wo 2016/191431 A2 |00 OO 0 R

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2016/191431 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

1 December 2016 (01.12.2016) WIPO | PCT
International Patent Classification:
HO4L 5/00 (2006.01)
International Application Number:
PCT/US2016/033947
International Filing Date: (74)
24 May 2016 (24.05.2016)
Filing Language: English
Publication Language: English (81)
Priority Data:
62/167,011 27 May 2015 (27.05.2015) Us
15/161,596 23 May 2016 (23.05.2016) Us
Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morehouse
Drive, San Diego, California 92121-1714 (US).
Inventors: JIANG, Jing; 5775 Morchouse Drive, San
Diego, California 92121-1714 (US). SORIAGA, Joseph
Binamira; 5775 Morehouse Drive, San Diego, California 84)

92121-1714 (US). JI, Tingfang; 5775 Morehouse Drive,
San Diego, California 92121-1714 (US). BHUSHAN,

Naga; 5775 Morehouse Drive, San Diego, California
92121-1714 (US). MUKKAVILLI, Krishna Kiran; 5775
Morehouse Drive, San Diego, California 92121-1714 (US).
SMEE, John Edward; 5775 Morehouse Drive, San
Diego, California 92121-1714 (US).

Agents: WEBB, Gregory P. et al; HAYNES AND
BOONE, LLP, 2323 Victory Avenue, Suite 700, Dallas,
Texas 75219 (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,

[Continued on next page]

(54) Title: PILOT RECONFIGURATION AND RETRANSMISSION IN WIRELESS NETWORKS

e, 1028

W {
1020
e

i

(57) Abstract: Adaptive signaling (e.g., pilot sig-
naling, control signaling, or data signaling) is
disclosed in which resources allocated to one or
more symbols are allowed to vary to more
closely match channel conditions and data
latency requirements. In one embodiment, a
method includes determining that low-latency
data is available to transmit during a first trans-
mission time interval (TTI) and informing a mo-
bile station that the low-latency data will be
transmitted during one slot reserved for a symbol
in the first TTL. The low-latency data may be
transmitted during the first time slot in the first
TTI and the symbol (originally scheduled sym-
bols) may be transmitted during a second time
slot.

100




WO 2016/191431 A2 |00V A 0 O R0

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, Published:

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, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2016/191431 PCT/US2016/033947

PILOT RECONFIGURATION AND RETRANSMISSION IN WIRELESS
NETWORKS

Jing Rang, Joseph Binarmira Soriaga, Timgfang Ji, Naga Bhushan,
Krishna Kiran Muokkavilli, John Edward Smee
CROSS REFERENCE TO RELATED APPLICATIONS

[6601] The present apphcation claims priority to U.S. Nonprovisional Application No.
15/161,596, filed May 23, 2016, and the benefii of the U.S. Provisional Patent Application
No. 62/167.011, filed May 27, 2015, which are hereby incorporated by reference in their

entirety as if fully set forth below in their entirety and for all applicable purposes.

TECHNICAL VIELD
[G002] This application relates to wireless communication systems, and more particularly to
adaptive signaling and flexible frame formats and network protocols for accommodating

changes in signal stracture and/or scheduling of transmissions.

INTRODUCTION

16603] To achieve sufficient performance in wireless communication systems, it is
sometimes useful to characterize the wireless channel. For example, a transmitting entity
may need an estimate of one or more channel parameters to perform spatial processing,
precoding, or adaptive modulation and coding in order to transmit data o a receiving entity,
The recetving entity may need an estimate of one or more channel parameters to properly
demodulate transmitted signals in order to recover transmitted data.

{6604 Pilots may be inserted in a transmitted data stream {o assist a receiving entity with
various functions, including not only channel estimation but also timing and frequency offset
acquisition as examples. A pilot typically includes one or more modulation symbols known
to both the transmitting eniity and the receiving entity that are {ransmitted in a known
manner,

[0005] Conventional systems employ a fixed pilot structure that provides an adequate
number and distribution of pilot symbols for most receiving entities under most channel
conditions. However, the pilot structures may be inadequate for challenging channel
conditions, and the pitol structures may waste system resources during more benign channel
conditions. Thus, there 15 a need for techniques to better match pilot structures to channel

conditions.
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BRIEF SUMMARY OF SOME EXAMPLES

16606] The following summarizes some aspecis of the present disclosure to provide a basic
understanding of the discussed technology. This summary is not an extensive overview of all
contemplated features of the disclosure, and is imntended neither to identifv key or critical
elements of all aspects of the disclosure nor to delineate the scope of any or all aspects of the
disclosure. Its sole purpose is to present some concepis of one or more aspects of the
disclosure in summnary form as a prelude to the more detailed description that is presented
later.

[6607] In one embodiment, the present disclosure provides a method for wireless
communication, the method including determining at a first wireless communication device,
that low-latency data is available, transmitting, from the first wireless communication device,
the low-latency data during a first symbol period of a first transmission time interval (TT1),
wherein at least one of a pilot symbol or a conirol symbol is scheduled to be transmitted
duning the first symbol peniod, and transmitting, from the first wireless communication
device, the at least one pilot symbol or control svmbol during a second syrobol period of the
first TTH wherein a data symbol is scheduled to be transmitted during the second symbol
period.

[BO08] In another embodiment, the present disclosure provides a method of wireless
commmunication, the method including deternining, at a first wireless communication device,
that low-latency data is available for transnussion during a first transmission time interval
{(TT1), transmitting, from the first wireless communication device, the low-latency data
during a first svmbol period of a first fransnuission time interval (TT1), wherein at least one of
a pilot symbol or a control symbol is scheduled to be transmitted during the first symbol
period, identifying, ai the first wireless communication device, a second svmbol period for
transmission of the at least one pilot symbol or control symbol, wherem a data symbol s
scheduled for transnussion during the second svmbol period, and transmitting, from the first
wireless comumunication device, a notification message that the at least one pilot symbol or
control symbol will be transmiited during the second symbol period.

16609 In further embodiments, the present disclosure provides a method for wireless
communication, the method including determining, at a first wireless communication device,

that low-latency data is available for transmission, transmitiing, from the first wireless
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communication device, the low-latency data during a first symbol period of a first
transmission time interval (TT1), wherein at feast one of a pilot symbol or a control symbol is
scheduled to be transmitted during the first sviobol period, transmitting, from the {irst
wireless communication device, the at least one pilot symbol or control symbol during a
second symbol period of the first TTi, wherein a data symbol having one or more code blocks
is scheduled to be transmitted during the second symbol period, transmitting, from the first
wireless communication device, a first subset of the one or more code blocks of the data
symbol during a second symbol period in the first TTI, and transnutting, from the first
wireless communication device, a second subset of the one or more code blocks of the data
svrabol during a symbol period subsequent to the second syrabol period of the first TTL
[6010] In further embodiments, the present disclosure provides a wireless commumication
device including a ftransmutter, an electronic memory, and a processor coupled to the
transmitier and to the electronic memory. The processor determines that low-latency data is
available for transmission, transmits the low-latency data duning a first symbol period of a
first transmission time interval (TT1), wherein a pilot svymbol and/or a control symbol 15
scheduled 1o be transmitted during the first symbol period, and transmits the pilot symbol
and/or control symbol during a second symbol period of the first TTI, wherein a data syrobol
1s scheduled to be transmitted during the second symbol period.

