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ABSTRACT 
Some user equipments ( UEs ) served by a base station may 
need to receive data from the base station and / or transmit 
data to the base station with lower latency than other UEs . 
It is desired to accommodate the presence of both low 
latency and latency tolerant communications in shared time 
frequency resources to try to improve resource utilization . 
Embodiments are disclosed in which low latency and 
latency tolerant communications coexist in the same time 
frequency resources . In some embodiments , a latency tol 
erant transmission is postponed to free resources to send a 
low latency transmission . 
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CO - EXISTENCE OF LATENCY TOLERANT 
AND LOW LATENCY COMMUNICATIONS 

PRIORITY CLAIM 
[ 0001 ] The present application claims priority to U . S . 
Provisional Patent Application Ser . No . 62 / 383 , 149 entitled 
“ Coexistence of Mixed Services in TDD Flexible Frame 
Structure ” and filed on Sep . 2 , 2016 , and U . S . Provisional 
Patent Application Ser . No . 62 / 395 , 914 entitled “ System and 
Method for Mixed Numerology Coexistence With Slot or 
Symbol Alignment " and filed on Sep . 16 , 2016 , and U . S . 
Provisional Patent Application Ser . No . 62 / 417 , 933 entitled 
“ Coexistence of Mixed Services in TDD Flexible Frame 
Structure ” and filed on Nov . 4 , 2016 , all of which are 
incorporated herein by reference . 

FIELD 
[ 0002 ] The present application relates to the co - existence 
of latency tolerant and low latency communication . 

same time - frequency resources . In some embodiments , a 
latency tolerant transmission is postponed to free resources 
to send a low latency transmission . 
[ 0008 ] In one embodiment , there is provided a method 
performed by a base station . The method includes transmit 
ting a first transmission of first data over a first time duration 
in first downlink time - frequency resources . The method may 
further include transmitting a second transmission of second 
data over a second time duration in the first downlink 
time - frequency resources . The second time duration may be 
shorter than the first time duration . The second time duration 
may align with an integer number of OFDM symbols of the 
first time duration . 
10009 ] In another embodiment , there is provided a method 
performed by a UE . The method includes transmitting a first 
transmission of first data over a first time duration in first 
uplink time - frequency resources . The method may further 
include transmitting a second transmission of second data 
over a second time duration in the first uplink time - fre 
quency resources . The second time duration may be shorter 
than the first time duration . The second time duration may 
align with an integer number of OFDM symbols of the first 
time duration 
[ 0010 ] . In another embodiment , there is provided another 
method performed by a UE . The method includes receiving 
scheduling information that schedules a downlink transmis 
sion of a transport block for the UE during a first time 
interval . The downlink transmission includes first data on 
particular time - frequency resources . The method further 
includes receiving an indication that indicates that the first 
data is no longer scheduled on the particular time - frequency 
resources . The indication may be received after receiving 
some of the downlink transmission . 

BACKGROUND 
[ 0003 ] In some wireless communication systems , user 
equipments ( UEs ) wirelessly communicate with one or more 
base stations . The wireless communications may be per 
formed by transmitting orthogonal frequency - division mul 
tiplexing ( OFDM ) symbols . The OFDM symbols may be 
transmitted according to an orthogonal multiple access 
scheme , such as orthogonal frequency - division multiple 
access ( OFDMA ) , or a non - orthogonal multiple access 
( NOMA ) scheme , such as sparse code multiple access 
( SCMA ) . 
[ 0004 ] A wireless communication from a UE to a base 
station is referred to as an uplink communication . A wireless 
communication from a base station to a UE is referred to as 
a downlink communication . Resources are required to per 
form uplink and downlink communications . For example , a 
base station may wirelessly transmit data to a UE in a 
downlink communication at a particular frequency for a 
particular duration of time . The frequency and time duration 
are examples of resources . 
[ 0005 ] Some UEs served by a base station may need to 
receive data from the base station and / or transmit data to the 
base station with lower latency than other UEs . For example , 
a base station may serve multiple UEs , including a first UE 
and a second UE . The first UE may be a mobile device 
carried by a human who is using the first UE to browse on 
the Internet . The second UE may be equipment on an 
autonomous vehicle driving on a highway . Although the 
base station is serving both UEs , the second UE may need 
to send and / or receive data with lower latency compared to 
the first UE . The second UE may also need to send and / or 
receive its data with higher reliability . The second UE may 
be an ultra - reliable low latency communication ( URLLC ) 
UE , and the first UE may be an enhanced mobile broadband 
( MBB ) UE . 
[ 0006 ] It is desired to accommodate the presence of both 
low latency and latency tolerant communications in shared 
time - frequency resources to try to improve resource utiliza 
tion . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0011 ] Embodiments will be described , by way of 
example only , with reference to the accompanying figures 
wherein : 
[ 0012 ] FIG . 1 is a block diagram of a base station com 
municating with four UEs , according to one embodiment ; 
[ 0013 ] FIG . 2 is a block diagram of a base station and a 
UE , according to one embodiment : 
[ 0014 ] FIG . 3 illustrates one example of a time division 
duplex ( TDD ) frame structure ; 
[ 0015 ] FIGS . 4 to 7 illustrate examples of puncturing 
latency tolerant data ; 
[ 0016 ] FIG . 8 illustrates an example in which puncturing 
is not needed because the scheduling interval for low latency 
and latency tolerant data in the coexistence region is the 
same ; 
[ 0017 ] FIGS . 9 and 10 illustrate another example of punc 
turing latency tolerant data ; 
[ 0018 ] FIGS . 11 to 13 illustrate examples of dynamic 
sub - band bandwidth adjustment and / or a change in sub 
carrier spacing assignments ; 
[ 0019 ] FIGS . 14 and 15 are a simplified diagram of part of 
a base station that can operate using multiple numerologies , 
according to one embodiment ; 
10020 FIG . 16 illustrates different filters being used to 
generate and receive signals , according to one embodiment ; 
[ 0021 ] FIG . 17 illustrates an example of slot - based coex 
istence of differing numerologies ; 
[ 0022 ] FIG . 18 illustrates an example of symbol - based 
coexistence of differing numerologies ; 

SUMMARY 
[ 0007 ] Embodiments are disclosed herein in which low 
latency and latency tolerant communications coexist in the 
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[ 0023 ] FIG . 19 is a table illustrating the parameters for 
different numerologies , according to one embodiment ; 
10024 ] FIG . 20 illustrates another example of symbol - 
based coexistence of differing numerologies ; 
[ 0025 ] FIG . 21 illustrates an example of slot and symbol 
based coexistence in the same time - frequency resources : 
[ 0026 ] FIG . 22 illustrates an example of symbol - based 
coexistence in a TDD architecture ; 
[ 0027 ] FIG . 23 illustrates an example of coexistence in the 
uplink ; 
[ 0028 ] FIG . 24 illustrates an embodiment in which coex 
istence of first and second traffic types can be observed with 
both same and different numerology in separate frequency 
partitions : 
[ 0029 ] FIGS . 25 to 27 illustrate the transmission of post 
poned data according to different embodiments ; and 
[ 0030 ] FIG . 28 is a method performed by a base station , 
according to one embodiment ; and 
[ 0031 ] FIGS . 29 and 30 are methods performed by a UE , 
according to different embodiments . 

DETAILED DESCRIPTION 
[ 0032 ] For illustrative purposes , specific example embodi 
ments will now be explained in greater detail below in 
conjunction with the figures . 
[ 0033 ] FIG . 1 is a block diagram of a base station 100 , as 
well as four UEs 102a , 102b . 104a , and 104b served by the 
base station 100 , according to one embodiment . The base 
station 100 facilitates uplink and downlink communication 
between the UEs and a network 106 . The uplink and 
downlink communications may use OFDM symbols , possi 
bly in combination with either an orthogonal multiple access 
scheme , such as OFDMA , or a non - orthogonal multiple 
access scheme , such as SCMA . 
[ 0034 ] UEs 102a and 102b require lower latency uplink 
and / or downlink communication compared to UEs 104a and 
104b . For example , UEs 102a and 102b may be URLLC 
UEs , and UEs 104a and 104b may be eMBB UEs . 
10035 ] UEs that are served by a base station 100 and that 
require lower latency communication will be referred to as 
“ low latency UEs ” . The other UEs served by the base station 
will be referred to as “ latency tolerant UEs ” because traffic 
to / from the other UEs is relatively delay tolerant compared 
to the traffic to / from the low latency UEs . In FIG . 1 , UES 
102a and 102b are low latency UEs . and UEs 104a and 104b 
are latency tolerant UEs . Data to be transmitted between a 
base station and a low latency UE will be referred to as “ low 
latency data ” , and data to be transmitted between a base 
station and a latency tolerant UE will be referred to as 
“ latency tolerant data ” . It is contemplated that a single UE 
may use both low latency communication and latency tol 
erant communication , in which case the term “ low latency 
UE ” would refer to the activities of the single UE for the 
purpose of low latency communication , and the term 
" latency tolerant UE ” would refer to the activities of the 
single UE for the purpose of latency tolerant communica 
tion . 
[ 0036 ] The UEs 102a and 102b do not necessarily have to 
be low latency UEs , and the UEs 104a and 104b do not have 
to be latency tolerant UEs . More generally , UEs 102a and 
102b may have a different traffic type from UEs 104a and 
104b . For example , UEs 104a and 104b may each be a first 
traffic type UE , which is a UE that is configured to transmit 
and receive traffic of a first type . The traffic of the first type 

may be latency tolerant data traffic , such as eMBB traffic . 
UEs 102a and 102b may each be a second traffic type UE , 
which is a UE that is configured to transmit and receive 
traffic of a second type . The traffic of the second type may 
be low latency traffic , such as URLLC traffic . A second 
traffic type UE may also have other capabilities , including 
handling traffic of the first traffic type . Similarly , a first traffic 
type UE may also have other capabilities , including han 
dling traffic of the second traffic type . 
10037 ] Therefore , although eMBB UEs and eMBB data 
are described later in some embodiments , more generally the 
UEs in these embodiments may instead be replaced with 
latency tolerant UEs having latency tolerant data instead of 
eMBB data . Even more generally , latency tolerant UEs , such 
as eMBB UEs , may instead be replaced with first traffic type 
UEs having traffic of a first type . Similarly , although 
URLLC UEs and URLLC data are described later in some 
embodiments , more generally the UEs in these embodiments 
may instead be replaced with low latency UEs having low 
latency data instead of URLLC data . Even more generally , 
low latency UEs , such as URLLC UEs , may instead be 
replaced with second traffic type UEs having traffic of a 
second type . 
[ 0038 ] . Although the base station 100 only serves four UES 
in FIG . 1 , in actual operation the base station 100 may serve 
many more UEs . In some examples described herein , down 
link transmissions to the low latency UEs are grant - based , 
and uplink transmissions from the low latency UEs are 
grant - free . However , more generally uplink and / or downlink 
transmissions between the base station and low latency UES 
may be grant - based and / or grant - free . 
( 0039 ) When a wireless transmission occurs between the 
base station 100 and one or more of UEs 102a , 102b , 104a , 
and / or 104b , the transmission uses allocated resources , e . g . 
time - frequency resources . An example of time - frequency 
resources is indicated at 126 . Example specific resource 
partitions allocated to UEs are shown at 118 and 120 . 
0040 ] A region 128 of the time - frequency resources 126 

is reserved or used for the transmission of latency tolerant 
data , and this region 128 will be referred to as the latency 
tolerant region . Another region 130 of the time - frequency 
resources 126 is reserved or used for the transmission of 
both latency tolerant data and low latency data , and this 
region 130 will be referred to as the co - existence region . 
Region 128 is illustrated as a separate frequency range from 
region 130 , although in general this need not be the case . 
Also , there may be another region ( not shown ) that is 
reserved or used just for the transmission of low latency 
data . Other types of regions may additionally or alterna 
tively be present . For example , the time - frequency resources 
126 could instead be partitioned into a low latency region 
and a coexistence region , or into a latency tolerant region , a 
low latency region , and a coexistence region . It is also 
contemplated that the partitioning of the time - frequency 
resources 126 could be time division multiplexing ( TDM ) 
based , frequency division multiplexing ( FDM ) based , or in 
any other suitable manner , and that the partitions may 
change dynamically or semi - statically over time . This 
implies that the time - frequency region where both low 
latency and latency tolerant communication are made can be 
semi - statically configured and / or dynamically updated . 
[ 0041 ] Because both latency tolerant and low latency 
traffic can be scheduled in the time - frequency region 130 , 
and the latency tolerant transmission can be punctured so 
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that a low latency transmission may be sent instead , the 
time - frequency region 130 may alternatively be referred to 
as coexistence region or pre - emption region or pre - emption / 
puncturing indication region or impacted region . 
[ 0042 ] The resources used for low latency communica 
tions may be partitioned into time intervals . A time interval 
used for low latency communication will be referred to as a 
" low latency interval ” . In some embodiments , a low latency 
interval may be called a " low latency slot ” or a " mini slot ” , 
if a slot duration happens to be equal to a low latency 
interval duration . A slot may be defined as a particular 
number of OFDM symbols , e . g . 7 or 14 OFDM symbols in 
some embodiments . In some embodiments , a low latency 
interval may be called a low latency scheduling interval if 
low latency data is being scheduled for transmission on the 
low latency interval . 
[ 0043 ] An example of a low latency interval duration is 
shown at 142 . A low latency interval carries an encoded 
transport block to or from a low latency UE . It is contem 
plated that in some cases , an encoded transport block may 
span more than one low latency interval . A low latency 
interval encompasses a particular number of OFDM sym 
bols , e . g . 7 OFDM symbols or any other integer number of 
OFDM symbols . 
[ 0044 ] A low latency interval may be equal to , more than , 
or less than a sub - frame duration , depending upon the 
implementation . A sub - frame duration refers to a particular 
time interval . In some embodiments , a sub - frame may have 
a duration of 1 ms , regardless of the numerology or number 
of OFDM symbols in the sub - frame . In other embodiments , 
e . g . as in the embodiment illustrated in FIG . 3 , a sub - frame 
may have different durations in different numerologies . In 
some embodiments , a low latency interval duration may be 
equal to one transmission time unit ( TTU ) , or encompass 
multiple TTUs , depending upon the implementation . In 
some embodiments , a low latency interval duration may be 
equal to one slot , or encompass multiple slots , depending 
upon the implementation . 
[ 0045 ] Therefore , although “ low latency interval ” is used , 
it may be interchangeably called a “ low latency sub - frame ” 
in implementations in which a low latency interval has the 
same duration as a sub - frame . Also , “ low latency interval ” 
may be interchangeably called a “ low latency TTU ” in 
implementations in which a low latency interval has the 
same duration as a TTU . Also , a TTU is sometimes referred 
to as a transmission time interval ( TTI ) . Also , " low latency 
interval ” may be interchangeably called a " low latency slot ” , 
" slot " , or " mini - slot " in implementations in which a low 
latency interval has the same duration as a slot or mini - slot . 
A mini - slot comprises a number of symbols that is less than 
the number of symbols in a slot for a given numerology . 
[ 0046 ] In some examples described later , a URLLC slot is 
discussed , but more generally a URLLC slot may be 
replaced with a low latency interval . Also , it is contemplated 
that latency tolerant traffic may optionally use the same 
interval duration as low latency traffic . 
0047 ] The resources used for latency tolerant communi 
cations may also be partitioned into intervals . An interval 
used for latency tolerant communication will be referred to 
as a “ latency tolerant interval ” . An example of a latency 
tolerant interval is shown at 144 . A latency tolerant interval 
is the smallest interval of time that may be scheduled or 
allocated for a data transmission to / from a latency tolerant 
UE . 

[ 0048 ] A latency tolerant interval may be interchangeably 
called a “ latency tolerant slot ” in embodiments in which the 
time duration of a latency tolerant interval is equal to a slot 
duration . A latency tolerant interval may be interchangeably 
called a “ latency tolerant sub - frame ” in embodiments in 
which the time duration of a latency tolerant interval is equal 
to a sub - frame duration . A latency tolerant interval may be 
interchangeably called a “ latency tolerant TTU ” in embodi 
ments in which the time duration of a latency tolerant 
interval is equal to a TTU . A latency tolerant interval may be 
interchangeably called a latency tolerant scheduling interval 
if latency tolerant data is being scheduled for transmission 
on the latency tolerant interval . 
[ 0049 ] In some examples described later , an eMBB slot or 
eMBB interval is discussed , but more generally eMBB slot 
and eMBB interval may be replaced with a latency tolerant 
interval . 
[ 0050 ] As shown in FIG . 1 , a low latency interval has a 
time duration that is shorter than a latency tolerant interval . 
By transmitting low latency data in low latency intervals of 
a shorter duration , the latency of the data transmissions 
to / from the low latency UEs may be reduced . 
[ 0051 ] In some embodiments , different subcarrier spac 
ings may be used for different transmissions . For example , 
the subcarrier spacing in the latency tolerant region 128 may 
be different from the subcarrier spacing in the coexistence 
region 130 . In some embodiments , two numerologies with 
different sub - carrier spacings may be used . Numerology 
may refer to subcarrier spacing and / or cyclic prefix ( CP ) , or 
additionally other physical layer parameters like TTU ( or 
TTI ) , number of symbols per TTU , symbol duration , symbol 
useful part duration , carrier bandwidth , fast Fourier Trans 
form ( FFT ) sizes , etc . A first traffic type , like eMBB , and a 
second traffic type , like URLLC , may use a scalable numer 
ology . In some embodiments , eMBB and URLLC may use 
a different numerology when they coexist in same time 
frequency resources under a common carrier . eMBB and 
URLLC may or may not be assigned a separate sub - band . 
The numerology switching may occur in same sub - band , for 
example , the eMBB transmission band , e . g . in the latency 
tolerant region 128 . 
[ 0052 ] FIG . 2 is a block diagram showing the base station 
100 and a UE of FIG . 1 in more detail . The UE may be UE 
102a . 102b , 104a , or 104b . The word “ base station " encom 
passes any device that wirelessly transmits / receives data 
from wireless devices , such as UEs 102a , 102b . 104a , and 
104b . The base station 100 is an example of a network 
access device that provides network access to UEs 102a , 
102b . 104a , and 104b . The base station therefore encom 
passes access devices , including : a transmit and receive 
point , a base transceiver station , a radio base station , a radio 
access node , a network node , a transmit / receive node , a 
Node B , an evolved Node B ( eNode B or eNB ) , a gNB , 
which is sometimes called a " gigabit ” Node B , a relay 
station , a remote radio head , or an Access Point ( AP ) . Also , 
in some embodiments , the functions of the base station 100 
may be distributed . For example , some of the modules of the 
base station 100 may be located remote from the equipment 
housing the antennas of the base station 100 , and may be 
coupled to the equipment housing the antennas over a 
communication link ( not shown ) . Therefore , in some 
embodiments , the term base station 100 may also refer to 
modules on the network side that perform operations , such 
as scheduling and message generation , and that are not 
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necessarily part of the equipment housing the antennas of 
the base station 100 . The modules may also be coupled to 
other base stations . In some embodiments , the base station 
100 may actually be a plurality of base stations that are 
operating together to serve the UEs , e . g . through coordi 
nated multipoint transmissions . 
[ 0053 ] Similarly , UEs 102a , 102b , 104a , and 104b are also 
meant to be illustrative of other end user devices that may be 
configured as disclosed herein for uplink downlink commu 
nications with the base station 100 . Examples of other user 
devices include wireless transmit / receive units ( WTRUS ) , 
mobile stations , wireless devices , fixed or mobile subscriber 
units , mobile telephones , personal digital assistants ( PDAs ) , 
smart phones , laptops , computers , wireless sensors , and 
consumer electronics devices . 
[ 0054 ] The base station 100 includes a transmitter 164 and 
a receiver 166 coupled to one or more antennas 162 . Only 
one antenna 162 is illustrated . The transmitter 164 and the 
receiver 166 may be integrated as a transceiver . The trans 
mitter 164 may implement some or all of the downlink 
physical layer operations of the base station 100 , and the 
receiver 166 may implement some or all of the uplink 
physical layer operations of the base station 100 . The base 
station 100 further includes a message processor 170 for 
processing uplink transmissions from the UEs . The message 
processor 170 may be part of the receiver 166 . The message 
processor 170 may include a decoder ( not shown ) for 
decoding uplink transmissions from the UEs . The base 
station 100 further includes a resource allocator 168 , which 
may perform operations such as : generating scheduling 
grants ; and / or partitioning the resources into coexistence , 
latency tolerant only , and / or low latency only regions ; and / or 
configuring subcarrier spacing ; and / or puncturing / postpon 
ing latency tolerant data transmissions to UEs 104a or 104b ; 
and / or scheduling transmissions having symbol and / or slot 
alignment . 
[ 0055 ] . The message processor 170 , the resource allocator 
168 , and / or any signal processing components of the trans 
mitter 164 and receiver 166 , may be implemented in the 
form of circuitry configured to perform the functions of the 
message processor 170 , the resource allocator 168 , and / or 
the transmitter 164 / receiver 166 . In some implementations 
the circuitry includes a memory and one or more processors 
that execute instructions stored in the memory that cause the 
one or more processors to perform the operations of the 
message processor 170 , the resource allocator 168 , and / or 
the transmitter 164 / receiver 166 . Alternatively , the message 
processor 170 , the resource allocator 168 , and / or any signal 
processing components of the transmitter 164 and receiver 
166 , may be implemented using dedicated integrated cir 
cuitry , such as an application specific integrated circuit 
( ASIC ) , a graphics processing unit ( GPU ) , or a programmed 
field programmable gate array ( FPGA ) for performing the 
operations of the message processor 170 , the resource allo 
cator 168 , and / or the transmitter 164 / receiver 166 . In yet 
other implementations , the functionality of the base station 
100 described herein may be fully or partially implemented 
in software or modules stored in the memory and executed 
by the one or more processors . 
10056 . The UE illustrated in FIG . 2 also includes a trans 
mitter 174 and a receiver 176 coupled to one or more 
antennas 122 . Only one antenna 122 is illustrated . The 
transmitter 174 and the receiver 176 may be integrated as a 
transceiver . The transmitter 174 may implement some or all 

