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PARALLEL LOW LATENCY AWARENESS 

CROSS REFERENCES 

0001. The present application for patent claims priority to 
U.S. Provisional Patent Application No. 62/165,783, entitled 
“Parallel ULL Awareness.” filed May 22, 2015 and U.S. Pro 
visional Patent Application No. 62/113,066, entitled “Parallel 
ULL Awareness.” filed Feb. 6, 2015, assigned to the assignee 
hereof, and expressly incorporated by reference herein. 

BACKGROUND 

0002 The following relates generally to wireless commu 
nication and more specifically to parallel low latency aware 
ness in wireless communications systems. 
0003 Wireless communications systems are widely 
deployed to provide various types of communication content 
Such as Voice, video, packet data, messaging, broadcast, and 
so on. These systems may be multiple-access systems capable 
of Supporting communication with multiple users by sharing 
the available system resources (e.g., time, frequency, and 
power). Examples of Such multiple-access systems include 
code division multiple access (CDMA) systems, time divi 
sion multiple access (TDMA) systems, frequency division 
multiple access (FDMA) systems, and orthogonal frequency 
division multiple access (OFDMA) systems. 
0004. By way of example, a wireless multiple-access com 
munications system may include a number of base stations, 
each simultaneously supporting communication for multiple 
communication devices, which may be otherwise known as 
user equipment (UES). A base station may communicate with 
the communication devices on downlink channels (e.g., for 
transmissions from a base station to a UE) and uplink chan 
nels (e.g., for transmissions from a UE to a base station). 
0005 Wireless multiple-access technologies have been 
adopted in various telecommunication standards to provide a 
common protocol that enables different wireless devices to 
communicate on a municipal, national, regional, and even 
global level. An example telecommunication standard is 
Long Term Evolution (LTE). LTE is designed to improve 
spectral efficiency, lower costs, improve services, make use of 
new spectrum, and better integrate with other open standards. 
LTE may use OFDMA on the downlink (DL), single-carrier 
frequency division multiple access (SC-FDMA) on the 
uplink (UL), and multiple-input multiple-output (MIMO) 
antenna technology. 
0006 A wireless communications system may utilize low 
latency operation to increase the throughput of a communi 
cation link. In some cases, low latency operation may occur 
concurrently with non-low latency operation. If a device 
receiving a non-low latency communication is unaware of the 
low latency communication, the low latency communication 
may interfere with the ability of the receiving device to 
decode all of the information in the non-low latency commu 
nication. 

SUMMARY 

0007 Systems, methods, and apparatuses for parallel low 
latency (low latency) awareness are described. A receiving 
device may detect a signal associated with low latency trans 
missions and decode a non-low latency communication 
accordingly. In some cases, the receiving device may receive 
an indicator from a transmitting device that informs the 
receiving device where and when low latency communica 
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tions are occurring. For instance, the indication may disclose 
the frequency resources that are utilized by the low latency 
communication and which symbols are being used. The indi 
cator may be transmitted during the same Subframe as the low 
latency communication, at the end of a subframe or during a 
Subsequent Subframe. The receiving device may use the indi 
cator to mitigate low latency interference, generate channel 
estimates, and reliably decode the non-low latency commu 
nication. In some cases, the interfering low latency commu 
nication may occur within the serving cell of the receiving 
device; while in other cases, the interfering low latency com 
munication may occur in a neighboring cell. 
0008. A method of wireless communication is described. 
The method may include receiving a data channel during a 
first transmission time interval (TTI) utilizing resources in a 
data region, receiving an indication that a low latency trans 
mission is presentin at least a portion of the data region within 
the first TTI, wherein the low latency transmission is based at 
least in part on a second TTI and decoding the data channel 
based at least in part on the indication. 
0009. An apparatus for wireless communication is 
described. The apparatus may include means for receiving a 
data channel during a first transmission time interval (TTI) 
utilizing resources in a data region, means for receiving an 
indication that a low latency transmission is present in at least 
a portion of the data region within the first TTI, wherein the 
low latency transmission is based at least in part on a second 
TTI and means for decoding the data channel based at least in 
part on the indication. 
0010. A further apparatus is described. The apparatus may 
include a processor, memory in electronic communication 
with the processor, and instructions stored in the memory. The 
instructions may be operable to cause the processor to receive 
a data channel during a first transmission time interval (TTI) 
utilizing resources in a data region, receive an indication that 
a low latency transmission is present in at least a portion of the 
data region within the first TTI, wherein the low latency 
transmission is based at least in part on a second TTI and 
decode the data channel based at least in part on the indica 
tion. 
0011. A non-transitory computer readable medium for 
wireless communication is described. The non-transitory 
computer-readable medium may include instructions to cause 
a processor to receive a data channel during a first transmis 
sion time interval (TTI) utilizing resources in a data region, 
receive an indication that a low latency transmission is 
present in at least a portion of the data region within the first 
TTI, where the low latency transmission is based on a second 
TTI and decode the data channel based on the indication. 
0012 Some examples of the method, apparatus, or non 
transitory computer-readable medium described above may 
further include processes, features, means, or instructions for 
generating an interference estimate based on the indication. 
Some examples of the method, apparatus, or non-transitory 
computer-readable medium described above may further 
include processes, features, means, or instructions for identi 
fying one or more null tones during the first TTI, where the 
identified null tones are only present in a Subset of frequency 
subbands used by the data channel or a subset of time units 
used by the data channel, and where generating the interfer 
ence estimate is based on the one or more null tones. 
0013 Some examples of the method, apparatus, or non 
transitory computer-readable medium described above may 
further include processes, features, means, or instructions for 
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mapping a set of modulation symbols of the data channel into 
a set of resources including the portion of the data region 
within the first TTI. Some examples of the method, apparatus, 
or non-transitory computer-readable medium described 
above may further include processes, features, means, or 
instructions for mapping a set of modulation symbols of the 
data channel into a set of resources excluding the portion of 
the data region within the first TTI. 
0014. In some examples of the method, apparatus, or non 
transitory computer-readable medium described above, the 
indication is received in a broadcast message or a unicast 
message. In some examples of the method, apparatus, or 
non-transitory computer-readable medium described above, 
the indication is received subsequent to the first TTI or the 
second TTI. In some examples of the method, apparatus, or 
non-transitory computer-readable medium described above, 
the indication is received during one or more control channel 
symbol periods. 
0015. In some examples of the method, apparatus, or non 
transitory computer-readable medium described above, the 
low latency transmission is directed toward a different wire 
less device. In some examples of the method, apparatus, or 
non-transitory computer-readable medium described above, 
the low latency transmission is from a same cell as the data 
channel. In some examples of the method, apparatus, or non 
transitory computer-readable medium described above, the 
low latency transmission is from a different cell than the data 
channel. In some examples of the method, apparatus, or non 
transitory computer-readable medium described above, the 
indication is received via a base station backhaul link. 
0016. In some examples of the method, apparatus, or non 
transitory computer-readable medium described above, the 
first TTI comprises a Long Term Evolution (LTE) subframe. 
In Some examples of the method, apparatus, or non-transitory 
computer-readable medium described above, the second TTI 
comprises an LTE symbol period. In some examples of the 
method, apparatus, or non-transitory computer-readable 
medium described above, the portion comprises a number of 
resource blocks. In some examples of the method, apparatus, 
or non-transitory computer-readable medium described 
above, the indication is received from a serving base station. 
0017. In some examples of the method, apparatus, or non 
transitory computer-readable medium described above, the 
indication is received from a neighboring base station. In 
Some examples of the method, apparatus, or non-transitory 
computer-readable medium described above, the indication 
comprises a semi-static configuration. 
0018. The conception and specific examples disclosed 
may be readily utilized as a basis for modifying or designing 
other structures for carrying out the same purposes of the 
present disclosure. Such equivalent constructions do not 
depart from the scope of the appended claims. Characteristics 
of the concepts disclosed herein, both their organization and 
method of operation, together with associated advantages 
will be better understood from the following description 
when considered in connection with the accompanying fig 
ures. Each of the figures is provided for the purpose of illus 
tration and description only, and not as a definition of the 
limits of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. A further understanding of the nature and advan 
tages of the present disclosure may be realized by reference to 
the following drawings. In the appended figures, similar com 
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ponents or features may have the same reference label. Fur 
ther, various components of the same type may be distin 
guished by following the reference label by a dash and a 
second label that distinguishes among the similar compo 
nents. If just the first reference label is used in the specifica 
tion, the description is applicable to any one of the similar 
components having the same first reference label irrespective 
of the second reference label. 
0020 FIG. 1 illustrates an example of a wireless commu 
nications system that Supports parallel low latency awareness 
in accordance with various aspects of the present disclosure; 
(0021 FIGS. 2A and 2B illustrate examples of wireless 
communications systems that Support parallel low latency 
awareness in accordance with various aspects of the present 
disclosure; 
0022 FIG. 3 illustrates an example of a channel structure 
that Supports parallel low latency awareness in accordance 
with various aspects of the present disclosure; 
0023 FIGS. 4A and 4B illustrate examples of process 
flows within a system or systems that Support parallel low 
latency awareness in accordance with various aspects of the 
present disclosure; 
0024 FIG. 5 shows a block diagram of a wireless device 
that Supports parallel low latency awareness in accordance 
with various aspects of the present disclosure; 
0025 FIG. 6 shows a block diagram of a wireless device 
that Supports parallel low latency awareness in accordance 
with various aspects of the present disclosure; 
0026 FIG. 7 shows a block diagram of a wireless device 
that Supports parallel low latency awareness in accordance 
with various aspects of the present disclosure; 
0027 FIG. 8 illustrates a block diagram of a system 
including a device that Supports parallel low latency aware 
ness in accordance with various aspects of the present disclo 
Sure; 
0028 FIG. 9 illustrates a block diagram of a system 
including a base station that Supports parallel low latency 
awareness in accordance with various aspects of the present 
disclosure; and 
(0029 FIGS. 10 through 15 illustrate methods for parallel 
low latency awareness in accordance with various aspects of 
the present disclosure. 

DETAILED DESCRIPTION 

0030 A wireless system may utilize low latency commu 
nications to increase the throughput of a communication link 
and to Support latency-intolerant communications. Low 
latency communications may utilize transmission time inter 
vals (TTIs) that are significantly shorter than 1 ms, thereby 
considerably reducing latency and increasing scheduling 
flexibility. A wireless system that utilizes both low latency 
and non-low latency communications may experience low 
latency interference during non-low latency operations. 
Therefore, a receiving device may detect an indication of low 
latency interference to mitigate potentially deleterious effects 
associated with low latency communications. Since a non 
low latency transmission may, for example, be scheduled at 
the beginning of a 1 ms subframe, while low latency traffic 
may be scheduled on a per symbol basis, the receiving device 
may wait until the end of the subframe before decoding the 
received data. An indication of low latency traffic may be 
included in the end (e.g., in the last several symbols) of a 
Subframe, in a control region of a Subsequent Subframe (e.g., 
in the first several symbols of a subsequent subframe), in the 
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middle of a subframe (e.g., near a slotboundary), and the like. 
The receiving device may additionally utilize the indication 
of low latency interference for symbol and block dependent 
interference estimation. 

