biting
Conventional Code {TBCC) 704 may be applied to blocks of bits for xPBCH
channel coding {o produce coded bits. The TBCC 704 may use QPSK and have

acoding rate of 1/3. The coded bits may be transmutted in K consecutive
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xPBCH subframes, where K can be pre-defined by the syvstem. In one example,
K can be 8 and the xPBCH can be transmitted every 23 subframes.

{0073} The coded bits may be scrambled at a scrambler 706 to produce
scrambled bits. The scrambling may be based on a pseudorandom sequence
imitialized using at least some of the cell information obtained from the PSS/SSS
and BRS. For example, the pseudorandom sequence may be initialized using the
cell 1D, the cell ID group mdex or index within a cell ID group. In some
embodiments, the psendorandom sequence may be inthalized using the symbol
mndex and/or subframe ndex in addition to or instead of the cell ID/index. In
one embodiment, the pseudorandom sequence may be initialized with the cell ID
or cell 1D and symbol index.

10074} The scrambled bits may then be modulated at a modulator 708.

In some embodiments, the modulator 708 may use QPSK to modulate the
scrambled bits and produce xPBCH bhits,

{6075] After the scrarobled bits are modulaled, the modulated signal may
be mapped at a resource mapper 710, In soroe embodiments, stnular to the
PSS/SSS resource block arrangement described above, the xPBCH bits may be
mapped by the resource mapper 710 to the Npg ™ BCH resource blocks
surrounding the PSS and 588, In other embodiments, the xPBCH bits may be
mapped by the resource mapper 710 to consecutive resource blocks above or
below the PSS and $S8 resource blocks. Npg®'8CH can be defined by the
system. For example, Npg™ BCH can be 4.

{00761 A Demodulation Reference Signal (DMRS) may be associaied
with the xPBCH. The DMRS may facilitate coherent demodulation at the eNB.
The DMRS may be associated with transmission of xXPBCH. The DMRS may be
cenerated based on a pseudorandom sequence initialized using one or more of
the same variations provided with regard to the CRC, such as the cell ID,
subframe number, SFN, symbol mdex or slot index. The resource mapping of
the DMRS may be determined by the index in cell ID group N ID( 1) in some

embodiment, the resource mapping subcarrier offset sequence of the DMRS
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associated with the xPBCH may be determined by the same variations as above
~g.g. the cell ID, cell 1D group index or index within a cell ID group. and/or
symbol index and/or subframe index.

{6077} In some embodiments, 1o perform a cell search procedure the UE

may first check for power levels of difterent LTE bands 1o select one with an

A

acceptable power level. The UE may then perform a cyclic prefix correlation to
obtain the symbol boundary. After a cvelic prefix correlation peak has been
found, the UE may search for the PSS, 8§58 and BRS to obtain the cell 1D and
timing information. The information mayv be extracted or otherwise derived,

10 including NyptD, Nyp(2), the physical layer cell ID, the duplexing mode (TDD
or FDD), the slot boundary and the subframe number, subframs index, symbol
imdex, number of BRS resource block groups, and the number of consecutive
OFDM symbols for one beam group. The UE may next decode the MIB
information transmitted on the xPBCH. The xPBCH may provide system frame

15 number, beam information and the number of transmit antennas used by the
eNB. The xPBCH may also provide at least some duplicate mformation such as
the number of BRS resource block groups, the number of consecutive OFDM
symbols i one beam group, and/or the system bandwidth. The PSS/S8S, BRS
and PBCH are always mapped to the center of the bandwidth, hence the UE can

20 decode these, even without knowing the system bandwidth, After determining
the mformation, the UE may be able to decode other control and data channels
and the SIB information, which 18 transmitted on the PDSCH with a
corresponding PDCCH scrambled with a predetermined SI-RNTI value using
the number of control symbols in the current subframe, obtained from decoding

25 the PCFICH. The PDCCH may provide the SIB scheduling information within
the subframe, modulation scheme, resource allocation type for the SIB, the
redundancy version, a new data indicator and HAR( process number, among
others. The UE may subsequently perform a channel estimation/equalization on
the PDSCH complex symbols. The SIB1 message is then decoded to obtain the

30 scheduling of other SIB messages, which may provide additional network
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information, such as PUCCH formats, PLMN D3 and others. The UE may then
mitiate an Initial Attach procedure with the eNB.