[6611] Other aspects, features, and embodiments of the present invention will become
apparent to those of ordinary skill in the art, upon reviewing the following description of
specific, exemplary embodiments of the present invention i conjunction with the
accompanying fgures. While features of the present invention may be discussed relative to
certain embodiments and figures below, all embodiments of the present invention can include
one or more of the advantageous features discussed herein. In other words, while one or more
embodiments may be discussed as having certain advantageous features, one or more of such
features may also be used in accordance with the various embodiments of the invention
discussed herein. In similar fashion, while exemplary embodimenis may be discussed below
as device, system, or method embodimenis it should be undersiood that such exemplary

embodiments can be implemented in various devices, svstems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[6612] Fig. 1 illustrates a wireless communication network in accordance with various

aspects of the present disclosure.
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16613] Fig. 2 is a block diagram illusirating an exemplary transmitter system in accordance
with various aspects of the present disclosure.

[6014] Figs. 3A-3C illustrate downlink frame structures used in a wireless commumication
network in accordance with various aspects of the present disclosure,

[6G158] Figs. 4A-4D illusirate frame structures to accommodate as needed transnssion of
low-latency data in accordance with various aspects of the present disclosure.

16616} Fig. S is a protocol diagram that ilustrates example transmussions during the first two
TTIs of Figs. 4A-4D between a base station and a UE n accordance with various aspects of
the present disclosure.

{6017} Fig. 6 iHlusirates an example frame structure to accommodate as needed transmission
of low-latency data in association with a punctured data symbol in accordance with various
aspects of the present disclosure.

i6618] Fig. 7 illustrates another example frame structure to accommodate as needed
transmission of low-latency data in association with a punctured data symbol in accordance
with various aspects of the present disclosure.

16019} Fig & iHustrates an example frame structre to accommodate as needed transmission
of low-lalency data in association with a punctured control symbol i accordance with
various aspects of the present disclosure.

8628} Fig. 9 illustrates an example frame structure to accommodate as needed transmission
of low-latency data in association with a punctured pilot or control symbol.

[662%] Fig. 10 s a flowchart iHustrating an exemplary method for adapting stractures in
accordance with various aspects of the present disclosure.

[6622] Fig. 11 is a flowchart illustrating an exemplary method for adapting structures in

accordance with various aspecis of the present disclosure.

BETAILED DESCRIPTION

[30823] The detailed description set forth below, in conmection with the appended drawings, 1S
intended as a description of various configurations and is not intended to represent the only
configurations in which the concepts described herein mav be practiced. The detailed
description mcludes specific details for the purpose of providing a thorough understanding of
the various concepts. However, it will be apparent to those skilled in the art that these

concepts may be practiced without these specific details. In some instances, well-known
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structures and components are shown in block diagram form i order {0 avoid obscuring such
concepts.

[60624] The techmiques described herein may be used for various wireless commumication
networks such as CBMA, TDMA, FDMA, OFDMA, SC-FDMA and other networks. The
terms “network” and “system” are often used inmterchangeably. A CDMA network may
implement a radio technology such as Universal Terrestrial Radio Access (UTRA},
cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and other variants of CDMA.
cdmaZ000 covers 1S~2000, I8-95 and 15-856 standards. A TDMA network may implement a
radio technology such as Global System for Mobile Communications {GSM). An OFDMA
network may implement a radio technology such as Evolved UTRA (E-UTRA), Ultra Mobile
Broadband (UMB), IEEE 802.11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-
OFDMA, ete. UTRA and E-UTRA are part of Universal Mobile Telecommunication System
{UMTS). 3GPP Long Term Evolution (LTFE) and LTE-Advanced (LTE-A) are new releases
of UUMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described
in documents from an organization named “3rd Generation Partnership Project” (3GPP).
CDMAZ000 and UMB are described in documents from an organization named “3rd
Generation Parinership Project 27 (3GPP2). The techniques described herein may be used for
the wireless networks and radio technologies mentioned above as well as other wireless
networks and radio technologies, such as a next generation {e.g., 5" Generation (5G))
network.

[6625] This disclosure relates generally to adaptive signaling {e.g., pilot signaling, control
signaling or data signaling) and flexible frame formats and network protocols for
accommodating changes in signal structire and/or scheduling. Adaptive techniques are
disclosed herein thatl atiempt to tune a number of pilot symbols and the distribution thereof
over time and frequency resources to channel conditions in an effort to mumimize system
overhead while at the same time providing enough pilot symbols for receivers to function
sufficiently.

[6626] Fig. 1 llustrates a wireless communication network 100, in accordance with various
aspects of the disclosure. The wireless network 100 may include a number of base stations
110. A base station 110 may include an evolved Node B (eNodeB) in the LTE context, for
exarnple. A base station may also be referred o as a base transceiver station or an access

point.

W
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6627] The base stations 110 communicate with user equipments (UFEs} 120 as shown. A UE
120 may communicate with a base station 110 via an uplink and a downlink. The downlink
{or forward link) refers to the communication link from a base station 110 10 a UE 120, The
uplink {(or reverse link) refers to the communication link from a UE 120 to a base station 110,

[6628] The UEs 120 may be dispersed throughout the wireless network 100, and each UE
120 may be stationary or mobile. A UE may also be referred to as a termunal, a mohile
station, a subscriber unit, etc. A UE 120 may be a cellular phone, a smartphone, a personal
digital assistant, a wireless modem, a laptop computer, a tablet computer, etc. The wireless
communication network 100 is one example of a network to which various aspects of the
disclosure apply.

[0029] This disclosure is directed to any type of modulation scheme, but orthogonal
frequency division multiplexing (OFDM) is used as a representative modulation. OFDM isa
multi-carrier modwdation technique that effectively partitions the overall system bandwidth
mto mudtiple (K) orthogonal frequency subbands. These subbands may also be referred to as
tones, subcarriers, bins, and frequency channels. With OFDM, each subband is associated
with a respective subcarrier that may be modulated with data. Up to K modulation symbols
may be sent on the K subbands in each OFDM symbol period.

0038} A pilot, control, or data symbol may be a symbol known to both the transnutter and
receiver and transmitted in a subband. For an OFDM symbol with K subbands, any number
and configuration of subbands may be used for pilot symbols, control syvmbols, and/or data
symbols.  For example, half of the subbands may be used for pilot symbols, and the
remaiming subbands may be used for other purposes, such as to transmit data svmbols or
control symbols or the remaining subbands may not be used at all.