0031. A wireless system may employ a dual TTI structure 
on one or more carriers (e.g., time division duplexing (TDD) 
or frequency division duplexing (FDD) carriers). Symbol 
length TTIs (or other sub-subframe TTIs) may be referred to 
as low latency TTIs and may be organized within particular 
subframes of TDD frame. These subframes may be referred to 
as low latency subframes, they may be scheduled at the sub 
frame level for transmissions in one direction (e.g., uplink 
(UL) or downlink (DL)), and they may include multiple low 
latency symbols scheduled for both UL and DL transmis 
sions. Because low latency Subframes may contain both DL 
and UL low latency symbols, transmission, and reception by 
the same device is possible within either a DL or UL sub 
frame. Moreover, because the numerology of such low 
latency symbols may be consistent with numerology for non 
low latency system operation, low latency-capable devices 
can utilize the low latency symbols while non-low latency 
devices can readily ignore the symbols. As described herein, 
a system may leverage LTE numerology (e.g., timing, TTI 
structure, etc.) to minimize implementation effort and foster 
backwards compatibility. For instance, in certain systems 
Supporting low latency may include a 15 kHz tone spacing 
and a cyclic prefix (CP) duration of roughly 71 us. This 
approach may thus provide for integration of both low latency 
devices and non-low latency or legacy devices (e.g., devices 
operating according to earlier versions of an LTE standard). 
0032. As mentioned above, and as further described 
herein, a low latency TTI structure may significantly reduce 
latency in a wireless system and increase scheduling flexibil 
ity. For example, as compared to an LTE system without a low 
latency TTI Structure, latency may be reduced from approxi 
mately 4 ms to approximately 300 us. This represents more 
than an order of magnitude reduction in latency. Because a 
TTI for each low latency period may be a single symbol 
period, a potential latency reduction of 12x or 14x (for 
extended CP and normal CP respectively) may be realized. 
0033. In some cases, systems that support low latency 
transmission can accommodate up to eight (8) hybrid auto 
matic repeat request (HARO) processes. In other cases, more 
than eight (8) HARQ processes may be supported. However, 
in a system utilizing both non-low latency and low latency 
communications, low latency operations may also introduce 
interference to non-low latency communications. In some 
cases, a low latency transmission utilizes resources that have 
been assigned to or interfere with a non-low latency commu 
nication. For instance, on the uplink, resources assigned to a 
low latency transmission may overlap with resource blocks 
(RBS) assigned to a non-low latency UL transmission. A low 
latency DL transmission may puncture or occupy resource 
blocks assigned to a non-low latency DL transmission, for 
example. In some cases, because control information associ 
ated with non-low latency communication is transmitted 
before a low latency transmission, the control information 
may not include sufficient information to decode all of the 
information in the non-low latency communication. 
0034. In order to mitigate interference from low latency 
and non-low latency coexistence, and to facilitate decoding of 
data, a device may detect low latency operation within the 
system. In some cases, a low latency-aware device may use 
blind detection to detect low latency operation. In other cases, 
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a low latency-aware device may receive a signal alerting the 
device to the presence of low latency in some symbols or RBs. 
For instance, a low latency indicator may be sent to a device 
that may specify where low latency operation is enabled for a 
serving cell. The low latency indicator may also indicate 
whether low latency operation is enabled in a neighboring 
cell. This indication may be signaled semi-statically or 
dynamically and may occur in the uplink or downlink, and it 
may be included with a data region of the subframe or in a 
Subsequent Subframe, or both. 
0035. The low latency indicator may have granularity in 
both the frequency or time domain. For instance, the fre 
quency domain may include resource blocks under which low 
latency operation may be performed. Each block may be 
about 5 MHz, for example. As another example, each block 
may be a resource block. In the time domain, symbol level 
indication may be used to identify low latency operation in a 
Subframe. In some examples, backhaul links may be used to 
exchange low latency indicators between base stations, and 
inter-cell coordination may minimize the impact of low 
latency operation. For instance, broadcast information may 
be transmitted using resources that do not coincide with the 
low latency transmission. 
0036. In some cases, a 1 ms physical downlink shared 
channel (PDSCH) transmission (e.g., a non-low latency 
transmission) may be scheduled at the beginning of a Sub 
frame, while low latency traffic may be scheduled on a per 
symbol basis (e.g., during a subframe). Therefore, a low 
latency indicator may be signaled at the end of the subframe 
or in a Subsequent subframe to accommodate all low latency 
traffic that may occur during the 1 mS transmission. Conse 
quently, a receiving device may wait until the end of the 1 mS 
subframe before attempting to decode a received PDSCH 
transmission. Additionally or alternatively, one or more low 
latency indicators may be signaled in the middle of the Sub 
frame (e.g., in a data region of the subframe) to accommodate 
low latency traffic that may occur before the respective indi 
cator. Consequently, a receiving device may attempt to 
decode a part of a received PDSCH transmission before each 
respective low latency indicator. In some cases, a low latency 
aware device may decode multiple sets of control information 
before decoding a PDSCH transmission. The presence of 
Such control information, which may include one or more 
additional control channels in the data region of a subframe, 
may be used by a low latency-aware device to facilitate early 
(e.g., faster) decoding of a PDSCH transmission. 
0037. By way of example, a low latency-aware device may 
decode a first set of control information that is associated with 
the scheduled PDSCH and one or more additional sets of 
control information that provide information about certain 
symbols or RBs that have been scheduled for low latency 
operation (e.g., a low latency operation may have been sched 
uled following the PDSCH scheduling.) In some cases, the 
first set of control information may be omitted—e.g., when 
semi-persistent scheduling (SPS) is used to schedule the 
PDSCH to a device. Semi-static signaling for low latency 
operation may also be utilized to signal to a device that low 
latency operation may exist in specific RBS in a subframe. In 
Some examples, the first control channel may be a physical 
downlink control channel (PDCCH) or an enhanced PDCCH 
(EPDCCH), while a second control channel may be a 
PDCCH or a similar UE-specific channel; as discussed below, 
a broadcast or multicast channel may also be employed to 
provide a low latency indication. The PDSCH may be rate 
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matched around the resource elements (REs) used by low 
latency operation or may be punctured by REs used by low 
latency transmission. A receiving device may update channel 
estimates accordingly to increase decoding probability. 
0038. In other cases, a low latency-aware device may use 
the low latency indicator for at least one of symbol or block 
dependent interference estimation. For instance, a low 
latency-aware device may indicate that null tones are inserted 
into determined symbols and blocks based on a low latency 
indicator to improve interference estimation. The indication 
may be signaled semi-statically or dynamically. The indica 
tion of low latency operations in neighboring cells may be 
signaled in the middle of subframe, at the end of a subframe, 
or in a Subsequent subframe, or in all three, for example. 
Therefore, the device may decode multiple sets of control 
information to facilitate, and prior to, PDSCH decoding. The 
device may, in Some instances, decode the first set of control 
information that schedules the PDSCH and a second set of 
control information providing information about certain sym 
bols or RBs using low latency operation in neighboring cells 
or the use of null tones in symbols or resource blocks (RBs) 
on the PDSCH to improve enhanced PDCCH or PDSCH 
demodulation. Semi-static signaling may be used to indicate 
to a device that low latency operation is present in pre-deter 
mined symbols or RBs for a subframe. A device may use this 
information to update interference estimates accordingly. 
0039. The following description provides examples, and is 
not limiting of the scope, applicability, or examples set forth 
in the claims. Changes may be made in the function and 
arrangement of elements discussed without departing from 
the scope of the disclosure. Various examples may omit, 
Substitute, or add various procedures or components as appro 
priate. For instance, the methods described may be performed 
in an order different from that described, and various steps 
may be added, omitted, or combined. Also, features described 
with respect to Some examples may be combined in other 
examples. 
0040 FIG. 1 illustrates an example of a wireless commu 
nications system 100 that supports parallel low latency 
awareness in accordance with various aspects of the present 
disclosure. The wireless communications system 100 
includes base stations 105, user equipment (UE) 115, and a 
core network 130. The core network 130 may provide user 
authentication, access authorization, tracking, internet proto 
col (IP) connectivity, and other access, routing, or mobility 
functions. The base stations 105 interface with the core net 
work 130 through backhaul links 132 (e.g., S1, etc.). The base 
stations 105 may perform radio configuration and scheduling 
for communication with the UEs 115, or may operate under 
the control of a base station controller (not shown). In various 
examples, the base stations 105 may communicate, either 
directly or indirectly (e.g., through core network 130), with 
one another over backhaul links 134 (e.g. X1, etc.), which 
may be wired or wireless communication links. In some 
cases, base stations 105 may communication with one 
another indications associated with low latency scheduling. 
0041. The base stations 105 may wirelessly communicate 
with the UEs 115 via one or more base station antennas. Some 
base stations 105 may communication with UEs 115 utilizing 
low latency transmissions. Each of the base stations 105 may 
provide communication coverage for a respective geographic 
coverage area 110. In some examples, base stations 105 may 
be referred to as a base transceiver Station, a radio base sta 
tion, an access point, a radio transceiver, a NodeB, eNodeB 
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(eNB), Home NodeB, a Home eNodeB, or some other suit 
able terminology. The geographic coverage area 110 for a 
base station 105 may be divided into sectors making up only 
a portion of the coverage area (not shown). The wireless 
communications system 100 may include base stations 105 of 
different types (e.g., macro or Small cell base stations). There 
may be overlapping geographic coverage areas 110 for dif 
ferent technologies 
0042. In some examples, the wireless communications 
system 100 is a Long Term Evolution (LTE)/LTE-Advanced 
(LTE-A) network. In LTE/LTE-A networks, the term evolved 
node B (eNB) may be generally used to describe the base 
stations 105. The wireless communications system 100 may 
be a heterogeneous LTE/LTE-A network in which different 
types of eNBS provide coverage for various geographical 
regions. For example, each eNB or base station 105 may 
provide communication coverage for a macro cell, a small 
cell, or other types of cell. The term “cell” is a 3GPP term that 
can be used to describe a base station, a carrier, or component 
carrier associated with a base station, or a coverage area (e.g., 
sector, etc.) of a carrier or base station, depending on context. 
0043. A macro cell generally covers a relatively large geo 
graphic area (e.g., several kilometers in radius) and may allow 
unrestricted access by UEs 115 with service subscriptions 
with the network provider. A small cell is a lower-powered 
base station, as compared with a macro cell, that may operate 
in the same or different (e.g., licensed, unlicensed, etc.) fre 
quency bands as macro cells. Small cells may include pico 
cells, femto cells, and micro cells according to various 
examples. A pico cell, for example, may cover a small geo 
graphic area and may allow unrestricted access by UEs 115 
with service subscriptions with the network provider. A femto 
cell may also cover a small geographic area (e.g., a home) and 
may provide restricted access by UEs 115 having an associa 
tion with the femto cell (e.g., UEs 115 in a closed subscriber 
group (CSG), UEs 115 for users in the home, and the like). An 
eNB for a macro cell may be referred to as a macro eNB. An 
eNB for a small cell may be referred to as a small celleNB, a 
pico eNB, a femto eNB, or a home eNB. An eNB may support 
one or multiple (e.g., two, three, four, and the like) cells (e.g., 
component carriers). 
0044) The wireless communications system 100 may sup 
port synchronous or asynchronous operation. For synchro 
nous operation, the base stations 105 may have similar frame 
timing, and transmissions from different base stations 105 
may be approximately aligned in time. For asynchronous 
operation, the base stations 105 may have different frame 
timing, and transmissions from different base stations 105 
may not be aligned in time. The techniques described herein 
may be used for either synchronous or asynchronous opera 
tions. 