{0078} Example 1 is an apparatus of user equipment {UE) comprising: a
transcetver configured o communicate with an evolved Node-B (eNB); and
processing cireuitry arranged to: conligure the transceiver 10 recetve a particular
beam from a plurality of simultaneous beams transmiited by an eNB using
multiple input multiple output (MIMO), each beam comprising a Primary
Synchronization Signal (PSS} and a Beam Reference Signal (BRS) Frequency
Doroam Multiplexing (FDM) mapped across a plurality of subcamers in a
symbol position in a subframe; in response to the received beam further
comprising a Secondary Synchronization Signal (888}, acquire timing and cell
identification {(ID) information through the PSS, the 888 and the BRS, the PSS,
the 88§ and BRS FDM mapped in the plurality of subcarriers in the symbol
position in the subframe, and otherwise acquire the timing and cell ID
wnformation through the PSS and the BRS: and communicate with the eNB based
on the acquired timing and cell 1D information,

{0075} In Example 2, the subject matter of Example 1 opiionatly
imcludes that the processing circuiiry is further arranged to: acquire timing and
cell 1D mnformation by use of the PSS and SS8 for cell 1D and symbol boundary
acquisition, and the BRS for symbaol index and beam information.

{3080} In Example 3, the subject matter of any one or more of Examples
1-2 optionally inclode that: the 88S 13 mapped in consecutive FDM resource
blocks adjacent to the PSS, the PSS disposed in a set of FDM resource blocks in
a center of a frequency band over which the eNB is able to communicate.

{0081} In Example 4, the subject matter of Example 3 optionally
includes that: the BRS is mapped in consecutive FDM resousce blocks
surrounding the PSS and the §85.

{0082} In Example 5, the subject matier of any one or more of Examples
1-4 optionally inclode that the processing circuitry 18 further arranged to:
deternune a cell ID, a subframe index, a svmbol index, a number of total BRS

resource block groups and a number of consecutive OFDM symbols for a beam
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group through use of at least one of a PRS ID, a SSS 1D, a BRS ID and a BRS
resource mapping offset

{0083} In Example 6, the subject matter of Example 5 optionally
imcludes that the processing circuiiry is further arranged to: determine the cell ID

through use of the PSS ID and one of: one of the BRS 1D, and the BRS group

A

1D and the BRS resource mapping offset, wherein the cell ID 15 determined free
from use of SS8 information independent of whether the cell ID 1s determined
using etther the BRS ID or the BRS group 1D and the BRS resource mapping
offset, and the S88 1D, a BRS group D and the BRS resource mapping offset.

10 [0084] In Example 7, the subject matter of any one or more of Examples
5-6 optionally include that the processing circuitry is further arranged to:
determine, free from use of PSS information, at least one of’ the subframe index
and the symbol index through use of one of the §88 1D and the BRS ID, the
number of total BRS resource block groups through use of at least one of the

15 88§D and BRS ID, and the nursber of consecutive OFDM symbols for one
transmitting beam group through use of at least one of the S88 1D, the BRS ID
and the BRS resource mapping offset.

{0085} In Example &, the subject matter of any one or more of Examples
1-7 optionally include that the processing circuitry 15 further arranged to:

20 configure the transceiver fo receive a 5th generation (5G) Physical Broadcast
Channel (xPBCH]} in the subframe; decode the xPBCH to obtain a master
information block (MIB); and confirm at least some of the timing and cell 1D
nformation using the xPBCH.

{0086} In Example 9, the subject matter of Example undefined optionally

25 includes that: the xPBCH comprises configuration information comprising a
namber of BRS resource block groups and a number of consecutive OFDM
symbols in one beam group.

{0087} In Example 10, the subject matter of Example 9 optionally
mnchudes that: a Cvelic Redundancy Code (CRT) of the configuration

30 mformation comprises a CRC sequence determuned through use of at least one of

a cell ID NiDcell and a cell ID group index NID(1).
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{3088} In Example 11, the subject matter of any one or more of
Examples 9-10 optionally include that: the configuration information is
scrambled based on a pseudorandom sequence initialized with a cell ID or a cell

ID and symbol index.

A

10089} In Example 12, the subject matter of any one or more of
Examples 8-11 optionally include that: the xPBCH 15 mapped in consecutive
FDM resource blocks adjacent to resource blocks of a combination of the PSS,
BRS and, when present, 5§8.