[3631] The transmission and signaling techniques described herein may be used for a single-
mput single~output (SISO) systern, a single-input nultiple-output (SIMO) system, a nultiple-
inpit single-ouwtput (MISO) system, and a multiple-input multipie-output (MIMQO) system.
These techniques mav be used for an OFDM-based svstem and for other multi-carrier
commumnication systems. These techniques may also be used with various OFDM subband
siructures.

16632] FIG. 2 is a block diagram illustrating an exemplary transmutter system 210 {eg, a
base station 110} and a receiver svstem 230 (e.g, a UE 120} in a MIMO system 200,

according to certain aspects of the present disclosure. At the transmitter system 210, traffic

6
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data for a number of data streams is provided from a data source 212 to a transmit {TX) data
processor 214,

[6633] In a downlink transmussion, for example, each data siream is transmitted over a
respective fransmit antenna. TX data processor 214 formats, codes, and interleaves the traffic
data for each data stream based on a particular coding scheme selected for that data stream 1o
provide coded data.

6834} The coded data for each data stream may be multiplexed with pilot data and control
data using OFDM techniques. The pilot and control data are typically a known data pattern
that is processad in a known manner and mav be used at the receiver system to estimate the
channel response or other channel parameters. Pilot data may be formatied wnto pilot
syrobols.  The number of pilot symbols and placement of pilot syrobols within an OFDM
svmbol may be determined by instructions performed by processor 230, Similarly, control
data may be formatied into control symbols. The number of control symbols and placement
of control symbols within an OFDM symbol may be determined by instructions performed by
processor 230,

[3035] The multiplexed pilot and coded data for each data stream is then modulated (ie,
svmbol mapped)} based on a particular modulation scheme (e.g., BPSK, QSPK, M-PSK, or
M-QAM) selected for that data stream to provide modulation symbols. The data rate, coding,
and modulation for each data stream may be determined by instructions performed by
processor 230. The number of pilot symbols and placement of the pilot symbols in each
frame may also be determined by instructions performed by processor 230, Similarly, the
number of control symbols and placement of the control symbols in each frame may also be
determined by instructions performed by processor 230, Similarly, the number of data
svmbols and placement of the data symbols i each frame wmay also be determined by
mstructions performed by processor 230.

6836} The processor 230 may be implemented using a general-purpose processor, a digital
signal processor {DSP}, an application specific integrated circwit (ASIC) a field
programmable gate array (FPGA) or other programmable logic device, discrete gate or
fransistor logie, discrete hardware components, or any combination thereof designed to
perform the functions described herein. The processor 230 may also be implemented as a
combination of computing devices, e.g., a combmation of a DSP and a microprocessor, a
plurality of microprocessors, one or more microprocessors in conjunction with a DSP core, or

any other such configuration.
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16637] The transmitter system 210 further includes a memory 232. The memory 232 may be
any electronic component capable of storing mformation and/or instructions. For example,
the memory 250 may include random access memory {(RAM), read-only memory (ROM),
flash memory devices in RAM, optical storage media, erasable progranmimable read-only
memory {(FPROM), registers, or combinations thereof. In an embodiment, the memory 232
includes a non-transitory computer-readable medium.

[6638] Instructions or code may be stored in the memory 232 that are executable by the
processor 230, The terms “instructions” and “code” should be mierpreted broadly to include
any type of computer-readable statement(s). For example, the terms “instructions™ and
“code” may refer {o one or more programs, routines, sub-routines, functions, procedures, elc.

>

“Instructions” and “code” may include a single computer-readable statement or many
computer-readable statements.

{6639} The modulation symbols for all data streams are then provided to a TX MIMO
processor 220, that may further process the modulation symbols (e.g., for OFDM). TX
MIMO processor 220 then provides Nrp modulation symbol streams to Ny transmitters
{(TMTR) 222, through 222, In some embodiments, TX MIMO processor 220 applies
beamforming weights to the symbols of the data streams and to the antenna from which the
sviobol 1s being transmmtted. The transmutter system 210 includes embodiments having only
one antenna or having multiple antennas.

{6840} Each transmitter 222 receives and processes a respective symbol stream {o provide
one or more analog signals, and {urther conditions (e.g., amplifies, filiers, and upconverts) the
analog signals to provide a modulated signal suitable for transmission over the MIMO
channel. Nymodulated signals from transmitters 222a through 222¢ are then transmitted {rom

Nr aniennas 224, through 224, respectively. The techniques deseribed herein apply also 1o

svstems with only one transrot antenna. Transmission using one antenna is simpler than the
multi-antenna scenario. For example, there may be no need for TX MIMO processor 220 in a
single antenna scenario.

[6841] Al receiver system 250, the transmitted modulated signals are received by Np
antermas 252, through 252, and the received signal from each antenna 252 1s provided to a
respective receiver {RCVR) 254, through 254,. Each receiver 254 conditions {e.g., filters,
amplifies, and downconverts) a respective received signal, digitizes the conditioned signal to

provide sarmples, and further processes the samples to provide a corresponding “received”
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symbol stream. The techniques described hersin also apply to embodiments of receiver
system 250 having only one antenna 252.

[6842] An RX data processor 260 then receives and processes the Wy received symbol
streams from NR receivers 254 based on a particular receiver processing technigue to provide
Ny detected symbol streams. The RX data processor 260 then demodulates, deinterleaves,
and decodes as necessary each detected symbol stream to recover the traffic data for the data
stream. The processing by RX data processor 260 1s complementary to that performed by TX
MIMO processor 220 and TX data processor 214 at transmitter system 210,

[6643] Information provided by the RX data processor 260 allows the processor 270 to
generate reports such as channel state mformation (CSIY and/or a pilot request to provide to
the TX Data Processor 238, Processor 270 formulates a reverse link message including the
81 and/or pilot request to transmit to the transmitter system.

[6644] The processor 270 may be implemenied using a general-purpose processor, a digital
signal processor {DSP), an application speaific integrated circnt (ASIC), a field
programmable gate arrav (FPGA) or other programmable logic device, discreie gate or
transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herein. The processor 270 may also be implemented as a
combination of computing devices, e.g., a combination of a DSP and a nucroprocessor, a
plurality of microprocessors, one or more microprocessors in conjunction with a DSP core, or
any other such configuration.

6845} The reverse link message may mnclude varous types of information regarding the
communication link and/or the received data stream. The reverse link message 15 then
processed by a TX data processor 238, which also receives traffic data for a number of data
streams from a data source 236, modulated by a TX MIMO processor 280, conditioned by
transmitters 254, through 254,, and transmitied back to transmtter system 210,

[6046] At transmitter system 210, the modulated signals from receiver svstem 250 are
received by antennas 224, conditioned by receivers 222, demodulated by a demodulator 240,
and processed by a RX data processor 242 to extract the reverse link message transmitted by
the receiver system 250, Processor 230 then determines a symbol density and placement
based on information in the reverse link message. The symbol may be a pilot symbol, control
svmbol, or data symbol.  Although the following examples may describe the symbol as a
pilot symbol, this is not intended to be limsiting and 1t should be understood that the svmbol

mayv be a control symbol or data symbol.  An example of pilot symbol density is the number
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of pilot symbols per unit time or per unit frequency as discussed more fully below. An
example pilot structure i1s a combination of pilot density and placement.

