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(57) ABSTRACT 

Systems and apparatus for assigning Sub-bands to numer 
ologies are provided. A system bandwidth is divided into 
bandwidth portions, and the bandwidth portions are used as 
the unit of assignment for assigning Sub-bands to numer 
ologies. Systems and methods are also provided for allocat 
ing resource blocks over a bandwidth Such as a Sub-band. 
The available bandwidth is divided into sub-band portions, 
and the bandwidth portions are used as the unit of allocation 
for allocating resource blocks to user equipment. 
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SYSTEMAND METHOD FOR BANDWIDTH 
DIVISION AND RESOURCE BLOCK 

ALLOCATION 

FIELD 

0001. The application relates to a system and method for 
wireless communications, and in particular, to channeliza 
tion for a system and method that incorporates orthogonal 
frequency division multiplexing (OFDM) for radio link 
transmissions in wireless networks. 

BACKGROUND 

0002. In wireless communications networks such as 
Long-Term Evolution (LTE) networks, OFDM transmis 
sions use a 15 kHZ spacing between two adjacent Subcarriers 
for most applications. A 7.5 kHz Subcarrier spacing was 
proposed for dedicated evolved Multimedia Broadcast Mul 
ticast Service (e-MBMS) service. A given transmitter trans 
mits using one Subcarrier spacing or the other. Resource 
block (RB) channelization involves defining resource blocks 
as the unit of allocation. In LTE, a respective fixed chan 
nelization is defined for each of the 15 kHz and 7.5 kHz 
options; the channelization for 15 kHz employs 12 subcar 
riers per resource block, and the channelization for 7.5 kHz 
employs 24 subcarriers per resource block. The resource 
blocks for both channelizations have 180 kHz bandwidth 
(BW). 
0003. In LTE, as discussed above, a frame structure is 
employed that is not flexible, and fixed resource block 
definitions are used. RBallocation to a user equipment (UE) 
is performed using an RB allocation indicator bitmap. The 
size of the RB allocation indicator bitmap is proportional to 
system bandwidth. In an LTE RB allocation indicator bit 
map, ones and Zeros indicate which RBS are assigned to a 
UE, where one means assigned, Zero means not assigned. 
LTE provides for type 0/1/2 RBallocation indicator bitmaps, 
all of which have a fixed size for a given bandwidth, 
regardless of how many RBs a UE occupies. The LTE RB 
allocation approach can be inefficient when different types 
of traffic co-exist and/or a same bitmap size is used to 
allocate RBs for all types of traffics within a moderate-to 
large bandwidth. 

SUMMARY 

0004. According to one aspect of the present invention, 
there is provided a method comprising: transmitting a band 
width portion assignment to indicate at least one bandwidth 
portion of a plurality of bandwidth portions that is assigned 
to a given numerology, the given numerology having an 
associated OFDM subcarrier spacing and symbol duration. 
0005 According to another aspect of the present inven 

tion, there is provided a method comprising: transmitting a 
sub-band portion selection field to select at least one sub 
band portion from a plurality of sub-band portions of at least 
one bandwidth portion assigned to a numerology; transmit 
ting a resource block allocation field to indicate an allocation 
of resource blocks or resource block groups within the 
selected at least one sub-band portion. 
0006. According to still another aspect of the present 
invention, there is provided a method comprising: receiving 
a bandwidth portion assignment to indicate at least one 
bandwidth portion of a plurality of bandwidth portions that 
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is assigned to a given numerology, the given numerology 
having an associated OFDM Subcarrier spacing and symbol 
duration. 
0007 According to yet another aspect of the present 
invention, there is provided a method comprising: receiving 
a sub-band portion selection field to select at least one 
sub-band portion from a plurality of sub-band portions of at 
least one bandwidth portion assigned to a numerology; 
receiving a resource block allocation field to indicate an 
allocation of resource blocks or resource block groups 
within the selected at least one sub-band portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 Embodiments of the disclosure will now be 
described with reference to the attached drawings in which: 
0009 FIG. 1 depicts an example of the coexistence of 
differing numerologies within a system bandwidth that can 
change over time; 
0010 FIG. 2 is an example of a how a system bandwidth 
can be decomposed into fixed sized bandwidth portions: 
0011 FIG. 3 is an example of how distributed bandwidth 
portions can be assigned to a numerology; 
0012 FIGS. 4A and 4B are two example patterns of 
unequal bandwidth portions; 
0013 FIG. 5A is an example structure of a signaling 
message containing a Sub-band selection field and an RB 
allocation field; 
(0014 FIGS. 5B, 5C are examples showing the selection 
of sub-bands, for example using the message structure of 
FIG. 5A; 
0015 FIG. 5D depicts an example structure of a signaling 
message containing a bandwidth portion selection field and 
an RB allocation field; 
(0016 FIGS. 5E, 5F and 5G are examples showing the 
selection of bandwidth portions, for example using the 
message structure of FIG. 5D; 
0017 FIG. 6A is an example of how a bandwidth portion 
can be decomposed into Sub-band portions; 
0018 FIG. 6B depicts an example structure of a signaling 
message containing a bandwidth portion selection field, a 
sub-band portion selection field, and an RB allocation field; 
0019 FIG. 6C depicts an example structure of a signaling 
message containing a Sub-band selection field, a Sub-band 
portion selection field, and an RB allocation field; 
0020 FIG. 7A is a simplified block diagram of a trans 
mitter that can transmit resource blocks allocated using the 
described RB allocation; 
0021 FIG. 7B is a simplified block diagram of a receiver 
that can receive resource blocks allocated using the 
described RB allocation; 
0022 FIGS. 8A to 8F are flowcharts of methods of 
assigning frequency resources to a numerology and allocat 
ing resource blocks to a UE; and 
0023 FIG. 9 is a chart comparing overhead for various 
signaling schemes. 