{0090} In Example 13, the subject matter of any one or more of

10 Examples 8-12 optionally include that the processing circuitry s further
arranged to: configure the transceiver to receive a Demodulation Reference
Signal (DMRS) associated with the xPBCH, the DMRS generated based on a
pseudorandom sequence initialized using one or more of a cell 1D, a subframe
number, a system frame number, a symbol index and slot index, and regource

15 mapping of the DMRS determined by a cell ID group index NID(1),

{0091} In Example 14, the subject matter of any one or more of
Examples 1-13 optionally include, further comprising: an antenna configured {o
provide communications between the apparatus and the eNB.

{0092} Example 15 is an apparatus of an evolved NodeB (eNB})

20 comprising: a transceiver configured to communicate with a equipment (UE);
and processing circuitry arranged to: generate a plurality of simultaneous beams
using rultiple input multiple output (MIMO), each beam comprising one of: a
first combination comprising a Primary Synchronization Signal (PSS), a Beam
Reference Signal (BRS) and a 5th generation (5G) Physical Broadcast Channel

25 {xPBCH) Frequency Domain Multiplexing (FDM) mapped through in a plurality
of subcarriers 1 a symbol position in a subframe, and a second combination
comprising the PSS, a Secondary Svnchronization Signal (558), the BRS and
the xPBCH FDM mapped in the phurality of subcarriers i the symbol posttion n
the subframe, wherein each of the first and second combination comprises

30 mformation to enable acquisition of timing and cell identification (1) and

confirm at least some of the timing and cell 1D information through the xPBCH;
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and configure the transcerver to transmut the phurahity of simultaneous beams to
the UE: and in response to transmission of the plurality of simultaneous beams,
receive communications from the UE based on timing and cell ID information
provided by the plurality of simultaneous beams.

{0093} In Example 16, the subject matter of Exarople 15 optionally
includes that: the PSS and 858 15 configured to provide cell 1D and symbol
boundary acquisition, and the BRS i3 configured to provide symbol index and
bear information.

{0094] In Example 17, the subject matter of any one or more of
Examples 1516 optionally include that: a cell ID, a subframe index, a symbol
imdex, a number of total BRS resource block groups and a number of
consecutive OFDM symbols for a beam group are provided through use of at
least one of a PSS 1D, a 888 1D, 2 BRS ID and a BRS resource mapping offset,
such that the cell ID is provided through the P8S ID and one of one of the BRS
D, and the BRS group 1D and the BRS resource mapping offsel, wherein the
cell 1D is able to be determined free from SSS mformation independent of
whether the cell ID is able to be determined through either the BRS D or the
BRS group 1D and the BRS resource mapping offset, and the S§8 1D, a BRS
group 1D and the BRS resource mapping offset.

16095] In Example 18, the subject matter of any one or more of
Examples 15-17 optionally include that: a cell 1D, a subframe index, a svmbol
index, a nurnber of total BRS resource block groups and a number of
consecutive OFDM svmbols for a beam group are provided through use of at
least one of a PSS ID, a 88§ 1D, a BRS 1D and a BRS resource mapping offset,
such that, free from use of PSS information, at least one of: the subframe index
and the symbol index is able to be determined through one of the $85 1D and the
BRS ID, the number of total BRS resource block groups is able o be determined
through at least one of the S55 1D and BRS 1D, and the number of consecutive
OFDM symbols for one transmifting beam group 1s able to be determined
through at least one of the SSS 1D, the BRS 1D and the BRS resource mapping
offset.

(5]
2
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{3096} In Example 19, the subject matter of any one or more of
Examples 15-18 optionally include that: each BRS sequence is mapped ic a
resource element (k1) by: each BRS sequence is mapped to a resource element
(k[ by
5 ag 1= di(n), n=-5, -4, .., 65, 66
N r DL N RB
f =31+ Rﬁz SC

+72m+ NEEXN gpgxmy

{6057} where (ZZ(}@';) is the BRS sequence in symbol /) generated based on
a BRS group 1D BGyp, NppPl is a number of resource blocks in the subframe;
73 . . . .
10 NgoRP is a number of subcarriers in one resource block; Ngpgis a number of

sounding reference signals; m is determined based on a number of BRS resource

block groups Nppy and is configured by the eNB; and my; 1s determined based

on one of a cell 1D and a cell 1D group index.

{0098} In Example 20, the subject matter of Exarple 19 optionally

" rshift max
15 includes that: my = Nyp{ UmodNg psMAY syhere \BRS =

Lj\/ BRS / N BRS _J and Nprg DL i a total number of BRS resource block

groups in the subframe.