of the uplink physical layer operations of the UE , and the 
receiver 176 may implement some or all of the downlink 
physical layer operations of the UE . The UE further includes 
a message processor 178 for generating messages to be 
transmitted in grant - based and / or grant - free uplink transmis 
sions , and for processing received messages . Generating an 
uplink message may include performing uplink physical 
layer operations : receiving data , and then encoding and 
modulating the data so that it can be transmitted by the 
transmitter 174 in the transmission . Processing a received 
message may include decoding and demodulating the data 
received in the downlink transmission message . For 
example , the message processor 178 may include a decoder 
( not shown ) for decoding a downlink transmission from the 
base station 100 . In some embodiments , the message pro 
cessor 178 processes update information present in the 
downlink transmission ( e . g . in the form of an indicator ) in 
order to determine if there is particular data ( e . g . punctured 
data or URLLC data ) in the downlink transmission message 
that is not to be considered during decoding . 
f0057 ] The message processor 178 , and / or any signal 
processing components of the transmitter 174 and receiver 
176 , may be implemented in the form of circuitry configured 
to perform the functions of the message processor 178 , the 
transmitter 174 and / or receiver 176 . In some implementa 
tions the circuitry includes a memory and one or more 
processors that execute instructions stored in the memory 
that cause the one or more processors to perform the 
operations of the message processor 178 , and / or the trans 
mitter 174 / receiver 176 . Alternatively , message processor 
178 , and / or any signal processing components of the trans 
mitter 174 and receiver 176 , may be implemented using 
dedicated integrated circuitry , such as an ASIC , a GPU , or 
an FPGA for performing the operations of the message 
processor 178 , and / or the transmitter 174 / receiver 176 . In 
yet other implementations , the functionality of the UE 
described herein may be fully or partially implemented in 
software or modules stored in the memory and executed by 
the one or more processors . 
[ 0058 ] In some embodiments , communications between 
the UEs and the base station 100 use time division duplex 
( TDD ) frame structures . Therefore , TDD frame structures 
are described in some embodiments below . However , a 
similar approach could be applied using frequency division 
duplex ( FDD ) frame structures instead . 
[ 0059 ] In a TDD frame structure , each sub - frame may 
have a downlink segment , an uplink segment , and a guard 
period separating the downlink segment from the uplink 
segment . FIG . 3 illustrates one example of a TDD frame 
structure 202 . The frame structure 202 is composed of four 
30 kHz sub - band sub - frames 204 , 206 , 208 , and 210 . In FIG . 
3 , a sub - frame is illustrated as having a duration of 0 . 25 ms 
in the 30 kHz sub - band and 0 . 125 ms in the 60 kHz 
sub - band , but this is only an example . In other embodiments , 
a sub - frame may have a duration of 1 ms , regardless of the 
sub - band , numerology , or number of OFDM symbols in the 
sub - frame . Sub - band may be alternatively referred to as 
bandwidth part or bandwidth portion within a carrier band 
width . 
100600 . A sub - frame may be downlink dominant or uplink 
dominant . A downlink dominant sub - frame is a sub - frame in 
which more resources are allocated for downlink traffic 
compared to uplink traffic . An uplink dominant sub - frame is 
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a sub - frame in which more resources are allocated for uplink 
traffic compared to downlink traffic . 
[ 0061 ] In some embodiments , the time duplex communi 
cations are transmitted in two or more frequency sub - bands , 
each operating with a respective different sub - carrier spac 
ing . In the example illustrated in FIG . 3 , two frequency 
sub - bands 220 and 222 are shown operating with different 
sub - carrier spacings . Sub - band 220 operates with a 60 kHz 
sub - carrier spacing , and sub - band 222 operates with a 30 
kHz sub - carrier spacing . Different sub - carrier spacings may 
be used . For example , two numerologies with different 
sub - carrier spacings may be chosen from a set of scalable 
numerologies having sub - carrier spacings that differ by a 
factor of 2 " , where m is an integer . Some other examples of 
scalable numerologies include 15 kHz and 30 kHz sub 
carrier spacings , and 15 kHz and 60 kHz sub - carrier spac 
ings . As mentioned earlier , in some embodiments , numer 
ology refers to subcarrier spacing and / or cyclic prefix ( CP ) , 
or additionally other parameters TTU ( or TTI ) , number of 
symbols per TTU ( or TTI ) , symbol duration , symbol useful 
part duration , carrier bandwidth , FFT sizes , etc . 
[ 0062 ] A self - contained downlink dominated sub - frame 
structure is shown at 211 and includes downlink segment 
212 , guard period 214 and uplink segment 216 . OFDM 
symbols for data transmitted in the 60 kHz band have a time 
duration that is half that of OFDM symbols for data in the 
30 kHz band . The contents of the sub - frame in the 60 kHz 
sub - band are indicated at 223 and include 14 OFDM symbol 
durations : OFDM symbols 230 , 232 , 234 , and 236 , followed 
by a guard period of two OFDM symbol durations 238 , 
followed by two uplink symbols 240 . The contents of the 
sub - frame in the 30 kHz sub - band are indicated at 224 and 
include 7 OFDM symbol durations : OFDM symbols 242 
and 244 , followed by a guard period of one OFDM symbol 
duration 246 , followed by one uplink symbol 248 . This 
design is implementation specific . In this design , the TDD 
structure of the contents in the two sub - bands is aligned in 
the sense that the uplink transmissions on one sub - band ( e . g . 
the 60 kHz sub - band ) are aligned with uplink transmissions 
in another sub - band ( e . g . the 30 kHz sub - band ) , and a 
similar alignment is present for the downlink transmission 
period and the guard period . One or more symbols , in this 
example the symbols 230 and 234 , have a longer cyclic 
prefix than the remaining symbols 232 and 236 of their 
sub - bands . Similarly , the symbol 242 has a longer cyclic 
prefix than the remaining symbols 244 of its sub - band . The 
different cyclic prefix durations may be used to ensure the 
desired alignment of the guard period and the uplink and 
downlink transmissions . 
[ 0063 ] As noted above , the embodiments are also appli 
cable to a FDD frame structure . In a FDD frame structure , 
all the symbols are transmitted in the same direction , e . g . 
242 , 244 , 246 , 248 are all downlink or uplink . 
[ 0064 ] In FIG . 3 , the overall frame structure is 1 ms in 
duration , and the sub - frames are 0 . 25 ms in duration in the 
30 kHz band . In the 60 kHz band , each sub - frame is 0 . 125 
ms . As mentioned above , this is only an example . A sub 
frame may have a duration of 1 ms instead , regardless of 
numerology , in which case the overall frame structure in 
FIG . 3 would instead be 4 ms . The frame structure 220 for 
the 60 kHz band includes symbols 230 and 232 in the first 
half , and includes symbols 234 , 236 , 238 , and 240 in the 
second half . 

[ 0065 ] For each TDD frame , scheduling information may 
be sent by resource allocator 168 of the base station 100 . The 
scheduling information in respect of latency tolerant down 
link traffic is sent based on a predefined scheduling interval , 
which may be equal to the duration of one TDD frame . In 
addition , for each sub - frame , scheduling information is 
transmitted in respect of low latency downlink traffic based 
on a scheduling interval equal to the duration of one sub 
frame . In the example illustrated in FIG . 3 , the scheduling 
information for the latency tolerant traffic is sent at the 
beginning of the TDD scheduling interval , and is based on 
a scheduling interval of 0 . 5 ms or less , corresponding to the 
duration of the downlink portion of the frame structure . The 
scheduling information for the low latency traffic is sent at 
the beginning of each sub - frame , and is based on a 0 . 25 ms 
scheduling interval . The scheduling information indicates 
resources that are allocated for latency tolerant traffic or low 
latency traffic in the respective scheduling interval . 
[ 0066 ] In some embodiments , at some time after the first 
sub - frame , update information is transmitted that updates 
the scheduling information in respect of the latency tolerant 
downlink traffic in a sub - frame other than the first sub 
frame . For example , the update information may be an 
indicator indicating that scheduled latency tolerant data for 
particular time - frequency resources has been punctured . The 
resources freed from not transmitting the punctured latency 
tolerant data are used to send low latency data instead , which 
may also be indicated in the indication . Examples are 
presented below . 
[ 0067 ] One example is depicted in FIG . 4 . In this and some 
other examples below , the latency tolerant traffic will be 
referred to as eMBB traffic , and the low latency traffic will 
be referred to as URLLC traffic , but more generally , for any 
of these embodiments , other traffic types can be used 
instead . For example , the eMBB traffic may instead be 
replaced with traffic of a first type , and the URLLC traffic 
may instead be replaced with traffic of a second type . The 
traffic of the first type and the traffic of the second type may 
not necessarily have different latency requirements . In other 
embodiments , the traffic of the first type may be latency 
tolerant data , and the traffic of the second type may be low 
latency data . 
[ 0068 ] In FIG . 4 , the eMBB scheduling interval is 0 . 5 ms , 
and spans two 0 . 25 ms scheduling intervals of URLLC 
traffic . The eMBB scheduling interval may consist of an 
aggregation of smaller units , where each smaller unit could 
be a scheduling interval for URLLC traffic , or more gener 
ally each smaller unit comprises a group of symbols for a 
given numerology . At the start of the overall frame structure 
304 , scheduling information is transmitted that allocates 
time frequency resources to eMBB traffic as indicated in 
FIG . 4 . The scheduling information may be transmitted via 
a dynamic control channel , such as the physical downlink 
control channel ( PDCCH ) in long - term evolution ( LTE ) , or 
the equivalent . Scheduling information is also sent for 
URLLC traffic in the first sub - frame 300 . The sub - frame 
durations in FIG . 4 are shown as 0 . 25 ms , but this is only an 
example . As another example , a sub - frame duration may be 
1 ms . At some point after the first sub - frame 300 , update 
information is sent that updates the scheduling information , 
and this results in one or more time - frequency resources that 
were initially scheduled for eMBB traffic in the second 
sub - frame ( more generally in a sub - frame other than the first 
sub - frame ) no longer being scheduled for eMBB traffic . This 
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implies that for a duration after the latency tolerant data is 
scheduled , the UE receiving latency tolerant data might not 
expect any pre - emption or puncturing of its data . Control 
signaling containing update information may be signaled to 
the UE after the duration elapses . This duration can be 
configured by the network , either in a UE - specific or a 
group - common manner . Control signaling containing update 
information can be UE specific or group - common and is 
transmitted / monitored by the UE after the aforementioned 
duration elapses at a configured search space . Common 
indication can be transmitted in group - common DCI such as 
in common PDCCH , or PCFICH or PHICH . The resulting 
allocation is depicted in FIG . 5 , which shows that eMBB 
traffic has been punctured at time frequency resources 306 . 
The update information can be communicated in any known 
manner , and indicates to the UE with eMBB traffic that some 
or all of the time frequency resources originally scheduled 
for eMBB traffic have been punctured . As a result , the UE 
with eMBB traffic can decode its received transmission 
without considering the punctured regions , thereby poten 
tially reducing decoding errors . 
[ 0069 ] FIGS . 6 and 7 illustrate an alternative example in 
which the scheduling granularity for the 60 kHz band is 
different . With reference to FIG . 6 , at the start of the overall 
frame structure 304 , scheduling information is transmitted 
that allocates time frequency resources to eMBB traffic as 
indicated in FIG . 6 . In addition , scheduling information is 
sent for URLLC traffic in the first sub - frame 300 . At some 
point after the first sub - frame 300 , update information is sent 
that updates the scheduling information , and this results in 
one or more time - frequency resources that were initially 
scheduled for eMBB traffic in the second sub - frame no 
longer being scheduled for eMBB traffic . The resulting 
allocation is depicted in FIG . 7 , which shows that eMBB 
traffic has been punctured at time frequency resources 306 . 
The update information can be communicated in any known 
manner , and indicates to the UE with eMBB traffic that some 
or all of the time frequency resources originally scheduled 
for eMBB traffic have been punctured . As a result , the UE 
with eMBB traffic can decode its received transmission 
without considering the punctured regions , thereby poten 
tially reducing decoding errors . 
[ 0070 ] Note that in FIGS . 4 to 7 , the URLLC transmission 
interval is shown as 0 . 25 ms . More generally , the URLLC 
transmission interval can be less than 0 . 25 ms , i . e . , the 
interval may correspond to one or a few symbols of a given 
numerology such as for subcarrier spacing 60 kHz . 
10071 ] For the embodiments when the transmission inter 
val of low latency data is smaller than latency tolerant data , 
latency tolerant data transmission is shown to span a dura 
tion which consists of more than one downlink and more 
than one uplink portion for TDD systems . Alternatively , a 
latency tolerant data transmission can span a duration which 
consists of downlink portion ( s ) or sub - frames only , or more 
than one downlink portion but one uplink portion , or more 
generally any duration where the number of downlink 
portions can be more , equal or less than the number of uplink 
portions . 
[ 0072 ] Referring to FIG . 8 , in an alternative example a 
frame structure 354 has a duration of 0 . 5 ms , which corre 
sponds to one scheduling interval in the 30 kHz sub - band 
that is reserved for eMBB traffic . In the 60 kHz sub - band , 
the scheduling interval for both URLLC traffic and eMBB 
traffic is 0 . 25 ms . Here , scheduling interval of 0 . 25 ms 

implies more generally the transmission spans the duration 
of downlink portion ( s ) within 0 . 25 ms . It is contemplated 
that the scheduling interval in the sub - band reserved for 
MBB traffic could be any integer multiple of the scheduling 
interval carrying both types of traffic . It is further contem 
plated that the scheduling interval for the sub - band that 
carries both types of traffic could be any suitable value that 
accommodates the latency tolerance of the URLLC traffic . 
In this embodiment , puncturing of the eMBB traffic is not 
needed because the scheduling interval for both traffic types 
( EMBB and URLLC ) in the coexistence region is the same . 
Therefore , the UE with eMBB traffic does not need to 
monitor the channel for update information or puncturing 
information , because URLLC traffic in the second schedul 
ing interval can be accommodated by dynamic scheduling of 
the eMBB traffic in that scheduling interval . 
10073 ] Another example is depicted in FIGS . 9 and 10 . In 
FIG . 9 , the eMBB scheduling interval is 0 . 5 ms , and spans 
four 0 . 125 ms scheduling intervals of URLLC traffic . Here , 
downlink scheduling interval implies more generally the 
transmission spans the duration of downlink portion ( s ) 
within the indicated interval . FIGS . 9 and 10 show before 
and after puncturing views of the scheduling of both eMBB 
and URLLC traffic . At some point after the first sub - frame , 
update information has been sent indicating that eMBB 
traffic is being punctured in time frequency regions 400 . The 
indication can be sent as a common signal to at least the UES 
whose transmission overlaps the region 400 . Instead of third 
and fourth downlink portions with the 0 . 5 ms duration , 
second downlink portion could be punctured as well . 
[ 0074 ] In some embodiments , eMBB and URLLC assign 
ment does not change during their respective scheduling 
interval , unless eMBB data is punctured . Downlink signal 
ing to update the eMBB scheduling may appear at the 
beginning of each subsequent sub - frame within the eMBB 
scheduling interval , starting from the second sub - frame . 
[ 0075 ] In some embodiments , the update information is 
information specifically for the UEs with eMBB traffic 
indicating some of their time - frequency resources are punc 
tured . This implies that update information can be sent to 
group of UEs . Alternatively , scheduling information for the 
UEs with URLLC traffic that conflicts with previous eMBB 
scheduling can function as the update information . Alterna 
tively , control information at the beginning of the second 
sub - frame can be interpreted as update information . The 
control information can alternatively act as downlink control 
information in the embodiment described above with refer 
ence to FIG . 8 , where the resources are allocated by dynamic 
scheduling instead of by puncturing . 
[ 0076 ] For the examples illustrated in FIGS . 4 - 7 , the 
update information may appear at the beginning of the 
second 0 . 25 ms interval in the 60K band . For the example 
illustrated in FIG . 9 , the update information may appear at 
the beginning of the 2nd , 3rd , and 4th 0 . 125 ms intervals . 
More generally , the update information can be transmitted at 
any time up until the end of the eMBB scheduling interval , 
as a collective indicator to notify any changes in eMBB 
transmission during 2nd and subsequent sub - frames within 
the eMBB scheduling interval . 
[ 0077 ] The downlink control information ( DCI ) that pro 
vides scheduling information to the UEs may indicate 
HARQ feedback timing and / or resources . In some embodi 
ments , it may be possible that the UE is configured ( by RRC 
signaling ) to send HARQ feedback corresponding to a 
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HARQ process or TB in an asynchronous or autonomous 
manner , or at a time and / or resource that can be different 
from the HARO feedback timing indicated in DCI or 
pre - configured ( i . e . , a pre - set time after the DCI is received ) 
for the UE . In some cases , the UE may choose to override 
the indicated HARQ timeline and send HARQ feedback 
before or after the indicated / configured timeline . For 
example , in the context of coexistence of latency tolerant 
and low latency transmission , if the UE receiving latency 
tolerant transmission identifies that a significant portion of 
the TB has been punctured , it may send a NACK early 
without waiting for the pre - configured / indicated timeline to 
arrive . In FIG . 10 , if the UE identifies that a significant 
portion of its TB is punctured , either via puncturing indica 
tion or other mechanism , it may send a NACK in one of the 
uplink portions within the 0 . 5 ms duration . For example , if 
second downlink portion is punctured and the UE identifies 
that puncturing has occurred , the UE may choose to send a 
NACK in the immediate next uplink portion . Sending a 
NACK early may avoid resource wastage from transmission 
of the remaining part of the transport block ( TB ) . In another 
embodiment , the UE may receive a TB comprising multiple 
code blocks ( CBs ) or code block groups ( CBGs ) . The UE 
may receive and decode CBs or CBGs on the fly . i . e . , decode 
CBs / CBGs as soon as they are received . If the UE fails to 
decode x CBs / CBGs of a TB , where x < N , N = total number 
of CB / CBGs configured in a TB , the UE may send a NACK 
before the configured / indicated HARQ feedback timeline of 
the TB . It may be useful , for example , if the UE is experi 
encing bad channel conditions , for the network to stop 
postpone transmission of subsequent CBs of the TB based 
on early NACK . However , if the HARQ feedback is trans 
mitted at a location and / or time that is different from the 
indicated or configured time and / or location , the network 
may not know which UE and / or which HARQ process ID 
the feedback refers to . 
[ 0078 ] For the network to identify which UE and / or which 
HARQ process the feedback refers to , the UE may be 
configured with a location or time - frequency resource for 
HARQ feedback in uplink channel , which may or may not 
be shared with other UEs as well . In one example , the 
configured resource for transmitting feedback may be asso 
ciated with received PDCCH signaling or Control resource 
set ( CORESET ) of received PDCCH signaling . The time 
frequency resource for sending this HARQ feedback can be 
always reserved or can be made available after a configured 
duration of receiving the DCI containing downlink sched 
uling information or available with a configured periodicity 
or configured occasions for HARQ feedback transmission 
opportunities . For example , after every n symbols ( for a 
given numerology ) of receiving downlink scheduling infor 
mation , the UE may have the opportunity to transmit HARQ 
feedback autonomously . The indicated / pre - configured time 
line of sending HARQ feedback may or may not align with 
the transmission occasions of the autonomous HARQ feed 
back . The configured resource can be within the configured 
PUCCH resources or outside in different resources of the 
uplink channel . The time - frequency resource for sending 
this HARQ feedback can be configured solely for sending 
asynchronous / autonomous HARQ feedback or it can be 
used for sending both synchronous and asynchronous / au - 
tonomous HARQ feedback as well . Synchronous HARQ 
feedback refers to transmitting HARQ feedback at the 
indicated / configured timeline . In one embodiment . HARQ 