[60847] Figs. 3A-3C illustrate downlink frame structures used in a wireless commumication
network {e.g., the wireless communication network shown in Fig 1), i accordance with
various aspects of the present disclosure. The transmission timeline for the downlink may be
partitioned into units of transmission time intervals {TTIs). A TTI may be related {0 the size
of the data blocks passed from the higher network layers to the radio link layver. In some
embodiments, the duration of symbols, such as OFDM svmbols, 1s fixed, and there are a
predetermined number of symbol periods during each TTL. For example, each TTI may be
any number of symbol periods, such as 8, 10, or 12 symbol periods, as examples. In the
embodiments in Figs. 3A-3C, each TTI includes eight OFDM syvmbol perniods, and the
symbol periods are assigned indices 0 through 7 as shown. A transmission during a TTI may
be referred to as a frame, a subframe, or a data block. An OFDM symbol period is an
example time slot.

16648] A number of resource elements may be available in each OFDM symbol period. Each
resource element may cover one subcarrier in one symbol period and may be used to send
one modulation symbol, which may be a real or complex value,

[0049] Figs. 3A-3C illustrate three examples of signals transmitted using the ilustrated frame
structures. In particular. the examples in Figs. 3A-3C illustrate various pifot structures. In
each of Figs. 3A-3C, there are 11 resource elemenis per OFDM symbol as an illustrative
example. The resource elements are assigned indices © through 11 as shown. Pilot symbols
are transmitted in the designated resource elervents and are denoted by “P.” The remaining
resource elements are available for other types of symbols, such as data symbols, or control
syrobols, or are simply unused or muted.

(0058} The pilot structures 1n Figs. 3A-3C may represent a signal format transoitied from an
antenna. The pilot structures may apply regardiess of the number of antennas emploved in
the transmitiing enftity or the receiving entity. For example, in a SISO system, the signal is
transmitied from the transmitting antenna and received at the receive antenna.  As another
example, in a MIMO system, the llustrated frame structures are transmitted from at least one
antenna. Each antenna from among a plwrality of antennas may transmit the same or a
different pilot structure. In one embodiment, the illustrated pilot structure will be received by
a receive antenna, and roay be part of a composite signal that is a sum of signals from a

plurality of antennas.

10
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16651 Fig 3A illusirates a baseline pilot structure. Pilot symbols are transmitted in OFDM
svmbol periods 0 and 1 in each TTL Within periods 0 and 1, pilot symbols are transmitied in
resource elements €, 4 and 8. In some embodiments, the pilot symbols may be transmitted {o
a specific UE. In other embodiments, the pilot symbols may be transmutted to a group of
UEs. In some other embodiments, the pilot symbols may be cell-specific reference signals.
The pilot symbols may be used for channel estimation for coherent demodulation of the
physical channel.

[6052] Fig. 3B illustrates one techmigue to double the pilot density as compared to Fig. 3A.
In Fig. 3B, the pilot density is doubled by doubling the number of OFDM symbols within a
TTT that contains pilot symbols. More specifically, pilot symbols are transmitted in the 4t
and 3™ periods within a TTL in addition to the 0™ and 1% periods. In essence, the number of
pilot symbols is doubled by increasing the duty cvcle or time density of pilot symbols. Fig
3B represents but one example of manyv ways to double the duty cvele. For example, pilot

1% through 4% symbol positions or any other

symbols could be transmitted insiead in the
combination of four symbol positions.

{6653 Fig. 3C iliustrates another technique to double the pilot density as compared to Fig.
3A. In Fig. 3C, the pilot density is doubled by doubling the frequency occupancy as
compared to Fig. 3A. More specifically, there are pilot symbols in resource elements 0, 2, 4.
6. 8, and 10 in the 0" and 1™ OFDM symbol periods in each TTL In essence, the number of
pilot symbols 1s doubled by increasing the density versus frequency within the symbol
positions. Fig. 3C represents but one example of many ways to double the frequency density
as compared to Fig. 3A. For example, pilot symbols could be transmitied in the ¥ through
6™ resource elements or any other combination of siX resource elements.

[3054] There are situations in which it would be advantageous {o vary the frequency density
of pilots as opposed to time density of pilots and vice versa.  Fig. 3A represents a pilot
structure that is advantageous for channels with relatively low Doppler spread and relatively
low channel delay-spread. Time variation of a channel is related {o Doppler spread of the
channel. Doppler spread may be caused, for examnple, by the differences n Doppler shifts of
different components of a signal, if erther the transnutter or recetver is in motion. As Doppler
spread increases, it is advantageous to increase the time density of pilot symbols. One reason
is because the higher the Doppler spread, the faster a channel estimate becomes outdated.
Increasing time density or duty cvcle of pilot symbols allows a channel estimate to be

updated more frequently, which is beneficial for higher delav spreads.
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[6655] Frequency variation of a channel is related to delay spread of the channel. As delay
spread increases, it is advantageous 1o increase the frequency density of pilot symbols. This
is because increases in delay spread result in increases in frequency selectivily of a channel.
Increasing frequency density of pilot symbols allows channel estimates to better capture
frequency selectivity caused by increased delay spread.

[6656] It mav also be advantageous to vary pilot densily on the basis of other parameters,
such as signal-to-noise ratio (SNR) estimates, signal-to-inlerference-plus-noise (S5INR)
estimates, or interference estimates. For example, for increasing noise or interference values
(or decreasing SNR or SINR), increasing mumbers of ptlot symbols are usefuil.

[6657] Techniques can be used to estimate Doppler spread, delay spread, SNR, SINR, and
mterference in UEs. Any one of these techniques can be used to estimate these channel
parameters, and these channel parameters are examples of CSL  One or more of these
parameters can be used to select a downlink pilot structure. The selection of pilot structure
can be made either in the UE or the base station. If the decision 13 to be made in the base
station, channel parameter estimates can be ted back to the base station to allow the base
station to make the decision on pilot structure. If the decision on pilot siructure 1s to be made
i the UE, a request for the determined pilot structure can be transmitted to the base station.
[0058] Figs. 4A-4D illustrate example frame structures to accommodate as needed
transmission of low-latency data. A frame may be transmitted in a TTL The structure
iliustrated in TTI, represents an example baseline frame structure. The frames in Figs. 4A-
45 may be transmatted from a base station, such as base station 110, to a UE, such as UE 120
or vice versa. 'The symbols in Figs. 4A-4D marked “data” may represent symbols transmitied
as part of an on-going data session between a UE and a base station. The baseline frame
structure in this example 1s one in which an OFDM symbol contaiming pilot and/or control
syrobols 1s transroitted in an alternating marner with data sviobols. In TTL, an OFDM
svmbol containing pilot and control symbols (labeled as “pilot” and “control™) is transmitted
at symbol mdex 0, and an OFDM symbol containing a pilot symbol is transmitted at symbol
mdex 4.