{6099] In Example 21, the subject matter of Example 20 optionally
includes that, each beam 1g free from the $88, and N DMt BGp

I YT A J

20 }61_1\« BRS /A BRS |-
{00100 In Example 22, the subject matter of anv one or more of

Examples 20-21 optionally include that: each beam comprises the 888, the S85

is generated based on a shortened 1D NIDSSS,
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, where NIDSSS max is a maximum

number of 88§ 1Ds defined by the systemy, and a cell ID group index 1s:

v L DI J 5SS
Nip =mg+BGpxNgrs /! Nprs [+ Nip

pr | ..pL
\BRML Ners/ ’\BR%J

{00101} In Example 23, the subject matter of any one or more of
Examples 15-22 optionally mclude that: the xPBCH comprises configuration
information comprising a number of BRS resource block groups and a number
of consecutive OFDM symbols in one beam group, and at least one of: a Cyclic
Redundancy Code (CRC) of the configuration information comprises g CRC
sequence deternuned through at least one of a cell 1D NiDcell and a cell {D
group mdex NID(1), the configuration information is scrambled based on a
pseudorandom sequence mitialized with a cell ID or a cell ID and symbol index,
the transcetver 18 configured to transmit a Demodulation Reference Signal
{DMRS) associated with the xPBCH, the DMRS generated based on a
pseudorandom sequence initialized using one or more of a cell ID, a subframe
number, a system frame number, a symbol index and slot index, and resource
mapping of the DMRS determined by a cell 1D group ndex NID{(1).

{00162} Example 24 is a computer-readable storage medium that stores
nstructions for execution by one or more processors of a user equipment {UE) to
communicate with an evolved NodeB (eNB), the one or more processors to
configure the UE to; recetve a particular beam from a plurality of simultaneous
beams transmutted by the eNB using multiple input muliiple output (MIMO),
gach beam comprising one of: a first combination comprising a Primary
Synchronization Signal (PSS), a Beam Reference Signal (BRS) and a 5th
generation {5(} Physical Broadcast Channel (xPBCH) Frequency Domain
Multiplexing (FDM) mapped through in a plurality of subcarriers in a symbol
position i a subframe such that the BRS 1s adjacent (o and surrounds the PSS,
and a second combination comprising the PSS, a Secondary Synchromzation

Signal {S88), the BRS and the xPBCH FDM mapped i the plurality of
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subcarriers 1n the symbol postiion in the subframe such that the BRS s adjacent
to and surrounds the PSS and 888, wherein each of the first and second
combination comprises information to enable the UE 1o acquire timing and cell
identification (ID} information and confirm at least some of the timing and cell
1D miormation through the xPBCH; acquire the timing and cell 1D nformation:
and communicate with the eNB based on the acquired iming and cell 1D
information.

{60103} In Example 25, the subject matter of Example 24 optionally
includes that: the PSS and 888 provide cell 1D and symbol boundary acquisition,
and the BRS provides symbol index and beam information, anda cell ID, 2
subframe index, a symbol index, a number of total BRS resource block groups
and a number of consecutive OFDM symbols for a beam group are provided
through use of at least one of a PSS 1D, a 888 1D, a BRS ID and a BRS resource
mapping offset,

{30104} In Example 26, the subject matter of any one or more of
Exarnples 24-25 optionally mclude that: the xPBCH comprises configuration
miormation comprising a number of BRS resource block groups and a number
of consecutive OFDM symbols in one beam group, and at least one of: a Cyclic
Redundancy Code (CRC) of the configuration information comprises a CRC
sequence determined through at least one of a cell 1D NiDcell and a cell 1D
group index NID(1}, the configuration information is scrambled based on a
peeudorandom sequence mihialized with a cell 1D or a cell 1D and symbol mndex,
the one or more processors further configure the UE 1o transnut a Demodulation
Reference Signal (DMRS) associated with the xPBCH, the DMRS generated
based on a pseudorandom sequence initialized using one or more of acell ID, 3
subfrare number, a system frarme number, 3 symbol index and slot index, and
resource mapping of the DMRS determined by a cell 1D group index NID(1).
{60105} Example 27 1s a user equipment (UE) comprising: means for
recelving a particudar beam from a plurality of simultaneous beams fransmitied
bv an evolved NodeB {eNB) using multiple input multiple output (MIMO), each