feedback transmitted in the configured resource may addi 
tionally include bits representing HARQ ID . Based on the 
HARQ ID , the network identifies that the UE is sending 
HARQ feedback for a given HARQ process or TB . The UE 
ID can be obtained from the mapped sequence or codes used 
for converting the bits of HARQ feedback to a physical 
signal . In other embodiments , the UE sends autonomous 
HARQ feedback , e . g . , a NACK , which may not need to 
include a HARQ ID . The feedback may be masked with a 
sequence and / or codes representing UE ID , similar to con 
ventional HARQ feedback multiplexing . The feedback is 
sent after a configured time of receiving PDCCH which 
corresponds to a HARQ process ID . Hence , based on the 
information of the last HARQ process scheduled to the UE , 
the network may identify that the feedback refers to the 
HARQ process scheduled to UE prior to transmission of the 
feedback . The configured PUCCH resources for the feed 
back may be associated with PDCCH type received or 
CORESET of PDCCH or may be dynamically indicated as 
part of PDCCH with or without a prior semi - static configu 
ration . If multiple HARQ processes can be simultaneously 
scheduled to the UE , there may be multiple configured 
resources needed , and each configured resource may be used 
for feedback of one HARQ process . A pre - configured rule 
can be established for determining where feedback of each 
one of ( potentially ) simultaneously received HARQ pro 
cesses can be sent . If multiple resources are not configured , 
then a HARQ ID may need to be inserted in order to avoid 
ambiguity . In another embodiment , there may be semi - static 
configuration of first and second resources associated for 
transmitting autonomous and synchronous HARQ feedback , 
respectively . Frequency resources of first and second 
resources can be the same or different . If the UE is config 
ured for autonomous HARQ feedback and PDCCH is 
received , first and second resources may be activated or 
available for use in an uplink channel as a result of semi 
static prior configuration and PDCCH reception . First and / or 
second resources can be semi - statically configured and / or 
dynamically indicated in the PDCCH . 
100791 Some embodiments include dynamic sub - band 
bandwidth adjustment and / or a change in sub - carrier spacing 
assignments . This implies that resource assignment for 
transmission with different numerologies can be dynami 
cally updated and indicated to the UEs . For example , FIG . 
11 shows first and second time division duplex frames 500 
and 502 . After the first frame 500 , the bandwidth of the 30 
kHz and 60 kHz sub - bands is updated . This can be signalled 
to UEs , for example at the start of the second frame 502 . The 
update can , for example , be based on traffic load for traffic 
of the URLLC and eMBB traffic types . Another example is 
depicted in FIG . 12 in which the entire bandwidth is 
switched to the sub - carrier spacing suitable for the URLLC 
traffic type ( 60 kHz in this example ) , with a self - contained 
interval ( i . e . uplink , guard and downlink ) of 0 . 125 ms . The 
eMBB traffic is still scheduled over the scheduling interval 
of 0 . 5 ms . A self - contained interval of 0 . 125 ms is only an 
example and in practice , it can be longer or shorter than 
0 . 125 ms . For example , it can be 0 . 25 ms . 
[ 0080 ] In some embodiments , frequency division multi 
plexing ( FDM ) and time division multiplexing ( TDM ) 
numerologies are combined . An example is depicted in FIG . 
13 . FIG . 13 shows a first TDD frame structure 600 similar 
to those described previously , where FDM is used to sepa 
rate the 30 kHz numerology from the 60 kHz numerology . 
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Following the initial frame 600 is a time period 602 allo 
cated to URLLC traffic only , i . e . TDM is used to separate the 
60 kHz numerology . Following that is another TDD frame 
structure 604 in which FDM is used to separate the 30 kHz 
numerology from the 60 kHz numerology . The durations 
shown for FDM and TDM coexistence in FIG . 13 are only 
examples , and in general , any configurable duration is 
possible , and TDM switching to / from FDM for may occur at 
the boundary of symbols , slots , or integer multiples of x ms , 
where x can be any positive value . In particular , x can be 
chosen from { 0 . 125 ms , 0 . 25 ms , 0 . 5 ms , 1 ms } . 
[ 0081 ] In some embodiments , for certain retransmissions . 
e . g . retransmissions to some UEs having outstanding unsuc 
cessful transmissions , the scheduler adopts a lower modu 
lation and coding scheme ( MCS ) for the retransmission for 
increased reliability . As an example , and still considering 
FIG . 13 , the code rate for retransmission may be reduced 
such that the resources allocated for retransmissions within 
sub - frame 604 are twice those of a new transmission in time 
interval 602 . This is shown at 603 . The network may 
schedule a given number of repetitions for a packet , with 
different repetitions that use different MCS . As mentioned 
above , the 1st retransmission may be automatically received , 
i . e . , as a repetition following the initial transmission , in the 
same or different resources used for the initial transmission , 
and can be configured to have different MCS . Alternatively , 
subsequent transmissions following initial transmission of a 
TB are scheduled as well . 
[ 0082 ] In any of the embodiments described above , vari 
ous different methods can be employed for determining , for 
a given TDD frame , whether to transmit update information 
to update the scheduling information for latency tolerant 
traffic . This is because part of the DL transmission can be 
punctured or pre - empted due to the presence of low latency 
traffic . Update information may alternatively be called punc 
turing indication or pre - emption indication . 
[ 0083 ] In some embodiments , determining whether to 
transmit the update information may involve : ( a ) receiving 
ACK / NACK information in respect of low latency traffic ; 
and ( b ) using the received ACK / NACK information to 
determine whether to puncture resources scheduled for the 
latency tolerant traffic to allow for retransmission of a block 
of low latency traffic . The update information may identify 
the punctured resources . 
[ 0084 ] In some embodiments , determining whether to 
transmit the update information may involve : ( a ) identifying 
the existence of new low latency data to send and / or 
determining an amount of low latency data to send ; and ( b ) 
determining whether to puncture resources scheduled for 
latency tolerant data to allow for transmission of new low 
latency data based on the identified existence and / or the 
determined amount . The update information may indicate 
the punctured resources . 
10085 ) . In some embodiments , determining whether to 
transmit the update information may involve : ( a ) receiving 
ACK / NACK information in respect of latency tolerant data ; 
( b ) based on the received ACK / NACK information , deter 
mining whether to re - assign some resources as between 
receivers of latency tolerant data . The update information 
may indicate the re - assignment of resources . The update 
information may be an indicator indicating which latency 
tolerant resources have been punctured . In one embodiment , 
the base station may puncture latency tolerant data to free up 
resources and instead use the freed resources in order to send 

low latency data . The latency tolerant UE that has its latency 
tolerant data punctured might not be sent an indicator 
indicating that the puncturing occurred . The indicator may 
only be sent if a NACK is subsequently received from the 
latency tolerant UE . The indicator may inform the latency 
tolerant UE of the resources on which the latency tolerant 
data has been punctured , which may assist the latency 
tolerant UE in decoding a retransmission of the latency 
tolerant data . With regard to ( b ) , in some embodiments the 
indicator may include a scheduling grant , which may assign 
or re - assign resources for receivers of latency tolerant data . 
[ 0086 ] In some embodiments , the update information may 
indicate where resources for latency tolerant data are to be 
punctured . Alternatively , the update information may indi 
cate a re - assignment of resources as between different 
latency tolerant UEs . 
100871 In some embodiments , scheduling low latency traf 
fic includes scheduling a block of low latency traffic during 
one of the sub - frames , and scheduling the same block of low 
latency traffic during another of the sub - frames with or 
without frequency hopping . When automatic retransmis 
sions , i . e . repetitions , of low latency data are performed , 
then the repetitions may use frequency hopping . For 
example , with reference to FIG . 5 , the two URLLC trans 
missions during sub - frame 300 may be repeated in the 
punctured locations 306 , in which case frequency hopping 
would be present because resources 306 are different fre 
quency resources from the URLLC transmissions in interval 
300 . However , the repetitions do not have to use frequency 
hopping . 
[ 0088 ] The control resource set ( CORESET ) for monitor 
ing update information or puncturing indication ( PI ) can be 
located within the same downlink portion that is impacted 
due to puncturing or in a different , e . g . , subsequent , down 
link portion . In particular , the CORESET for monitoring PI 
may be located in any symbol of the downlink portion of a 
TDD system . In particular , it can be in the first and / or second 
symbols of the downlink portion of self - contained interval . 
Alternatively , it can be located at the end of the downlink 
portion . Some downlink portions might not have any 
CORESET configured for PI . 
[ 0089 ] If a TDD system is configured such that in a 
sub - frame , the downlink portion has duration Td , the guard 
period has duration Tg , and the uplink portion has duration 
Tu , and this assignment is repeated with a periodicity of 
T = Td + Tg + Tu ( i . e . , T is the duration of the sub - frame ) , PI 
can be monitored with periodicity that can be an integer 
multiple of T in a CORESET configured in the downlink 
portion . Alternatively , PI can be monitored with a period 
icity of K where K < = Td within a downlink portion . That 
implies a UE can monitor at K occasions within each DL 
portion . In particular , Td = nK , i . e . , there are n monitoring 
occasions within one contiguous downlink portion . T , Td , 
Tg , Tu , K can be time in ms or symbol / slots for a given 
numerology . If the network changes configuration , such as 
switching to FDD or changing the duration of downlink 
and / or guard and / or uplink portions , the periodicity may or 
may not be re - configured . If a pre - configured monitoring 
occasion of PI does not refer to a valid location due to 
re - configuration of TDD system or other system changes , 
the UE may skip monitoring PI or stop monitoring . The 
action may be RRC signaled . There can be association of 
monitoring periodicity with the active configuration of the 
self - contained TDD framework , i . e . , a given configuration 
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may have a certain number of symbols in DL and in UL . For 
example , if the DL portion is long . e . g . , Td = > X symbols for 
a given numerology , K can be a higher value m , and 
otherwise K can be a lower value n . In one example , the UE 
may choose to skip monitoring occasions based on sub 
frame information ( SFI ) received , i . e . , what portion of 
sub - frame is DL or UL . 
[ 0090 ] In one embodiment , the update information sent to 
the UEs can be group - common control information . At least 
for TDD systems with frequent DL and UL switching , the 
group - common puncturing information may correspond to a 
DL resource which can be non - contiguous at least in time . 
For example , common puncturing information can be sent 
every nT which provides puncturing information for DL 
portions over a group of previous sub - frames ( e . g . , DL 
portions of previous n or ( n - 1 ) sub - frames ) within the 
monitoring periodicity of the common puncturing informa 
tion . 
10091 ] In some embodiments , orthogonal scheduling is 
used as between latency tolerant traffic and low latency 
traffic . This is the case for the examples described above . In 
other embodiments , non - orthogonal scheduling is used as 
between latency tolerant traffic and low latency traffic , such 
that for at least some time - frequency resources , latency 
tolerant traffic is superimposed with low latency traffic . 
[ 0092 ] In some embodiments , a different longer schedul 
ing interval is employed for latency tolerant traffic compared 
to a scheduling interval used for low latency traffic . Punc 
turing can be used to revise the allocation to latency tolerant 
traffic without waiting for the beginning of the next longer 
scheduling interval . In an alternative embodiment , the same 
scheduling interval is used for both latency tolerant and low 
latency traffic . When this is the case , rather than employing 
puncturing to update the allocation to low latency traffic 
within a comparatively long scheduling interval suitable for 
latency tolerant traffic , scheduling can be used to update the 
allocation to latency tolerant traffic within a scheduling 
interval suitable for low latency traffic . This approach can be 
used with the examples described . For example , referring 
back to FIG . 9 , in an alternative embodiment a scheduling 
interval of 0 . 125 ms can be used for both URLLC traffic and 
eMBB traffic . New eMBB scheduling information is sent at 
the start of each 0 . 125 ms sub - frame . Thus , rather than 
puncturing time frequency resources , scheduling is used to 
allocate these to URLLC as opposed to eMBB . In some 
implementations featuring a common scheduling interval , 
some resources may be reserved for eMBB traffic . For 
example , the bottom two rows of the frame shown in FIG . 
9 may be reserved for eMBB traffic , meaning only eMBB 
traffic can be scheduled using those resources , with remain 
ing resources being available to be scheduled for eMBB or 
URLLC traffic . The other features described herein can be 
equally applied to embodiments with a common scheduling 
interval . 
[ 0093 ] FIGS . 14 and 15 are a simplified diagram of part of 
a base station that can operate using multiple numerologies . 
In this example , there are L supported numerologies , where 
L > = 2 , each numerology operating over a respective sub 
band with a respective sub - carrier spacing . However , the 
approaches described herein can also be applied when there 
is only a single numerology . 
[ 0094 ] For each numerology , there is a respective transmit 
chain 900 and 902 . FIG . 14 shows a simplified block 

diagram for the first and th numerology . The other numer 
ologies would have a similar functionality . 
[ 0095 ] The transmit chain 900 for the first numerology 
includes : a constellation mapper 910 ; sub - carrier mapping 
and grouping block 911 ; IFFT 912 with sub - carrier spacing 
SC , ; pilot symbol , and parallel - to - serial converter and cyclic 
prefix insertion 914 ; and frequency localization operator 
916 , e . g . for filtering , sub - band filtering , windowing , and / or 
sub - band windowing . Also shown is a scheduler 950 that 
performs scheduling , which may be part of resource allo 
cator 168 in FIG . 2 . It is noted that depending on the 
frequency localization operator implementation , different 
guard zones may be needed at the two edges of the spectrum 
and / or between sub - bands with different numerologies , e . g . 
different sub - carrier spacings . In some embodiments , the 
guard zones are determined taking into account frequency 
localization capabilities of both the transmitter and receiver . 
[ 0096 ] In operation , constellation mapper 910 receives UE 
data for K , UEs , where K , > = 1 . The UE data may contain 
traffic data and / or signaling . The constellation mapper 910 
maps the UE data for each of the K , UEs to a respective 
stream of constellation symbols and outputs this at 920 . The 
number of UE bits per symbol depends on the particular 
constellation employed by the constellation mapper 910 . In 
the example of quadrature amplitude modulation ( QAM ) , 2 
bits from for each UE are mapped to a respective QAM 
symbol . 
[ 0097 ] For each OFDM symbol period , the sub - carrier 
mapping and grouping block 911 groups and maps the 
constellation symbols produced by the constellation mapper 
910 to up to P inputs of the IFFT 912 at 922 . The grouping 
and mapping is performed based on scheduler information , 
which in turn is based on a TDD frame structure such as 
describe above , in accordance with a defined resource block 
definition and allocation for the content of the K , UEs being 
processed in transmit chain 900 . P is the size of the IFFT 
912 . Not all of the P inputs are necessarily used for each 
OFDM symbol period . The IFFT 912 receives up to P 
symbols , and outputs P time domain samples at 924 . Fol 
lowing this , in some implementations , time domain pilot 
symbols are inserted and a cyclic prefix is added in block 
914 . The frequency localization operator 916 may , for 
example , apply a filter f ( n ) which limits the spectrum at the 
output of the transmit chain 900 to prevent interference with 
the outputs of other transmit chains , such as transmit chain 
902 . The frequency localization operator 916 also performs 
shifting of each sub - band to its assigned frequency location . 
[ 0098 ) The functionality of the other transmit chains , such 
as transmit chain 902 , is similar . The outputs of all of the 
transmit chains are combined in a combiner 904 before 
transmission on the channel . 
[ 0099 ] FIG . 15 shows a simplified block diagram for a 
receive chain 903 for a receiver in the base station operating 
using the first numerology . The functionality of the receive 
chain 903 would be replicated where multiple numerologies 
are supported . The receive chain 903 includes : frequency 
localization operator 930 ; cyclic prefix deletion , serial - to 
parallel conversion , and pilot symbol processing 932 ; FFT 
934 ; sub - carrier de - mapping 936 ; and equalizer 938 . Each 
element in the receive chain performs corresponding reverse 
operations to those performed in the transmit chain . 
[ 0100 ] The transmit chain of a UE may be similar to that 
of a base station , although there would be no scheduler . The 
receive chain of a UE may be similar to that of a base station . 
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For a UE to support transmission with multiple numerolo 
gies , multiple transmit and receive chains with support of , 
for example , filters for different FFT blocks corresponding 
to the numerology etc . are provided . In some embodiments , 
the filters can be sub - band filters . 
[ 0101 ] In embodiments described above , various solutions 
are provided that allow for the coexistence of URLLC and 
MBB traffic using the same numerology . When MBB 
resources on a given numerology are punctured or reallo 
cated dynamically for URLLC , for the described embodi 
ments above , the URLLC traffic is sent using the same 
numerology . Thus , when the sub - frame is initially sched 
uled , the numerology is fixed for the sub - frame , irrespective 
of whether there is puncturing or reallocation . 
[ 0102 ] In the transmitter or receiver , separate transmit and 
receive chains are used to generate / receive signals with 60 
kHz sub - carrier spacing and 30 kHz sub - carrier spacing , and 
more generally for differing sub - carrier spacings . In addi 
tion , if the frequency range allocated to each sub - carrier 
spacing is different in different time periods , then different 
filters are used to generate and receive signals . An example 
is depicted in FIG . 16 , where signals with 60 kHz sub - carrier 
spacing are separated from signals with 30 kHz sub - carrier 
spacing . For the example illustrated in FIG . 16 , ten different 
filters are employed , labelled f1 , . . . , f1o . During the second 
0 . 25 ms time interval , a filter f , is used for the 60 kHz traffic 
and a filter f , is used for the 30 kHz traffic . In the seventh 
0 . 25 ms time interval , a filter f , is used for the 60 kHz traffic 
and a filter f? is used for the 30 kHz traffic . The filters f , and 
fz are different from the filters f4 and fz because the band 
widths allocated to the sub - carrier spacings are different . 
[ 0103 ] In the embodiments described above , various solu 
tions are provided that allow for the coexistence of URLLC 
and eMBB traffic . In further embodiments described below , 
when e MBB resources on a given numerology are punctured 
or reallocated dynamically for URLLC , the URLLC traffic is 
sent using a different numerology . In general , the embodi 
ments described below can be applied both to a FDD frame 
structure and a TDD frame structure . 
[ 0104 ] The further examples below will continue to be 
described for two traffic types that are eMBB and URLLC , 
but more generally any two traffic types may benefit from 
this approach . However , typically one of the traffic types 
would have a lower latency requirement , or different 
requirement on numerologies , e . g . , combinations of numer 
ology parameters , than the other . Also , in the examples that 
follow , two numerologies are contemplated , one of which 
has a 30 kHz sub - carrier spacing , and the other of which has 
a 60 kHz sub - carrier spacing . However , more generally the 
same approach can be used to provide coexistence between 
any two differing scalable numerologies . Note that when two 
different numerologies are used simultaneously , two differ 
ent transmit chains are used , for example such as depicted in 
FIG . 14 , one for each numerology . 
[ 0105 ] In these further embodiments , when a portion of 
eMBB resources is punctured or reallocated dynamically for 
URLLC , the URLLC traffic uses the same region in time 
frequency space , but can employ a different numerology . 
[ 0106 ] Downlink dynamic puncturing of MBB may be 
possible when the scheduling granularity of MBB is larger 
than the scheduling granularity of URLLC . When the eMBB 
transmissions use a different numerology ( e . g . different 
subcarrier spacing ) from the URLLC transmission , then 
there may be symbol alignment or slot alignment between 

the different numerologies . Puncturing may be achieved by 
slot alignment . e . g . , multiple URLLC OFDM symbols or 
slots fit within an eMBB slot . A URLLC slot is a low latency 
slot and an eMBB slot is a latency tolerant slot . In some 
embodiments , puncturing may be achieved by symbol align 
ment , e . g . multiple URLLC symbols fit within a single 
eMBB symbol . In uplink , eMBB and URLLC may use the 
same or different numerology , and a region can be identified 
where grant - free URLLC traffic may be transmitted . 
Regardless of whether the eMBB and URLLC use the same 
or different numerology , one is treated as interference for the 
other at the base station receiver if both traffic types are 
transmitted in the same resources . 
0107 ] In one embodiment , slot - based coexistence of dif 
fering numerologies is provided . An example is described 
with reference to FIG . 17 . In this example , an overall 
bandwidth is divided into a first sub - band 800 for eMBB 
traffic subject to puncturing / reallocation for URLLC traffic , 
and a second sub - band 804 that is only for eMBB traffic . 
However , for the purpose of the coexistence methodologies 
described , the inclusion of a second sub - band 804 is 
optional . For this example , eMBB is scheduled with a 1 ms 
scheduling interval 801 using a numerology with a 30 kHz 
sub - carrier spacing . URLLC is transmitted with a 0 . 25 ms 
scheduling interval 802 using a numerology with a 60 kHz 
sub - carrier spacing . The 0 . 25 ms scheduling intervals are 
also referred to herein as URLLC slots . There are four 
URLLC slots within the eMBB scheduling interval . Fre 
quency region 800 in FIG . 17 is equivalent to region 130 in 
FIG . 1 and can be regarded as a common downlink resource 
where both eMBB and URLLC traffic can be scheduled / 
transmitted . 
[ 0108 ] URLLC traffic can be scheduled on a per slot basis , 
puncturing eMBB resources within sub - band 800 . A specific 
utilization scenario will now be described . URLLC 
resources are generally indicated at 806 ( using cross - hatch 
ing ) , and eMBB resources are generally indicated at 808 . In 
the illustrated example , within the second slot a region 810 
is a URLLC region , obtained by puncturing or reallocating 
eMBB resources , and the remainder 811 of the slot remains 
allocated to eMBB . During the second slot , within sub - band 
800 , traffic with a 30 kHz sub - carrier spacing in region 811 
is coexisting with traffic with a 60 kHz sub - carrier spacing 
in region 810 . The punctured 30 kHz eMBB resource is 
replaced with a 60 kHz resource for URLLC purposes . 
[ 0109 ] UEs with eMBB traffic in the coexistence region 
800 may receive an URLLC indicator to inform them that 
they do not need to decode region 810 . The URLLC 
indicator can be referred to as the indicator containing 
puncturing information . The indicator may provide common 
puncturing information to the eMBB UEs scheduled in the 
coexistence region . The indicator can be as often as every 
0 . 25 ms or at the end of 1 ms interval or any other location 
during the eMBB scheduling interval . More generally , if it 
is a common indicator , the occasion to monitor the indica 
tion can be inside or outside the scheduling interval of a UE 
that is monitoring the indicator . The decision to puncture 
resources in a subsequent slot can be made prior to the slot 
boundary . Also shown are URLLC resources in regions 812 , 
814 , 816 , and 818 , all of which are transmitted using the 60 
kHz numerology . 
[ 0110 ] In another embodiment , sub - frames for differing 
numerologies are designed with symbol alignment to allow 
coexistence at the symbol level . In an example of symbol 
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alignment , for two sub - carrier spacings Fs and Fo , where 
F = F . * 2 " , symbol alignment exists when 2 ” symbols with 
subcarrier spacing F , align with one symbol with sub - carrier 
spacing F . . An example is depicted in FIG . 18 , which shows 
two 0 . 5 ms sub - frames 1000 an 1002 for 15 kHz sub - carrier 
spacing each having 7 OFDM symbols . Also shown are four 
0 . 25 ms sub - frames 1004 , 1006 , 1008 , 1010 for a 30 kHz 
sub - carrier spacing each having 7 symbols . Symbol align 
ment is present in the sense that each symbol with the 15 
kHz sub - carrier spacing is aligned with two symbols with 30 
kHz sub - carrier spacing . As mentioned earlier , in other 
embodiments a sub - frame may have a duration of 1 ms , 
regardless of the numerology or number of OFDM symbols 
in the sub - frame . 
[ 0111 ] To the extent a sub - frame may include symbols of 
differing lengths , for example due to different cyclic prefix 
lengths , this is taken into account to ensure symbol align 
ment is still present . 
[ 0112 ] To understand the effect of cyclic prefix lengths , 
FIG . 19 will be described , which shows a very specific set 
of numerology examples . Shown are seven numerology 
examples each characterized by a respective set of param 
eters ( Set 1 , . . . , Set 7 ) . The first row indicates a sub - carrier 
spacing in kiloHertz ( kHz ) . The second row is the OFDM 
symbol length in microseconds . The third row is the cyclic 
prefix ( CP ) length . The first four sets of parameters have two 
possibilities for cyclic prefix length , one for normal cyclic 
prefix ( NCP ) and one for extended cyclic prefix ( ECP ) 
separated by a “ / ” . For NCP , in each sub - frame there is a first 
symbol with a first cyclic prefix and remaining symbols of 
the sub - frame have a slightly shorter cyclic prefix . For ECP , 
all symbols have the same cyclic prefix . The corresponding 
number of symbols per OFDM symbol is indicated in the 
fourth row . When the number of OFDM symbols is different 
for the two cyclic prefix possibilities , two numbers of 
symbols per sub - frame are indicated , also separated by a “ / ” . 
Taking Set 1 for example , the NCP cyclic prefix length is 
( 10 . 42 , 9 . 38 ) , which indicates a 10 . 42 us cyclic prefix for 
one symbol out of a total of seven symbols in the sub - frame , 
and 9 . 38 us for the other symbols of the sub - frame . The ECP 
cyclic prefix length is 33 . 3 us for all symbols of a sub - frame 
containing 6 OFDM symbols . The fifth row is the transmit 
time unit ( TTU ) duration , i . e . the time to transmit the 
number of symbols referred to in the fourth row . The cyclic 
prefix overhead for NCP and ECP is indicated in the sixth 
row , again separated by a “ / ” . No ECP definition is provided 
for sets 5 , 6 , and 7 . The examples that follow are based on 
the NCP and ECP definitions described . However , more 
generally , they apply to any set of two or more differing 
cyclic prefix definitions . 
[ 0113 ] FIG . 19 is only an example . Alternatively , the 
number of symbols can be 14 or 12 symbols depending on 
whether CP type 1 or 2 is used , and the TTU duration would 
be double what shown in FIG . 19 for each set . Even though 
the examples below consider TTU length of 7 symbols for 
CP type 1 , it should be appreciated that similar examples can 
be considered for TTU length of 14 symbols for CP type 1 . 
[ 0114 ] Returning to the example illustrated in FIG . 18 , if 
each sub - frame employs normal cyclic prefix , then the 
sub - frame will include one symbol with the longer cyclic 
prefix and six symbols with the shorter cyclic prefix . For the 
first 15 kHz sub - frame 1000 , the symbol with the longer 
cyclic prefix is indicated at 1012 . Normally , for the 30 kHz 
sub - frames , each sub - frame would include one symbol with 