DETAILED DESCRIPTION 

0024. The fixed subcarrier spacing employed by LTE 
networks may limit applications in wireless networks, for 
example, in very high speed mobility scenarios (e.g., up to 
500 km/h) which may incur high Doppler frequency shift, or 
in scenarios where high radio frequency bands are 
employed. Such as 10 GHz bands, where phase noise may 
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lead to large frequency shift. In such cases, the fixed 15 kHz 
Subcarrier spacing may not be wide enough to accommodate 
the Doppler impact in the frequency domain. On the other 
hand, low cost devices employing Machine-Type Commu 
nications (MTC) or Device to Device (D2D) communica 
tions may use a narrower frequency bandwidth to enhance 
coverage and save energy. In Such cases, Subcarrier spacings 
can be narrower than that used in networks such as LTE. In 
addition, LTE may not be able to Support traffic requiring 
very low latency, for which a shorter transmit time interval 
(TTI) and wider Subcarrier spacing are necessary. For 
example, 60 kHz or 30 kHz Subcarrier spacings may be 
better suited for low latency traffic. 
0025 Frame structures have been proposed that are flex 
ible in terms of the use of differing numerologies. A numer 
ology is defined in terms of subcarrier spacing and of OFDM 
symbol duration, and may also be defined by other param 
eters such as inverse fast Fourier transform (IFFT) length, 
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0027. The first column is for a numerology with 60 kHz 
subcarrier spacing which also has the shortest OFDM sym 
bol duration. This may be suitable for ultra-low latency 
communications, such as Vehicle-to-Any (V2X) communi 
cations, and industrial wireless control applications. The 
second column is for a numerology with 30 kHz Subcarrier 
spacing. The third column is for a numerology with 15 kHz 
Subcarrier spacing. This numerology has the same configu 
ration as in LTE, except that there are only 7 symbols in a 
TTI. This may be suitable for broadband services. The fourth 
column is for a numerology with 7.5 kHz spacing, which 
also has the longest OFDM symbol duration among the four 
numerologies. This may be useful for coverage enhance 
ment and broadcasting. Of the four numerologies listed, 
those with 30 kHz and 60 kHz Subcarrier spacings are more 
robust to Doppler spreading (fast moving conditions), 
because of the wider Subcarrier spacing. 

TABLE 1. 

Example set of Numerologies 

Parameters 

TTI Length 
Subcarrier 
spacing 
FFT size 
Symbol 
duration 
# symbols 
in each TTI 
CP length 

CP 
overhead 
BW (MHz) 

TTI length, and cyclic prefix (CP) length or duration. These 
numerologies may be scalable in the sense that Subcarrier 
spacings are multiples of each other as between the differing 
numerologies, and TTI lengths are also multiples of each 
other as between differing numerologies. Such a scalable 
design across multiple numerologies provides implementa 
tion benefits, for example scalable total OFDM symbol 
duration in a time division duplex (TDD) context. See also 
Applicant's co-pending U.S. provisional application No. 
62/169,342 to Liqing Zhang et al., entitled “System and 
Scheme of Scalable OFDM Numerology”, hereby incorpo 
rated by reference in its entirety, which provides systems and 
methods with scalable numerologies. 
0026 Table 1 below contains an example of a flexible 
frame structure design with scalable numerologies in the 
four columns under “Frame structure'. Frames can be built 
using one or a combination of the four scalable numerolo 
gies. For comparison purposes, in the right hand column of 
the table, the conventional fixed LTE numerology is shown. 
In Table 1, each numerology uses a first cyclic prefix length 
for a first number of OFDM symbols, and a second cyclic 
prefix length for a second number of OFDM symbols. For 
example, in the first column under “Frame structure', the 
TTI includes 3 symbols with a cyclic prefix length of 1.04 
us followed by 4 symbols with a cyclic prefix length of 1.3 
S. 