16659 In TTl, low-latency data is available. In effect, low-latency data “trumps”™ or
supersedes any data scheduled to be transmitied as part of the on-going data session. The data
in the on~going session is relatively delay {olerant compared to the “low-latency™ data. In the
example llustrated in Fig. 4A, the punctured data includes pilot and control symbols. In

some embodiments, the base station {e.g., base station 110a} determines that low-latency data

12



WO 2016/191431 PCT/US2016/033947

i1s available to transmit during a TTI (eg., TTL )

In some examples, based on the
determination that low-latency data i1s available to transmit during TTL,,, the base station
mforms a mobile station {e.g., UE 120) that the low-latency data will be transmitied doring a
time slot (e g, OFDM svmbol period 4 i TT1,) reserved for one or more symbols {e.g.,
pilot symbol} in TTI:;. The one or more symbols may be “pierced” or “punctured,” and the
base station may transmit the low-latency data during the time slot that was originally
reserved for the one or more svmbols and transmit the one or more symbols during a
subsequent time slot. For example, as shown in Fig. 4B, when the low latency data punctures
the control symbol (in TTi,.1} the punctured portion of the control symbol is transmitted
during a subsequent time slot by puncturing the payload data. In vanous embodiments, the
low-latency data mav “puncture” the one or more symbols (pilot or control or data) over the
entire frequency range, as showed in Fig. 4A, or over a sub-band within the entire frequency
band, as shown in Fig. 4B. The subsequent time slot may be in the same TTI or a subsequent
TTL

[6666] Upon determination that low-latency data is available for transmission, the hase
station may {ransmit information through an indicator channel (I-Channel) to inform one or
more receiving UEs that low-latency is available for transmission.  The mdicator channel
may be transmuitted over the entire frequency range or over a sub-band within the entire
frequency band, as shown in Figs. 4C-D. The transmiited information may include details
regarding a concurrent or later symbol or time slot during which the low-latency is being or
will be transmmitted. For example, as shown in Fig. 4C, the indicator channel (I-Channel) may
be transmitted over a sub-band of the frequency during the 0™ symbol of TTlu; along with
the control channel. As discussed above, the indicator channel mav include information that
the fow-latency data will Jater be transmitied during the 4™ symbol of TTL,,. Similarly, as
shown in Fig. 4D, the indicator chamnel (I-Channel) may be transnutted over a sub-band of
the frequency during the 4™ symbol of TTl,.. As discussed above, the indicator channel
may include information that the low-latency data is concurrently being iransmitted during
the 4 symbol of TTH.

[6061] In addition, the transmitted information may include details regarding the symbol or
time slot during which the data punctured by the low-latency data will be transmitted. For
example, as shown in Fig. 4C, the indicator channel may include information that the
punctured control data will later be transmitted during the 1% symbol of TT1,. In this case,

the control data will be sent by puncturing the payload data as discussed with respect to Fig.
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4B. Although it is critical to indicate the transmussion of low-latency data in the current or
fater symbol because low-latency data is more delay sensitive, it is also critical to inform the
UE of the symbol period or time slot during which the punctured portion of the pilot or
control data will be transmatted.

[6662] Before determining that the low-latency data is available to transmit during a first
time slot, the symbol 15 mitially scheduled for transmission during the first time slot. Based
on determining that low-latency data is available to transmutl during the first time slot, the
symbol that is onginally scheduled (in the absence of low-latency data) for transmission
during the first time sfot may be “punciured” and transmitted during a subsequent time slot.
It should be also understood that low-latency traffic punciluring data/control in the figures are
for illustration purposes. In general, puncturing may happen at any symbol such as, for
example, at a data svmbol.

[6663] As part of an example network protocol, there may be a separate conirol channel
(llustrated in Fig. 5) that indicates to the UE that low-latency data is available. 1t is
understood or itphied that the next OFDM piot will be punctured or moved from its standard
position (in this case, OFDM symbol period 4 in T ) to another OFDM symbol period {in
this case, OFDM symbol period 5 in TTl). In general, the pilol may be moved any mumber
of symbol periods later (e.g., two, three, etc. symbol periods later), as long as the UFE is aware
of the number of symbols that the pilot is moved. In varicus embodiments, the UE may be
made aware of the number of symbol periods for which the pilot (or control or data) is moved
via a notification message cormnmunicated over the control channel. Alternatively, the UE
may be made aware of the symbol period during which the pilot {or control or data) will be
transmitied via the notification message. OFDM symbol period 5 in T, is subsequent to
OFDM symbol period 4 in TT.

[3064] Fig. 513 a protocol diagram that iHustrates example transmissions during the first two
TTis of Fig. 4 between a base station 110 and a UE 120. Fig. 5 illustrates a data channel that
containg the transmissions of the first two TTls of Fig 4 as well as an associated control
channel. When low-latency data is available, a transmit notification message is transmitied
over the control channel from the base station 110 to UE 120 as shown. The notfication
message is transmitted shortly after the base station 110 becomes aware of the low-latency
data, due at least in part to the delay intolerance of the low-latency data

(0065} Returning to Fig. 4, in this example there is no data to transmit during T, so there

is no transmussion. During TTlu,, the base station becomes aware that more low-latency
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data 1s available The UE is informed of the low-latency data via a control channel as
discussed earlier. The low-latency data supersedes the pilot and control for the following
TTL TTius, so the pilol and control are moved from OFDM symbol period 0 to OFDM
period 1 to make room for the low-latency data. The process of transmitting frames during
TTIs and mserting low-latency data as needed may continue indefinitely,

{6666} In some nstances, severe bursty interference occurs during a downlink transmission.
Bursty nterference can include imterference that occurs 1n short spurts or time intervals over a
short period of ime. Bursty interference may appear for only a brief period of time to affect
some signals but may not appear over such a sustained period of time that the system should
adapt to the level of interference as a long-term statistic. One example of bursty interference
is a non-persistent burst data transnussion that may occur nearby in another cell that becomes
co-channel interference in the cell of interest. There may be a small amount of data {e.g., an
email or small data file) to convey n a bursty data transmission.