the longer cyclic prefix and six with the shorter cyclic prefix . 
However , in order to achieve symbol alignment , the symbols 
with the longer cyclic prefix are grouped together at 1014 
and 1016 at the start of sub - frame 1004 , such that together 
they have a duration equal to the symbol 1012 . This is just 
one example of how symbol alignment can be achieved . For 
an embodiment in which co - existence at the symbol level is 
provided , there is symbol alignment . 
[ 0115 ] Coexistence with symbol alignment involves punc 
turing / reallocating resources of one or more symbols of a 
first numerology , and in their place transmitting symbols of 
a second numerology . When K symbols of the second 
numerology align with one symbol of the first numerology . 
K symbols of the second numerology can be transmitted for 
each punctured / reallocated symbol of the first numerology . 
This can be done for a portion or all of a bandwidth initially 
allocated to the first numerology . In addition , there can be a 
dedicated portion of bandwidth for the first numerology that 
is not subject to being punctured / reallocated . 
[ 0116 ] Another example will now be described with ref 
erence to FIG . 20 , which uses FDD . An eMBB scheduling 
interval 1100 contains 14 symbol intervals for transmitting 
symbols with 30 kHz sub - carrier spacing . The 14 symbols of 
the eMBB scheduling interval 1100 are also symbol aligned 
with 14 URLLC transmission opportunities , each URLLC 
transmission opportunity containing two symbols with 60 
kHz sub - carrier spacing . This implies that a URLLC trans 
mission may begin at the boundary of any 30 kHz symbol 
and each URLLC transmission would have an even number 
of symbols . The time - frequency resources shown in FIG . 20 
may refer to the coexistence region 130 in FIG . 1 or region 
800 in FIG . 17 , frequency range of which can be equal or 
less than carrier BW . However , the URLLC symbols are not 
transmitted unless there is a puncturing or reallocation . 
Allocations for eMBB are indicated at 1130 ( in hatching ) , 
and allocations for URLLC are indicated at 1132 . Re 
transmissions are indicated at 1134 ( using an arrow ) . 
[ 0117 ] During the first two symbol intervals 1102 and 
1104 , there is no puncturing . During the third symbol 
interval 1106 , a portion of the bandwidth is punctured / 
reallocated for URLLC traffic . In the punctured / reallocated 
portion , the third 30 kHz symbol is replaced with two 60 
kHz symbols in regions 1110 and 1112 . Similarly , URLLC 
traffic is transmitted in regions 1114 and 1116 . The URLLC 
content transmitted in regions 1110 , 1112 , 1114 , and 1116 is 
retransmitted at 1118 , 1120 , 1122 , and 1124 with frequency 
hopping , in the sense that a different frequency resource is 
used for the retransmission . This example is in the context 
of an FDD implementation in which an ACK / NACK is 
transmitted on the uplink on uplink spectrum before retrans 
mitting in these hopped regions . More generally , re - trans 
mission in regions 1118 , 1120 , 1122 , 1124 may or may not 
be in response to a NACK . For example , automatic re 
transmission or repetition can be configured for a group of 
UEs receiving URLLC transmission . In a second example , 
an initial URLLC transmission occupies regions 1126 and 
1128 , and a retransmission occupies regions 1140 and 1142 . 
The second example features a shorter latency than the first 
example in that only two URLLC symbol durations are 
needed for the initial transmission compared to four . Here , 
URLLC traffic occupies the minimum of two URLLC 
symbols , but in general can occupy any even number of 
URLLC symbols , when there are two URLLC symbol 
durations per eMBB symbol duration . 
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[ 0118 ] Symbol alignment ensures that the duration of one 
30 kHz symbol is the same as the duration of two 60 kHz 
symbols . The scheduling frequency for URLLC can be 
configurable . For example , with reference to FIG . 20 , 
URLLC traffic could be scheduled to occupy the resources 
of one e MBB symbol , i . e . two URLLC symbols at a time . In 
another example , URLLC symbols could be scheduled to 
occupy resources of a group of consecutive MBB symbols , 
in advance of the first symbol of the group . 
[ 0119 ] In some embodiments , the UEs with eMBB traffic 
are informed of the puncturing locations so that they know 
not to decode those resources , for example , by receiving a 
common indicator . Alternatively , in some instances the 
amount of MBB resources punctured is small enough that 
the UE can decode its content notwithstanding the punctur 
ing and without knowledge of the puncturing , for example 
using weighted hybrid automatic repeat request ( HARQ ) 
combining or through the use of extra code - block protection . 
[ 0120 ] In some embodiments , both slot and symbol - based 
coexistence can be realized in the same time - frequency 
resources . Scheduled latency tolerant data having a first 
sub - carrier spacing may be punctured , and the resources 
freed by the puncturing may be used to transmit low latency 
data at a second sub - carrier spacing different from the first 
sub - carrier spacing . Despite the different sub - carrier spac 
ing , the low latency interval still lines up with symbol or slot 
boundaries of the punctured latency tolerant data . An 
example is depicted in FIG . 21 , where an eMBB scheduling 
interval is 0 . 5 ms , and a URLLC slot is 0 . 25 ms , such that 
there is slot alignment . The eMBB time interval 1200 is 
aligned with the URLLC slots 1202 and 1204 , and the 
eMBB time interval 1206 is aligned with the URLLC slots 
1208 and 1210 . The bandwidth is divided into a first 
sub - band 1220 dedicated to eMBB traffic , and a second 
sub - band 1222 ( co - existence region ) for eMBB traffic sub 
ject to puncturing / reallocation to URLLC , but alternatively 
the entire bandwidth could be subject to puncturing / reallo 
cation . 
[ 0121 ] Symbols with long and regular cyclic prefix are 
transmitted . eMBB long cyclic prefix symbols are indicated 
at 1250 . eMBB regular cyclic prefix symbols are indicated 
at 1252 . URLLC long cyclic prefix symbols are indicated at 
1254 . URLLC regular cyclic prefix symbols are indicated at 
1256 . However , the same approach can be applied where all 
the symbols for each traffic type have the same cyclic prefix . 
It is noted that slot alignment can be achieved with NCP or 
ECP . 
[ 0122 ] In an example of slot based coexistence , in the 
second 0 . 25 ms URLLC slot 1204 , eMBB content is punc 
tured / reallocated for the entire slot duration at 1212 . Note 
that it is not necessary to have symbol alignment for the 
slot - based coexistence . Thus , in the illustrated example , the 
approach of having one URLLC symbol with a long CP 
followed by six symbols with a regular CP is taken for the 
slot - based puncturing in region 1212 . 
0123 ] In an example of symbol based coexistence , eMBB 
content is punctured / reallocated for three eMBB symbol 
durations at 1214 allowing for 6 URLLC symbols with 
regular cyclic prefix to be transmitted , and at 1216 allowing 
for 4 URLLC symbols . In example 1216 , in order to achieve 
symbol alignment , the first two URLLC symbols are long 
cyclic prefix symbols , and the next two are regular cyclic 
prefix symbols . 

[ 0124 ] The embodiments illustrated in FIGS . 17 to 21 
employ a FDD architecture , meaning that the illustrated 
bandwidth is used for downlink transmission , and another 
bandwidth is used for uplink transmission . However , a 
similar approach can be used for a TDD architecture in 
which certain symbol periods are used exclusively for 
downlink transmission , and certain symbol periods are used 
for uplink transmissions , separated from the downlink trans 
mission by a guard period . 

[ 0125 ] As a specific example , a seven symbol self - con 
tained interval with 30 kHz sub - carrier spacing may be used 
for eMBB traffic featuring an initial downlink symbol with 
a long cyclic prefix , four more downlink symbols with a 
regular cyclic prefix , a guard period of one symbol duration , 
and one uplink symbol . This is shown in FIG . 22 , which 
shows a first self - contained interval 1300 having downlink 
portion 1302 , guard period 1304 , and uplink portion 1306 . 
Coexistence through symbol alignment is shown in the first 
self - contained interval 1300 in that region 1340 has been 
punctured / reallocated , and in that region the two eMBB 
symbols are replaced with four URLLC symbols with 60 
kHz sub - carrier spacing . Also shown is a second self 
contained interval 1310 having downlink portion 1312 , 
guard period 1314 and uplink portion 1316 . Coexistence 
through symbol alignment is shown in the second self 
contained interval 1310 in that region 1342 has been punc 
tured / reallocated , and in that region the two eMBB symbols 
are replaced with four URLLC symbols with 60 kHz sub 
carrier spacing . The uplink period 1306 and 1316 is one 
eMBB symbol duration , which is aligned with two URLLC 
slots . As such , the uplink period can be used for one symbol 
with 30 kHz numerology or two symbols with 60 kHz 
numerology . The puncturing information of region 1340 
may be conveyed to the eMBB UEs within DL portion 1302 
or in a later DL portion such as 1312 . For example , the 
CORESET of a puncturing indicator , either UE - specific or 
group - common , may be located at the beginning of each DL 
portion and the indicator may provide puncturing informa 
tion corresponding to the immediately preceding DL por 
tion , or more generally one or more previous DL portions . 
A common puncturing indication can be transmitted in 
group common DCI such as PCFICH or PHICH like channel 
structure or common PDCCH channel structure . 
[ 0126 ] The above coexistence examples are all applicable 
for uplink transmission as well . For example , a similar 
approach can be employed to provide coexistence for uplink 
transmissions . For uplink transmissions , there is : ( 1 ) traffic 
of a second type , which is transmitted on a grant - free basis , 
e . g . low latency traffic , such as URLLC uplink traffic ; and 
( 2 ) traffic of a first type , which is transmitted through a 
request and grant mechanism , e . g . latency tolerant traffic , 
such as eMBB uplink traffic . eMBB and URLLC traffic will 
be used in the examples below . 
[ 0127 ] Two numerologies can co - exist on a per - slot basis 
and / or through symbol alignment . However , unlike the 
downlink situation , because the URLLC traffic is grant free , 
when the URLLC traffic is transmitted , there may be a 
collision between URLLC traffic and MBB traffic . In 
addition , the 60 kHz URLLC traffic is superimposed over 
the air on top of the 30 kHz eMBB traffic if both URLLC and 
eMBB traffic transmit in the same time - frequency resources . 
The base station decodes URLLC and eMBB traffic by 
interference cancellation . 
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[ 0128 ] A specific example of coexistence in the uplink will 
be described with reference to FIG . 23 . Shown is an eMBB 
interval 1400 . The available bandwidth is divided into a first 
portion 1402 dedicated to eMBB traffic , and a second 
portion 1404 available for eMBB and URLLC . The division 
can be achieved by semi - static configuration , for example , 
by RRC signaling or system information . Alternatively , 
there can be no such divisions and URLLC and eMBB may 
coexist anywhere within the carrier BW . Timing within the 
second portion has a grant - free interval ( e . g . 1420 ) which is 
aligned with the eMBB scheduling interval 1400 , such that 
7 grant - free intervals fit within one eMBB scheduling inter 
val . In addition , there is symbol alignment as between 
eMBB transmissions and URLLC transmissions , with two 
URLLC symbols with 60 kHz sub - carrier spacing fitting 
within one eMBB symbol with 30 kHz sub - carrier spacing . 
[ 0129 ] In some embodiments , there are reserved areas 
where eMBB may not transmit . In some embodiments , UES 
with eMBB and URLLC traffic may transmit over unre 
served resources . Also , it is noted that the partition shown in 
FIG . 23 is a logical partition . In practice , the collision - free 
and collision - possible regions may be distributed over the 
available bandwidth for diversity . 
[ 0130 ] The uplink coexistence can also be extended to an 
uplink TDD structure , and the numerology switching can be 
realized in the uplink on an uplink only TDD sub - frame , or 
in an uplink - only portion of a self - contained sub - frame . In 
that case , downlink control of an uplink - dominated sub 
frame may use the same numerology as MBB , or may use 
the numerology of URLLC . 
[ 0131 ] UEs with URLLC traffic are mapped to resources , 
which are pre - configured for grant - free transmission . How 
ever , a given URLLC resource may or may not be used 
depending on whether the UEs mapped to the resource have 
anything to send . In addition , eMBB traffic is selectively 
assigned in the grant - free portion 1404 . This can be based on 
a known URLLC UE mapping or can be updated semi 
statically . Time frequency regions with MBB traffic are 
indicated at 1416 . URLLC traffic may or may not collide 
with eMBB . In the illustrated example , regions with active 
URLLC transmissions are indicated at 1412 . Time fre 
quency regions with no eMBB assignment are indicated at 
1410 . 
10132 ] In the first grant - free interval , in region 1440 there 
is eMBB traffic and in region 1442 there is no traffic . In the 
second grant - free interval , in region 1444 there is URLLC 
traffic and in region 1446 there is eMBB traffic . In the third 
grant - free interval , in region 1447 there is eMBB traffic and 
in region 1448 there is URLLC traffic . In the fourth grant 
free interval , in region 1450 there is no traffic , and in region 
1452 there is eMBB traffic and URLLC traffic meaning there 
is a collision between the eMBB traffic and the URLLC 
traffic . In the fifth grant - free interval , in region 1454 there is 
eMBB traffic and in region 1456 there is no traffic . In the 
sixth grant - free interval , in region 1458 there is URLLC 
traffic , and in region 1460 there is eMBB traffic and URLLC 
traffic meaning there is another collision . In the seventh 
grant - free interval , in region 1462 there is eMBB traffic , and 
in region 1464 there is no traffic . The URLLC transmission 
in region 1460 can be a re - transmission of an initial trans 
mission made in 1452 following a NACK . UEs transmitting 
UL traffic without grant can be configured with a timeline 
( e . g . , after x symbols of receiving a NACK for a given 
numerology or x ms more generally ) when to re - transmit 

following a NACK is received . The configuration can be 
received via RRC signaling . In one example , UE may 
initiate K repetitions for re - transmission where value of K 
can be different from the number of repetitions used for 
initial transmission . K can be configured by RRC signaling . 
[ 0133 ] FIG . 24 illustrates an embodiment in which coex 
istence of first and second traffic types can be observed with 
both the same and different numerology in separate fre 
quency partitions during a common time interval . The first 
traffic type and second traffic type may co - exist with the 
same numerology in a frequency partition and also may 
co - exist with different numerologies in another frequency 
partition . Co - existence with the same and different numer 
ology can be in a common time interval . FIG . 24 shows that 
time - frequency region ( i . e . , a reference region , where both 
low latency and latency tolerant transmissions are made , low 
latency traffic and latency tolerant traffic may coexist with 
same or different numerology . There can be a semi - static 
configuration of partitions in time and / or frequency where in 
one partition , both traffic types coexist with the same numer 
ology and in the other partition , they coexist with different 
numerology . Alternatively , there might not be any semi 
static partitioning , in which case transmission of two traffic 
types can coexist either with the same or different numer 
ology dynamically anywhere within the coexistence region 
or within a given time - frequency region . Latency tolerant 
traffic may receive semi - static signaling , by RRC or SIB , of 
the time - frequency region . If the PDSCH transmission of the 
UE overlaps with the indicated time - frequency region , the 
UE monitors for a puncturing indicator which provides 
pre - emption / puncturing information within the region . 
Additionally , each latency tolerant UE may receive RRC 
signaling which turns on monitoring behaviour . Hence , 
signaling steps can be : Receive semi - static signaling of a 
time - frequency region > Receive RRC signaling to monitor 
indication Monitor and attempt to decode indication if 
PDSCH overlaps with the time - frequency region . In one 
example , RRC signaling to monitor indication can be 
obtained as a property of active bandwidth part ( s ) of the UE . 
The UE receives one or more configurations of bandwidth 
parts by semi - static signaling ( e . g . , by RRC ) prior to 
PDCCH / PDSCH reception . Alternatively , receiving semi 
static signaling of a time - frequency region may implicitly 
activate monitoring behaviour for the UE and there may not 
be additional RRC signaling needed to activate the moni 
toring . In that case , UE behaviour would be : Receive 
semi - static signaling of a time - frequency region ( reception 
of this configuration turns on monitoring ) Monitor and 
attempt to decode indication if PDSCH overlaps with the 
time - frequency region . 
[ 0134 ] In one example , there are N groups of UEs that are 
monitoring puncturing indication , where UEs in group i , 
i = { 1 , 2 , . . . , N } , receive transmission with numerology i , 
i = { 1 , 2 , . . . , N } . It may be possible that a pre - emption 
indication is transmitted for each group of UEs , i . e . , UES 
belonging to group i monitor a search space / CORESET of 
pre - emption indication addressing group i . The PDCCH 
carrying the pre - emption indication can be received in the 
search space / CORESET based on numerology i . The con 
figured granularity in time and / or frequency of PI addressing 
group i can be based on numerology i . A UE may belong to 
one or multiple groups depending on whether the UE can 
receive transmissions over one or multiple numerologies . 
The puncturing indication may have UE specific fields or 
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with long or normal CP . UEs receive higher layer signaling 
to indicate which configuration set is active . 

TABLE 1 
Numerology for 

configuring 
reference 

time - frequency 
region 

Set 
Index 

Numerology used for Numerology used for 
PDCCH and / or configuring time 

PDSCH of MBB and / or frequency 
UES granularity 

NUM 1 
NUM 1 
NUM 1 
NUM 1 

NUM 1 
NUM 2 
NUM 2 
NUM 2 

NUM 1 
NUM 2 
NUM 1 
NUM 3 

may provide common information to the UEs that are 
monitoring . In the case of common indication , the indication 
may provide time and / or frequency domain pre - emption 
information within a region . If there are multiple indications 
sent , for example one for each numerology , the regions 
addressed by those indications can be the same or different 
and may or may not overlap . 
[ 0135 ] In one example , a network may configure a time 
frequency region , where pre - emption can occur in the region 
which indication corresponds to , based on a reference 
numerology . The configuration of time - frequency region 
includes at least location and size in time and / or frequency . 
The time domain location is within the periodicity of the 
indication , and the frequency domain location is within the 
carrier BW . The reference numerology can be the numerol 
ogy used for synchronization sequence block ( SSB ) in a 
carrier / cell or any other numerology . At least one pre 
emption indication can be transmitted with a configured 
periodicity which provides pre - emption information within 
the configured time - frequency region . In one example , the 
time - frequency region is defined / configured based on 15 
kHz SCS and NCP . Then , the time - frequency region can be 
defined / configured as x RBs ( i . e . , frequency range ) based on 
15 kHz SCS within the carrier BW in frequency domain and 
y symbols or slots based on 15 kHz SCS NCP within the 
monitoring periodicity of indication . Here , x and y are 
positive integers , which can be configured . For example , 
there can be a set of values for x and y , from which one 
configuration is indicated semi - statically or dynamically 
( e . g . , in the DCI carrying indication ) . The time and fre 
quency granularity of PI can be based on the numerology 
used for configuring the time - frequency region . For 
example , time granularity can be m symbols , where m < y , 
and frequency granularity can be n RBs , where n < = x . A set 
of values can be configured for m and n , and one combina 
tion can be indicated to the UE semi - statically and / or 
dynamically ( e . g . , in the DCI carrying indication ) . It may be 
possible that semi - static configuration provides default 
parameters for time - frequency region and granularity , and 
later DCI ( such as indication ) can update the parameters 
dynamically . Latency tolerant UEs may receive transmis 
sions in the same or different numerology chosen for con 
figuration of time - frequency region and / or granularity . Note 
that the duration of the reference time - frequency region for 
which PI provides pre - emption information may or may not 
align at the slot boundary of a given / reference numerology . 
The numerology can be the same or different from the 
numerology used for the data transmissions of either latency 
tolerant or low latency UEs . A slot can be 7 or 14 symbols . 
The frequency region or range may align with the RB or 
RBG boundary of a given / reference numerology , which can 
be the same or different than the numerology used for the 
data transmissions of either latency tolerant or low latency 