beam comprising one of: a first combination conmprising a Primary
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Synchromzation Signal (PSS), a Beam Reference Signal (BRS) and a sth
generation {5G) Physical Broadcast Charmel (xPBCH) Frequency Domain
Multiplexing (FDM) mapped through in a plurality of subcarriers in a symbol
position in a subframe such that the BRS is adjacent to and sarrounds the PSS,
s and a second combination comprising the PSS, a Secondary Synchronization
Signal (88%), the BRS and the xPBCH FDM mapped in the plurality of
subcarriers in the symbol position in the subframe such that the BRS is adjacent
io and surrounds the PSS and 588, wherein each of the first and second
combination comprises information to enable the UE (o acquire tining and cell
10 identification (JD) mmformation and confirm at least some of the timing and cell
1 information through the xPBCH; means for acquiring the timing and cell ID
nformation; and means for cornmuricating with the eNB based on the acquired
timing and cell 1D information.
{60106} In Example 28, the subject matter of Example 27 optionally
15 includes that the PSS and S8S provide cell ID and symbol boundary acquisition,
and the BRS provides symbol index and beam information, and a cell 1D, a
subframe index, a symbol index. a number of total BRS resource block groups
and a number of consecutive OFDM syvmbols for a beam group are provided
through use of at least one of a PSS 1D, a 888 1D, a BRS ID and a BRS resource
20 mapping offset.
{00167} In Example 29, the subject matter of any one or more of
Examples 27-28 optionally inclade that the xPBCH comprises configuration
information comprising a number of BRS resource block groups and a number
of consecutive OFDM symbols in one beam group, and at least one of: a Cyclic
25 Redundancy Code (CRC) of the configuration information comprises a CRC

sequence determined through at least one of a cell ID Nype! and a cell ID

group index N[D( 1) the configuration information is scrarbled based on 4
pseudorandora sequence mitialized with a cell ID or a cell ID and symbol ndex,
the UE further comprises means for transmutting a Demodulation Reference

30 Signal (DMRS) associated with the xPBCH, the DMRS generated based on a
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peeudorandom sequence mitialized using one or more of a cell ID, a subframe
number, a system frame number, a symbol index and slot index, and resource
mapping of the DMRS deternined by a cell ID group index NJD(U.

{00105} Although an embodiment has been described with reference to

W

spectfic example erabodiments, 1t will be evident that various modifications and

changes may be made to these embodiments without departing from the broader

spirit and scope of the present disclosure. Accordingly, the specification and

drawings are to be regarded in an Hustrative rather than a restrictive sense. The

accompanying drawings that form a part hereof show, by way of illustration, and

10 not of imutation, specific embodiments in which the subject matter may be
practiced. The embodiments iflustraied are described in sufficient detail to
enable those skilled m the art 1o practice the teachings disclosed herein. Other
ernbodiments may be utilized and derived therefrom, such that structural and
logical substifutions and changes may be made without departing from the scope

15 of this disclosure. This Detailed Description, therefore, s not to be taken in a
limiting sense, and the scope of vanous emboditoents is defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.
{60169} Such embodiments of the inventive subject matter may be

20 referred to herein, individually and/or collectively, by the term “invention”
merelv for convenience and without intending to voluntarily limit the scope of
this application to any single invention or inventive concept if more than one is
n fact disclosed. Thus, although specific embodiments have been ilustrated and
described herain, it should be appreciated that any arrangement calculated to

25 achieve the same purpose may be substituted for the specific embodiments
shown. This disclosure is iniended {o cover any and all adaptations or varations
of various embodiments. Combinations of the above embodiments, and other
ermbodiments not specifically described herein, will be apparent to those of skill
in the art upon reviewing the above description.

30 (00116 In this docurnent, the terms "a" or "an” are used, as is common in

patent documents, 10 include one or more than one, independent of any other
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instances or usages of "at least one” or "one or more.” In this document, the
term "or" is used to refer to a nonexclusive or, such that "A or B" includes "A
butnot B." "B but not A" and "A and B." unless otherwise indicated. In this
document, the terms "mcluding” and "in which” are used as the plain-English
equivalents of the respective terms "comprising” and "wherein," Also, in the
following claims, the terms "including” and "comprising” are open-ended, that
is, a system, UE, article, composttion, formulation, or process that includes
glements m addition to those lisied after such a term o a clam are still deemed
to fall within the scope of that claim. Moreover, in the following clairus, the
terms "first," "second,” and “third,” etc. are used merely as labels, and are not
mtended to impose numerical requirements on their objects.