6667} Although the above examiple describes the puncturing of pilot and/or control symbols,
it should also be understood that a data symbol may be punciured and accordingly shifted to a
set of subsequent time slots in the current short TT1 and/or to a set of time slots in the next
short TTL  Fig. ¢ illustrates an example frame structure to accommodate as needed
transmission of low-latency data 10 association with a punctured data symbol. The structure
thustrated in TT s may be the TT1 after TTl,; ilhustrated in FIG 4. In TTiue, an OFDM
symbol containing pilot and control symbols (labeled as “pilot” and “control™} is transimitted
at symbol index 0, an OFDM symbol contaming data symbols (labeled as “data™) is
transmitied at symbol indexes 1-3 and 5-7, and an OFDM symbol containing a pilot symbol
1s transmitted at symbol index 4.

[B068] In TT1.s, low-latency data is available. The base station {e.g., base station 110a) may
deternune that low-latency data is available to transmit during a TT1 (e.g, TTus). In the
example llustrated in Fig 6, data symbols are punctured. In some examples, based on the
deternmunation that low-latency data is avatlable to transmit during TTlus, the base station
mforms a mobile station (e.g., UE 120) that the low-latency data will be transmitted during a
time slot {e.g., OFDM symbol period 5 in TTls) onginally reserved for a data symbol 602
in TTis. Drata or a data symbol may include a set of one or more code blocks. For example,
data symbol 602 includes a first subset of code blocks 602a and a second subset of code
blocks 602b. The base station may shift the data symbol {(and subsequent data symbols of the

data to be transmitied during that TTI {e.g, TTl,s) such that the low-latency data is
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transmitted in one or more of the time slots reserved for the data symbol, and accordingly the
data symbol is transmitied after the low-latency data.

[30669] The base station may transmit al least one code block included in data symbol 602
during a set of time slots in TTus. For example, set of code blocks 602 may be transruitted
in ong or more of the remaining available time slots in TT:5. In an example, set of code
blocks 602 “fifs” within time slots 6 and 7 in TTLus, and may be transmitted during time siois
6 and 7 in TThas. In this example, the base station may transmit all code blocks mcluded in
data symbol 602 during time slots 6 and 7 in TT1;.5.

[6G7¢] In another example, set of code blocks 602 does not “fit” within time slots 6 and 7 in
TTas, and in particular may be {00 large 1o be transmitted within these two remaining fime
slots. For example, set of code blocks 602 may need to be transmitted during more than two
timne slots in order for the base station to transmut all of the code blocks included in data
symbol 602, In some embodimenis, the base station determines that the quantity of time slois
o transout data symbol 602 is greater than a remaining quantity of available time slots in
current 1715, For example, the base station may determine that two available time slots
remain in current TTs and that transmission of code blocks 602a and 602b consumes three
time slots.

[6871] In some embodiments, first set of code blocks 602a and second set of code blocks
602b are transmitted over different sub-bands {e.g., in a multiplexing context}. Accordingly,
onlyv one set of the code blocks 602a/b may be punctured by the low-latency data being on the
same sub-band. Tn an example, both sets of code blocks 602a and 602b may be transmiited
during the next time slot. Tn another example, only the set of code blocks that was punctured
is transmitted during the next time siot  In this example, the base station mav send
signaling/instructions io the UE to indicale that the set of code blocks received in the later
time slot should be combined with the previously received set of code blocks to complete the
data set.

{6672} If the base station determines that the quaniity of time slofs o transimit data symbol
602 13 greater than a remaining quantity of available fime slots i current TTls, the base
station may nform the mobile station that a first subset of code blocks 602a included in data
svmbol 602 will be transmitied during a first set of time slots in current TTl.s and that a
second subset of code blocks 602b included in data symbol 602 will be transmutted during a
second set of timne slots in a subsequent TT1 (e.g, TTle). In Fig 6, the beginmng time slot

of a frame may include pilot and control data. For example, the base station may transmit
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one or more symbols {e.g.. pilot and control symbols} during time slot 0 in TTls and
transmit second subset of code blocks 602b at the beginning of the time slot reserved for data
symobols {e.g., during time slot 1 i TTlue). The base station may transmit the pilot and
control symbols before the data symbol so that the UE knows when and how the data
symbols will be transmitted and how to decode the data symbol once received. The time slot
mchuding the pilot and control symbols precede the one or more time slots including second
subset of code blocks 602b.

16673} In the example lustrated in Fig. 6, first subset of code blocks 602a and second subset
of code blocks 602b are transmitted during different TTIs. Additionally, second subset of
code blocks 602b expands the entire data portion of TTlue in ime slots 1-3. It code blocks
mcluded in a data sviobol are shified to the next TTI, the shifted code blocks may be aligned
at the TTI level. The length of the code blocks may be longer {o fit the entire data portion of
the TTI with smaller resource allocation. Second subset of code blocks 602b may expand the
entire data portion of the TTI along with new data. In an example, if no more daia is to be
transmitied during the TTI, padding may be applied. UE may combine set of code blocks
602 A received during slots 6 and 7 of TThL:s with set of code blocks 602B received during
slots 1-3 of TTHus to process data symbol 602,

[8074] The UE may receive the indication that first subset of code blocks 602a mcluded in
data symbol 602 will be transmitted during a first set of time slots in a first TT and an
indication that second subset of code blocks 602b included in data symbol 602 will be
transmitted during a second TTL The second TTT may be the next TT1 after the first TTL In
this example, the UE may receive first subset of code blocks 602a during the first set of time
slots in the first TTI, receive one or more symbols {e.g.. pilot and control symbols) during a
first time slot in the second TTL, and receive second subset of code blocks 602b durimg the
second set of time slots in the second TTL The first time slot including the one or more
symbols {(2.g.. pilot and control symbols) in the second TT1 precedes the second set of time
slots in the second TTL

16875} Fig. 7 Hustrates another example frame structure o accommodate as needed
transnssion of low-latency data in association with a punctured data svimbol. In the example
illustrated in Fig. 7, data symbol 602 1s punctured. If no more data is to be fransmitted during
slot 3 of TTls, the amount of data transmitted may be reduced by not transmitting data

during this time slot. For example, in Fig. 7, time slot 3 in TTlie may be empty (or filled
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with only pilot symbols) because all of the code blocks of data symbol 602 may have bee
transmitted to the UE.