[ 0137 ] In one example , the time - frequency region and / or 
granularity is configured based on default numerology using 
f0 kHz and a CP type . UEs monitoring PI may receive data 
transmissions based on 2N * f0 or 2 - N * f0 kHz , N = { 0 , 1 , 2 , . 
. . } , f0 can be one of { 3 . 75 , 7 . 5 , 15 , 30 , 60 , 120 , 480 } kHz . 
In one example , normal CP ( NCP ) is adopted and 15 kHz is 
chosen as f0 and latency tolerant UEs receive transmissions 
based 60 kHz NCP . The pre - emption indication ( PI ) moni 
toring periodicity is 1 ms ( 14 symbols based on 15 kHz ) and 
the configured time duration of the region is 11 symbols , 
excluding the control and / or demodulation reference 
sequence region at the beginning of the 1 ms interval or slot 
of 15 kHz . In another example , the time duration can be 14 
symbols , i . e . , the same as the monitoring period . In one 
example , symbol alignment is achieved , i . e . , 4 symbols of 60 
kHz SCS align at the boundary of one 15 kHz symbol for the 
same CP overhead , and time granularity is m symbols based 
on 15 kHz and there are p time divisions within time 
duration of the region . p may or may not be an integer 
multiple of m , i . e . , it may be possible that time granularities 
of different lengths can coexist within the duration of the 
time - frequency region addressed by the PI and at least one 
time granularity is equal to m . In one example , if m = 1 and 
it is indicated that the 3ra symbol ( from the beginning of 1 
ms interval ) is pre - empted / impacted , a latency tolerant UE 
would determine that four 60 kHz symbols that align with 
the boundary of the 3rd 15 kHz symbol are pre - empted . 
Hence , the time granularity is scalable across numerologies 
in terms of number of symbols . From a UE ' s perspective , 4 
symbols are pre - empted based on 60 kHz which is the 
numerology used for transmission , whereas PI indicates that 
one symbol ( or the equivalent duration in ms ) is pre - empted 
based reference numerology 15 kHz . A similar example can 
be considered in the frequency domain . If there are k 
frequency divisions within the region and frequency granu 
larity is configured to be n RBs based on 15 kHz , if the 3rd 
granularity is pre - empted , the UE receiving a transmission 
with 60 kHz would determine that n / 4 RBs that align at the 
boundary of the corresponding n RBs group are pre - empted . 
This assumes n is an integer multiple of 4 . This provides a 
common indication methodology based on a reference 
numerology for a UE monitoring the indication . Hence , 
time - frequency granularity is configured for a reference 
numerology and the UE determines the actual number of 
RBs and / or symbols pre - empted based on the numerology 
used for transmission . UEs receiving transmissions with 60 
kHz and 15 kHz may monitor CORESET of PI based on 60 
kHz and 15 Khz respectively , however , the content of PI 
provides pre - emption information based on a reference 
numerology , i . e . , the granularity configured can be based on 

UEs . 
[ 0136 ] Some example configuration sets are shown below 
in Table 1 , where NUM1 , NUM2 , NUM3 indicate numer 
ologies which can be chosen from ( 3 . 75 , 7 . 5 , 15 , 30 , 60 , 
120 , 480 } kHz for values of SCS . Each SCS can be used 
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a reference numerology which can be different than the 
numerology used for data transmission . If scalable time 
frequency granularities are used across numerologies , the 
same payload for the bitmap can be used in PIs addressing 
transmissions for different numerologies . Moreover , the PIS 
addressing different transmissions with different numerolo 
gies may refer to the same reference time - frequency region . 
For example , for a given location , if a reference region has 
16 RBs in frequency and 14 symbols in time for a given 
numerology , say 15 kHz , and the bitmap payload in PI is 14 
bits and two frequency partitions and seven time partitions 
are configured , then the UE receiving a transmission based 
on { 15 kHz SCS , 30 kHz SCS , 60 kHz SCS } would 
determine time and frequency granularity to be { 2 , 4 , 8 } 
symbols and { 8 , 4 , 2 } RBs , respectively . Alternatively , a UE 
receiving transmissions based on { 15 kHz SCS , 30 kHz 
SCS , 60 kHz SCS } would determine the time duration and 
frequency range of reference region to be { 14 , 28 , 56 } sym 
bols and { 16 , 8 , 4 } RBs , respectively , for a given location of 
the reference region . Alternatively , UEs may be notified of 
the location of the reference region only , ( e . g . , starting 
position in time and / or frequency ) and size ( i . e . , range in 
frequency and duration in time ) can be obtained implicitly 
from the configured time and / or frequency granularity and 
configuration of the bitmap used in PI ( i . e . , how many time 
and / or frequency partitions are configured within reference 
region ) . For the calculations above , it is assumed that the 
effective pre - emption region ( i . e . , the region where pre 
emption can occur ) is same as the reference region . The 
reference region may or may not contain time - frequency 
resources which are exempted from pre - emption . Hence , in 
some cases , the effective pre - emption region may contain 
non - contiguous time - frequency resources and have a size 
less than reference region . In that case , the time - frequency 
region of the effective pre - emption region is taken into 
account for configuring one or more of indication granular 
ity , number of time and / or frequency partitions within the 
region that the PI addresses . 
[ 0138 ] More generally , similar examples as above can be 
considered when the default / reference numerology is one of 
15 KHz , 30 kHz or 60 kHz . and UEs receive transmissions 
with 15 Khz or 30 KHz or 60 KHz . 
[ 0139 ] In another embodiment , the numerology used for 
time - frequency region configuration and PDCCH / PDSCH 
reception is the same for the UEs monitoring the indication . 
For example , the starting RB index and frequency range ( in 
RBs ) of the region are notified to the UEs for the numerol 
ogy . Alternatively , the numerology used for time - frequency 
region configuration and PDCCH / PDSCH reception are 
different for the UEs monitoring the indication . The numer 
ology used for configuring pre - emption granularity can be 
the same or different than the numerology used in PDCCH / 
PDSCH . In one example , UEs receiving transmissions based 
on a particular numerology receive PI where the configured 
granularity is also based on the particular numerology . In 
one embodiment , different PIs are configured , and each PI 
provides pre - emption information for eMBB transmissions 
with one numerology and based on configured granularity 
for that numerology . Different Pls may correspond to same 
or different reference time - frequency region . 
[ 0140 ] In one example , time and frequency granularity can 
be configured with different numerologies . 
0141 ] In one example , a UE receives configuration infor 

mation of a reference region with starting and ending 

position ( or a range ) in frequency and starting position and 
ending position ( or a range ) in time within monitoring 
periodicity of PI . The range can be x RBs and y symbols 
based on a reference numerology or based on the numerol 
ogy in which the latency tolerant UEs receive PDCCH / 
PDSCH . 
10142 ] . In one example , for set 1 in Table 1 , a UE receives 
configuration information of a region with starting and 
ending position ( or a range ) in frequency and starting 
position and ending position ( or a range ) in time within the 
monitoring periodicity of PI . The configured granularity is 
based on the same numerology as that of the region . In 
another example , for set 2 , a region is configured based on 
a default numerology whereas data transmission and granu 
larity is based on the same numerology , which is different 
than the numerology used for configuring the region . For 
example , according to set 2 where the same configuration of 
a reference region can be used for UEs receiving transmis 
sions with different numerologies , if the reference region is 
N RBs in frequency and M symbols in time based on 15 
kHz , then this is equivalent to N / 4 RBs in frequency and 4M 
symbols ( with the same CP overhead ) in time for UEs 
receiving transmissions with 60 kHz . This is assuming RB 
grid and symbol alignment . Hence , the area of a reference 
region can be same for all UEs , however the number of RBS 
and / or symbols in the region can be different for different 
numerologies and can be scalable across numerologies . For 
set 3 , the reference region and granularity are configured 
with a default / reference numerology that can be different 
from the data numerology , i . e . , a common granularity grid is 
adopted in frequency and time for all UEs , irrespective of 
the numerologies used for data transmission . For example , 
there can be M time divisions and N frequency divisions 
( MN total divisions in time - frequency ) configured in the 
reference region and the time granularity or duration of a 
division is K symbols and the frequency granularity is L 
RBs . If the reference numerology is f0 kHz and the data 
numerology is 21 * f0 kHz , then for each unit region pre 
empted , the UE would find 2N * K symbols and 2 - N * L RBs 
pre - empted . On the other hand , If the reference numerology 
is f0 kHz and data numerology is 2 ̂  * f0 kHz , then for each 
unit region pre - empted , the UE would find 2 - N * K symbols 
and 24 * L RBs pre - empted . K and L may be chosen such that 
they are evenly divisible for other numerologies . In one 
example , values of K and L depend on the numerologies 
coexisting in a carrier . In another example , K and L can be 
integer multiples of 2 . In another example , K and L can be 
2 ̂  , where N is a positive integer . 
[ 0143 ] For Set 4 , independent numerology configurations 
can be applied for reference region , data , and granularity . 
10144 ] . In some examples , different time granularities can 
coexist in the duration of the reference region . For example , 
the duration of the reference region is 14 symbols and the 
time granularity is 4 symbols . In that case , there are three 
divisions of granularity 4 symbols and one division with 
granularity 2 symbols . Similarly , different frequency granu 
larities can coexist in the frequency range of the reference 
region . For example , the range of reference region is 14 RBs 
and the frequency granularity is 4 RBs . In that case , there are 
three divisions of granularity 4 RBs and one division with 
granularity 2 RBs . The UE can receive this configuration 
semi - statically . If a granularity is configured such that the 
range and / or duration of reference region is not integer 
multiple of the granularity , it may be possible that at one end 
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of the time / frequency region , a different granularity in 
time / frequency is configured , which can be smaller or larger 
than configured granularity . The UE may obtain this con 
figuration explicitly or implicitly from the configuration of 
the reference region , i . e . , size in time / frequency , and the 
configured granularity in time / frequency . 
[ 0145 ] In another example , the configured granularity in 
time and / or frequency can be implicitly derived from the 
configuration of the reference region and the configuration 
of a bitmap or the payload of a bitmap in the PI . Configu 
ration of the reference time - frequency region , which may 
include location and size in time and / or frequency , can be 
notified by RRC signaling to the UE . Similarly , for a given 
payload of PI or payload of bitmap in the PI , how may 
partitions in time and / or in frequency are configured within 
the reference region can also be semi - statically indicated to 
the UEs , e . g . , by RRC signaling or system information . For 
example , for a given N - bit payload in PI , x time partitions 
and y frequency partitions are configured and notified to 
UEs . Then , granularity in time and in frequency can be 
obtained implicitly from the indicated frequency range 
( within carrier BW ) and time duration ( within monitoring 
periodicity of PI ) of the reference region and how many time 
and / or frequency partitions are configured for a given pay 
load of PI . If PI has payload of N bits , which contains at least 
a bitmap to indicate pre - emption events within the reference 
region , x partitions in time and y partitions in frequency 
would require xy bits for the payload of bitmap , say M = xy 
bits , where N = > M . Note that different sets of values for the 
pair { x , y } are possible which can satisfy M = xy , and one 
configuration of pair { x , y } is indicated to the UE , either by 
RRC or dynamically in DCI . For example , if there are 6 bits 
used in the bitmap payload of PI , which correspond to three 
time divisions and two frequency divisions , and if reference 
region contains 20 RBs in frequency and 9 symbols in time , 
then the frequency and time granularity can be determined 
as 10 RBs and 3 symbols for the given numerology . Note 
that the bitmap may jointly indicate time - frequency pre 
emption locations . Alternatively , for each time division 
granularity , a bitmap may indicate frequency domain pre 
emption information , in which case there would be a 2 - bit 
bitmap for each time division . The least significant bit ( LSB ) 
indicates pre - emption at larger frequency ( top RBs ) and the 
most significant bit ( MSB ) corresponds to smaller frequency 
( bottom RBs ) , although this is only an example and other 
arrangements are possible . Note that 2 bits for each time 
division is an example , and more generally any integer 
number of bits can represent the pre - emption information , of 
which LSBs and MSBs may indicate top and bottom fre 
quency partition / division respectively or vice versa . 
[ 0146 ] In one example , for each set considered in Table 1 , 
the numerology used for decoding PI in a CORESET can be 
the same or different than the numerology used for data . 
[ 0147 ] In some examples , frequency granularity or divi 
sion may be boundary aligned with RBs or RBGs of the 
largest sub - carrier spacing coexisting in the carrier . Simi 
larly , time granularity or division may be boundary aligned 
with one or more symbols of the smallest sub - carrier spacing 
coexisting in the carrier . Ensuring this may avoid confusion 
at the UE side as to whether fraction of an RB or a symbol 
is pre - empted . 
[ 0148 ] Embodiments described herein may be used to 
implement dynamic resource sharing between eMBB traffic 
and URLLC traffic . This can be done by puncturing 

resources scheduled to eMBB , or without puncturing 
resources scheduled to eMBB , e . g . as detailed above . 
[ 0149 ] In some embodiments , scheduling between eMBB 
and URLLC is independent , for example when at least some 
eMBB traffic is transmitted in a dedicated sub - band that does 
not also carry URLLC traffic . In some embodiments , scal 
able numerologies are used to serve eMBB UEs depending 
on the latency requirement of URLLC . The numerologies 
used in a frequency band may have a scalable relationship in 
different regions , e . g . one sub - band may have a subcarrier 
spacing of 15 kHzx2 , and another sub - band may have a 
subcarrier spacing of 15 kHzx2 " , where i and j are integers , 
iz0 and j > i . The numerologies used may additionally or 
alternatively have a scalable relationship between low 
latency and latency tolerant traffic , e . g . eMBB data may 
have a subcarrier spacing of 15 kHzx2 ' , and URLLC data 
may have a subcarrier spacing of 15 kHzx2 , where i and j 
are integers , iz0 and i > i . 
[ 0150 ] In some embodiments described above , scheduled 
latency tolerant data is punctured . i . e . not sent , and the freed 
resources are used to instead transmit low latency data . If the 
punctured data , or a variation thereof ( e . g . a different redun 
dancy version of the punctured data ) , is possibly sent to the 
latency tolerant UE at a later time , then the punctured data 
may be said to be " postponed ” . Puncturing a transmission 
may alternatively referred to as “ pre - empting ' a transmis 
sion . Hence , puncturing indicator may be called pre - emption 
indicator . 
[ 0151 ] In some embodiments , when a base station sched 
ules e MBB traffic in a downlink co - existence region during 
an eMBB scheduling interval , and then URLLC traffic 
arrives , some of the scheduled MBB traffic may be post 
poned . e . g . transmitted in a later scheduling interval , so that 
resources are available to transmit the URLLC traffic . For 
example , FIG . 25 illustrates two eMBB scheduling intervals 
in a coexistence region . eMBB traffic is initially scheduled 
in scheduling interval n . However , after the eMBB traffic is 
scheduled in scheduling interval n , URLLC data arrives to 
be transmitted in the downlink . Therefore , the base station 
postpones some of the eMBB data in scheduling interval n 
and instead transmits the URLLC data , as shown at 1012 . 
The eMBB traffic is punctured and then transmitted in a later 
scheduling interval . 
[ 0152 ] In the embodiment shown in FIG . 25 , the eMBB 
scheduling interval is longer than a URLLC transmission 
slot , which may necessitate the downlink transmission of a 
URLLC packet during an eMBB scheduling interval in order 
to satisfy the latency requirements of the URLLC traffic . 
[ 0153 ] The postponed eMBB data may be transmitted in 
different ways . For example , the postponed data actually 
removed from scheduling interval n may be transmitted in a 
later scheduling interval , as at 1014 . Alternatively , a differ 
ent coded version , e . g . different redundancy version , of the 
originally scheduled packet in scheduling interval n may be 
transmitted at the later scheduling interval . 
[ 0154 ] The transmission of the postponed data may be 
performed automatically by the base station , i . e . the base 
station transmits the postponed data without feedback from 
the eMBB UE . For example , the base station does not wait 
for an acknowledgement ( “ ACK ” ) or negative acknowl 
edgement ( “ NACK ” ) from the eMBB UE indicating 
whether the eMBB UE successfully decoded the eMBB 
packet ( with missing data ) in scheduling interval n . In the 
example illustrated in FIG . 25 , the base station automatically 
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transmits the postponed data in the next scheduling interval . 
In an alternative embodiment , the transmission of the post - 
poned data may be HARQ based , i . e . the base station first 
waits for an ACK or NACK from the eMBB UE indicating 
whether the eMBB successfully decoded the partially post 
poned eMBB packet in scheduling interval n . Then , if a 
NACK is received , i . e . the eMBB packet ( with missing data ) 
was not successfully decoded , the base station transmits : the 
missing data , or the original eMBB packet at a different 
redundancy version . 
[ 0155 ] The base station may take different factors into 
account when deciding whether to automatically transmit 
the postponed e MBB data , or whether to instead use HARQ 
based transmission of the postponed data . For example , if a 
large fraction of the eMBB data in the eMBB packet is being 
postponed , then the postponed data may be automatically 
transmitted instead of using HARQ feedback , because the 
eMBB UE would have a low probability of successfully 
decoding the received portion of the packet . As another 
example , if there is an unacceptable delay in time before an 
ACK or NACK could be received by the base station , for 
example because there is no upcoming uplink transmission 
opportunity , then the postponed data may be automatically 
transmitted instead of using HARQ feedback . As a third 
example , if the code rate of the postponed data is high , then 
the postponed data may be automatically transmitted instead 
of using HARQ feedback because the packet may not have 
sufficient redundancy to be decoded without the punctured 
portion . 

[ 0156 ] When the UE receives the eMBB packet having 
missing data , the UE may decide to try to decode the packet 
based on how much eMBB data is missing . For example , if 
a large portion of the eMBB packet was punctured , then the 
UE may not try to decode the packet . 
[ 0157 ] The postponed eMBB data may be scheduled in 
different ways . For example , the postponed eMBB data may 
be appended to another eMBB packet destined for the 
eMBB UE . As another example , the postponed eMBB data 
may be scheduled separately from other eMBB packets 
destined for the eMBB UE . In general , the length of the 
scheduling interval during which the postponed data is 
transmitted may be different from the length of scheduling 
interval n . In one example , the postponed data that is 
transmitted later can be based on code block groups of the 
impacted transport block . In one example , further schedul 
ing of postponed data can be based on a mini - slot interval 
whereas the original transmission was based on a slot 
interval . The frequency domain resources used to transmit 
the postponed data may also be different . In general , the 
resources required for transmitting the postponed data can 
be allocated in any suitable manner . The length of schedul 
ing intervals n and n + 1 in FIG . 25 are the same duration , but 
this is only an example . 
[ 0158 ] FIG . 26 illustrates two examples of the transmis 
sion of postponed data . “ DL ” indicates the downlink . “ GP ” 
indicates the guard period , and “ UL ” indicates the uplink . 
Three downlink dominated sub - frames are illustrated in 
FIG . 26 . eMBB traffic for eMBB UE 1 and eMBB UE 2 are 
scheduled in the first sub - frame . However , after scheduling 
the eMBB traffic , some URLLC traffic arrives to be trans 
mitted in the downlink . The base station therefore postpones 
a portion of the eMBB UE 2 traffic , and transmits URLLC 
traffic instead , as shown at 1022 . The base station also 

postpones a portion of the eMBB UE 1 traffic , and transmits 
URLLC traffic instead , as shown at 1024 . 
[ 0159 ] Because a relatively large portion of the eMBB UE 
1 packet is postponed , the UE 1 postponed data is automati 
cally transmitted by the base station in a later sub - frame , as 
shown at 1026 . 
0160 ] Because a relatively small portion of MBB UE 2 
packet is postponed , the transmission of the postponed data 
for UE 2 is HARQ based . The base station waits for HARO 
feedback from UE 2 indicating whether or not UE 2 was able 
to successfully decode the eMBB data transmitted in the first 
downlink sub - frame . In the example illustrated in FIG . 26 , 
the UE 2 is not able to successfully decode the data , and this 
is indicated by a NACK transmitted in the uplink , as shown 
at 1028 . The base station therefore sends a retransmission of 
at least the punctured portion of the unsuccessfully decoded 
MBB packet , e . g . at a higher redundancy version , as shown 
at 1030 . If the UE 2 was able to successfully decode the 
eMBB packet , then an ACK would be sent instead and the 
base station would not have to send a retransmission at 1030 . 
( 0161 ] In the example illustrated in FIG . 26 , UE 1 sends 
a single ACK or NACK after receiving the postponed 
transmission and combining the postponed eMBB data with 
the original eMBB data . UE 2 sends two HARQ feedback 
messages : one for the initial eMBB data at 1028 , and another 
one acknowledging ( or negative acknowledging ) the 
retransmission sent at 1030 . 
[ 0162 ] In FIG . 26 , the UE 2 HARQ feedback 1028 is 
shown as being transmitted in the uplink portion of the 
second sub - frame . Alternatively , depending upon the pro 
cessing speed of UE 2 , the HARQ feedback may be sent 
earlier ( e . g . in the uplink portion of the first sub - frame ) or 
later ( e . g . in the uplink portion of the third sub - frame ) . 
[ 0163 ] In some embodiments , postponing eMBB trans 
mission may not be preferred , depending upon the amount 
of resources reassigned to URLLC traffic . If the eMBB data 
is scheduled over multiple URLLC slots , then the more 
important eMBB data , e . g . the systematic bits , may be 
transmitted over the first slots . Then , if some slots at or near 
the end of the eMBB scheduling interval are reassigned to 
incoming URLLC traffic , the eMBB UE may have a better 
chance of decoding the eMBB packet . If the eMBB packet 
is successfully decoded , then the missing / postponed data 
does not have to be transmitted by the base station in a later 
interval . 
[ 0164 ] Depending on the amount of the eMBB transmis 
sion that is postponed due to URLLC traffic , the base station 
may decide different options for whether and how to trans 
mit missing eMBB data . For example , the base station may : 
( 1 ) transmit the same postponed data ; ( 2 ) transmit a different 
redundancy version of the original packet ; ( 3 ) choose not to 
transmit the missing data . If there is a large volume of 
URLLC traffic , a relatively large portion of the eMBB data 
may be postponed , and the eMBB UE may wait for the rest 
of the packet to be transmitted in a later interval instead of 
attempting to decode the initially transmitted portion . The 
base station may schedule the rest of the packet in a 
subsequent interval ( either automatically or HARQ based ) . 
The subsequent interval may or may not be the immediate 
next interval . On the other hand , if a relatively small portion 
of the eMBB data is missing , the eMBB UE may try to 
decode the data and can send HARQ feedback . If a NACK 
is received , the base station can send the missing data or a 
different redundancy version of the original packet . 
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10165 ) FIG . 27 illustrates an example in which four down 
link dominated sub - frames are transmitted , each sub - frame 
having an eMBB only region and a co - existence region . The 
portion of the sub - frames that is not shown in hatching is 
downlink . eMBB UE configuration may support multiple 
slot aggregation / bundling . However , how many slots are 
actually used for a scheduled eMBB transmission depends 
on when the URLLC packet arrives . For example , eMBB 
UE 4 has its traffic scheduled in individual slots , without 
bundling . eMBB UE 3 has 2 - slot bundling , and so its traffic 
is scheduled in units of two URLLC slots . Sometimes the 
second slot in the sub - frame is assigned to URLLC traffic . 
Traffic for eMBB UE 2 is scheduled in units of 8 bundled 
slots , and in the example illustrated in FIG . 27 none of the 
data for eMBB UE 2 is reassigned to URLLC traffic . eMBB 
UE 1 is scheduled in the eMBB only region . 
[ 0166 ] In the example illustrated in FIG . 27 , there may be 
dynamic orthogonal resource sharing between eMBB traffic 
and URLLC traffic . The eMBB UEs scheduled in the 
coexistence region may need to monitor URLLC presence in 
the coexistence region . In some embodiments , an URLLC 
indicator may be placed in every slot or at the end of the 
eMBB scheduling interval . The URLLC indicator indicates 
to the eMBB if one or more slots in the eMBB scheduling 
interval have been reassigned to URLLC traffic . 
[ 0167 ] If URLLC packets arrive , ongoing eMBB trans 
mission may be postponed for one or more slots . The large 
eMBB packets for eMBB UE 1 are scheduled in the eMBB 
only region , and so eMBB UE 1 does not need to monitor 
for URLLC presence . ACK / NACK can be based on a group 
of transmissions . For example , an eMBB UE having some 
data postponed may wait until the postponed data is received 
at a later slot before trying to decode the original packet and 
before sending an ACK / NACK for the packet . 
[ 0168 ] The switching time between downlink and uplink 
in FIG . 27 may be fixed , or may change based on the 
URLLC latency requirement . For example , an uplink region 
may need to be present more often for low latency applica 
tions in order to timely receive ACK / NACK messages for 
the URLLC traffic sent by the base station . 