100111} The Abstract of the Disclosure is provided to comply with 37
C.F.R §1.72(b}, requiring an abstract that will allow the reader to quickly
ascertain the nature of the techmical disclosure. 1t is submitied with the
understanding that it will not be used to interpret or limit the scope or meaning
of the claims. In addition, in the foregoing Detailed Description, 1t can be seen
that various features are grouped together 1n a single embodiment for the
purpose of streamibining the disclosure. This method of disclosure 13 not to be
interpreted as reflecting an mtention that the claimed embodiments require more
features than are expressly recited in each claim. Rather, as the following claims
reflect, inventive subject matter lies in less than all features of a single disclosed
embodiment. Thus the foliowing claims are hereby wcorporated inlo the
Detailed Description, with each claim standing on 1ts own as a separate

embodiment.
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CLAIMS
What 15 claimed is:

1. An apparatus of user equipment (UE) comprising processing circuitry
5 arranged to:

decode a particular beam from a plurality of simultaneous beams
transmutted by an evolved NodeB {(eNB) using multiple input multiple ouiput
{MIMQ)}, each beam comprising a Primarv Synchromzation Signal (PSS)Yand a
Beam Reference Signal (BRS) Frequency Domain Multiplexing (FDM) mapped

10 across a plarality of subearriers in a symbol position 1n a subframe;

n response 1o the received beam further comprising a Secondary
Synchromzation Signal {S88), acquire timing and cell identification (ID)
information through the PS8, the 888 and the BRS, the PSS, the S§8 and BRS
FDM mapped im the pluralitv of subcarriers in the svimbol position in the

15 subframe, and otherwise acquite the timing and cell 1D information through the
PSS and the BRS; and
generate ransmissions to the eNB based on the acquired fiming and cell

1D information.

20 2 The apparatus of claim 1, wherein the processing circuitry 1s further
arranged 1o
acquire timing and cell 1D information by use of the PSS and S85 for cell

ID and symbol boundary acquisition, and the BRS for symbol index and beam

imformation.
3. The apparatus of claim | or 2, wherein;
the 8§58 15 mapped in consecutive FDM resource blocks adjacent to the
PSS, the PSS disposed in a set of FDM resource blocks in a center of a
frequency band over which the eNB 13 able fo communicate.
30

4. The apparatus of claim 3, wherein:

40
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the BRS 1s mapped 11 consecutive FDM resource blocks surrounding the

PSS and the §88.

s The apparatus of claim | or 2, wherein the processing aircuitry s further
arranged to:

determine a cell ID, a subframe index, a symbol index, a number of total
BRA resource block groups and a nomber of consecutive OFDM syrbols for a
beam group through use of at least one of a PSS ID, a SSS 1D, a BRS D and a

BRS resource mapping oifset.

6. The apparatus of claim 3, wherein the processing circuitry 18 further
arranged to:
determune the cell 1D through use of the PSS ID and one of!
one of:
the BRS ID, and
the BRS group ID and the BRS resource mapping offset,
wherein the cell ID 15 determined free from use of 888
information independent of whether the cell 1D is deternuned
using either the BRS ID or the BRS groyp 1D and the BRS
resource mapping offset, and

the S88 1D, a BRS group 1D and the BRS resource mapping

offset.
7. The apparatus of clairo 5, wherein the processing circuitry 1s further

arranged 1o
determine, free from use of PSS information, at least one of:
the subframe index and the syrobol index through use of one of
the S88 1D and the BRS ID,
the mumber of {otal BRS resource block groups through use of at

least one of the SSS 1D and BRS ID, and
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the number of consecutive OFDM symbols for one transmitting
beam group through use of at least one of the 888 1D, the BRS ID and

the BRS resource mapping offset.

5 8 The apparatus of claim 1 or 2, wherein the processing circuttry is further
arranged to:
decode a 5" generation (5G) Physical Broadcast Channel (xPBCH) in the
subframe;
decode the xPBCH to obtain a master mformation block (MIB}); and
10 confirm at least some of the timing and cell ID information using the

xPBCH.

9. The apparatus of claim 8, wherein:
the xPBCH comprises configuration information comprising a number of
15 BRS resource block groups and a mumber of consecutive OFDM symbols in one

bearn group.

10.  The apparatus of claim 9, wherein:
a Cychic Redundancy Code (CRC) of the configuration mformation

20 comprises a CRC sequence determined through use of at least one of a cell ID

Nipfel! and a cell ID group index Nzpf 1.