0045. The communication networks that may accommo 
date some of the various disclosed examples may be packet 
based networks that operate according to a layered protocol 
stack and data in the user plane may be based on the IP. A 
radio link control (RLC) layer may perform packet segmen 
tation and reassembly to communicate over logical channels. 
A medium access control (MAC) layer may perform priority 
handling and multiplexing of logical channels into transport 
channels. The MAC layer may also use HARQ to provide 
retransmission at the MAC layer to improve link efficiency. In 
the control plane, the radio resource control (RRC) protocol 
layer may provide establishment, configuration, and mainte 
nance of an RRC connection between a UE 115 and the base 
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stations 105. The RRC protocol layer may also be used for 
core network 130 support of radio bearers for the user plane 
data. At the physical (PHY) layer, the transport channels may 
be mapped to physical channels. 
0046. The UEs 115 may be dispersed throughout the wire 
less communications system 100 and each UE 115 may be 
stationary or mobile. A UE 115 may also include or be 
referred to by those skilled in the art as a mobile station, a 
subscriber station, a mobile unit, a subscriber unit, a wireless 
unit, a remote unit, a mobile device, a wireless device, a 
wireless communications device, a remote device, a mobile 
Subscriber station, an access terminal, a mobile terminal, a 
wireless terminal, a remote terminal, a handset, a user agent, 
a mobile client, a client, or some other Suitable terminology. 
A UE115 may be a cellular phone, a personal digital assistant 
(PDA), a wireless modem, a wireless communication device, 
a handheld device, a tablet computer, a laptop computer, a 
cordless phone, a wireless local loop (WLL) station, or the 
like. A UE 115 may be able to communicate with various 
types of base stations and network equipment including 
macro eNBs, small cell eNBs, relay base stations, and the 
like. Some of the UEs 115 may support low latency transmis 
Sion, Some UES 115 may support low latency awareness, and 
some UEs 115 may support both. 
0047. The communication links 125 shown in wireless 
communications system 100 may include UL transmissions 
from a UE 115 to a base station 105, or DL transmissions, 
from a base station 105 to a UE 115. The downlink transmis 
sions may also be called forward link transmissions while the 
uplink transmissions may also be called reverse link trans 
missions. Each communication link 125 may include one or 
more carriers, where each carrier may be a signal made up of 
multiple Sub-carriers (e.g., waveform signals of different fre 
quencies) modulated according to the various radio technolo 
gies described herein. Each modulated signal may be sent on 
a different Sub-carrier and may carry control information 
(e.g., reference signals, control channels, etc.), overhead 
information, user data, etc. The communication links 125 
may transmit bidirectional communications using frequency 
division duplex (FDD) (e.g., using paired spectrum 
resources) or time division duplex (TDD) operation (e.g., 
using unpaired spectrum resources). Frame structures may be 
defined for FDD (e.g., frame structure type 1) and TDD (e.g., 
frame structure type 2). In some cases, the communication 
links 125 include low latency transmissions between base 
Stations 105 and UES 115. 

0048 Wireless communications system 100 may support 
operation on multiple cells or carriers, a feature which may be 
referred to as carrier aggregation (CA) or multi-carrier opera 
tion. A carrier may also be referred to as a component carrier 
(CC), a layer, a channel, etc. The terms “carrier.” “component 
carrier.” “cell.” and “channel may be used interchangeably 
herein. A UE 115 may be configured with multiple downlink 
CCs and one or more uplink CCs for carrier aggregation. 
Carrier aggregation may be used with both FDD and TDD 
component carriers. 
0049. The system 100 may utilize orthogonal frequency 
division multiple access (OFDMA) on the DL and single 
carrier frequency division multiple access (SC-FDMA) on 
the UL. OFDMA and SC-FDMA partition the system band 
width into multiple (K) orthogonal subcarriers, which are also 
commonly referred to as tones or bins. Each Subcarrier may 
be modulated with data. The spacing between adjacent Sub 
carriers may be fixed, and the total number of subcarriers (K) 
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may be dependent on the system bandwidth. For example, K 
may be equal to 72, 180, 300, 600, 900, or 1200 with a 
subcarrier spacing of 15 kilohertz (KHZ) for a corresponding 
system bandwidth (with guardband) of 1.4.3, 5, 10, 15, or 20 
megahertz (MHz), respectively. The system bandwidth may 
also be partitioned into sub-bands. For example, a sub-band 
may cover 1.08 MHz, and there may be 1, 2, 4, 8, or 16 
sub-bands. 

0050 Data may be divided intological channels, transport 
channels, and physical layer channels. Channels may also be 
classified into Control Channels and Traffic Channels. Logi 
cal control channels may include paging control channel 
(PCCH) for paging information, broadcast control channel 
(BCCH) for broadcast system control information, multicast 
control channel (MCCH) for transmitting multimedia broad 
cast multicast service (MBMS) scheduling and control infor 
mation, dedicated control channel (DCCH) for transmitting 
dedicated control information, common control channel 
(CCCH) for random access information, dedicated traffic 
channel (DTCH) for dedicated UE data, and multicast traffic 
channel (MTCH), for multicast data. DL transport channels 
may include broadcast channel (BCH) for broadcast informa 
tion, a downlink shared channel (DL-SCH) for data transfer, 
paging channel (PCH) for paging information, and multicast 
channel (MCH) for multicast transmissions. UL transport 
channels may include random access channel (RACH) for 
access and uplink shared channel (UL-SCH) for data. DL 
physical channels may include physical broadcast channel 
(PBCH) for broadcast information, physical control format 
indicator channel (PCFICH) for control format information, 
physical downlink control channel (PDCCH) for control and 
scheduling information, physical HARO indicator channel 
(PHICH) for HARQ status messages, physical downlink 
shared channel (PDSCH) for user data and physical multicast 
channel (PMCH) for multicast data. UL physical channels 
may include physical random access channel (PRACH) for 
access messages, physical uplink control channel (PUCCH) 
for control data, and physical uplink shared channel 
(PUSCH) for user data. 
0051 PDCCH may carry downlink control information 
(DCI) in control channel elements (CCEs), which may con 
sist of nine logically contiguous resource element groups 
(REGs), where each REG contains 4 resource elements 
(REs). DCI may include information regarding DL schedul 
ing assignments, UL resource grants, transmission Scheme, 
UL power control, HARQ information, modulation and cod 
ing scheme (MCS) and other information. The size and for 
mat of the DCI messages can differ depending on the type and 
amount of information that is carried by the DCI. For 
example, if spatial multiplexing is Supported, the size of the 
DCI message is large compared to contiguous frequency allo 
cations. Similarly, for a system that employs MIMO, the DCI 
must include additional signaling information. DCI size and 
format depend on the amount of information as well as factors 
Such as bandwidth, the number of antenna ports, and duplex 
ing mode. 
0.052 PDCCH can carry DCI messages associated with 
multiple users, and each UE 115 may decode the DCI mes 
sages that are intended for it. For example, each UE 115 may 
be assigned a cell radio network temporary identity (C-RNTI) 
and CRC bits attached to each DCI may be scrambled based 
on the C-RNTI. To reduce power consumption and overhead 
at the user equipment, a limited set of control channel element 
(CCE) locations can be specified for DCI associated with a 
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specific UE 115. CCEs may be grouped (e.g., in groups of 1. 
2, 4 and 8 CCEs), and a set of CCE locations in which the user 
equipment may find relevant DCI may be specified. These 
CCES may be known as a search space. The search space can 
be partitioned into two regions: a common CCE region or 
search space and a UE-specific (dedicated) CCE region or 
search space. The common CCE region is monitored by all 
UEs served by a base station 105 and may include informa 
tion Such as paging information, system information, random 
access procedures, and the like. The UE-specific search space 
may include user-specific control information. A UE115 may 
attempt to decode DCI by performing a process known as a 
blind decode, during which search spaces are randomly 
decoded until the DCI is detected. 

0053 HARQ may be a method of ensuring that data is 
received correctly over a wireless communication link 125. 
HARO may include a combination of error detection (e.g., 
using a cyclic redundancy check (CRC)), forward error cor 
rection (FEC), and retransmission (e.g., automatic repeat 
request (ARQ)). HARQ may improve throughput at the MAC 
layer in poor radio conditions (e.g., signal-to-noise condi 
tions). Non-low latency HARQ may include a delay of 4 ms 
between each step of a HARQ process (e.g., transmission, 
feedback, retransmission), whereas low latency operation 
may enable a reduced latency of 4 symbol periods (approxi 
mately 300Ls). 
0054. A frame structure may be used to organize physical 
resources. A frame may be a 10 ms interval that may be 
further divided into 10 equally sized sub-frames. Each sub 
frame may include two consecutive time slots. Each slot may 
include 6 or 7 OFDMA symbol periods. A resource element 
consists of one symbol period and one Subcarrier (e.g., a 15 
KHZ frequency range). A resource block may contain 12 
consecutive Subcarriers in the frequency domain and, for a 
normal cyclic prefix in each OFDM symbol, 7 consecutive 
OFDM symbols in the time domain (1 slot), or 84 resource 
elements. Some resource elements may include DL reference 
signals (DL-RS). The DL-RS may include a cell-specific 
reference signals (CRS) and a UE-specific RS (UE-RS). UE 
RS may be transmitted on the resource blocks associated with 
PDSCH. The number of bits carried by each resource element 
may depend on the modulation scheme (the configuration of 
symbols that may be selected during each symbol period). 
Thus, the more resource blocks that a UE receives and the 
higher the modulation Scheme, the higher the data rate may be 
for the UE. 

0055 Time intervals in LTE may be expressed in multiples 
of a basic time unit (e.g., the sampling period, Ts=1/30,720, 
000 seconds). Time resources may be organized according to 
radio frames of length of 10 ms (Tf-307200-Ts), which may 
be identified by a system frame number (SFN) ranging from 
0 to 1023. Each frame may include ten 1 ms subframes 
numbered from 0 to 9. A subframe may be further divided into 
two 0.5 ms slots, each of which contains 6 or 7 modulation 
symbol periods (depending on the length of the cyclic prefix 
prepended to each symbol). Excluding the cyclic prefix, each 
symbol contains 2048 sample periods. In some cases the 
Subframe may be the Smallest scheduling unit, also known as 
a transmission time interval (TTI). In other cases, a TTI may 
be shorter than a subframe or may be dynamically selected 
(e.g., in short TTI bursts or in selected component carriers 
using short TTIs). For example, some TTIs may have a dura 
tion of one or a few symbol periods. 
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0056. In some cases, the wireless communication system 
100 may use 1 ms transmit time intervals (TTIs) (i.e., a 
Subframe) for sending and receiving data during a non-low 
latency communication. A set of resource may be allocated to 
a transmitting base station 105 or UE 115 for a TTI. During 
this time a transmission from the transmitting device may 
occupy those resources. At the beginning of the TTI, the base 
station 105 may include a grant that contains control infor 
mation (e.g., channel estimates, interference estimates, MCS. 
resource allocation, etc.) indicating which resources have 
been assigned to a receiving device during that TTI. The 
receiving device may then use the control information to find 
and decode the correct resources. In some cases, a low latency 
communication may use TTIs that are significantly shorter 
than 1 ms (e.g., 71 or 83 us). These shorter TTIs may allow for 
greater scheduling flexibility. 
0057 UEs 115 within a system that uses both low latency 
operation and non-low latency communication may experi 
ence performance degradation. Since a low latency transmis 
sion utilizes short TTIs, the transmission may be scheduled 
during an ongoing non-low latency TTI. In some cases, the 
low latency transmission may be allocated resources that 
interfere with or have already been scheduled to a non-low 
latency transmission. In one example, a base station 105 may 
transmit a non-low latency transmission to a first UE 115. The 
base station 105 may subsequently schedule a low latency 
transmission to a second UE 115 during the non-low latency 
transmission. In some cases, the low latency transmission 
may puncture the resources allocated to the non-low latency 
transmission, which may tend to cause interference for the 
first UE 115. For example, if the first UE 115 attempts to 
decode the non-low latency transmission based on the grant 
received at the beginning of the non-low latency TTI without 
compensating for the interfering low latency transmission. 
This may result in decoding failures because the first UE 115 
is unable to mitigate the interference associated with the low 
latency transmission. Therefore, the wireless communication 
system 100 may thus employ techniques that enable a device 
to detect a signal associated with low latency interference and 
update the original control information accordingly. 
0058. In some examples, a UE 115 may detect a signal 
associated with low latency interference and decode a non 
low latency communication accordingly. In some cases, the 
UE 115 may receive an indicator from a base station 105 that 
informs the UE 115 where and when low latency communi 
cations are occurring. For instance, the indication may dis 
close the frequency resources that are utilized by a low 
latency communication and which symbols are being used. 
The indicator may be transmitted at the end of a subframe or 
during a subsequent subframe. The UE 115 may use the 
indicator to mitigate low latency interference and to reliably 
decode the non-low latency communication. In some cases, 
the interfering low latency communication may occur within 
the serving cell of the UE 115; while in other cases, the 
interfering low latency communication may occur in a neigh 
boring cell. 
0059 FIG. 2A illustrates an example of a wireless com 
munication system 200-a that Supports parallel low latency 
awareness in accordance with various aspects of the present 
disclosure. Wireless communication system 200-a may 
include UE 115-a, UE 115-b, and base station 105-a, which 
may be examples of a UE115 or a base station 105 described 
with reference to FIG. 1. Base station 105-a may communi 
cate with UE 115-a or UE 115-b when the devices are within 
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coverage area 110-a, as generally described with reference to 
FIG.1. A non-low latency communication 205 may use 1 ms 
transmit time intervals, while a low latency communication 
210 may use shorter TTIs (e.g., 71 us or 83 us). 
0060 A low latency-aware receiving device may receive a 
non-low latency communication while a neighbor device may 
participate in a low latency communication. In some cases, 
the low latency communication may interfere with the non 
low latency communication. The serving cell of the neighbor 
device (which may also be the serving cell of the receiving 
device) may determine that a low latency communication is 
active and may generate an indicator to include in a Subse 
quent control message. The serving cell may send the indica 
tor alerting the receiving device to the presence of the low 
latency communication. In some cases, the serving cell may 
update a rate matching scheme for the non-low latency com 
munication to accommodate the low latency communication 
(i.e., if the low latency resources puncture the resources 
scheduled for non-low latency communication). In some 
cases, the serving cell may also generate null tones for inter 
ference estimation. The receiving device may then decode the 
non-low latency communication according to the received 
indicator. 