second time duration in the first uplink time - frequency 
resources . The second time duration is shorter than the first 
time duration , and the second time duration aligns with an 
integer number of OFDM symbols of the first time duration . 
Optionally , in step 2108 , the UE receives signaling that 
dynamically updates the frequency range of the first uplink 
time - frequency resources . 
[ 0171 ] FIG . 30 is a method performed by a UE , according 
to another embodiment . In step 2202 , the UE receives 
scheduling information that schedules a downlink transmis 
sion of a transport block for the UE during a first time 
interval . The downlink transmission includes first data on 
particular time - frequency resources . In step 2204 , the UE 
receives an indication that indicates that the first data is no 
longer scheduled on the particular time - frequency resources . 
In some embodiments , the indication is received after 
receiving some of the downlink transmission , although this 
is not necessary . 
[ 0172 ] After receiving the indication , one of three differ 
ent series of operations may be performed by the UE , each 
one illustrated in a respective branch in FIG . 30 . 
[ 0173 ] Branch 1 : In step 2222 , the UE attempts to decode 
the transport block without considering downlink data on the 
particular time - frequency resources . Optionally , in step 
2224 , the UE transmits HARQ feedback : an ACK if the 
transport block is successfully decoded or a NACK if the 
transport block is unsuccessfully decoded . 
[ 0174 ] Branch 2 : In step 2232 , the UE receives subsequent 
data based on the first data , e . g . the subsequent data may be 
the first data or a different redundancy version of the first 
data . The subsequent data may be received during a subse 
quent time interval . In step 2234 , the UE then attempts to 
decode the transport block without considering downlink 
data on the particular time - frequency resources , but using 
the other transport block data received during the first time 
interval and the subsequent data . Optionally , in step 2236 , 
the UE transmits HARQ feedback : an ACK if the transport 
block is successfully decoded or a NACK if the transport 
block is unsuccessfully decoded . 
[ 0175 ] Branch 3 : In step 2242 , the UE sends a NACK 
without attempting to decode the transport block , e . g . 
because too much of the transport block is not received 
during the first time interval . Step 2242 may be performed 
when the first data is punctured from the transport block and 
is not sent during a subsequent time interval . If too much of 
the transport block is not received , then attempting to decode 
the transport block is not worth it because decoding will 
likely fail . In another embodiment , the UE may have 
decoded some CBs of the TB while some CBs are pre 
empted . If the UE is not configured with CB - level HARQ 
feedback , the UE may send a NACK corresponding to the 
TB . If the UE is configured for CB - level HARQ feedback , 
it can send ACK for CBs that were decoded and NACK for 
the pre - empted ones . 

Other Methods 
[ 0169 ] FIG . 28 is a method performed by base station 100 , 
according to one embodiment . Optionally , in step 2002 , the 
base station 100 transmits signaling to the UEs . The signal 
ing semi - statically configures first downlink time - frequency 
resources . In step 2004 , the base station 100 transmits a first 
transmission of first data over a first time duration in the first 
downlink time - frequency resources . In step 2006 , the base 
station 100 transmits a second transmission of second data 
over a second time duration in the first downlink time 
frequency resources . The second time duration is shorter 
than the first time duration , and the second time duration 
aligns with an integer number of OFDM symbols of the first 
time duration . Optionally , in step 2008 , the base station 100 
transmits signaling that dynamically updates the frequency 
range of the first downlink time - frequency resources . 
[ 0170 ] FIG . 29 is a method performed by a UE , according 
to one embodiment . Optionally , in step 2102 , the UE 
receives signaling that semi - statically configures first uplink 
time - frequency resources . In step 2104 , the UE transmits a 
first transmission of first data over a first time duration in the 
first uplink time - frequency resources . In step 2106 , the UE 
transmits a second transmission of second data over a 

Additional Examples 
Example 1 

[ 0176 ] A method comprising : communicating using time 
division duplex frames , each time division duplex frame 
comprising at least two sub - frames including a first sub 
frame , each sub - frame having a downlink segment , an 
uplink segment and a guard period separating the downlink 
segment from the uplink segment ; for each time division 
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duplex frame , transmitting scheduling information in respect 
of downlink traffic of a first type using a scheduling interval 
equal to the duration of one time division duplex frame ; for 
each sub - frame , transmitting scheduling information in 
respect of downlink traffic of a second type using a sched 
uling interval equal to the duration of one sub - frame . 

scheduling the same block of traffic of the second type 
during another of the sub - frames with or without frequency 
hopping . 

Example 2 
[ 0177 ] The method of example 1 further comprising : for at 
least one time division duplex frame , at some time after the 
first sub - frame , transmitting update information that updates 
the scheduling information in respect of downlink traffic of 
the first type in a sub - frame other than the first sub - frame . 

Example 8 
[ 0183 ] The method of example 1 further comprising : 
transmitting some of the traffic of the first type in a first 
sub - band with a first sub - carrier spacing ; transmitting traffic 
of the second type in a second sub - band with a second 
sub - carrier spacing ; transmitting some of the traffic of the 
first type in the second sub - band with the second sub - carrier 
spacing . 

Example 9 Example 3 
[ 0178 ] The method of example 2 wherein the update 
information indicates one or more time - frequency resources 
that were initially scheduled for traffic of the second type in 
a sub - frame other than the first sub - frame are now no longer 
being scheduled for traffic of the second type . 

[ 0184 ] The method of example 1 wherein orthogonal 
scheduling is used as between traffic of the first type and 
traffic of the second type . 

Example 10 
[ 0185 ] The method of example 1 wherein non - orthogonal 
scheduling is used as between traffic of the first type and 
traffic of the second type such that for at least some 
time - frequency resources traffic of the first type is superim 
posed with traffic of the second type . 

Example 4 

[ 0179 ] The method of example 2 further comprising deter 
mining for a given time division duplex frame whether to 
transmit the update information to update the scheduling 
information by : receiving ACK / NACK information in 
respect of traffic of the second type ; using the received 
ACK / NACK information to determine whether to puncture 
resources scheduled for traffic of the first type to allow 
retransmission of a block of traffic of the second type , the 
update information identifying the punctured resources . 

Example 11 
[ 0186 ] The method of example 8 wherein a time division 
duplex frame has two sub - frames , and the first sub - carrier 
spacing is 30 kHz and the second sub - carrier spacing is 60 
kHz . 

Example 5 Example 12 
[ 0187 ] The method of example 1 wherein a time division 
duplex frame has four sub - frames , and a sub - carrier spacing 
of 60 kHz is used for traffic of the first type and traffic of the 
second type . 

[ 0180 ] The method of example 2 further comprising deter 
mining for a given time division duplex frame whether to 
transmit the update information to update the scheduling 
information by : identifying the existence of new data to send 
using traffic of the second type or determining an amount of 
new data to send using traffic of the second type ; determin 
ing whether to puncture resources scheduled for traffic of the 
first type to allow transmission of new data using traffic of 
the second type based on the identified existence or the 
determined amount , the update information indicating the 
punctured resources . 

Example 13 
[ 0188 ] The method of example 1 further comprising : 
transmitting some of the traffic of the first type in a first 
sub - band with a first sub - carrier spacing ; transmitting traffic 
of the second type in a second sub - band with a second 
sub - carrier spacing ; transmitting some of the traffic of the 
first type in the second sub - band with the second sub - carrier 
spacing ; dynamically revising sub - band bandwidths as 
between one time division duplex frame and a subsequent 
time division duplex frame . 

Example 6 
[ 0181 ] The method of example 2 further comprising deter 
mining for a given time division duplex frame whether to 
transmit the update information to update the scheduling 
information by : receiving ACK / NACK information in 
respect of traffic of the first type ; based on the received 
ACK / NACK information , determining whether to re - assign 
some resources as between receivers of traffic of the first 
type , the update information indicating the re - assignment of 
resources . 

Example 14 

Example 7 
[ 0182 ] The method of example 1 wherein scheduling 
traffic of the second type comprises scheduling a block of 
traffic of the second type during one of the sub - frames , and 

[ 0189 ] The method of example 1 further comprising : 
transmitting some of the traffic of the first type in a first 
sub - band with a first sub - carrier spacing ; transmitting traffic 
of the second type in a second sub - band with a second 
sub - carrier spacing ; transmitting some of the traffic of the 
first type in the second sub - band with the second sub - carrier 
spacing ; dynamically revising the number of sub - frames as 
between one time division duplex frame and a subsequent 
time division duplex frame . 
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Example 25 
[ 0201 ] The method of example 24 , wherein more impor 
tant data ( e . g . systematic bits ) are transmitted at or near the 
start of the first data transmission . 

Example 15 
[ 0190 ] A method comprising : communicating using time 
division duplex frames , each time division duplex frame 
comprising at least two sub - frames including a first sub 
frame , each sub - frame having a downlink segment , an 
uplink segment and a guard period separating the downlink 
segment from the uplink segment ; for each sub - frame , 
transmitting scheduling information in respect of downlink 
traffic of a first type using a scheduling interval equal to the 
duration of one sub - frame ; for each sub - frame , transmitting 
scheduling information in respect of downlink traffic of a 
second type using a scheduling interval equal to the duration 
of one sub - frame . 

Example 26 
[ 0202 ] The method of any one of examples 18 to 25 , 
wherein the first data is eMBB data and the second data is 
URLLC data . 

Example 27 
[ 0203 ] A base station configured to perform the method of 
any one of examples 18 to 26 . Example 16 

[ 0191 ] A base station configured to implement the method 
of any one of examples 1 to 15 . 

Example 28 
[ 0204 ] A UE configured to receive one or more transmis 
sions generated in accordance with the method of any one of 
examples 18 to 26 . Example 17 

[ 0192 ] A UE to configured to receive transmissions gen 
erated in accordance with the method of any one of 
examples 1 to 15 . 

Example 18 
[ 0193 ] A method performed by a base station , the method 
comprising : 
[ 0194 ] scheduling a transmission of first data to a first user 
equipment ( UE ) on first resources ; postponing some of the 
first data and instead transmitting second data to a second 
UE on a portion of the first resources . 

Example 29 
[ 0205 ] A method comprising : transmitting traffic of a first 
type within a scheduling interval using a first numerology ; 
transmitting traffic of a second type within at least one time 
slot of a plurality N of possible time slots using a second 
numerology , wherein the scheduling interval is N times 
greater than one of a duration one time slot , and the N 
possible time slots are aligned with the first scheduling 
interval ; wherein a time frequency resource used to transmit 
the traffic of the second type is obtained by puncturing or 
reallocating or is overlapping with , or co - existing with a 
time frequency resource scheduled for the traffic of the first 
type . 

Example 19 
[ 0195 ] The method of example 18 , further comprising : 
subsequently sending a transmission associated with the first 
data . 

Example 20 
[ 0196 ] The method of example 18 , wherein subsequently 
sending a transmission associated with the first data com 
prises : subsequently transmitting the postponed first data . 

Example 30 
[ 0206 ] The method of example 29 further comprising : 
transmitting an indication for a receiver of traffic of the first 
type that some of a time frequency resource scheduled to the 
receiver is used by traffic of the second type . 

Example 31 
Example 21 

[ 0197 ] The method of example 18 , wherein subsequently 
sending a transmission associated with the first data com 
prises : subsequently transmitting a retransmission corre 
sponding to the first data . 

[ 0207 ] The method of example 30 further comprising : 
determining whether to transmit the traffic of the second type 
on a per time slot basis ; transmitting the indication on a per 
time slot basis in advance of the time slot . 

Example 22 
[ 0198 ] The method of example 21 , wherein the retrans 
mission has a higher redundancy version . 

Example 32 
[ 0208 ] The method of example 30 further comprising : 
determining whether to transmit the traffic of the second type 
on a per time slot basis ; transmitting the indication as a 
collective indication for all time slots on a per first sched 
uling interval basis . Example 23 

[ 019 ] The method of example 21 or example 22 , wherein 
subsequently transmitting the retransmission is in response 
to a NACK received from the first UE . 

Example 24 
[ 0200 ] The method of any one of examples 18 to 23 , 
wherein the transmission of first data to the first UE is sent 
over multiple slots . 

Example 33 
[ 0209 ] A method comprising : transmitting traffic of a first 
type within a first scheduling interval using a first sub - carrier 
spacing , the first scheduling interval accommodating K 
symbol locations for transmitting K OFDM symbols with 
the first sub - carrier spacing ; transmitting traffic of a second 
type using at least one of N?K possible symbol locations for 
symbols using a second sub - carrier spacing , wherein each 
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grant - based traffic with the first sub - carrier spacing with 
grant - free traffic with the second sub - carrier spacing . 

symbol location for the first sub - carrier spacing is aligned 
with N symbol locations for the second sub - carrier spacing ; 
wherein a time frequency resource used to transmit the 
traffic of the second type is obtained by puncturing or 
reallocating a time frequency resource scheduled for the 
traflic of the first type . 

Example 41 
[ 0217 ] The method of any one of examples 29 to 38 
wherein the traffic of the first type is eMBB traffic , and the 
traffic of the second type is URLLC traffic . Example 34 

[ 0210 ] The method of example 33 further comprising : 
transmitting an indication for a receiver of traffic of the first 
type that some of a time frequency resource scheduled to the 
receiver has been punctured / reallocated . 

Example 42 
[ 0218 ] The method of any one of examples 38 to 40 
wherein the traffic of the first type is eMBB traffic , and the 
traffic of the second type is URLLC traffic . 

Example 35 
[ 0211 ] The method of example 34 further comprising : 
determining whether to transmit the traffic of the second type 
on periodic basis ; transmitting the indication on a period 
basis in advance a symbol for traffic of the first type that has 
been punctured . 

Example 43 
[ 0219 ] A base station configured to implement the method 
of any one of examples 29 to 42 . 

Example 44 
[ 0220 ] A user equipment configured to receive transmis 
sions generated in accordance with the method of any one of 
examples 29 to 42 . 

Example 36 
[ 0212 ] The method of example 34 further comprising : 
determining whether to transmit the traffic of the second type 
on periodic basis ; transmitting the indication as a collective 
indication for all time slots on a per first scheduling interval 
basis . 

Example 45 

Example 37 

[ 0221 ] A method performed by a base station , the method 
comprising : transmitting scheduling information that sched 
ules a downlink transmission of first data to a first UE on first 
resources ; transmitting update information to the first UE , 
the update information indicating that the first data is no 
longer scheduled on the first resources ; transmitting second 
data for a second UE on the first resources . 

[ 0213 ] A method comprising : within a scheduling interval 
for traffic of the first type , performing the method of example 
29 for some traffic of the second type , and the method of 
example 5 for some traffic of the second type . 

Example 46 
Example 38 

[ 0214 ] The method of any one of examples 29 to 37 
performed within a downlink portion of a self - contained 
TDD architecture in which each self - contained frame has a 
downlink portion , a guard period and an uplink portion . 

[ 0222 ] The method of example 45 , wherein the first 
resources are in a first frequency sub - band , and further 
comprising transmitting a scheduled downlink transmission 
to a third UE in a second frequency sub - band . 

Example 47 
[ 0223 ] The method of example 46 , further comprising 
transmitting signaling indicating a change in a bandwidth of 
the first frequency sub - band . 

Example 48 

Example 39 
[ 0215 ] A method comprising : within a bandwidth avail 
able for both uplink grant - based traffic and uplink grant - free 
traffic , and within a scheduling interval for uplink grant 
based traffic , defining allocation regions having a duration 
equal to a grant - free transmission interval , each region 
accommodating N uplink OFDM symbols for grant - based 
traffic using a first sub - carrier spacing , and accommodating 
NxK uplink OFDM symbols for grant - based traffic using a 
second sub - carrier spacing , where N > = 1 , K > = 2 ; scheduling 
uplink transmission for grant - based traffic in one or more of 
the allocation regions ; mapping a grant - free transmitter to an 
allocation region such that the grant - free transmitter can 
make a grant - free transmission using the allocation region if 
it has traffic to send . 

[ 0224 ] The method of example 47 , wherein the bandwidth 
of the first frequency sub - band is changed based on a traffic 
load of UEs that have a lower latency requirement than other 
UEs . 

Example 49 
[ 0225 ] The method of example 47 , wherein the signaling 
indicates the presence of a time interval during which there 
is no second frequency sub - band . 

Example 40 
[ 0216 ] The method of example 39 wherein for at least one 
of the allocation regions , grant - based traffic is scheduled and 
a grant - free transmitter is mapped , such that if the grant - free 
transmitter has traffic to send there will be a collision of 

Example 50 
[ 0226 ] The method of any one of examples 45 to 49 , 
wherein transmission of the second data uses a different 
numerology from the first data . 
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Example 51 
[ 0227 ] The method of example 50 , wherein the transmis - 
sion of the second data uses a different sub - carrier spacing 
from the first data . 

Example 61 
( 0237 ] The method of any one of examples 45 to 60 , 
wherein the second UE has a lower latency requirement than 
the first UE . 

Example 52 
[ 0228 ] The method of example 51 , wherein the second 
data is sent in a time interval having boundaries that align 
with a time interval during which the first data was sched 
uled . 

Example 62 
[ 0238 ] A base station comprising a transmitter to : transmit 
scheduling information that schedules a downlink transmis 
sion of first data to a first UE on first resources ; transmit 
update information to the first UE , the update information 
indicating that the first data is no longer scheduled on the 
first resources ; transmit second data for a second UE on the 
first resources . 

Example 53 
[ 0229 ] The method of example 52 , wherein multiple 
OFDM symbols of the second data are sent over a first time 
duration , the first time duration having boundaries aligned in 
time with a second time duration during which a single 
OFDM symbol of the first data would have been sent . 

Example 63 
[ 0239 ] The base station of example 62 , wherein the first 
resources are in a first frequency sub - band , and the trans 
mitter is further to transmit a scheduled downlink transmis 
sion to a third UE in a second frequency sub - band . Example 54 

[ 0230 ] The method of any one of examples 45 to 53 , 
further comprising transmitting the first data to the first UE 
on second resources different from the first resources . 

Example 64 
[ 0240 ] The base station of example 63 , wherein the trans 
mitter is further to transmit signaling indicating a change in 
a bandwidth of the first frequency sub - band . 

Example 55 
[ 0231 ] The method of example 54 , wherein the second 
resources are later in time than the first resources . 

Example 65 
[ 0241 ] The base station of example 64 , wherein the band 
width of the first frequency sub - band is changed based on a 
traffic load of UEs that have a lower latency requirement 
than other UEs . 

Example 56 
[ 0232 ] The method of example 54 or 55 , wherein the first 
data is transmitted on the second resources without waiting 
for a NACK or an ACK from the first UE . 

Example 66 
[ 0242 ] The base station of example 64 , wherein the sig 
naling indicates the presence of a time interval during which 
there is no second frequency sub - band . 

Example 57 

[ 0233 ] The method of any one of examples 54 to 56 , 
wherein the first data is appended to another packet destined 
for the first UE . 

Example 67 
[ 0243 ] The base station of any one of examples 62 to 66 , 
wherein transmission of the second data uses a different 
numerology from the first data . Example 58 

[ 0234 ] The method of any one of examples 54 to 56 , 
wherein the first data is scheduled separately from other 
packets destined for the first UE . 

Example 68 
[ 0244 ] The base station of example 67 , wherein the trans 
mission of the second data uses a different sub - carrier 
spacing from the first data . Example 59 

Example 69 [ 0235 ] The method of any one of examples 54 to 56 , 
wherein the first data is scheduled on the second resources 
during a first scheduling interval , the first scheduling inter 
val having a time duration that is different from the time 
duration of a second scheduling interval during which a 
packet for the first UE is scheduled . 

[ 0245 ] . The base station of example 68 , wherein the second 
data is to be sent in a time interval having boundaries that 
align with a time interval during which the first data was 
scheduled . 

Example 60 

[ 0236 ] The method of any one of examples 45 to 59 , 
wherein the first data is part of a packet destined for the first 
UE , and further comprising transmitting systematic bits of 
the packet before a scheduled transmission time of the first 
data . 

Example 70 
[ 0246 ] The base station of example 69 , wherein multiple 
OFDM symbols of the second data are to be sent over a first 
time duration , the first time duration having boundaries 
aligned in time with a second time duration during which a 
single OFDM symbol of the first data would have been sent . 
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Example 71 
[ 0247 ] The base station of any one of examples 62 to 70 , 
wherein the transmitter is to transmit the first data to the first 
UE on second resources different from the first resources . 

Example 82 
[ 0258 ] The method of example 81 , wherein the NACK is 
sent upon unsuccessful decoding of the packet . 

Example 72 
[ 0248 ] The base station of example 71 , wherein the second 
resources are later in time than the first resources . 

Example 83 
[ 0259 ] The method of example 81 , wherein the UE sends 
the NACK without attempting to decode the packet . 

Example 73 

[ 0249 ] The base station of example 71 or 72 , wherein the 
first data is to be transmitted on the second resources without 
waiting for a NACK or an ACK from the first UE . 

Example 84 
[ 0260 ] A UE comprising : a receiver to : receive scheduling 
information that schedules a downlink transmission of a 
packet to the UE , the downlink transmission including first 
data on first resources ; and receive update information , the 
update information indicating that the first data is no longer 
scheduled on the first resources . Example 74 

[ 0250 ] The base station of any one of examples 71 to 73 , 
wherein the first data is to be appended to another packet 
destined for the first UE . 