11, The apparatus of claim 9, wherein:
the configuration information 1s scrambled based on a pseudorandom

25 sequence mittalized with a cell ID or a cell ID and symbol index.
12, The apparatus of claim 8, wherein:
the xPBCH 1s mapped in consecutive FDM resource blocks adjacent to

resource blocks of a combination of the PSS, BRS and, when present, 885,

30
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13, The apparatus of claim 8, wherein the processing circuitry compnses
baseband circuitry arranged to:

decode a Demodulation Reference Signal (DMRS) associated with the
xPBCH, the DMRS generated based on a pseudorandom sequence imtialized
using one or more of a cell ID, a subframe number, a systerm frame number, a

symbol index and sfot index, and resource mapping of the DMRS determined by

a cell ID group mdex Nl@f/ 1,

14, The apparatus of claimo tor 2, further comprising:
an antenna configured to provide communications between the apparatus

and the eNB.

15, Anapparatus of an evolved NodeB (eNB) comprising processing
circuitry arranged to:
generate a plurality of simultaneous beams using multiple input multiple
output (MIMO), each beam comprising one of
g first combinaiion comprising a Primary Synchromzation Signal
(PSS), a Beam Reference Signal (BRSYand a sth generation (5G)
Physical Broadcast Channel (xPBCH) Frequency Domain Multiplexing
(FDM) mapped through in a plurality of subcarriers in a symbol position
in a subframe, and
a second combination comprising the PSS, a Secondary
Synchronization Signal {S85), the BRS and the xPBCH FDM mapped in
the plurality of subcarriers in the symbol position in the subframe,
wherein each of the first and second combination comprises information
to enable acquisition of tinung and cell identification (1D} and confirm at least
some of the timing and cell ID mformation through the xPBCH; and
decode communications received based on timing and cell 1D

information provided by the plurality of simultaneous bearns,

16, The apparatus of claim 15, wherein:
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the PSS and SS88§ s configured to provide cell ID and symbol boundary
acquisition, and the BRS is configured to provide svmbol index and beam

information.

A

17. The apparatus of claim 15 or 16, wherein:
acell ID, a subframe index, a symbol index. a number of total BRS
resource block groups and a number of consecutive OFDM symbols for a beam
group are provided through use of at least one of a PSS ID, aSSS 1D, a BRS ID
and a BRS resource mapping offset, such that the cell 1D 15 provided through the
10 PSS ID and one of.
one of:
the BRS 1D, and
the BRS group 1D and the BRS resource mapping offset, wherein
the cell 1D is able to be determined free from $85 information
{3 independent of whether the cell ID 15 able (o be determaned through
either the BRS 1D or the BRS group ID and the BRS resource mapping
offset, and

the SSS 113, a BRS group 1D and the BRS resource mapping offset.

20 18, The apparatus of claim 15 or 16, wherein:

a cell 1D, a subframe index, a symbol index, a number of total BRS
resource block groups and a number of consecutive OFDM symbols for a beam
group are provided through use of at least one of a PSS ID, a S88 1D, a BRS ID
and a BRS resource mapping offset, such that, free from use of PSS information,

25 atleast one of:

the subframe index and the symbol index is able to be deternuned
through one of the 5SS ID and the BRS ID,

the number of 1otal BRS resource block groups 13 able to be determined

through at least one of the SS§ 1D and BRS 1D, and

[¥5]
<

the number of consecutive OFDM symbols for one transmitting beam
group is able to be determined through at least one of the S85 1D, the BRS ID

and the BRS resource mapping offset.
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19, The apparatus of claim 15 or 16, wherain:

each BRS sequence is mapped to a resource element (4,7} by

(‘ij oz dl(n)n n:::__S’ _4? o GSJ 66

DL RB
Npg Ngo

Fnns

s k=n-31+

+72m+ Né%_i’;? XN gpgx myg

where d/(1) is the BRS sequence in symbol /, generated based on a BRS

group 1D BGypy, NppP is anumber of resource blocks in the subframe; Ny %

is a number of subcarriers in one resource block; Ngpg1s a number of sounding
reference signals; m is determined based on a number of BRS resource block

e groups Ngps and is configured by the eNB, and myg 1s defermined based on one

of a cell ID and a cell 1D group index.