0061 For example, base station 105-a may schedule UE 
115-a for a non-low latency communication 205. Base station 
105-a may then prepare a transmission and transmit a down 
link grant and data to UE 115-a. In some cases, transmissions 
are scheduled on a per TTI basis and may extend through a 
non-low latency TTI. Base station 105-a or UE 115-b may 
Subsequently schedule low latency communication 210 dur 
ing the transmission (e.g., the low latency communication 
may not be scheduled until the middle of the subframe when 
it will occur). In some cases, low latency communication 210 
may use resources that overlap or neighbor with the resources 
scheduled for non-low latency communication 205. There 
fore, low latency communication 210 may affect the trans 
mission (e.g., interference with or puncturing of resources) to 
UE 115-h. 

0062. Thus, base station 105-a may determine what 
resources are being used by low latency communication 210. 
Base station 105-a may then generate a low latency indicator 
including control information to indicate the presence of the 
low latency communication. Base station 105-a may include 
the low latency indicator with a Subsequent downlink grant 
associated with a Subsequent non-low latency transmission to 
UE 115-a. For example, the indicator may be included as part 
of a PDCCH transmitted in the first symbol period of the next 
Subframe. In another example, the indicator may be sent 
during the same subframe as the low latency communication. 
In some cases, the indicator may be sent in symbols that 
include broadcast-type or multicast-type content. The indica 
tor may include granularity in the frequency or time domain 
(i.e., it may indicate that certain RBs may be used for low 
latency communication) and may convey frequency blocks or 
symbols that were used for low latency operation. In some 
examples, the indicator may be or include a bitmap, which 
may indicate whether low latency transmissions have been 
scheduled in prior symbols of a subframe. For instance, low 
latency resources may be allocated in blocks, which may 
include 25 RBs, so four (4) blocks may include 100 RBs. In 
Such cases, 14 bits per block (e.g., 56 payloadbits in the case 
of four (4) blocks) may be included in the bitmap to indicate 
a presence of low latency-transmissions. In other examples, 
control channels may be aligned with code block boundaries 
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of unicast traffic. Such alignment may facilitate early decod 
ing of PDSCH, which may be performed on a per-code block 
basis. Other configurations may, for example, include indica 
tors transmitted on a per-layer basis. The indicator may be 
configured semi-statically (e.g., low latency operation occurs 
during pre-determined subframes) or it may be transmitted 
dynamically. 
0063. In some cases, base station 105-b may transmit null 
tones to UE 115-c. The null tones may be transmitted based 
on a low latency transmission and may be used for interfer 
ence estimation by UE 115-c. In some cases, the null tones 
may be used in frequency or time resources allocated to 
predetermined low latency transmissions. Additionally or 
alternatively, the null tones may be dynamically used based 
on unexpected low latency transmissions. For example, base 
station 105-a may include null tones in a non-low latency 
communication 205. In some cases, base station 105-a may 
semi-statically configure null tones, while in other cases null 
tones may be dynamically configured based on low latency 
transmissions. 
0064. At the end of the non-low latency transmission 
punctured or interfered with by a low latency transmission, 
UE 115-a may wait to decode the non-low latency transmis 
sion until it has received the low latency indicator. After 
receiving a Subsequent downlink grant and low latency indi 
cator, UE 115-a may decode the previously received data 
according to the received indicator. For example, UE 115-a 
may update channel estimates, mitigate the low latency inter 
ference or refrain from decoding symbols that have been 
allocated to a low latency transmission. 
0065 FIG. 2B illustrates an example of a wireless com 
munication system 200-b for parallel low latency awareness 
in accordance with various aspects of the present disclosure. 
Wireless communication system 200-b may include UE 115 
c. UE 115-d, base station 105-b, and base station 105-c, which 
may be examples of a UE115 or a base station 105 described 
with reference to FIG.1. Base station 105-band base station 
105-c may communicate with UE 115-c or UE 115-d when 
the devices are within respective coverage area 110-b or cov 
erage area 110-C, as described with reference to FIG. 1. A 
non-low latency communication 215 may use 1 ms TTIs, for 
example, while a low latency communication 220 may use 
shorter TTIs (e.g., 71 us, 83 us, etc.). 
0066. A low latency-aware receiving device may receive a 
non-low latency communication while neighboring devices 
may participate in a low latency communication. In some 
cases, the neighboring low latency communication may inter 
fere with the non-low latency communication. The serving 
cell or the neighboring cell (or, in Some cases the neighboring 
device) may determine that a low latency communication is 
active and may generate an indicator. One of the serving cell, 
the neighboring cell, or the neighboring device may transmit 
the indicator to alert the receiving device to the presence of 
the low latency communication. For example, a serving cell 
may receive an indication from a neighbor cell that low 
latency communication is scheduled and transmit this infor 
mation to the low latency-aware receiving device (e.g., via 
broadcast or unicast transmission). In some cases, the serving 
device may generate null tones for interference estimation. 
The low latency-aware receiving device may then decode the 
non-low latency communication according to the received 
indicator. 

0067. In some examples, base station 105-b may schedule 
UE 115-c for a non-low latency communication 215. Base 
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station 105-b may then prepare a transmission and transmit a 
downlink grant and data to UE 115-c. In some cases, trans 
missions are scheduled on a per TTI basis and may extend 
through a non-low latency TTI. Base station 105-c or UE 
115-d may subsequently schedule a low latency communica 
tion 220 during the transmission. The low latency communi 
cation 220 may use resources that overlap or neighbor with 
the resources scheduled for non-low latency communication 
215. Therefore, the low latency communication 220 may 
interfere with the transmission to UE 115-c if UE 115-C is 
unaware of the low latency transmission. 
0068 Base station 105-c or UE 115-d may determine what 
resources are being used by low latency communication 210, 
and generate a low latency indicator to indicate the presence 
of the low latency communication to UE 115-c. Base station 
105-b or base station 105-c may then broadcast or unicast the 
indicator to UE 115-c. In some cases, base station 105-c may 
send the indicator to base station 105-b through a backhaul 
link (not shown). Thus, although both wireless communica 
tion system 200-a and wireless communication system 200-b 
illustrate examples in which a UE 115 receives a low latency 
indicator from a base station 105, in some examples a base 
station 105 may also receive a low latency from a neighbor 
base station 105 via backhaul link to coordinate interference 
mitigation operations. Base station 105-b may then include 
the low latency indicator with a Subsequent downlink grant 
associated with a Subsequent non-low latency transmission to 
UE 115-c. In some cases, however, a neighboring base station 
105 may directly transmit an indication, which may be par 
ticularly useful if the indication is for handling symbol or 
block-dependent low latency interference from neighboring 
cells because backhaul information can be minimized. The 
indicator may include granularity in the frequency or time 
domain and may communicate frequency blocks or symbols 
that were used for low latency operation. The indicator may 
be transmitted semi-statically—e.g., low latency operation 
occurs during pre-determined subframes, uses pre-deter 
mined resources, etc.—or it may be transmitted dynamically. 
0069. From the perspective of UE 115-c., the reception of 
the indication can be made transparent or non-transparent 
with respect to whether a serving or neighbor base station 105 
is providing the indication. For transparent operation, UE 
115-c simply decodes the control channel assuming it is from 
the serving cell even if it is transmitted by the neighboring 
cell. For non-transparent operation, a signal may be provided 
to UE 115-c that the indication has some parameters associ 
ated with the neighboring base station 105 (e.g., cell ID for 
scrambling) so that UE 115 can decode the control channel 
that includes the indication accordingly. 
0070 UE 115-c may receive the low latency indicator 
during the non-low latency transmission and may decode the 
received data according to the received indictor. For example, 
UE 115-b may update channel estimate or mitigate the low 
latency interference. 
0071 FIG. 3 illustrates an example of a channel structure 
300 for parallel low latency awareness in accordance with 
various aspects of the present disclosure. Channel structure 
300 may illustrate aspects of a transmission between UEs 115 
and base stations 105, as described with reference to FIGS. 
1-2. Channel structure 300 may include a first control region 
305, a subsequent control region 305-b, a first data region 
310-a, a subsequent data region 310-b, and a control channel 
312. The first control region 305-a and the first data region 
310-b may, for example, make up one non-low latency TTI, 

Aug. 11, 2016 

and the second control region 305-b and the second data 
region 310-b may make up a second non-low latency TTI. In 
Some cases, the non-low latency TTIs are subframes that 
include two slots of 0.5 ms. The first control region 305-a and 
first data region 310-a, and subsequent control region 305-b 
and Subsequent data region 310-b may extend through one 
non-low latency TTI. Low latency transmissions 315 may be 
transmitted during the UL TTI and may interfere with the 
PDSCH32O. 