Example 85 
[ 0261 ] The UE of example 84 further comprising a 
decoder to : attempt to decode the packet without considering 
downlink data on the first resources . Example 75 

[ 0251 ] The base station of any one of examples 71 to 73 , 
wherein the first data is to be scheduled separately from 
other packets destined for the first UE . 

Example 86 
[ 0262 ] The UE of example 84 , further comprising a 
decoder to generate a NACK in relation to the packet to be 
sent by a transmitter to the base station . Example 76 

[ 0252 ] The base station of any one of examples 71 to 73 , 
wherein the first data is to be scheduled on the second 
resources during a first scheduling interval , the first sched 
uling interval having a time duration that is different from 
the time duration of a second scheduling interval during 
which a packet for the first UE is scheduled . 

Example 87 
[ 0263 ] The UE of example 86 , wherein the NACK is sent 
upon unsuccessful decoding of the packet . 

Example 88 
[ 0264 ] The UE of example 86 , wherein the UE sends the 
NACK without attempting to decode the packet . Example 77 

[ 0253 ] The base station of any one of examples 62 to 76 , 
wherein the first data is part of a packet destined for the first 
UE , and wherein the transmitter is further to transmit 
systematic bits of the packet before a scheduled transmission 
time of the first data . 

Example 78 
[ 0254 ] The base station of any one of examples 62 to 77 , 
wherein the second UE has a lower latency requirement than 
the first UE . 

Example 89 
[ 0265 ] A method performed by a base station , the method 
comprising : transmitting a first transmission of first data 
over a first time duration in first downlink time - frequency 
resources ; transmitting a second transmission of second data 
over a second time duration in the first downlink time 
frequency resources , the second time duration shorter than 
the first time duration ; wherein the second time duration 
aligns with an integer number of OFDM symbols of the first 
time duration . 

Example 79 
[ 0255 ] A method performed by a UE , the method com 
prising : receiving scheduling information that schedules a 
downlink transmission of a packet to the UE , the downlink 
transmission including first data on first resources ; receiving 
update information , the update information indicating that 
the first data is no longer scheduled on the first resources . 

Example 90 
[ 0266 ] The method of example 89 , wherein the first data 
is latency tolerant data and the second data is low latency 
data . 

Example 80 
[ 0256 ] The method of example 79 further comprising : 
attempting to decode the packet without considering down 
link data on the first resources . 

Example 91 
[ 0267 ] The method of example 89 or 90 , further compris 
ing semi - statically configuring the first downlink time - fre 
quency resources . 

Example 81 
[ 0257 ] The method of example 79 , further comprising the 
UE sending a NACK in relation to the packet . 

Example 92 
[ 0268 ] The method of any one of examples 89 to 91 , 
wherein the first transmission is scheduled over at least one 
downlink portion of a time interval , the time interval also 
having at least one uplink portion . 
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Example 93 
[ 0269 ] The method of any one of examples 89 to 92 , 
wherein a frequency range of the first downlink time 
frequency resources is dynamically updated over time . to be 

Example 104 
[ 0280 ] The method of example 103 , wherein the second 
time duration aligns in time with one slot of the first time 
duration . 
0280 

Example 94 
[ 0270 ] The method of example 93 , further comprising 
transmitting signaling to at least one UE , the signaling 
indicating a change in the frequency range of the first 
downlink time - frequency resources . 

Example 105 
[ 0281 ] The method of example 102 , wherein the second 
time duration aligns in time with one OFDM symbol of the 
first time duration . 

Example 95 
[ 0271 ] The method of example 94 , wherein the signaling 
is transmitted to a group of UEs . 

Example 106 
[ 0282 ] The method of example 105 , wherein exactly 2 " 
OFDM symbols of the second data are transmitted over the 
second time duration , where n is a natural number and n21 . 

Example 107 
[ 0283 ] The method of example 106 , wherein n = 1 . 

Example 96 
[ 0272 ] The method of example 93 , wherein the frequency 
range of the first downlink time - frequency resources is 
dynamically updated over time such that : for a first duration 
of time a carrier bandwidth is used for transmitting both a 
first traffic type and a second traffic type , and for a second 
duration of time the carrier bandwidth is only used for 
transmitting the second traffic type . 

Example 108 
[ 0284 ] The method of example 102 , wherein the first 
transmission has a 30 kHz subcarrier spacing and the second 
transmission has a 60 kHz subcarrier spacing . 

Example 97 
[ 0273 ] The method of example 96 , further comprising 
transmitting signaling indicating that the first traffic type is 
not sent during the second duration of time . 

Example 109 
[ 0285 ] The method of any one of examples 89 to 108 , 
wherein the first transmission is scheduled for transmission 
to a first UE , and the method further comprising : transmit 
ting an indication , the indication indicating that a portion of 
the first data is no longer scheduled on particular time 
frequency resources ; and transmitting , to a second UE , the 
second transmission on the particular time - frequency 
resources . 

Example 98 
[ 0274 ] The method of example 96 , wherein the first traffic 
type is low latency traffic and the second traffic type is 
latency tolerant traffic . 

Example 99 
[ 0275 ] The method of example 96 , wherein the first traffic 
type is latency tolerant traffic and the second traffic type is 
low latency traffic . 

Example 110 
[ 0286 ] The method of example 109 , wherein the indica 
tion is transmitted subsequent to transmitting some of the 
first transmission to the first UE . 

Example 100 
[ 0276 ] The method of example 99 , wherein the first data 
belongs to the first traffic type , and the second data belongs 
to the second traffic type . 

Example 111 
[ 0287 ] The method of example 110 , further comprising 
transmitting subsequent data to the first UE on second 
time - frequency resources , the subsequent data based on the 
portion of the first data , and the second - time frequency 
resources different from the particular time - frequency 
resources . Example 101 

[ 0277 ] The method of any one of examples 89 to 100 , 
wherein the first transmission and the second transmission 
have the same sub - carrier spacing . 

Example 112 
[ 0288 ] The method of example 111 , wherein the subse 
quent data is scheduled on the second time - frequency 
resources . 

Example 102 
[ 0278 ] The method of any one of examples 89 to 100 , 
wherein the first transmission and the second transmission 
have different sub - carrier spacings . 

Example 113 
[ 0289 ] The method of example 111 or 112 , wherein the 
subsequent data is a different redundancy version of the 
portion of the first data . 

Example 103 
[ 0279 ] The method of example 102 , wherein the second 
time duration aligns in time with an integer number of slots 
of the first time duration . 

Example 114 
[ 0290 ] The method of example 111 or 112 , wherein the 
subsequent data is the portion of the first data . 
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Example 115 
[ 0291 ] The method of any one of examples 111 to 114 , 
wherein the second time - frequency resources are during a 
subsequent time interval that is later in time than the 
particular time - frequency resources . 

Example 125 
[ 0301 ] A base station comprising : a resource allocator to 
schedule a first transmission of first data over a first time 
duration in first downlink time - frequency resources , and to 
schedule a second transmission of second data over a second 
time duration in the first downlink time - frequency resources , 
the second time duration shorter than the first time duration ; 
a transmitter to transmit the first transmission and the second 
transmission ; wherein the second time duration aligns with 
an integer number of OFDM symbols of the first time 
duration 

Example 116 
[ 0292 ] The method of example 115 , wherein the subse 
quent time interval has a time duration that is different from 
the first time duration . 

Example 117 
[ 0293 ] The method of example 116 , wherein the time 
duration of the subsequent time interval is shorter than the 
first time duration . 

Example 126 
[ 0302 ] The base station of example 125 , wherein the first 
data is latency tolerant data and the second data is low 
latency data . 

Example 118 
[ 0294 ] The method of any one of examples 111 to 117 , 
wherein a transport block is scheduled to be transmitted by 
the first transmission over the first time duration , and 
wherein the portion of the first data is part of the transport 
block . 

Example 127 
[ 0303 ] The base station of example 125 or 126 , wherein 
the resource allocator is to semi - statically configure the first 
downlink time - frequency resources . 

Example 119 
[ 0295 ] The method of example 118 , wherein the transport 
block is a first transport block , wherein the subsequent data 
is scheduled on the second time - frequency resources over a 
third time duration , wherein a second transport block is 
scheduled over a fourth time duration , and wherein the third 
time duration is different from the fourth time duration . 

Example 128 
[ 0304 ] The base station of any one of examples 125 to 
127 , wherein the resource allocator is to schedule the first 
transmission over at least one downlink portion of a time 
interval , the time interval also having at least one uplink 
portion . 

Example 120 
[ 0296 ] The method of example 119 , wherein the third time 
duration is shorter than the fourth time duration . 

Example 129 
0305 The base station of any one of examples 125 to 
128 , wherein the resource allocator is to dynamically update , 
over time , a frequency range of the first downlink time 
frequency resources . 

Example 121 
[ 0297 ] The method of example 118 , further comprising 
transmitting systematic bits of the transport block at a 
beginning of the first time duration . 

Example 130 
[ 0306 ] The base station of example 129 , wherein the 
transmitter is to transmit signaling to at least one UE , the 
signaling indicating a change in the frequency range of the 
first downlink time - frequency resources . 

Example 131 
[ 0307 ] The base station of example 130 , wherein the 
transmitter is to transmit the signaling to a group of UEs . 

Example 122 
[ 0298 ] The method of example 118 , wherein the transport 
block is a first transport block , and wherein the subsequent 
data is appended to a second transport block destined for the 
first UE , the second transport block transmitted during a 
subsequent time interval that is later in time than the 
particular time - frequency resources . 

Example 123 

Example 132 
[ 0308 ] The base station of any one of examples 129 to 
131 , wherein the resource allocator is to dynamically update , 
over time , the frequency range of the first downlink time 
frequency resources such that : for a first duration of time a 
carrier bandwidth is used for transmitting both a first traffic 
type and a second traffic type , and for a second duration of 
time the carrier bandwidth is only used for transmitting the 
second traffic type . 

[ 0299 ] The method of example 118 , wherein the subse 
quent data is scheduled separately from other transport 
blocks destined for the first UE . 

Example 124 
[ 0300 ] The method of example 111 , wherein the subse 
quent data is transmitted on the second time - frequency 
resources without waiting for HARQ feedback from the first 
UE . 

Example 133 
[ 0309 ] The base station of example 132 , wherein the 
transmitter is to transmit signaling indicating that the first 
traffic type is not sent during the second duration of time . 
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Example 134 
[ 0310 ] The base station of example 132 or 133 , wherein 
the first traffic type is low latency traffic and the second 
traffic type is latency tolerant traffic . 

tion indicating that a portion of the first data is no longer 
scheduled on particular time - frequency resources ; and trans 
mit , to a second UE , the second transmission on the par 
ticular time - frequency resources . 

Example 135 
[ 0311 ] The base station of example 132 or 133 , wherein 
the first traffic type is latency tolerant traffic and the second 
traffic type is low latency traffic . 

Example 146 
[ 0322 ] The base station of example 145 , wherein the 
transmitter is to transmit the indication subsequent to trans 
mitting some of the first transmission to the first UE . 

Example 136 
[ 0312 ] The base station of example 135 , wherein the first 
data belongs to the first traffic type , and the second data 
belongs to the second traffic type . 

Example 147 
[ 0323 ] The base station of example 146 , wherein the 
transmitter is to transmit subsequent data to the first UE on 
second time - frequency resources , the subsequent data based 
on the portion of the first data , and the second - time fre 
quency resources different from the particular time - fre 
quency resources . Example 137 

[ 0313 ] The base station of any one of examples 125 to 
136 , wherein the first transmission and the second transmis 
sion have the same sub - carrier spacing . 

Example 148 
[ 0324 ] The base station of example 147 , wherein the 
resource allocator is to schedule the subsequent data on the 
second time - frequency resources . Example 138 

[ 0314 ] The base station of any one of examples 125 to 
136 , wherein the first transmission and the second transmis 
sion have different sub - carrier spacings . 

Example 149 
[ 0325 ] The base station of example 147 or 148 , wherein 
the subsequent data is a different redundancy version of the 
portion of the first data . Example 139 

[ 0315 ] The base station of example 138 , wherein the 
second time duration aligns in time with an integer number 
of slots of the first time duration . 

Example 150 
[ 0326 ] The base station of example 147 or 148 , wherein 
the subsequent data is the portion of the first data . Example 140 

[ 0316 ] The base station of example 139 , wherein the 
second time duration aligns in time with one slot of the first 
time duration . 

Example 151 
[ 0327 ] The base station of example 147 , wherein the 
second time - frequency resources are during a subsequent 
time interval that is later in time than the particular time 
frequency resources . 

Example 141 
[ 0317 ] The base station of example 138 , wherein the 
second time duration aligns in time with one OFDM symbol 
of the first time duration . 

Example 152 
[ 0328 ] The base station of example 151 , wherein the 
subsequent time interval has a time duration that is different 
from the first time duration . Example 142 

[ 0318 ] The base station of example 141 , wherein the 
transmitter is to transmit exactly 2 " OFDM symbols of the 
second data over the second time duration , where n is a 
natural number and n21 . 

Example 153 
[ 0329 ] The base station of example 152 , wherein the time 
duration of the subsequent time interval is shorter than the 
first time duration . Example 143 

The base station of example 142 , wherein n = 1 . [ 0319 ] 
Example 144 

[ 0320 ] The base station of example 138 , wherein the first 
transmission has a 30 kHz subcarrier spacing and the second 
transmission has a 60 kHz subcarrier spacing . 

Example 154 
[ 0330 ] The base station of example 147 , wherein the 
resource allocator is to schedule a transport block to be 
transmitted by the first transmission over the first time 
duration , and wherein the portion of the first data is part of 
the transport block . 

Example 145 
[ 0321 ] The base station of any one of examples 125 to 
144 , wherein the resource allocator is to schedule the first 
transmission for transmission to a first UE , and wherein the 
transmitter is further to : transmit an indication , the indica 

Example 155 
[ 0331 ] The base station of example 154 , wherein the 
transport block is a first transport block , wherein the 
resource allocator is to schedule the subsequent data on the 
second time - frequency resources over a third time duration , 
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wherein the resource allocator is to schedule a second 
transport block over a fourth time duration , and wherein the 
third time duration is different from the fourth time duration . 

Example 165 
[ 0341 ] The method of any one of examples 161 to 164 , 
wherein a frequency range of the first uplink time - frequency 
resources is dynamically updated over time . Example 156 

[ 0332 ] The base station of example 155 , wherein the third 
time duration is shorter than the fourth time duration . 

Example 166 
[ 0342 ] The method of example 165 , further comprising 
receiving signaling indicating a change in the frequency 
range of the first uplink time - frequency resources . Example 157 

Example 167 [ 0333 ] The base station of example 154 , wherein the 
transmitter is to transmit systematic bits of the transport 
block at a beginning of the first time duration . 

Example 158 
[ 0334 ] The base station of example 154 , wherein the 
transport block is a first transport block , wherein the base 
station is to append the subsequent data to a second transport 
block destined for the first UE , and wherein the transmitter 
is to transmit the second transport block during a subsequent 
time interval that is later in time than the particular time 
frequency resources . 

[ 0343 ] The method of example 165 , wherein the fre 
quency range of the first uplink time - frequency resources is 
dynamically updated over time such that : for a first duration 
of time a carrier bandwidth is used for transmitting both a 
first traffic type and a second traffic type , and for a second 
duration of time the carrier bandwidth is only used for 
transmitting the second traffic type . 

Example 168 
[ 0344 ] The method of example 167 , further comprising 
receiving signaling indicating that the first traffic type is not 
sent during the second duration of time . Example 159 

[ 0335 ] The base station of example 154 , wherein the 
resource allocator is to schedule the subsequent data sepa 
rately from other transport blocks destined for the first UE . 

Example 169 
[ 0345 ] The method of example 167 , wherein the first 
traffic type is low latency traffic and the second traffic type 
is latency tolerant traffic . Example 160 

[ 0336 ] The base station of example 147 , wherein the 
transmitter is to transmit the subsequent data on the second 
time - frequency resources without the base station waiting 
for HARQ feedback from the first UE . 

Example 170 
[ 0346 ] The method of example 167 , wherein the first 
traffic type is latency tolerant traffic and the second traffic 
type is low latency traffic . 

Example 161 Example 171 
[ 0347 ] The method of example 170 , wherein the first data 
belongs to the first traffic type , the second data belongs to the 
second traffic type . 

[ 0337 ] A method performed by a UE , the method com 
prising : transmitting a first transmission of first data over a 
first time duration in first uplink time - frequency resources ; 
transmitting a second transmission of second data over a 
second time duration in the first uplink time - frequency 
resources , the second time duration shorter than the first time 
duration ; wherein the second time duration aligns with an 
integer number of OFDM symbols of the first time duration . 

Example 172 
[ 0348 ] The method of any one of examples 161 to 171 , 
wherein the first transmission and the second transmission 
have the same sub - carrier spacing . 

Example 162 

[ 0338 ] The method of example 161 , wherein the first 
transmission is a grant - based uplink transmission and the 
second transmission is grant - free uplink transmission . 

Example 173 
[ 0349 ] The method of any one of examples 161 to 171 , 
wherein the first transmission and the second transmission 
have different sub - carrier spacings . 

Example 163 
[ 0339 ] The method of example 161 or 162 , wherein the 
first data is latency tolerant data and the second data is low 
latency data . 

Example 174 
[ 0350 ] The method of example 173 , wherein the second 
time duration aligns in time with an integer number of slots 
of the first time duration . 

Example 164 

[ 0340 ] The method of any one of examples 161 to 163 , 
further comprising receiving signaling that semi - statically 
configures the first uplink time - frequency resources . 

Example 175 
[ 0351 ] The method of example 174 , wherein the second 
time duration aligns in time with one slot of the first time 
duration . 
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Example 176 
[ 0352 ] The method of example 173 , wherein the second 
time duration aligns in time with one OFDM symbol of the 
first time duration . 

Example 186 
[ 0362 ] The UE of example 184 , wherein the signaling is to 
dynamically update the frequency range of the first uplink 
time - frequency resources over time such that : for a first 
duration of time a carrier bandwidth is used for transmitting 
both a first traffic type and a second traffic type , and for a 
second duration of time the carrier bandwidth is only used 
for transmitting the second traffic type . 

Example 177 
[ 0353 ] The method of example 176 , wherein exactly 2 " 
OFDM symbols of the second data are transmitted over the 
second time duration , where n is a natural number and n21 . 

Example 178 
[ 0354 ] The method of example 177 , wherein n = 1 . 

Example 187 
[ 0363 ] The UE of example 186 , wherein the receiver is to 
also receive signaling indicating that the first traffic type is 
not to be sent during the second duration of time . 

Example 179 
[ 0355 ] The method of example 173 , wherein the first 
transmission has a 30 kHz subcarrier spacing and the second 
transmission has a 60 kHz subcarrier spacing . 

Example 188 
[ 0364 ] The UE of example 186 , wherein the first traffic 
type is low latency traffic and the second traffic type is 
latency tolerant traffic . 

Example 180 Example 189 
[ 0365 ] The UE of example 186 , wherein the first traffic 
type is latency tolerant traffic and the second traffic type is 
low latency traffic . 

[ 0356 ] A user equipment ( UE ) comprising : a message 
processor to generate first data for uplink transmission to a 
base station , and to generate second data for uplink trans 
mission to the base station ; a transmitter to transmit a first 
transmission of the first data over a first time duration in first 
uplink time - frequency resources , and to transmit a second 
transmission of the second data over a second time duration 
in the first uplink time - frequency resources , the second time 
duration shorter than the first time duration ; wherein the 
second time duration aligns with an integer number of 
OFDM symbols of the first time duration . 

Example 190 
[ 0366 ] The UE of example 189 , wherein the first data 
belongs to the first traffic type , the second data belongs to the 
second traffic type . 

Example 191 
[ 0367 ] The UE of any one of examples 180 to 190 , 
wherein the first transmission and the second transmission 
have the same sub - carrier spacing . Example 181 

[ 0357 ] The UE of example 180 , wherein the first trans 
mission is a grant - based uplink transmission and the second 
transmission is grant - free uplink transmission . 

Example 192 
[ 0368 ] The UE of any one of examples 180 to 190 , 
wherein the first transmission and the second transmission 
have different sub - carrier spacings . Example 182 

[ 0358 ] The UE of example 180 or 181 , wherein the first 
data is latency tolerant data and the second data is low 
latency data . 

Example 193 
[ 0369 ] The UE of example 192 , wherein the second time 
duration aligns in time with an integer number of slots of the 
first time duration . Example 183 

[ 0359 ] The UE of any one of examples 180 to 182 , further 
comprising a receiver to receive signaling , the signaling 
semi - statically configuring the first uplink time - frequency 
resources . 

Example 194 
[ 0370 ] The UE of example 193 , wherein the second time 
duration aligns in time with one slot of the first time 
duration . 

Example 184 

[ 0360 ] The UE of any one of examples 180 to 183 , further 
comprising a receiver to receive signaling , the signaling 
dynamically updating , over time , a frequency range of the 
first uplink time - frequency resources . 

Example 195 
[ 0371 ] The UE of example 192 , wherein the second time 
duration aligns in time with one OFDM symbol of the first 
time duration . 

Example 196 
Example 185 

[ 0361 ] The UE of example 184 , wherein the signaling 
indicates a change in the frequency range of the first uplink 
time - frequency resources . 

[ 0372 ] The UE of example 195 , wherein the transmitter is 
to transmit exactly 2 " OFDM symbols of the second data 
over the second time duration , where n is a natural number 
and n = 1 . 
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Example 197 
[ 0373 ] The UE of example 196 , wherein n = 1 . 

Example 207 
[ 0383 ] The method of any one of examples 204 to 206 , 
wherein the second time - frequency resources are during a 
subsequent time interval that is later in time than the 
particular time - frequency resources . 

Example 198 
[ 0374 ] The UE of example 192 , wherein the first trans 
mission has a 30 kHz subcarrier spacing and the second 
transmission has a 60 kHz subcarrier spacing . Example 208 

Example 199 
[ 0375 ] The UE of example 192 , wherein the first trans 
mission has a 15 kHz subcarrier spacing and the second 
transmission has a 30 kHz subcarrier spacing . 

[ 0384 ] The method of example 207 , wherein the subse 
quent time interval is also later in time than the first time 
interval . 