0076} Fig. 8 iHlusirates an example frame structure to accommodate as needed transmission
of low-latency data in association with a punctured control symbol. In Fig 8, in TTI,. an
OFDM symbol containing a control symbol is transmitted at symbol index 0, an OFDM
symbol containing a pilot (for data) symbol is transmitied at symbol index 1, data symbols
are transnutted at OFDM svrobol indexes 2 and 3, an OFDM symbol containing a pilot
symbol is transmitted at symbol index 4, and an OFDM symbol containing a data svmbol is
transmitted at symbol indexes 5-7. In TThL, low-latency data is available. In the example
tlustrated in Fig. &, the punctured data includes a control svmbol. The low-latency data
supersedes the control data for TTl,. in Fig § and is transmitied in slot O 1 TT, at the
slot originally intended for the control symbol. The control svmbol can be moved from
OFDM symbol period 0 to OFDM period 1 to make room for the low-latency data, and the
pilot symbol can be moved from OFDM symsbol period 1 to OFDM period 2 to make room
for the punctured control syvmbol. The data symbol can be transmitted in slot 3 in TH .
[6677] In other instances, the control svmbol and pilot symbol are fransmitted during the
same symbol period such that both the control symbol and pilot symbol are moved from a
scheduled OFDM symbol period {e.g.. OFDM symbol period 0) to a subsequent OFDM
svmbol period (e.g.. OFDM symbol period 1) following transmission of the low-latency data.
Fig. 9 illustrates an example frame structure to accommodate as neaded transmission of low-
latency data in association with a punctured pilot or control symbol. Pilot (for data) and
control symbols may be transmitted during the same period but using different channels (e.g.,
different frequency bands). For example, as illustrated in Fig. 9, pilot symbols may be
transmitted on channel 1 and control symbols may be transmitted on chanpel 2. In some
exarmples, low-latency data may be transnutted over ouly one of the channels such that the
low-latency data punctures one of the symbols but not the other. For example, low-latency
data mav puncture only the pilot symbol on channel 1 but not the control symbol on channel
2. Alternatively, low-latency daia may puncture only the control svmbol on chanuel 2 but not
the pilot symbol on channel 1. In other mstances, the low-latency data may be transnutted
over hoth channels such that the pilot symboel and control symbaol are punciured.

[6078] In Fig. 9, in TTL,, an OFDM svmobol containing a control symbol 1s transmtted at
svrobol index 0 on channel 2, an OFDM symbol containing a pilot symbol is transmitted at

svmbol index O on channel 1, and an OFDM symbol containing a data symbol is transmitted
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at symbol indexes 1-3 on channel 2. The next pilot symbol scheduled for symbol index 4 on
channel 1 mav be punctured by low-latency data. A pilot symbol may be punctured and
moved over {rom its original syrobol index 4 on channel 1 to symbol index 5 on channel 1 1o
make room for the low-latency data. The low-latency data 15 transmitted at symbol index 4
on channel 1, and the pilot symbol is transmitted at symbol index 5 on channel 1.

[6679] In Fig. 9, low-laiency data is available for transmission in TTlyu. In the example
ilustrated 1o Fig. 9, the pilot and control svmbols that are scheduled to be transmitted at
symbol index 0 on channels 1 and 2 are punctured. Accordingly, the low-latency data is
transmitted at svmbol index O over both channels 1 and 2. The pilot and control symbols can
be moved from symbol period 0 to symbol period 1 {o make room for the low-latency data.
0080} Fig. 10 is a flowchart dlustrating an exemplary method 1000 for adapting structures
{e.g., pilot structures, control structures, and/or data structures). The method 1000 may be
implemented in a base station, such as base station 110. The base station communicates with
a UE, such as UE 120, according to method 1000, The method may be implemented in
transoitter system 210, Iostructions or code may be stored in the memory 232 that are
executable by the processor 230 in transmuitter system 210 to implement the method 1000, It
should be understood that method 1000 is not meant to be himiting and ay be used in other
applications.

6081} The method begins in a block 1002, In block 1002, it is determined that low-latency
data is available to {ransmit during a first TTL In a block 1004, a mobile station is informed
that the tow-latency data will be transmitied during a first time slot reserved for a symbol in
the first TTI. The symbol may be, for example, a pilot symbol, control symbol, or data
symbol. In a block 1006, the low-latency data is transmitted during the first time slot in the
first TTI. In a block 1008, the symbol is transmaited during a second time siot.

[0082] It is understood that additional actions may be performed before, dunng, or after
blocks 1002, 1004, 1006, and 1008 as discussed above. It is also understood that one or more
of the blocks of method 1000 described herein may be omitted, combined, or performed in a
different sequence as desired.

16083} Fig 11 1 a flowchart illustrating an exemplary method 1100 for adapting structures
(e.g., pilot structures, control structures, and/or data structures). The method 1100 may be
implemented in a UE, such as UE 120, A UE communicates with a base station, such as base
station 110, according to the method 1100, The method may be implemented in the receiver

gvstem 250. Instructions or code may be stored in the memory 272 that are executable by the
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processor 270 in the receiver system 230 to implement the method 1100, It should be
understood that method 1100 is not meant to be limiting and may be used in other
applications.

[0084] The method 1100 begins i a block 1102, In block 1102, an indication 15 received
from a base station that low-latency data will be transmitted during a first TTE In a block
1104, the low-latency data ts received during a first time slot of the first TTI reserved for a
symbol. The symbol may be, for example, a pilot symbol, control symbol, or data symbol.
In a block 1106, the symbol is received during a second time slot of the first TT1

{6685 It is understood that additional actions may be performed before, duning, or after
blocks 1102, 1104, and 1106 as discussed above. It 15 also understood that one or more of the
blocks of method 1100 described herein may be omitied, combined, or performed in a
different sequence as desired.

{6686] Information and signals may be represented using any of a variety of different
technologies and techmiques. For example, dala, instruclions, commands, information,
signals, bits, syrobols, and chips that may be referenced throughout the above description
may be represented by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

[B087] The varnious illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
DSP, an ASIC, an FPGA or other programmable logic device, discrete gate or transistor
logic, discrete hardware componenis, or any combination thereof designed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontrolier, or
state machine. A processor may also be implemented as a combination of computing devices
{e.g., a combination of a DSP and a nucroprocessor, multiple microprocessors, one or more
microprocessors m conjunction with a DSP core, or any other such configuration).

{6688] The functions described herein may be implemented in hardware, sofiware executed
by a processor, {irmware, or any combination thereof. If implemented 1n sofiware executed
by a processor, the functions may be stored on or transmitted over as one or more mMstrucions
or code on a computer-readable medium. Other examples and implementations are within the
scope of the disclosure and appended claims. For example, due to the nature of software,
functions described above can be implemented using software executed by a processor,

hardware, firmware, hardwiring, or combinations of any of these. Features implementing
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functions may also be physically located at various positions, including being distributed
such that portions of functions are implemented at different physical locations. Also, as used
herein, including in the claims, * or © as used in a hist of tems (for example, a list of items
prefaced by a phrase such as “at least one of” or “one or more of ) indicates an inclusive list
such that, for example, a list of {at least one of A, B, or C|{ means A or B or C or AB or AC or
BC or ABC (i.e., A and B and C). As those of some skill in this art will by now appreciate and
depending on the particudar application at hand, many wodifications, subsiitations and
vanations can be made m and to the materials, apparatus, configurations and methods of use
of the devices of the present disciosure without departing from the spirit and scope thereof
In hght of this, the scope of the present disclosure should not be limited to that of the
particular embodiments iHlustrated and described herein, as they are merely by way of some
examples thereof, but rather, should be fully commensurate with that of the claims appended

hereafter and their functional equivalents.
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WHAT IS CLAIMED Is:

1. A method for wireless communication, the method comprising:

determining, at a first wireless communication device, that low-latency data is
avatlable;

transmitiing, from the first wireless communication device, the low-latency data
during a first symbol period of a first transnussion time interval (TT1), wherein at least one of
a pilot symbol or a control symbol is scheduled to be transmitted during the first symbol
period; and

iransmitting, from the first wireless conwnunication device, the at least one pilot
svmbol or conirol symbol during a second symbol period of the first TTH, wherein a data

symbol 1s scheduled 1o be transmitted during the second symboi period.