0072 A base station 105 may schedule a communication 
to a UE 115. Base station 105 may then transmit control 
information, in the first control region 305, that the UE 115 
may utilize for decoding PDSCH320. The UE 115, however, 
may wait to decode the PDSCH until the end of first data 
region 310-a or subsequent control region 305-b. The base 
station 105 may schedule and transmit low latency transmis 
sions 315, within the first data region (i.e., within a non-low 
latency TTI or subframe), that may overlap with or neighbor 
the PDSCH 320. These low latency transmissions 315 may 
puncture the PDSCH320 in a manner that was not indicated 
by the control information sent in the first control region 305, 
which may introduce interference to a UE 115 attempting to 
decode the PDSCH320. The base station 105 may therefore 
include a low latency indicator at Some point after the low 
latency transmission 315—e.g., the low latency indicator 
may be immediately after the low latency transmission 315, 
within the first data region310-a, at the end of first data region 
310-a, or in the subsequent control region 305-b. In some 
examples, a control channel 312 at the beginning of slot 1, 
within the first data region 310-a may indicate a low latency 
transmission 315 in slot 0, while the second data region 310 
b, which may be at the beginning of the next Subframe, may 
indicate a low latency transmission 315 in slot 1. The control 
regions 305-a and 305-b and control channel 312 may be 
PDCCH, a low latency PDCCH (uPDCCH), or other control 
channels. For instance, control channel 312 may represent 
broadcast-type or multicast-type information that includes an 
indication of low latency transmission, such as a bitmap as 
described above. The UE may receive the indicator and use it 
to supplement the first set of received control information. 
The UE 115 may then decode the preceding PDSCH 320 
accordingly. 
(0073. The control channel 312 may be placed in other 
symbols of a subframe to indicate low latency transmissions 
315 that occur before the symbol occupied by the control 
channel 312. This location or placing of the control channel 
312 (and indicator) may be referred to herein as the “middle’ 
of a subframe, and may or may not be at the beginning of slot 
1 or the end of slot 0. The location of control channel 312 in 
the middle of a subframe (e.g., within the first data region 
310-a), may be beneficial for various scheduling and decod 
ing schemes, including PDCCH-scheduled, CRS-based 
PDSCH. A UE 115 may thus monitor an additional PDCCH, 
such as control channel 312, to determine whether low 
latency-transmissions are present within data region 310-a; 
alternatively, UE 115 could ignore control channel 312 (e.g., 
if UE 115 is not a low latency-aware device). 
0074. In some examples, multiple control channels may be 
utilized to indicate a presence of low latency transmissions 
315. For instance, an indicator may be included in both con 
trol region 305-b and control channel 312. Such multi-chan 
nel indications may be used to convey various types of infor 
mation to a UE115. In one example, control channel 312 may 
include an indication of low latency transmissions 315 within 
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symbols that are prior in time to control channel 312, while 
control region305-b may include an indication of low latency 
transmissions 315 within symbols between control channel 
312 and control region 305-b. Such an approach may be 
particularly useful if, e.g., an indicator is UE-specific. In 
another example, control channel 312 may include an indi 
cator for low latency transmissions in preceding symbols, and 
control region 305-b may likewise include an indicator for 
low latency transmissions in preceding symbols, including 
those that precede control channel 312. Such indications in 
control region 305-b of preceding symbols may be particu 
larly useful, e.g., for certain UEs 115 that do not decode 
control channel 312 (e.g., if control channel 312 includes 
broadcast-type information for which UE 115 is notable or 
configured to decode). 
0075. In some cases, an indicator in control channel 312 
may be employed to cancel a PDSCH transmission for some 
or all symbols of a subframe (e.g., within first data region 
310-a). That is, a UE 115 may receive an indicator in control 
channel 312 and may cancel Scheduled transmissions based 
on the indictor. An indicator in control channel 312 may 
cancel transmissions within individual symbols, sets of sym 
bols, for a subframe, for sets of subframes, or the like. For 
example, a UE 115 scheduled for PDSCH 320 may detect 
control channel 312 in symbol 5 of slot 0 or a subframe, and 
the symbol 5 PDSCH transmission may be canceled, while 
the PDSCH transmission for remaining symbols may be 
valid. In other cases, a UE 115 scheduled for PDSCH 320 
may detect control channel 312, which may indicate that the 
PDSCH transmission is canceled for a number of symbols 
(e.g., all symbols following control channel 312 within data 
region 310-a). 
0076. Additionally or alternatively, control channel 312 
may be employed to alter a resource allocation for one or 
more symbols of, e.g., data region 310-a. This may include 
altering a resource allocation following a cancellation of pre 
viously scheduled transmission. For instance, PDSCH 320 
may include 5 RBs, control channel 312 may preempt or 
cancel PDSCH transmissions for symbol 5, and control chan 
nel 312 (or an additional control channel within data region 
310-a) may reallocate (e.g., Schedule) resources in symbol 6 
such that a PDSCH transmission includes 10 RBs. That is, 
control channel 312 may cancel prior scheduled transmis 
sions to accommodate low latency traffic, and control channel 
312 or an additional control channel may change or alter a 
resource allocation to mitigate effects of resources lost by the 
cancelation. In some cases, the altering or changing of 
resource allocation may be by way of a Supplemental grant in 
control channel 312. In some cases, control channel 312 may 
alter or allocate resources without first canceling a transmis 
S1O. 

0077. In some examples, PDSCH320 may be based on a 
bundling of low latency transmissions 315, which may be 
indicated in one or several control regions 305 or control 
channels 312. A UE 115 may be scheduled a transport block 
(TB) starting with a low latency transmission TTI (e.g., low 
latency transmission 315), and the TB may be repeated one or 
more times during a subframe (e.g., data region 310-a). In 
Some examples, each symbol of a subframe (or a data region 
310 of a subframe) may be utilized for low latency transmis 
sions 315. Such bundling may effectively be utilized as a 
legacy transmission (e.g., 1 mS transmission). As mentioned, 
a UE115 may monitor a control region 305 or control channel 
312 for an indication of whether a TB is repeated. Such 
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repetition of TBs may be employed to provide additional 
systematic bits or redundancy bits, or both, or to provide 
simple repetition of code blocks transmitted within a sub 
frame. For instance, for a two code-block transmission, half 
of the resources of a symbol may be allocated for one of the 
code blocks and the other half of the resources may be allo 
cated to the other. Then, this configuration may be repeated 
for each symbol of a subframe. That is, unlike a scenario in 
which one code block is allocated to a first group of symbols 
within a subframe and the second code block is allocated to a 
second group of symbols in a subframe, the bundling of low 
latency transmissions 315 herein may facilitate a symbol 
level code block redundancy. 
0078 Low latency transmissions 315 may be transmitted 
by a UE 115 or base station 105 located in the same serving 
cell as the scheduled PDSCH 320. In this case, the serving 
base station 105 may transmit the indicator at the end of first 
data region 310-a or during subsequent control region 305-b 
or in control channel 312. In other cases, the low latency 
transmissions 315 are transmitted by a UE115 or base station 
105 in a neighboring cell. In this case, the neighboring base 
station 105 may transmit a broadcast message indicating low 
latency operation (or send a backhaul indication to the serving 
cell). Alternatively or additionally, the neighboring base sta 
tion 105 may send the indicator to the serving cell via back 
haul and the serving base station 105 may transmit the indi 
cator at the end of first data region 310-a or during the 
subsequent control region 305-b. In other cases, two or more 
UEs 115 may utilize the above control techniques during 
device to device communication. 
007.9 FIG. 4A illustrates an example of a process flow 
400-a for parallel low latency awareness in accordance with 
various aspects of the present disclosure. Process flow 400-a 
may include UE 115-e, UE 115-f. and base station 105-d. 
which may be examples of a UE 115 or base station 105 
described with reference to FIGS. 1-2. In some examples, 
base station 105-d. UE 115-e, UE 115-fmay utilize low 
latency indicators to facilitate the decoding of data. 
0080. At step 405, base station 105-d may establish a 
connection with UE 115-e and UE 115-f(not necessarily at 
the same time). UE 115-e and UE 115-fmay be located in a 
cell supported by base station 105-d. 
I0081. At step 410, base station 105-d may use a control 
channel to transmit a grant to UE 115-e. The grant may 
include control information that may be used to decode the 
corresponding data. In some cases, the grant may be sent at 
the beginning of a first TTI. In some cases, UE 115-e may 
receive the control channel during a first symbol period of the 
first TTI. The control channel may include scheduling infor 
mation for the first TTI and decoding the first TTI may be 
based on the control channel. In some cases, the first TTI may 
be a non-low latency TTI (e.g., a 1 ms LTE subframe). 
I0082. At step 415, the base station 105-d and UE 115-e 
may exchange data over a data channel based on the transmit 
grant. UE 115-e may receive the data channel during a first 
TTI utilizing resources in a data region. In some cases, The 
UE 115-e may refrain from decoding the exchanged data until 
a subsequent first TTI. 
I0083. At step 420, a low latency communication may 
occur between base station 105-d and UE 115-f. The low 
latency communication may utilize a second TTI that extends 
through an LTE symbol period (e.g., 71 us or 83 us for an 
extended cyclic prefix). These shorter TTI intervals may 
allow base station 105-d to schedule urgent transmissions or 
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data with reduced latency. In some examples, the portion 
includes a frequency range that is less than a frequency range 
used for receiving the data channel. In some examples, the 
portion includes a number of resource elements (REs) or 
resource blocks (RBs). Additionally or alternatively, the por 
tion may include one or more low latency transmissions each 
having a duration of the second, shorter TTI. These mappings 
may use resources that overlap with or interfere with the 
resources being used by UE 115-e and base station 105-d to 
exchange data. In some cases, UE 115-e may be unaware of 
the low latency communication and the control information 
received in the original grant may not have taken the low 
latency communication into account. 
0084. At step 425, base station 105-d may generate a low 
latency indicator based on determining that a low latency 
communication has occurred. The low latency indicator may 
include information associated with the low latency commu 
nication, such as resource allocation information. In some 
cases, the indication may be received Subsequent to the sec 
ond TTI. In other cases, the indication may be received sub 
sequent to the first TTI. 
I0085. At step 430, UE 115-e may receive an indication that 
a low latency transmission may be present in a portion of the 
data region within the first TTI, where the low latency trans 
mission may be based on a second TTI. In some cases, the low 
latency indicator may be included as additional control infor 
mation with a Subsequent grant. In some cases, the indication 
is a semi-static configuration. 
I0086. At step 435, UE 115-e may update the control infor 
mation received in the first grant based on the low latency 
indicator. In some cases, UE 115-e may generate a channel 
estimate based on the indication, where decoding the first TTI 
may be based on the channel estimate. In some cases, base 
station 105-d or UE 115-fmay map a set of modulation 
symbols of the data channel into a set of resources including 
the portion of the data region within the first TTI. In other 
cases, base station 105-d or UE 115-fmay map a set of 
modulation symbols of the data channel into a set of resources 
excluding the portion of the data region within the first TTI. 
For example, base station 105-d may determine a mapping of 
symbols to REs during each symbol period, and UE 115-e 
may identify the map based on the initial control channel and 
the low latency indication. 
0087. At step 440, UE 115-e may decode the exchanged 
data based on the received low latency indicator and the 
updated control information. 
0088 FIG. 4B illustrates an example of a process flow 
400-b for parallel low latency awareness in accordance with 
various aspects of the present disclosure. Process flow 400-b 
may include UE 115-g, UE 115-h, base station 105-e, and 
base station 105-f, which may be examples of a UE 115 or 
base Station 105 described with reference to FIGS. 1-2. In 
some examples, base station 105-e, base station 105-f. UE 
115-e, and UE 115fmay utilize low latency indicators to 
facilitate the decoding of data. 
I0089. At step 445, base station 105-e may establish a 
connection with UE 115-g, and base station 105-fmay estab 
lish a connection with UE 115-h (not necessarily at the same 
time). UE 115-h may be located in a neighbor cell to base 
station 105-e and UE 115-g 
0090. At step 450, base station 105-e may use a control 
channel to transmit a grant to UE 115-g. The grant may 
include control information that may be used to decode the 
corresponding data. In some cases, the grant may be sent at 
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the beginning of a first TTI. In some cases, UE 115-g may 
receive the control channel during a first symbol period of the 
first TTI, where the control channel includes scheduling 
information for the first TTI and decoding the first TTI is 
based on the control channel. In some cases, the first TTI may 
be a non-low latency TTI (e.g., a 1 ms LTE subframe). 
(0091. At step 455, the base station 105-e and UE 115-g 
may exchange data based on the transmit grant. UE 115-g 
may receive the data channel during a first TTI utilizing 
resources in a data region. In some cases, The UE 115-g may 
refrain from decoding the exchanged data until a Subsequent 
first TTI. In some examples, base station 105-e may transmit 
null tones for interference estimation. The null tones may be 
transmitted at pre-determined times or based on a low latency 
communication. In some examples the identified null tones 
are only present in a Subset of frequency Subbands used by the 
data channel, or a Subset of time units used by the data 
channel. 
0092. At step 460, a low latency communication may 
occur between base station 105-f and UE 115-h. The low 
latency communication may utilize a second TTI that extends 
through an LTE symbol period (e.g., 71 or 83 us). In some 
examples, the portion includes a frequency range that is less 
thana frequency range used for receiving the data channel. In 
Some examples the portion includes a number of resource 
blocks (RBs). The low latency communication may use 
resources that overlap with or interfere with the resources 
being used by UE 115-g and base station 105-e to exchange 
data. In some cases, UE 115-g may be unaware of the low 
latency communication and the control information received 
in the original grant may not have taken the low latency 
communication into account. 
(0093. At step 465, UE 115-g may receive an indication 
(either from base station 105-e, base station 105 for in some 
cases, from UE 115-h) and detect that low latency operation 
has occurred based on the indication. In some cases, UE 
115-g may detect low latency operation has occurred by 
receiving a broadcast or unicast indication via base station 
105-e. In some examples, base station 105-e receives the 
indication via a base station backhaul link. Neighboring base 
station 105-fmay also send the indication via broadcast. In 
Some cases, the indication includes a semi-static configura 
tion. 
(0094. At step 470, UE 115-g may update the control infor 
mation received in the first grant based on the low latency 
indicator. In some cases, UE 115-g may generate a channel 
estimate based on the indication, and decoding the first TTI 
may be based on the channel estimate. In some cases, the UE 
115-g may identify one or more null tones during the first TTI. 
UE 115-g may also generate an interference estimate based 
on the one or more null tones and on the indication. 
(0095. At step 475, UE 115-g may decode the exchanged 
data based on the received low latency indicator and the 
updated control information. In some cases, base station 
105-for UE 115-h may map a set of modulation symbols of 
the data channel into a set of resources including the portion 
of the data region within the first TTI. In other cases, base 
station 105-for UE 115-h may map a set of modulation 
symbols of the data channel into a set of resources excluding 
the portion of the data region within the first TTI. 
0096 FIG. 5 shows a block diagram of a wireless device 
500 configured for parallel low latency awareness in accor 
dance with various aspects of the present disclosure. Wireless 
device 500 may be an example of aspects of a UE115 or base 
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Station 105 described with reference to FIGS. 1-4. Wireless 
device 500 may include a receiver 505, a low latency aware 
ness module 510, or a transmitter 515. Wireless device 500 
may also include a processor. Each of these components may 
be in communication with each other. 
0097. The receiver 505 may receive information such as 
packets, user data, or control information associated with 
various information channels (e.g., control channels, data 
channels, and information related to parallel low latency 
awareness, etc.). Information may be passed on to the low 
latency awareness module 510, and to other components of 
wireless device 500. The receiver 505 may be an example of 
aspects of a transceiver 835 or a transceiver 935 described 
with reference to FIGS. 8 and 9. 
0098. The low latency awareness module 510 may receive 
a data channel during a first TTI utilizing resources in a data 
region, and it may receive an indication that a low latency 
transmission is present in a portion of the data region within 
the first TTI. In some cases, the low latency transmission is 
based on a second TTI, and the low latency awareness module 
510 may decode the data channel based on the indication. 
0099. The transmitter 515 may transmit signals received 
from other components of wireless device 500. In some 
examples, the transmitter 515 may be collocated with the 
receiver 505 in a transceiver module. The transmitter 515 may 
include a single antenna, or it may include a plurality of 
antennas. The transmitter 515 may be an example of aspects 
of a transceiver 835 or a transceiver 935 described with ref 
erence to FIGS. 8 and 9. 