Example 209 
[ 0385 ] The method of example 207 or 208 , wherein 
attempting to decode the transport block comprises using 
both ( i ) data received during the first time interval and ( ii ) 
the subsequent data . 

Example 200 
[ 0376 ] A method performed by a UE , the method com 
prising : receiving scheduling information that schedules a 
downlink transmission of a transport block for the UE 
during a first time interval , the downlink transmission 
including first data on particular time - frequency resources ; 
receiving an indication , the indication indicating that the 
first data is no longer scheduled on the particular time 
frequency resources , and the indication being received sub 
sequent to receiving some of the downlink transmission ; 
attempting to decode the transport block without considering 
downlink data on the particular time - frequency resources . 

Example 210 
[ 0386 ] The method of example 209 , further comprising 
transmitting HARQ feedback based on the result of the 
decoding . 

Example 211 
[ 0387 ] The method of any one of examples 207 to 210 , 
further comprising receiving systematic bits of the transport 
block at a beginning of the first time interval . Example 201 

[ 0377 ] The method of example 200 , wherein the downlink 
transmission includes a first portion and a second portion , 
the second portion later in time than the first portion , and 
further comprising the UE monitoring for the indication 
subsequent to the first portion . 

Example 212 
[ 0388 ] The method of any one of examples 207 to 211 , 
further comprising transmitting HARQ feedback to the base 
station based on the result of the decoding . 

Example 202 
[ 0378 ] The method of example 201 , wherein the UE 
monitors for the indication subsequent to the second portion . 

Example 213 
[ 0389 ] The method of any one of examples 207 to 212 , 
wherein the subsequent time interval has a time duration that 
is different from a duration of the first time interval . Example 203 

[ 0379 ] The method of example 200 , further comprising 
the UE monitoring for the indication after a second time 
interval , the second time interval subsequent to the sched 
uling information , and the second time interval comprises a 
group of OFDM symbols . 

Example 214 
[ 0390 ] The method of example 213 , wherein the time 
duration of the subsequent time interval is shorter than the 
time duration of the first time interval . 

Example 204 
[ 0380 ] The method of any one of examples 200 to 203 , 
further comprising receiving subsequent data on second 
time - frequency resources , the subsequent data based on the 
first data , and the second time - frequency resources different 
from the particular time - frequency resources ; and the 
method further comprising using the subsequent data when 
attempting to decode the transport block . 

Example 215 
0391 ] The method of example 204 , wherein the transport 
block is a first transport block , wherein the subsequent data 
is scheduled on the second time - frequency resources over a 
third time duration , wherein a second transport block for the 
UE is scheduled over a fourth time duration , and wherein the 
third time duration is different from the fourth time duration . 

Example 205 
[ 0381 ] The method of example 204 , wherein the subse 
quent data is a different redundancy version of the first data . 

Example 216 
[ 0392 ] The method of example 215 , wherein the third time 
duration is shorter than the fourth time duration . 

Example 206 
[ 0382 ] The method of example 204 , wherein the subse 
quent data is the first data . 

Example 217 
[ 0393 ] The method of example 204 , wherein the transport 
block is a first transport block , and wherein the subsequent 
data is appended to a second transport block received by UE , 
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the second transport block received during a subsequent 
time interval that is later in time than the particular time - 
frequency resources . 

subsequent time interval that is later in time than the 
particular time - frequency resources . 

Example 227 
[ 0403 ] The UE of example 226 , wherein the subsequent 
time interval is also later in time than the first time interval . 

Example 218 
[ 0394 ] The method of example 204 , wherein the subse 
quent data is scheduled on the second time - frequency 
resources separately from scheduling other transport blocks 
for the UE . 

Example 228 
[ 0404 ] The UE of example 226 or 227 , wherein the 
message processor is to attempt to decode the transport 
block by using both ( i ) data received during the first time 
interval and ( ii ) the subsequent data . 

Example 219 
[ 0395 ] A UE comprising : a receiver to receive scheduling 
information that schedules a downlink transmission of a 
transport block for the UE during a first time interval , the 
downlink transmission including first data on particular 
time - frequency resources ; the receiver to also receive an 
indication , the indication indicating that the first data is no 
longer scheduled on the particular time - frequency resources , 
and the indication being received subsequent to receiving 
some of the downlink transmission ; a message processor to 
attempt to decode the transport block without considering 
downlink data on the particular time - frequency resources . 

Example 229 
[ 0405 ] The UE of example 228 , further comprising a 
transmitter to transmit HARQ feedback , the HARQ feed 
back based on the result of the decoding . 

Example 230 
[ 0406 ] The UE of any one of examples 226 to 229 , 
wherein the receiver is to receive systematic bits of the 
transport block at a beginning of the first time interval . Example 220 

[ 0396 ] The UE of example 219 , wherein the downlink 
transmission includes a first portion and a second portion , 
the second portion later in time than the first portion , and 
wherein the UE is to monitor for the indication subsequent 
to the first portion . 

Example 231 
[ 0407 ] The UE of any one of examples 226 to 230 , further 
comprising a transmitter to transmit HARQ feedback to the 
base station , the HARQ feedback based on the result of the 
decoding . 

Example 221 
[ 0397 ] The UE of example 220 , wherein the UE is to 
monitor for the indication subsequent to the second portion . 

Example 232 
[ 0408 ] The UE of example 226 , wherein the subsequent 
time interval has a time duration that is different from a 
duration of the first time interval . Example 222 

[ 0398 ] The UE of example 219 , wherein the UE is to 
monitor for the indication after a second time interval , the 
second time interval subsequent to the scheduling informa 
tion , and the second time interval comprises a group of 
OFDM symbols . 

m Example 233 
[ 0409 ] The UE of example 232 , wherein the time duration 
of the subsequent time interval is shorter than the time 
duration of the first time interval . 

Example 234 Example 223 
[ 0399 ] The UE of any one of examples 219 to 222 , 
wherein the receiver is to receive subsequent data on second 
time - frequency resources , the subsequent data based on the 
first data , and the second time - frequency resources different 
from the particular time - frequency resources ; and the mes 
sage processor is to use the subsequent data when attempting 
to decode the transport block . 

[ 0410 ] The UE of example 223 , wherein the transport 
block is a first transport block , wherein the subsequent data 
is scheduled on the second time - frequency resources over a 
third time duration , wherein a second transport block for the 
UE is scheduled over a fourth time duration , and wherein the 
third time duration is different from the fourth time duration . 

Example 224 
[ 0400 ] The UE of example 223 , wherein the subsequent 
data is a different redundancy version of the first data . 

Example 235 
[ 0411 ] The UE of example 234 , wherein the third time 
duration is shorter than the fourth time duration . 

Example 236 Example 225 
[ 0401 ] The UE of example 223 , wherein the subsequent 
data is the first data . 

Example 226 
[ 0402 ] The UE of any one of examples 223 to 225 , 
wherein the second time - frequency resources are during a 

[ 0412 ] The UE of example 223 , wherein the transport 
block is a first transport block , and wherein the receiver is 
to receive the subsequent data appended to a second trans 
port block , the second transport block received during a 
subsequent time interval that is later in time than the 
particular time - frequency resources . 
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Example 237 
[ 0413 ] The UE of example 223 , wherein the subsequent 
data is scheduled on the second time - frequency resources 
separately from scheduling other transport blocks for the 
UE . 

Example 245 
[ 0421 ] The UE of example 244 , wherein the downlink 
transmission includes a first portion and a second portion , 
the second portion later in time than the first portion , and 
wherein the UE is to monitor for the indication subsequent 
to the first portion . 

Example 246 
[ 0422 ] The UE of example 245 , wherein the UE is to 
monitor for the indication subsequent to the second portion . 

Example 238 
[ 0414 ] A method performed by a UE , the method com 
prising : receiving scheduling information that schedules a 
downlink transmission of a transport block for the UE 
during a first time interval , the downlink transmission 
including first data on particular time - frequency resources ; 
receiving an indication , the indication indicating that the 
first data is no longer scheduled on the particular time 
frequency resources , and the indication being received sub 
sequent to receiving some of the downlink transmission ; 
transmitting a NACK without attempting to decode the 
transport block . 

re 
Example 247 

[ 0423 ] The UE of example 244 , wherein the UE is to 
monitor for the indication after a second time interval , the 
second time interval subsequent to the scheduling informa 
tion , and the second time interval comprises a group of 
OFDM symbols . 

Example 239 
[ 0415 ] The method of example 238 , wherein the downlink 
transmission includes a first portion and a second portion , 
the second portion later in time than the first portion , and 
further comprising the UE monitoring for the indication 
subsequent to the first portion . 

Example 248 
[ 0424 ] The UE of any one of examples 244 to 247 , 
wherein the UE is to determine not to attempt to decode the 
transport block based on information in the indication . 

Example 249 

Example 240 
10416 ) . The method of example 239 , wherein the UE 
monitors for the indication subsequent to the second portion . 

[ 0425 ] The UE of any one of examples 244 to 248 , 
wherein the UE is to determine not to attempt to decode the 
transport block based on how much of the transport block is 
not received during the first time interval . 

Example 250 Example 241 
[ 0417 ] The method of example 238 , further comprising 
the UE monitoring for the indication after a second time 
interval , the second time interval subsequent to the sched 
uling information , and the second time interval comprises a 
group of OFDM symbols . 

( 0426 ] A method performed by a UE , the method com prising : receiving semi - static signaling indicating a location 
of a time - frequency region ; receiving scheduling informa 
tion that schedules a downlink transmission of a transport 
block for the UE during a first time interval in the time 
frequency region , the downlink transmission including first 
data on particular time - frequency resources ; receiving an 
indication , the indication indicating that the first data is no 
longer scheduled on the particular time - frequency resources , 
and the indication being received subsequent to receiving 
some of the downlink transmission . 

Example 242 
[ 0418 ] The method of any one of examples 238 to 241 , 
further comprising determining not to attempt to decode the 
transport block based on information in the indication . 

Example 243 
[ 0419 ] The method of any one of examples 238 to 242 , 
further comprising determining not to attempt to decode the 
transport block based on how much of the transport block is 
not received during the first time interval . 

Example 251 
[ 0427 ] The method of example 250 , wherein the downlink 
transmission includes a first portion and a second portion , 
the second portion later in time than the first portion , and 
further comprising the UE monitoring for the indication 
subsequent to the first portion . 

Example 252 
Example 244 

[ 0420 ] A UE comprising : a receiver to receive scheduling 
information that schedules a downlink transmission of a 
transport block for the UE during a first time interval , the 
downlink transmission including first data on particular 
time - frequency resources ; the receiver also to receive an 
indication , the indication indicating that the first data is no 
longer scheduled on the particular time - frequency resources , 
and the indication being received subsequent to receiving 
some of the downlink transmission ; a transmitter to transmit 
a NACK , the NACK transmitted without attempting to 
decode the transport block . 

[ 0428 ] The method of example 250 , wherein the downlink 
transmission includes a first portion and a second portion , 
the second portion later in time than the first portion , and 
further comprising the UE monitoring for the indication 
subsequent to the second portion . 

Example 253 

[ 0429 ] The method of example 250 , further comprising 
the UE monitoring for the indication after a second time 
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interval , the second time interval subsequent to the sched 
uling information , and the second time interval comprises a 
group of OFDM symbols . 

Example 262 
[ 0438 ] A UE comprising a memory and at least one 
processor , wherein instructions are stored in the memory 
that , when executed by the at least one processor , cause the 
UE to perform any one of the UE method examples outlined 
above . 

Example 254 
[ 0430 ] The method of any one of examples 250 to 253 , 
further comprising attempting to decode the transport block 
without considering downlink data on the particular time 
frequency resources . 

Example 255 
[ 0431 ] The method of any one of examples 250 to 253 , 
further comprising attempting to decode the transport block 
using both ( i ) data received during the first time interval and 
( ii ) subsequent data , the subsequent data based on the first 
data . 

Example 256 
[ 0432 ] The method of any one of examples 250 to 253 , 
further comprising transmitting a NACK without attempting 
to decode the transport block . 

Example 257 
[ 0433 ] A UE comprising : a receiver to receive semi - static 
signaling , the semi - static signaling indicating a location of a 
time - frequency region ; the receiver to also receive schedul 
ing information that schedules a downlink transmission of a 
transport block for the UE during a first time interval in the 
time - frequency region , the downlink transmission including 
first data on particular time - frequency resources ; the 
receiver also to receive an indication , the indication indi 
cating that the first data is no longer scheduled on the 
particular time - frequency resources , and the indication 
being received subsequent to receiving some of the down 
link transmission . 

CONCLUSION 
[ 0439 ] Although the present invention has been described 
with reference to specific features and embodiments thereof , 
various modifications and combinations can be made thereto 
without departing from the invention . The description and 
drawings are , accordingly , to be regarded simply as an 
illustration of some embodiments of the invention as defined 
by the appended claims , and are contemplated to cover any 
and all modifications , variations , combinations or equiva 
lents that fall within the scope of the present invention . 
Therefore , although the present invention and its advantages 
have been described in detail , various changes , substitutions 
and alterations can be made herein without departing from 
the invention as defined by the appended claims . Moreover , 
the scope of the present application is not intended to be 
limited to the particular embodiments of the process , 
machine , manufacture , composition of matter , means , meth 
ods and steps described in the specification . As one of 
ordinary skill in the art will readily appreciate from the 
disclosure of the present invention , processes , machines , 
manufacture , compositions of matter , means , methods , or 
steps , presently existing or later to be developed , that 
perform substantially the same function or achieve substan 
tially the same result as the corresponding embodiments 
described herein may be utilized according to the present 
invention . Accordingly , the appended claims are intended to 
include within their scope such processes , machines , manu 
facture , compositions of matter , means , methods , or steps . 
[ 0440 ] . Moreover , any module , component , or device 
exemplified herein that executes instructions may include or 
otherwise have access to a non - transitory computer / proces 
sor readable storage medium or media for storage of infor 
mation , such as computer / processor readable instructions , 
data structures , program modules , and / or other data . A 
non - exhaustive list of examples of non - transitory computer / 
processor readable storage media includes magnetic cas 
settes , magnetic tape , magnetic disk storage or other mag 
netic storage devices , optical disks such as compact disc 
read - only memory ( CD - ROM ) , digital video discs or digital 
versatile disc ( DVDs ) , Blu - ray DiscTM , or other optical 
storage , volatile and non - volatile , removable and non - re 
movable media implemented in any method or technology , 
random - access memory ( RAM ) , read - only memory ( ROM ) , 
electrically erasable programmable read - only memory ( EE 
PROM ) , flash memory or other memory technology . Any 
such non - transitory computer processor storage media may 
be part of a device or accessible or connectable thereto . Any 
application or module herein described may be implemented 
using computer processor readable / executable instructions 
that may be stored or otherwise held by such non - transitory 
computer / processor readable storage media . 

1 . A method performed by a base station , the method 
comprising : 

transmitting a first transmission of first data over a first 
time duration in first downlink time - frequency 
resources ; 

Example 258 
[ 0434 ] The UE of example 257 , further comprising a 
message processor to attempt to decode the transport block 
without considering downlink data on the particular time 
frequency resources . 

Example 259 
[ 0435 ] The UE of example 257 , further comprising a 
message processor to attempt to decode the transport block 
using both ( i ) data received during the first time interval and 
( ii ) subsequent data , the subsequent data based on the first 
data . 

Example 260 
[ 0436 ] The UE of example 257 , further comprising a 
transmitter to transmit a NACK , the NACK transmitted 
without attempting to decode the transport block . 

Example 261 
[ 0437 ] A base station comprising a memory and at least 
one processor , wherein instructions are stored in the memory 
that , when executed by the at least one processor , cause the 
base station to perform any one of the base station method 
examples outlined above . 
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transmitting a second transmission of second data over a 
second time duration in the first downlink time - fre - 
quency resources , the second time duration shorter than 
the first time duration ; 

wherein the second time duration aligns with an integer 
number of OFDM symbols of the first time duration . 

2 . The method of claim 1 , further comprising semi 
statically configuring the first downlink time - frequency 
resources . 

3 . The method of claim 1 , wherein a frequency range of 
the first downlink time - frequency resources is dynamically 
updated over time . 

4 . The method of claim 3 , further comprising transmitting 
signaling to at least one user equipment ( UE ) , the signaling 
indicating a change in the frequency range of the first 
downlink time - frequency resources . 

5 . The method of claim 1 , wherein the first transmission 
and the second transmission have different sub - carrier spac 
ings . 

6 . The method of claim 5 , wherein the second time 
duration aligns in time with an integer number of slots of the 
first time duration . 

7 . The method of claim 5 , wherein the second time 
duration aligns in time with one OFDM symbol of the first 
time duration 

8 . The method of claim 7 , wherein exactly 2 " OFDM 
symbols of the second data are transmitted over the second 
time duration , where n is a natural number and nzl . 

9 . The method of claim 1 , wherein the first transmission 
is scheduled for transmission to a first UE , and the method 
further comprising : 

transmitting an indication , the indication indicating that a 
portion of the first data is no longer scheduled on 
particular time - frequency resources ; and 

transmitting , to a second UE , the second transmission on 
the particular time - frequency resources . 

10 . The method of claim 9 , wherein the indication is 
transmitted subsequent to transmitting some of the first 
transmission to the first UE . 

11 . The method of claim 10 , further comprising transmit 
ting subsequent data to the first UE on second time - fre 
quency resources , the subsequent data based on the portion 
of the first data , and the second - time frequency resources 
different from the particular time - frequency resources . 

12 . The method of claim 11 , wherein the subsequent data 
is the portion of the first data . 

13 . The method of claim 11 , wherein the second time 
frequency resources are during a subsequent time interval , 
the subsequent time interval being shorter than the first time 
duration . 

14 . The method of claim 11 , wherein a transport block is 
scheduled to be transmitted by the first transmission over the 
first time duration , wherein the portion of the first data is part 
of the transport block , and the method further comprising 
transmitting systematic bits of the transport block at a 
beginning of the first time duration . 

15 . The method of claim 11 , wherein a first transport 
block is scheduled to be transmitted by the first transmission 
over the first time duration , wherein the portion of the first 
data is part of the first transport block , and wherein the 
subsequent data is appended to a second transport block 
destined for the first UE , the second transport block trans 
mitted during a subsequent time interval that is later in time 
than the particular time - frequency resources . 

16 . The method of claim 11 , wherein the subsequent data 
is transmitted on the second time - frequency resources with 
out waiting for HARQ feedback from the first UE . 

17 . A base station comprising : 
a resource allocator to schedule a first transmission of first 

data over a first time duration in first downlink time 
frequency resources , and to schedule a second trans 
mission of second data over a second time duration in 
the first downlink time - frequency resources , the second 
time duration shorter than the first time duration ; 

a transmitter to transmit the first transmission and the 
second transmission ; 

wherein the second time duration aligns with an integer 
number of OFDM symbols of the first time duration . 

18 . The base station of claim 17 , wherein the resource 
allocator is to semi - statically configure the first downlink 
time - frequency resources . 

19 . The base station of claim 17 , wherein the resource 
allocator is to schedule the first transmission for transmis 
sion to a first UE , and wherein the transmitter is further to : 

transmit an indication , the indication indicating that a 
portion of the first data is no longer scheduled on 
particular time - frequency resources ; and 

transmit , to a second UE , the second transmission on the 
particular time - frequency resources . 

20 . A method performed by a user equipment ( UE ) , the 
method comprising : 

transmitting a first transmission of first data over a first 
time duration in first uplink time - frequency resources ; 

transmitting a second transmission of second data over a 
second time duration in the first uplink time - frequency 
resources , the second time duration shorter than the 
first time duration ; 

wherein the second time duration aligns with an integer 
number of OFDM symbols of the first time duration . 

21 . A user equipment ( UE ) comprising : 
a message processor to generate first data for uplink 

transmission to a base station , and to generate second 
data for uplink transmission to the base station ; 

a transmitter to transmit a first transmission of the first 
data over a first time duration in first uplink time 
frequency resources , and to transmit a second trans 
mission of the second data over a second time duration 
in the first uplink time - frequency resources , the second 
time duration shorter than the first time duration ; 

wherein the second time duration aligns with an integer 
number of OFDM symbols of the first time duration . 

22 . A method performed by a user equipment ( UE ) , the 
method comprising : 

semi - statically receiving signaling indicating a location of 
a time - frequency region ; 

receiving scheduling information that schedules a down 
link transmission of a transport block for the UE during 
a first time interval in the time - frequency region , the 
downlink transmission including first data on particular 
time - frequency resources ; 

receiving an indication , the indication indicating that the 
first data is no longer scheduled on the particular 
time - frequency resources , and the indication being 
received subsequent to receiving some of the downlink 
transmission . 

23 . The method of claim 22 , further comprising the UE 
monitoring for the indication after a second time interval , the 
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second time interval subsequent to the scheduling informa 
tion , and the second time interval comprises a group of 
OFDM symbols . 

24 . The method of claim 22 , further comprising attempt 
ing to decode the transport block without considering down 
link data on the particular time - frequency resources . 

25 . The method of claim 22 , further comprising attempt 
ing to decode the transport block using both ( i ) data received 
during the first time interval and ( ii ) subsequent data , the 
subsequent data based on the first data . 

26 . The method of claim 22 , further comprising transmit 
ting a NACK without attempting to decode the transport 
block . 

27 . A user equipment ( UE ) comprising : 
a receiver to semi - statically receive signaling , the signal 

ing indicating a location of a time - frequency region ; 
the receiver to also receive scheduling information that 

schedules a downlink transmission of a transport block 
for the UE during a first time interval in the time 

frequency region , the downlink transmission including 
first data on particular time - frequency resources ; 

the receiver also to receive an indication , the indication 
indicating that the first data is no longer scheduled on 
the particular time - frequency resources , and the indi 
cation being received subsequent to receiving some of 
the downlink transmission . 

28 . The UE of claim 27 , further comprising a message 
processor to attempt to decode the transport block without 
considering downlink data on the particular time - frequency 
resources . 

29 . The UE of claim 27 , further comprising a message 
processor to attempt to decode the transport block using both 
( i ) data received during the first time interval and ( ii ) 
subsequent data , the subsequent data based on the first data . 

30 . The UE of claim 27 , further comprising a transmitter 
to transmit a NACK , the NACK transmitted without 
attempting to decode the transport block . 

* * * * * 