20, The apparatus of clairo 19, wherein:

mp = Nypl DinodN BRSYhfﬁa max

A Shift max L - ,
15 where /V B R’g = I'./\” BRS /N BRS | and Nppel?lisa

total number of BRS resource block groups i the subframe.

21, The apparatus of claim 20, wherein:

each beam is free from the 888, and
v L DLy J
20 N mn= g + BGH}X iV}gRS /A BRS |

22.  The apparatus of claim 20, wheren;

each beam cornprises the 588,

SUBSTITUTE SHEET (RULE 26)



WO 2017/111983 PCT/US2016/022603

the $88 is generated based on a shortened ID Ny,

SSS SS8 . max
N D € Q, )\ - ~1 . where Ny WM0X i 3 maximum

number of 888 1Ds defined by the svstem, and

a cell ID group index is:

N!(Tg = }%O + BG[DXL;\/Té)[é(;/ N BRS'_J"%" \/H‘)SS

5
pL | opL
Npg NL’V Brs ! Nprs J :

23, The apparatus of claim 15 or 16, wherein:
the xPBCH comprises configuration mformation comprising a number of
BRS resource block groups and a number of consecutive OFDM symbols m one
10 bearo group, and at least one of
a Cyclic Redundancy Code (CRC) of the configuration information
comprises a CRC sequence deternuned through at least one of a cell ID &, IDC"Z‘]
and a cell 1D group index Nypf /),
the configuration information is scrarnbled based on a pseudorandom
15 sequence initialized with g cell 1D or a cell ID and symbol index, and
the processing circuitry is arranged to decode a Demodulation Reference
Signal {DMRS} associated with the xPBCH, the DMRS generated based on a
pseudorandom sequence mitialized using one or more of a cell 1D, a subframe

number, a system frame number, a symbol index and slot index, and resource

20 mapping of the DMRS determined by a cell ID group index NV [D(‘U

24, A computer-readable storage medium that siores nstructions for
gxecution by one or more processors of a user equipment (UE) to comnuunicate
with an evolved NodeB (eNB), the one or more processors 1o configure the UE

25 to:
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receive a particular beam from a phurality of stmultanecus beams
transmitted by the eNB using multiple input muktiple output (MIMO), each beam
conprising one of’
a first combination comprising a Primary Synchronizaiion Signal
5 (PSS}, a Beam Reference Signal (BR8yand a sth generation (3G}
Physical Broadcast Channel (xPBCH) Freguency Domain Multiplexing
(FDM) mapped through in a plurality of subcarriers in a symbol position
in a subframe such that the BRS 15 adjacent to and suwrrounds the PSS,
and
10 a second combination comprising the PSS, a Secondary
Svnchronization Signal (558), the BRS and the xPBCH FDM mapped in
the plurality of subcarriers in the symbol position m the subframe such
that the BRS 1s adjacent to and surrounds the PSS and 88§,
whereimn each of the first and second combination comprises information
15 to enable the UE to acquire timing and cell identification (ID) information and
confirm at least some of the timing and cell 1D nformation through the xPBCH:
acquire the timing and cell 1D information; and
communicate with the eNB based on the acquired fiming and cell ID
mnformation.
20
25.  The medium of claim 24, wherain:
the PSS and 888 provide cell 1D and symbol boundary acquisition, and
the BRS provides symbol rndex and beam indormation, and
acell ID, a subframe index, a symbol index, a number of total BRS
25 resource block groups and a number of consecutive OFDM symbols for a beam
group are provided through use of at least one of a PAS ID, a SSS 1D, a BRS ID

and a BRS resource mapping offset.

26.  The medium of claim 24 or 25, wherein:
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10

the xPBCH comprises configuration mformation comprising a number of
BRS resource block groups and a number of consecutive OFDM symbols i one
beam group, and at least one of’

a Cyclic Redundancy Code (CRC) of the configuration information

1

comprises 4 CRC sequence determined through at Teast one of a cell ID Nypyc@!

7
I}
14

and a cell 1D group ndex NI[)( i3

the configuration information i1s scrambled based on a pseudorandom
sequence intfiatized with a cell 1D or a cell ID and symbol index,

the one or more processors farther configure the UE to transmat a
Demodulation Reference Signal (BMRS) associated with the xPBCH, the
DMRS generated based on a pseudorandom sequence initialized using one or
more of a cell ID, a subframe mumber, a system frame number, a syrmbol index
and slot index, and resource mapping of the DMRS deternuned by a cell ID

group index Ny,
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