0100 FIG. 6 shows a block diagram of a wireless device 
600 for parallel low latency awareness in accordance with 
various aspects of the present disclosure. Wireless device 600 
may be an example of aspects of a wireless device 500, a UE 
115, or a base station 105 described with reference to FIGS. 
1-5. Wireless device 600 may include a receiver 505-a, a low 
latency awareness module 510-a, or a transmitter 515-a. 
Wireless device 600 may also include a processor. Each of 
these components may be in communication with each other. 
The low latency awareness module 510-a may also include a 
data module 605, a low latency indication module 610, and a 
decoder 615. 

0101. The receiver 505-a may receive information which 
may be passed on to low latency awareness module 510-a, 
and to other components of device 600. The low latency 
awareness module 510-a may perform the operations 
described with reference to FIG.5. The transmitter 515-a may 
transmit signals received from other components of wireless 
device 600. The receiver 505-a may be an example of aspects 
of a transceiver 835 or a transceiver 935 described with ref 
erence to FIGS. 8 and 9. The transmitter 515-a may be an 
example of aspects of a transceiver 835 or a transceiver 935 
described with reference to FIGS. 8 and 9. 
0102 The data module 605 may receive a data channel 
during a first TTI utilizing resources in a data region as 
described with reference to FIGS. 2-4. In some examples, the 
first TTI is an LTE subframe. 
0103) The low latency indication module 610 may receive 
an indication that a low latency transmission is present in a 
portion of the data region within the first TTI, and the low 
latency transmission may be based on a second TTI as 
described with reference to FIGS. 2-4. In some examples, the 
indication may be received subsequent to the second TTI. In 
Some examples, the indication may be received Subsequent to 
the first TTI. The low latency transmission may be directed 
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toward a different wireless device. In some examples, the low 
latency transmission may be from a same cell as the data 
channel. In some examples, the low latency transmission is 
from a different cell than the data channel. In some cases, the 
indication may be received via a base station backhaul link. 
The second TTI may, for example, bean LTE symbol period. 
In Some examples, the portion has a frequency range that may 
be less than a frequency range used for receiving the data 
channel. The portion may include a number of RBs. In some 
examples, the indication may be received from a serving base 
station. In other examples, the indication may be received 
from a neighboring base station. The indication may be a 
semi-static configuration. 
0104. The decoder 615 may decode the data channel based 
on the indication as described with reference to FIGS. 2-4. In 
Some examples, the decoder is part of a transceiver. 
0105 FIG. 7 shows a block diagram 700 of a low latency 
awareness module 510-b which may be a component of a 
wireless device 500 or a wireless device 600 for parallel low 
latency awareness in accordance with various aspects of the 
present disclosure. The low latency awareness module 510-b 
may be an example of aspects of a low latency awareness 
module 510 described with reference to FIGS. 5-6. The low 
latency awareness module 510-b may include a data module 
605-a, a low latency indication module 610-a, and a decoder 
615-a. Each of these modules may perform the functions 
described with reference to FIG. 6. The low latency aware 
ness module 510-b may also include a channel estimation 
module 705, an interference estimation module 710, a modu 
lation symbol mapper 715, and a control channel module 720. 
0106 The channel estimation module 705 may generate a 
channel estimate based on the indication, and decoding the 
first TTI is based on the channel estimate as described with 
reference to FIGS. 2-4. 

0107 The interference estimation module 710 may iden 
tify one or more null tones during the first TTI as described 
with reference to FIGS. 2-4. The interference estimation 
module 710 may also generate an interference estimate based 
on the one or more null tones and on the indication. In some 
examples, the identified null tones are only present in a Subset 
offrequency Subbands used by the data channel or a subset of 
time units used by the data channel. 
0108. The modulation symbol mapper 715 may map a set 
of modulation symbols of the data channel into a set of 
resources including the portion of the data region within the 
first TTI as described with reference to FIGS. 2-4. The modu 
lation symbol mapper 715 may also map a set of modulation 
symbols of the data channel into a set of resources excluding 
the portion of the data region within the first TTI. 
0109 The control channel module 720 may receive a con 

trol channel during a first symbol period of the first TTI, and, 
in some examples, the control channel includes scheduling 
information for the first TTI, such that decoding the first TTI 
may be based on the control channel as described with refer 
ence to FIGS. 2-4. 

0110. The components of wireless devices 500 or 600, or 
the low latency awareness module 510 may, individually or 
collectively, be implemented with at least one ASIC adapted 
to perform some or all of the applicable functions in hard 
ware. Alternatively, the functions may be performed by one or 
more other processing units (or cores), on at least one IC. In 
other examples, other types of integrated circuits may be used 
(e.g., Structured/Platform ASICs, an FPGA, or another semi 
custom IC), which may be programmed in any manner known 
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in the art. The functions of each unit may also be imple 
mented, in whole or in part, with instructions embodied in a 
memory, formatted to be executed by one or more general or 
application-specific processors. 
0111 FIG. 8 shows a diagram of a system 800 configured 
for parallel low latency awareness in accordance with various 
aspects of the present disclosure. System 800 may include UE 
115-i, which may be an example of a wireless device 500, a 
wireless device 600, or a UE115 described with reference to 
FIGS. 1, 2 and 5-7. UE 115-i may include a low latency 
awareness module 810, which may be an example of a low 
latency awareness module 510 described with reference to 
FIGS. 5-7. UE 115-i may also include a HARQ module 825, 
which may be an example of the low latency indication mod 
ule 610 described with reference to FIGS. 6-7. UE 115-i may 
also include components for bi-directional Voice and data 
communications including components for transmitting 
communications and components for receiving communica 
tions. For example, UE 115-i may communicate bi-direction 
ally with base station 105-g or UE 115-j. 
0112 HARQ module 825 may manage one or more 
HARO processes as described above with reference to FIG.1. 
In some cases, the latency of the HARO processes may be 
reduced using low latency communications. 
0113 UE 115-i may also include a processor 805, and 
memory 815 (including software (SW)) 820, a transceiver 
835, and one or more antenna(s) 840, each of which may 
communicate, directly or indirectly, with one another (e.g., 
via buses 845). The transceiver 835 may communicate bi 
directionally, via the antenna(s) 840 or wired or wireless 
links, with one or more networks, as described herein. For 
example, the transceiver 835 may communicate bi-direction 
ally with a base station 105 or another UE 115. The trans 
ceiver 835 may include a modem to modulate the packets and 
provide the modulated packets to the antenna(s) 840 for trans 
mission, and to demodulate packets received from the anten 
na(s) 840. While UE115-i may include a single antenna 840, 
UE 115-i may also have multiple antennas 840 capable of 
concurrently transmitting or receiving multiple wireless 
transmissions. 

0114. The memory 815 may include random access 
memory (RAM) and read only memory (ROM). The memory 
815 may store computer-readable, computer-executable soft 
ware/firmware code 820 including instructions that, when 
executed, cause the processor 805 to perform various func 
tions described herein (e.g., parallel low latency awareness, 
etc.). Alternatively, the software/firmware code 820 may not 
be directly executable by the processor 805 but cause a com 
puter (e.g., when compiled and executed) to perform func 
tions described herein. The processor 805 may include an 
intelligent hardware device, (e.g., a central processing unit 
(CPU), a microcontroller, an ASIC, etc.) 
0115 FIG.9 shows a diagram of a system 900 configured 
for parallel low latency awareness in accordance with various 
aspects of the present disclosure. System 900 may include 
base station 105-h, which may be an example of a wireless 
device 500, a wireless device 600, or a base station 105 
described with reference to FIGS. 1, 2, and 5-8. Base station 
105-h may include a base station low latency awareness mod 
ule 910, which may be an example of a base station low 
latency awareness module 910 described with reference to 
FIGS. 6-8. Base station 105-h may also include components 
for bi-directional Voice and data communications including 
components for transmitting communications and compo 
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nents for receiving communications. For example, base sta 
tion 105-h may communicate bi-directionally with base sta 
tion 105-i, base station 105-i, UE 115-k, or UE 115-l. 
0116. In some cases, base station 105-h may have one or 
more wired backhaul links. Base station 105-h may have a 
wired backhaul link (e.g., S1 interface, etc.) to the core net 
work 130. Base station 105-h may also communicate with 
other base stations 105, such as base station 105-i and base 
station 105-i via inter-base station backhaul links (e.g., an X2 
interface). Each of the base stations 105 may communicate 
with UEs 115 using the same or different wireless communi 
cations technologies. In some cases, base station 105-h may 
communicate with other base stations such as 105-i or 105-f 
utilizing base station communication module 925. In some 
examples, base station communication module 925 may pro 
vide an X2 interface within an LTE/LTE-A wireless commu 
nication network technology to provide communication 
between some of the base stations 105. In some examples, 
base station 105-h may communicate with other base stations 
through core network 130. In some cases, base station 105-h 
may communicate with the core network 130 through net 
work communications module 930. 

0117. The base station 105-h may include a processor 905, 
memory 915 (including software (SW)920), transceiver 935, 
and antenna(s) 940, which each may be in communication, 
directly or indirectly, with one another (e.g., over bus system 
945). The transceivers 935 may be configured to communi 
cate bi-directionally, via the antenna(s) 940, with the UEs 
115, which may be multi-mode devices. The transceiver 935 
(or other components of the base station 105-h) may also be 
configured to communicate bi-directionally, via the antennas 
940, with one or more other base stations (not shown). The 
transceiver 935 may include a modem configured to modulate 
the packets and provide the modulated packets to the antennas 
940 for transmission, and to demodulate packets received 
from the antennas 940. The base station 105-h may include 
multiple transceivers 935, each with one or more associated 
antennas 940. The transceiver may be an example of a com 
bined receiver 505 and transmitter 515 of FIG. 5. 