Baseline 
Frame structure (LTE) 

O.125 ms 0.25 ms 0.5 ms 1 ms TTI = 1 mS 
60 kHz 30 kHz 15 kHz 7.5 kHz 15 kHz 

512 1024 2048 4096 2048 
16.67 uS 33.33 uS 66.67 uS 133.33 us 66.67 uS 

7 (3, 4) 7 (3, 4) 7 (3, 4) 7 (3, 4) 14 (2, 12) 

1.04 us, 1.30 2.08 us, 2.60 4.17 us, 5.21 8.33 us, 10.42 5.2 us, 4.7 
US US US US US 

(32, 40 point) (64, 80 point) (128, 160 (256, 320 (160, 144 
point) point) point) 

6.67% 6.67% 6.67% 6.67% 6.67% 

2O 2O 2O 2O 2O 

0028. It should be understood that the specific numerolo 
gies of the example of Table 1 are for illustration purposes, 
and that a flexible frame structure combining other numer 
ologies can alternatively be employed. 
0029 OFDM-based signals can be employed to transmit 
a signal in which multiple numerologies coexist simultane 
ously. More specifically, multiple sub-band OFDM signals 
can be generated in parallel, each within a different sub 
band, and each Sub-band having a different Subcarrier spac 
ing (and more generally with a different numerology). The 
multiple Sub-band signals are combined into a single signal 
for transmission, for example for downlink transmissions. 
Alternatively, the multiple Sub-band signals may be trans 
mitted from separate transmitters, for example for uplink 
transmissions from multiple user equipments (UES). In a 
specific example, filtered OFDM (f-OFDM) can be 
employed. With f-OFDM, filtering is employed to shape the 
spectrum of each sub-band OFDM signal, and the sub-band 
OFDM signals are then combined for transmission. f-OFDM 
lowers out-of-band emission and improves transmission, 
and addresses the non-orthogonality introduced as a result of 
the use of different Subcarrier spacings. 
0030. In some embodiments, the resource block defini 
tions are configurable. For example, the number of tones per 
RB can be varied across time and/or system bandwidth. See, 
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for example, Applicant's co-pending U.S. application Ser. 
No. 14/952,983 filed Nov. 26, 2015, and entitled “Resource 
Block Channelization for OFDM-based Numerologies’. 
hereby incorporated by reference in its entirety. 
0031 Depending on traffic types, traffic for a given UE 
may occupy only a small (e.g., VoIP packet) or large portion 
(e.g., video streaming) of an available bandwidth. Using the 
same RB allocator bitmap for UES occupying significantly 
different sized portions of an available bandwidth is ineffi 
cient. In accordance with Some embodiments of the inven 
tion, the size of the RB allocation bitmap can be reduced by 
taking into account the fact that different UEs have different 
payload sizes. 
0032. A first set of embodiments of the invention provide 
methods of decomposing a system bandwidth, for example 
20 MHZ, into Sub-bands, and assigning one or more of the 
sub-bands to a numerology. When multiple sub-bands are 
assigned to a numerology, they may be contiguous or 
distributed. A second set of embodiments provide methods 
for efficiently allocating resource blocks within a specified 
bandwidth, for example one specified by one of the first set 
of embodiments. 
0033. As used herein, a sub-band is a contiguous range of 
bandwidth assigned to a numerology. Typically, a respective 
spectrum shaping filter is used for each Sub-band. This is to 
be contrasted with a portion, such as a bandwidth portion or 
a sub-band portion, both introduced below, which on its own 
does not relate to spectrum shaping requirements. A system 
bandwidth can be divided into bandwidth portions, for 
example when the entire system bandwidth is within a single 
spectrum shaping filter. The bandwidth portions do not relate 
to spectrum shaping requirements. A contiguous set of one 
or more bandwidth portions can be used to define a sub 
band. Similarly, a sub-band can be divided into one or more 
sub-band portions. The sub-band portions also do not relate 
to spectrum shaping requirements, but rather function as 
building blocks for an allocation of spectrum within a 
sub-band for RB allocation. The sub-band portions within a 
Sub-band share a common numerology associated with the 
sub-band. 
0034. The assignment of sub-bands to a numerology may 
change over time and can be configured, although in some 
embodiments this allocation is static or semi-static. The size 
and number of Sub-bands allocated to a numerology may 
depend on traffic types, number of users served, and corre 
sponding payload. A further advantage of flexible Sub-band 
assignment is to enable a future proof design that Supports 
the independent co-existence of multiple services within the 
same carrier. 
0035. In FIG. 1, an example of an assignment of sub 
bands to numerologies that changes over time is depicted 
with frequency on the vertical axis and time on the hori 
Zontal axis. During a first time period 90, an available 
bandwidth is divided between four OFDM sub-bands 100, 
102.104,106. In sub-band 100, a numerology with a 7.5 kHz 
Subcarrier spacing is used. In Sub-band 102, a numerology 
with a 15 kHz Subcarrier spacing is used. In sub-band 104, 
a numerology with a 30 kHz Subcarrier spacing is used. In 
sub-band 106, a numerology with a 60 kHz Subcarrier 
spacing is used. The bandwidth division changes such that at 
time t, a new division is assigned. During a second time 
period 92, an available bandwidth is divided between two 
OFDM sub-bands 108,110. In sub-band 108, a numerology 
with a 7.5 kHz subcarrier spacing is used. In sub-band 110. 
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a numerology with a 15 kHz Subcarrier spacing is used. In 
the example of FIG. 1, a single Sub-band is assigned to each 
numerology. In some embodiments, multiple distributed 
Sub-bands can be assigned to a numerology. 