2. The method of claim 1, further coraprising:
elaying transmission of the at least one pilot symbol or conirol symbol from the first
svmbol period to the second symbol period.
3. The method of claim 1, further comprising:
transmitting information that the at least one pilot symbol or control symbol will be

transmitied during the second symbol period.
4, The method of claim 1, further comprising:
determining that the low-latency data i3 to be transmutted during the first symbol

period instead of the at least one control symbaol or a pilot symbol.

5. The method of claim 1, further comprising:

transmutting the data svrobol including one or more code blocks.

6. The method of claim 5, wherein transmutting the data symbol includes

transmitting the data symbol during the second symbol period of the first TTL

7. The method of claim 5, further comprising:
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transmitting information that a first subset of the one or more code blocks will be
transmitted during the second symbol period of the first TTL, and
fransmitiing the first subset of the one or more ¢ode blocks during the second symbol

period of the first TTL

3. The method of claim 7, further comprising:

transmutting information that a second subset of the one or more code blocks will be
transmitted during a subsequent svrubol period; and

transmitiing the second subset of the one or more code blocks during the subsequent

svrobol period.

9. The method of claim &, whergain the subsequent symbol period is in the first
TTL

10. The method of claim 8, wherein the subsequent symbol period is 10 the second
TTL

11 A method of wireless communication, the method comprising:

determining, at a first wireless communication device, that low-latency data is
available for transmission during a first transmission {ime interval (TT1);

transmitiing, from the first wireless communication device, the low-latency data
during a first symbol period of a first transnussion time interval (TT1), wherein at least one of
a pilot symbol or a control symbol is scheduled to be transmitted during the first symbol
period;

identifying, at the first wireless conmmunication device, a second syvmbol period for
transmission of the at least one pilot symbol or control symbol, wherein a data symbol is
scheduled for transmussion during the second symbol period; and

transmutting, from the fivst wireless commumnication device, a notification message
that the at least one pilot symbol or control symbol will be transmitted during the second

symbol period.

12. The method of claim 11, wherein identifying the second svmbol period

includes identifying the second symbol period in the first TTL
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13. The method of claim 11, wherein identifying the second symbol period

mncludes wdentifying the second symbol period in a second TT1

14, The method of claim 11, wherein transmitting the notification message

mchudes transmitting the notification message over a control channel.

15. The method of claim 11, further comprising:
transmitting the at least one pilot symbol or control symbol during the second symbol

period.

16. The method of claim 15, wherein transmitting the at least one pilot symbol or
control svmbol includes transmitting the at least one pilot symbol or control symbols during
the second symbol period instead of a data symbol that is scheduled to be transmitted duning

the second symbol period.

17. The method of claim 15, wherein {ransmitting the at least one pilot symbol or
control symbol during the second symbol period includes delaying transnission of the at least

one pilot symbol or control from the first symbol period to the second symbol period.

18. The method of claim 11, wherein fransmitting the notification message
ncludes transmitting the notification message including a number of symbol periods,
between the first symbol period and the second symbaol period, for which transmission of the

at least one pilot symbol or control symbol is delayed.

19. The method of claim 11, wherein

transmitting the low-latency data includes transmitting the low-latency data over a
data channel: and

transmitting the notification message includes transnutting the notification message

over a control channel.

20, The method of claim 19, further comprising:
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deternuining that the low-latency data is to be transmutted during the first symbol
period instead of the at least one control symbeol or a pilot symbol that is scheduled to be

transmitted during the first symbol period.

21 A method for wireless communication, the method comprising:

determining, at a first wireless communication device, that low-latency data is
available for transmission;

transmitting, from the first wireless communication device, the low-latency data
during a first svmbol period of a first transmusston time interval {TTI), wherein at least one of
a pilot symbol or a control symbol is scheduled to be transmitted during the first svmbol
period;

transmitting, from the first wireless communication device, the at least one pilot
symbol or control symbol during a second symbol period of the first TTL wherein a data
symbol baving one or more code blocks 1s scheduled to be transnutted during the second
symbol period;

transmtting, from the first wireless communication device, a first subset of the one or
more code blocks of the data symbol during a second symbol period in the first TTY; and

iransmitting, from the first wireless communication device, a second subset of the one
or more code blocks of the data symbol during a symbol period subsequent to the second

sy mbol period of the first TTL

22, The method of claira 21, further coraprising:

transmuitting a first notification message that the first subset of the one or more code
blocks will be transmitied dunng the second symbol period of the first TTI, and

iransmitting a second notification message that the second subset of the one or more

code blocks will be transmitted during the subsequent symbol period.

23 The method of claim 22, wherein the subsegquent symbol period is in the first
TTL
24, The method of claim 22, wherein the subsequent symbol penod is i the

second TTL
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25. The method of claim 22, further comprising:
transmitting a control symbol and/or a pilot symbol during a first symbol period in the
second TTI, the first symbol period mn the second TTI preceding the subsequent symbol

period in the second TTL

26.  The method of claim 22, wherein transmitting the first notification message
mcludes transmitling the notification message including a number of symbol periods,
between the first symbol period and the second symbol period, for which transmission of the

first subset of the one or more code blocks is delayed.

27. A wireless coromunication device, comprising:
a transmitter;
an electronic memory; and
a processor coupled to the fransmitier and to the electronic memory, the processor
configured to:
deternune that low-latency data is available for transmission;
transmut the low-latency data during a first symbol period of a first
transrssion fime interval (TT1), wherein a pilot symbol and/or a control symbol i1s scheduled
10 be transmitied during the first symbol period; and
fransmit the pilot symbol and/or control symbol during a second symbol
period of the first TTL, wherein a data symbol 13 scheduled to be transmitied during the

second symbol period.

28. The device of claim 27, wherein the processor is configured to transmit a
notification ruessage to another wireless communication device over a control channel, the
notification message informing the another wireless communication device that the pilot

sy mbol and/or control symbol will be transmitted during the second symbol period.
29 The device of claim 28, wherein the notification message ncludes a nuraber of

symbol periods, between the first symbol period and the second symbol period, for which

transmission of the pilot symbol and/or control symbol s delayed.

26
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36. The device of claim 27, wherein the processor 15 configured to delay
transmission of the pilot symbol and/or control symbol from the first symbol period to the

second symbol period.

27
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