0118. The memory 915 may include RAM and ROM. The 
memory 915 may also store computer-readable, computer 
executable software code 920 containing instructions that are 
configured to, when executed, cause the processor 905 to 
perform various functions described herein (e.g., parallel low 
latency awareness, selecting coverage enhancement tech 
niques, call processing, database management, message rout 
ing, etc.). Alternatively, the software 920 may not be directly 
executable by the processor 905 but be configured to cause the 
computer, e.g., when compiled and executed, to perform 
functions described herein. The processor 905 may include an 
intelligent hardware device, e.g., a CPU, a microcontroller, an 
ASIC, etc. The processor 905 may include various special 
purpose processors such as encoders, queue processing mod 
ules, base band processors, radio head controllers, digital 
signal processor (DSPs), and the like. 
0119 The base station communication module 925 may 
manage communications with other base stations 105. The 
communications management module may include a control 
ler or scheduler for controlling communications with UEs 
115 in cooperation with other base stations 105. For example, 
the base station communication module 925 may coordinate 
scheduling for transmissions to UEs 115 for various interfer 
ence mitigation techniques such as beam forming or joint 
transmission. 
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0120 FIG. 10 shows a flowchart illustrating a method 
1000 for parallel low latency awareness in accordance with 
various aspects of the present disclosure. The operations of 
method 1000 may be implemented by a device, such as a UE 
115 or base station 105, or its components as described with 
reference to FIGS. 1-9. For example, the operations of 
method 1000 may be performed by the low latency awareness 
module 510 as described with reference to FIGS. 5-8. In some 
examples, a device may execute a set of codes to control the 
functional elements of the device to perform the functions 
described below. Additionally or alternatively, the device may 
perform aspects the functions described below using special 
purpose hardware. 
0121. At block 1005, the device may receive a data chan 
nel during a first TTI utilizing resources in a data region as 
described with reference to FIGS. 2-4. In certain examples, 
the operations of block 1005 may be performed by the data 
module 605 as described with reference to FIG. 6 in conjunc 
tion with a transceiver such as illustrated by transceiver 835 or 
935 described with reference to FIGS. 8 and 9. 
0122. At block 1010, the device may receive an indication 
that a low latency transmission is present in a portion of the 
data region within the first TTI, where the low latency trans 
mission may be based on a second TTI as described with 
reference to FIGS. 2-4. In certain examples, the operations of 
block 1010 may be performed by the low latency indication 
module 610 as described with reference to FIG. 6 in conjunc 
tion with a transceiver such as illustrated by transceiver 835 or 
935 described with reference to FIGS. 8 and 9. 

0123. At block 1015, the device may decode the data chan 
nel based on the indication as described with reference to 
FIGS. 2-4. In certain examples, the operations of block 1015 
may be performed by the decoder 615 as described with 
reference to FIG. 6. 
0.124 FIG. 11 shows a flowchart illustrating a method 
1100 for parallel low latency awareness in accordance with 
various aspects of the present disclosure. The operations of 
method 1100 may be implemented by a device, such as a UE 
115 or base station 105, or its components as described with 
reference to FIGS. 1-9. For example, the operations of 
method 1100 may be performed by the low latency awareness 
module 510 as described with reference to FIGS. 5-8. In some 
examples, a device may execute a set of codes to control the 
functional elements of the device to perform the functions 
described below. Additionally or alternatively, the device may 
perform aspects the functions described below using special 
purpose hardware. The method 1100 may also incorporate 
aspects of method 1000 of FIG. 10. 
0.125. At block 1105, the device may receive a data chan 
nel during a first TTI utilizing resources in a data region as 
described with reference to FIGS. 2-4. In certain examples, 
the operations of block 1105 may be performed by the data 
module 605 as described with reference to FIG. 6. 

0126. At block 1110, the device may receive an indication 
that a low latency transmission is present in a portion of the 
data region within the first TTI, where the low latency trans 
mission may be based on a second TTI as described with 
reference to FIGS. 2-4. In certain examples, the operations of 
block 1110 may be performed by the low latency indication 
module 610 as described with reference to FIG. 6. 
0127. At block 1115, the device may generate a channel 
estimate based on the indication, and decoding the first TTI 
may be based on the channel estimate as described with 
reference to FIGS. 2-4. In certain examples, the operations of 
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block 1115 may be performed by the channel estimation 
module 705 as described with reference to FIG. 7. 
I0128. At block1120, the device may decode the data chan 
nel based on the indication as described with reference to 
FIGS. 2-4. In certain examples, the operations of block1120 
may be performed by the decoder 615 as described with 
reference to FIG. 6. 
I0129 FIG. 12 shows a flowchart illustrating a method 
1200 for parallel low latency awareness in accordance with 
various aspects of the present disclosure. The operations of 
method 1200 may be implemented by a device, such as a UE 
115 or base station 105, or its components as described with 
reference to FIGS. 1-9. For example, the operations of 
method 1200 may be performed by the low latency awareness 
module 510 as described with reference to FIGS. 5-8. In some 
examples, a device may execute a set of codes to control the 
functional elements of the device to perform the functions 
described below. Additionally or alternatively, the device may 
perform aspects the functions described below using special 
purpose hardware. The method 1200 may also incorporate 
aspects of methods 1000, and 1100 of FIGS. 10-11. 
0.130. At block 1205, the device may receive a data chan 
nel during a first TTI utilizing resources in a data region as 
described with reference to FIGS. 2-4. In certain examples, 
the operations of block 1205 may be performed by the data 
module 605 as described with reference to FIG. 6 in conjunc 
tion with a transceiver such as illustrated by transceiver 835 or 
935 described with reference to FIGS. 8 and 9. 
I0131. At block 1210, the device may receive an indication 
that a low latency transmission is present in a portion of the 
data region within the first TTI, and the low latency transmis 
sion may be based on a second TTI as described with refer 
ence to FIGS. 2-4. In certain examples, the operations of 
block 1210 may be performed by the low latency indication 
module 610 as described with reference to FIG. 6 in conjunc 
tion with a transceiver such as illustrated by transceiver 835 or 
935 described with reference to FIGS. 8 and 9. 
0.132. At block 1215, the device may identify one or more 
null tones during the first TTI as described with reference to 
FIGS. 2-4. In certain examples, the operations of block 1215 
may be performed by the interference estimation module 710 
as described with reference to FIG. 7. 
I0133. At block 1220, the device may generate an interfer 
ence estimate based on the one or more null tones and on the 
indication as described with reference to FIGS. 2-4. In certain 
examples, the operations of block 1220 may be performed by 
the interference estimation module 710 as described with 
reference to FIG. 7. 

I0134. At block 1225, the device may decode the data chan 
nel based on the indication as described with reference to 
FIGS. 2-4. In certain examples, the operations of block 1225 
may be performed by the decoder 615 as described with 
reference to FIG. 6. 
0.135 FIG. 13 shows a flowchart illustrating a method 
1300 for parallel low latency awareness in accordance with 
various aspects of the present disclosure. The operations of 
method 1300 may be implemented by a device, such as a UE 
115 or base station 105, or its components as described with 
reference to FIGS. 1-9. For example, the operations of 
method 1300 may be performed by the low latency awareness 
module 510 as described with reference to FIGS. 5-8. In some 
examples, a device may execute a set of codes to control the 
functional elements of the device to perform the functions 
described below. Additionally or alternatively, the device may 
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perform aspects the functions described below using special 
purpose hardware. The method 1300 may also incorporate 
aspects of methods 1000, 1100, and 1200 of FIGS. 10-12. 
0136. At block 1305, the device may receive a data chan 
nel during a first TTI utilizing resources in a data region as 
described with reference to FIGS. 2-4. In certain examples, 
the operations of block 1305 may be performed by the data 
module 605 as described with reference to FIG. 6 in conjunc 
tion with a transceiver such as illustrated by transceiver 835 or 
935 described with reference to FIGS. 8 and 9. 
0.137. At block 1310, the device may receive an indication 
that a low latency transmission is present in a portion of the 
data region within the first TTI, and the low latency transmis 
sion may be based on a second TTI as described with refer 
ence to FIGS. 2-4. In certain examples, the operations of 
block 1310 may be performed by the low latency indication 
module 610 as described with reference to FIG. 6. 
0.138. At block 1315, the device may map a set of modu 
lation symbols of the data channel into a set of resources 
including the portion of the data region within the first TTI as 
described with reference to FIGS. 2-4. In certain examples, 
the operations of block 1315 may be performed by the modu 
lation symbol mapper 715 as described with reference to FIG. 
7. 

0.139. At block 1320, the device may decode the data chan 
nel based on the indication as described with reference to 
FIGS. 2-4. In certain examples, the operations of block 1320 
may be performed by the decoder 615 as described with 
reference to FIG. 6. 

0140 FIG. 14 shows a flowchart illustrating a method 
1400 for parallel low latency awareness in accordance with 
various aspects of the present disclosure. The operations of 
method 1400 may be implemented by a device, such as a UE 
115 or base station 105, or its components as described with 
reference to FIGS. 1-9. For example, the operations of 
method 1400 may be performed by the low latency awareness 
module 510 as described with reference to FIGS. 5-8. In some 
examples, a device may execute a set of codes to control the 
functional elements of the device to perform the functions 
described below. Additionally or alternatively, the device may 
perform aspects the functions described below using special 
purpose hardware. The method 1400 may also incorporate 
aspects of methods 1000, 1100, 1200, and 1300 of FIGS. 
10-13. 

0141. At block 1405, the device may receive a data chan 
nel during a first TTI utilizing resources in a data region as 
described with reference to FIGS. 2-4. In certain examples, 
the operations of block 1405 may be performed by the data 
module 605 as described with reference to FIG. 6 in conjunc 
tion with a transceiver such as illustrated by transceiver 835 or 
935 described with reference to FIGS. 8 and 9. 

0142. At block 1410, the device may receive an indication 
that a low latency transmission is present in a portion of the 
data region within the first TTI, and the low latency transmis 
sion may be based on a second TTI as described with refer 
ence to FIGS. 2-4. In certain examples, the operations of 
block 1410 may be performed by the low latency indication 
module 610 as described with reference to FIG. 6 in conjunc 
tion with a transceiver such as illustrated by transceiver 835 or 
935 described with reference to FIGS. 8 and 9. 
0143. At block 1415, the device may map a set of modu 
lation symbols of the data channel into a set of resources 
excluding the portion of the data region within the first TTI as 
described with reference to FIGS. 2-4. In certain examples, 
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the operations of block 1415 may be performed by the modu 
lation symbol mapper 715 as described with reference to FIG. 
7. 
0144. At block 1420, the device may decode the data chan 
nel based on the indication as described with reference to 
FIGS. 2-4. In certain examples, the operations of block 1420 
may be performed by the decoder 615 as described with 
reference to FIG. 6. 
0145 FIG. 15 shows a flowchart illustrating a method 
1500 for parallel low latency awareness in accordance with 
various aspects of the present disclosure. The operations of 
method 1500 may be implemented by a device, such as a UE 
115 or base station 105, or its components as described with 
reference to FIGS. 1-9. For example, the operations of 
method 1500 may be performed by the low latency awareness 
module 510 as described with reference to FIGS. 5-8. In some 
examples, a device may execute a set of codes to control the 
functional elements of the device to perform the functions 
described below. Additionally or alternatively, the device may 
perform aspects the functions described below using special 
purpose hardware. The method 1500 may also incorporate 
aspects of methods 1000, 1100, 1200, 1300, and 1400 of 
FIGS 10-14. 

0146. At block 1505, the device may receive a control 
channel during a first symbol period of the first TTI, and the 
control channel may include Scheduling information for the 
first TTI and decoding the first TTI is based on the control 
channel as described with reference to FIGS. 2-4. In certain 
examples, the operations of block 1505 may be performed by 
the control channel module 720 as described with reference to 
FIG. 7 in conjunction with a transceiver such as illustrated by 
transceiver 835 or 935 described with reference to FIGS. 8 
and 9. 

0.147. At block 1510, the device may receive a data chan 
nel during a first TTI utilizing resources in a data region as 
described with reference to FIGS. 2-4. In some cases, the 
indication is received subsequent to the second TTI. In certain 
examples, the operations of block 1510 may be performed by 
the data module 605 as described with reference to FIG. 6 in 
conjunction with a transceiver Such as illustrated by trans 
ceiver 835 or 935 described with reference to FIGS. 8 and 9. 

0.148. At block 1515, the device may receive an indication 
that a low latency transmission is present in a portion of the 
data region within the first TTI, and the low latency transmis 
sion may be based on a second TTI as described with refer 
ence to FIGS. 2-4. In certain examples, the operations of 
block 1515 may be performed by the low latency indication 
module 610 as described with reference to FIG. 6 in conjunc 
tion with a transceiver such as illustrated by transceiver 835 or 
935 described with reference to FIGS. 8 and 9. 

0149. At block 1520, the device may decode the data chan 
nel based on the indication as described with reference to 
FIGS. 2-4. In some cases, the indication is received subse 
quent to the second TTI. In certain examples, the operations 
of block 1520 may be performed by the decoder 615 as 
described with reference to FIG. 6. 

O150 Thus, methods 1000, 1100, 1200, 1300, 1400, and 
1500 may provide for parallel low latency awareness. It 
should be noted that methods 1000, 1100, 1200, 1300, 1400, 
and 1500 describe possible implementation, and that the 
operations and the steps may be rearranged or otherwise 
modified such that other implementations are possible. In 
Some examples, aspects from two or more of the methods 
1000, 1100, 1200, 1300, 1400, and 1500 may be combined. 
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0151. The detailed description set forth above in connec 
tion with the appended drawings describes exemplary con 
figurations and does not represent all the examples that may 
be implemented or that are within the scope of the claims. The 
term "exemplary used throughout this description means 
'serving as an example, instance, or illustration, and not 
“preferred’ or “advantageous over other examples. The 
detailed description includes specific details for the purpose 
of providing an understanding of the described techniques. 
These techniques, however, may be practiced without these 
specific details. In some instances, well-known structures and 
devices are shown in block diagram form in order to avoid 
obscuring the concepts of the described examples. 
0152 Information and signals may be represented using 
any of a variety of different technologies and techniques. For 
example, data, instructions, commands, information, signals, 
bits, symbols, and chips that may be referenced throughout 
the above description may be represented by Voltages, cur 
rents, electromagnetic waves, magnetic fields or particles, 
optical fields or particles, or any combination thereof. 
0153. The various 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 
components, 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, microcontrol 
ler, or state machine. A processor may also be implemented as 
a combination of computing devices (e.g., a combination of a 
DSP and a microprocessor, multiple microprocessors, one or 
more microprocessors in conjunction with a DSP core, or any 
other such configuration). 
0154 The functions described herein may be imple 
mented in hardware, Software executed by a processor, firm 
ware, or any combination thereof. If implemented in software 
executed by a processor, the functions may be stored on or 
transmitted over as one or more instructions or code on a 
computer-readable medium. Other examples and implemen 
tations are within the scope of the disclosure and appended 
claims. For example, due to the nature of Software, functions 
described herein can be implemented using Software 
executed by a processor, hardware, firmware, hardwiring, or 
combinations of any of these. Features implementing func 
tions 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 list of items 
(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). 
0155 All structural and functional equivalents to the ele 
ments of the various aspects described throughout this dis 
closure that are known or later come to be known to those of 
ordinary skill in the art are expressly incorporated herein by 
reference and are intended to be encompassed by the claims. 
Moreover, nothing disclosed herein is intended to be dedi 
cated to the public regardless of whether such disclosure is 
explicitly recited in the claims. The words “module.” “mecha 
nism.” “element,” “device.” and the like may not be a substi 
tute for the word “means.” As such, no claim element is to be 
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construed as a means plus function unless the element is 
expressly recited using the phrase “means for 
0156 Computer-readable media includes both non-transi 
tory computer storage media and communication media 
including any medium that facilitates transfer of a computer 
program from one place to another. A non-transitory storage 
medium may be any available medium that can be accessed 
by a general purpose or special purpose computer. By way of 
example, and not limitation, non-transitory computer-read 
able media can comprise RAM, ROM, electrically erasable 
programmable read only memory (EEPROM), compact disk 
(CD) ROM or other optical disk storage, magnetic disk stor 
age or other magnetic storage devices, or any other non 
transitory medium that can be used to carry or store desired 
program code means in the form of instructions or data struc 
tures and that can be accessed by a general-purpose or spe 
cial-purpose computer, or a general-purpose or special-pur 
pose processor. Also, any connection is properly termed a 
computer-readable medium. For example, if the software is 
transmitted from a website, server, or other remote source 
using a coaxial cable, fiber optic cable, twisted pair, digital 
subscriber line (DSL), or wireless technologies such as infra 
red, radio, and microwave, then the coaxial cable, fiber optic 
cable, twisted pair, DSL, or wireless technologies such as 
infrared, radio, and microwave are included in the definition 
of medium. Disk and disc, as used herein, include CD, laser 
disc, optical disc, digital versatile disc (DVD), floppy disk, 
and Blu-ray disc where disks usually reproduce data magneti 
cally, while discs reproduce data optically with lasers. Com 
binations of the above are also included within the scope of 
computer-readable media. 
0157. The previous description of the disclosure is pro 
vided to enable a person skilled in the art to make or use the 
disclosure. Various modifications to the disclosure will be 
readily apparent to those skilled in the art, and the generic 
principles defined herein may be applied to other variations 
without departing from the scope of the disclosure. Thus, the 
disclosure is not to be limited to the examples and designs 
described herein but is to be accorded the broadest scope 
consistent with the principles and novel features disclosed 
herein. 

0158 Techniques described herein may be used for vari 
ous wireless communications systems such as code division 
multiple access (CDMA), time division multiple access 
(TDMA), frequency division multiple access (FDMA), 
OFDMA, SC-FDMA, and other systems. The terms “system” 
and “network” are often used interchangeably. A CDMA 
system may implement a radio technology Such as 
CDMA2000, Universal Terrestrial Radio Access (UTRA), 
etc. CDMA2000 covers IS-2000, IS-95, and IS-856 stan 
dards. IS-2000 Releases 0 and Aare commonly referred to as 
CDMA2000 1x, 1x, etc. IS-856 (TIA-856) is commonly 
referred to as CDMA2000 1xEV-DO, High Rate Packet Data 
(HRPD), etc. UTRA includes Wideband CDMA (WCDMA) 
and other variants of CDMA. A TDMA system may imple 
ment a radio technology such as Global System for Mobile 
Communications (GSM). An OFDMA system may imple 
ment a radio technology such as Ultra Mobile Broadband 
(UMB), Evolved UTRA (E-UTRA), IEEE 802.11 (Wi-Fi), 
IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, etc. 
UTRA and E-UTRA are part of Universal Mobile Telecom 
munications system (UMTS). 3GPP Long Term Evolution 
(LTE) and LTE-Advanced (LTE-A) are new releases of Uni 
versal Mobile Telecommunications System (UMTS) that use 
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E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A, and Glo 
bal System for Mobile communications (GSM) are described 
in documents from an organization named "3rd Generation 
Partnership Project” (3GPP). CDMA2000 and UMB are 
described in documents from an organization named "3rd 
Generation Partnership Project 2 (3GPP2). The techniques 
described herein may be used for the systems and radio tech 
nologies mentioned above as well as other systems and radio 
technologies. The description above, however, describes an 
LTE system for purposes of example, and LTE terminology is 
used in much of the description above, although the tech 
niques are applicable beyond LTE applications. 
What is claimed is: 
1. A method of wireless communication, comprising: 
receiving a data channel during a first transmission time 

interval (TTI) utilizing resources in a data region; 
receiving an indication that a low latency transmission is 

present in at least a portion of the data region within the 
first TTI, wherein the low latency transmission is based 
at least in part on a second TTI; and 

decoding the data channel based at least in part on the 
indication. 

2. The method of claim 1, further comprising: 
generating an interference estimate based at least in part on 

the indication. 
3. The method of claim 2, further comprising: 
identifying one or more null tones during the first TTI, 

wherein the one or more null tones are only present in a 
Subset of frequency Subbands used by the data channel 
or a Subset of time units used by the data channel, and 
wherein generating the interference estimate is based at 
least in part on the one or more null tones. 

4. The method of claim 1, further comprising: 
mapping a set of modulation symbols of the data channel 

into a set of resources including the portion of the data 
region within the first TTI. 

5. The method of claim 1, further comprising: 
mapping a set of modulation symbols of the data channel 

into a set of resources excluding the portion of the data 
region within the first TTI. 

6. The method of claim 1, wherein the indication is 
received in a broadcast message or in a unicast message. 

7. The method of claim 6, wherein the indication is 
received subsequent to the first TTI or the second TTI. 

8. The method of claim 6, wherein the indication is 
received during one or more control channel symbol periods. 

9. The method of claim 1, wherein the low latency trans 
mission is directed toward a different wireless device. 

10. The method of claim 1, wherein the low latency trans 
mission is from a same cell as the data channel. 

11. The method of claim 1, wherein the low latency trans 
mission is from a different cell than the data channel. 

12. The method of claim 1, wherein the indication is 
received via a base station backhaul link. 

13. The method of claim 1, wherein the first TTI comprises 
a Long Term Evolution (LTE) subframe. 

14. The method of claim 1, wherein the second TTI com 
prises one or more LTE symbol periods. 

15. The method of claim 1, wherein the portion comprises 
a number of resource block (RBs). 

16. The method of claim 1, wherein the indication is 
received from at least one of a serving base station or a 
neighboring base station. 
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17. The method of claim 1, wherein the indication com 
prises a semi-static configuration. 

18. An apparatus for wireless communication, comprising: 
a processor; 
memory in electronic communication with the processor, 

and 
instructions stored in the memory and operable, when 

executed by the processor, to cause the apparatus to: 
receive a data channel during a first transmission time 

interval (TTI) utilizing resources in a data region; 
receive an indication that a low latency transmission is 

present in at least a portion of the data region within 
the first TTI, wherein the low latency transmission is 
based at least in part on a second TTI; and 

decode the data channel based at least in part on the 
indication. 

19. The apparatus of claim 18, wherein the instructions are 
operable to cause the apparatus to: 

generate an interference estimate based at least in part on 
the indication. 

20. The apparatus of claim 19, wherein the instructions are 
operable to cause the apparatus to: 

identify one or more null tones during the first TTI, wherein 
the one or more null tones are only present in a Subset of 
frequency Subbands used by the data channel or a Subset 
of time units used by the data channel; and 

generate the interference estimate based at least in part on 
the one or more null tones. 

21. The apparatus of claim 18, wherein the instructions are 
operable to cause the apparatus to: 
map a set of modulation symbols of the data channel into a 

set of resources including the portion of the data region 
within the first TTI. 

22. The apparatus of claim 18, wherein the instructions are 
operable to cause the apparatus to: 
map a set of modulation symbols of the data channel into a 

set of resources excluding the portion of the data region 
within the first TTI. 

23. The apparatus of claim 18, wherein the instructions are 
operable to cause the apparatus to: 

receive the indication subsequent to the first TTI or the 
second TTI. 

24. The apparatus of claim 23, wherein the instructions are 
operable to cause the apparatus to: 

receive a control channel during a first symbol period of the 
first TTI, wherein the control channel comprises sched 
uling information for the first TTI and decoding the first 
TTI is based at least in part on the control channel. 

25. The apparatus of claim 18, wherein the low latency 
transmission is directed toward a different wireless device. 

26. The apparatus of claim 18, wherein the low latency 
transmission is from a same cell as the data channel. 

27. The apparatus of claim 18, wherein the instructions are 
operable to cause the apparatus to: 

receive the indication via a base station backhaul link. 
28. The apparatus of claim 18, wherein the first TTI com 

prises a Long Term Evolution (LTE) subframe. 
29. An apparatus for wireless communication, comprising: 
means for receiving a data channel during a first transmis 

sion time interval (TTI) utilizing resources in a data 
region; 

means for receiving an indication that a low latency trans 
mission is present in at least a portion of the data region 
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within the first TTI, wherein the low latency transmis 
sion is based at least in part on a second TTI; and 

means for decoding the data channel based at least in part 
on the indication. 

30. A non-transitory computer-readable medium storing 
code for wireless communication, the code comprising 
instructions executable to: 

receive a data channel during a first transmission time 
interval (TTI) utilizing resources in a data region; 

receive an indication that a low latency transmission is 
present in at least a portion of the data region within the 
first TTI, wherein the low latency transmission is based 
at least in part on a second TTI; and 

decode the data channel based at least in part on the indi 
cation. 