Numerology Assignment and Sub-Band Bandwidth 
Assignment to Numerologies 
0036. In some embodiments, the numerology to be used 
for communications with a particular UE is preset and does 
not need to be signalled. In other embodiments, a UE 
Supports multiple numerologies, and the network (typically 
a base station) signals to the UE which numerology to use. 
0037. An embodiment of the invention provides a mecha 
nism of flexibly assigning portions of an available system 
bandwidth, referred to above as Sub-bands, to a numerology, 
and conveying this assignment to a UE. 
0038. In some embodiments, higher layer radio resource 
control (RRC) signaling is used for one or both of numer 
ology assignment and Sub-band bandwidth assignment to an 
assigned numerology. This would be appropriate, for 
example, if dynamically changing the assignment is not 
desired. This approach has a relatively low overhead. In 
Some embodiments, dynamic signaling, for example on a 
dynamic control channel, is used for one or both of numer 
ology assignment and Sub-band bandwidth assignment to an 
assigned numerology. This approach would be appropriate, 
for example, if there is a requirement to be able to quickly 
and dynamically change the assignment. This approach has 
a relatively higher overhead. 
0039. In some embodiments, for the purpose of sub-band 
assignment, a system bandwidth is decomposed into a set of 
fixed equal size bandwidth portions. An example is depicted 
in FIG. 2 generally indicated at 200, where an available 
bandwidth is shown divided into L equal sized bandwidth 
portions. The portions are then available for allocation to 
numerologies. 
0040. In some embodiments, by defining a set of L 
bandwidth portions, a fully flexible assignment of the band 
width portions to a given numerology is Supported, meaning 
that an arbitrary combination of one or more bandwidth 
portions can be assigned to a given numerology. In this case, 
the bandwidth portions assigned to a given numerology may 
be distributed or contiguous. L. bits of signaling can be used 
to convey the assignment of any combination of bandwidth 
portions to a numerology. If a set of distributed portions is 
assigned to a numerology, each distinct portion or group of 
bandwidth portions is a respective Sub-band, and separate 
OFDM processing is required for each sub-band. An 
example of this approach is depicted in FIG. 3 generally 
indicated at 202, where a bandwidth of 100 MHZ is divided 
into L-5 bandwidth portions of 20 MHZ each, and band 
width portions 1 and 5 are allocated to a particular numer 
ology. In this case, separate OFDM processing is required 
for each of the two bandwidth portions. Five signaling bits 
can be used to convey the assignment of any combination of 
the five bandwidth portions to a numerology. For example, 
“10001 could convey the assignment of the first and fifth 
bandwidth portions to a numerology. The remaining band 
width portions may be assigned to one or more other 
numerologies. 
0041. In some embodiments, contiguous assignment of 
bandwidth portions to a given numerology is supported. In 
this case, the available bandwidth is divided into L band 
width portions, and a set of one or more contiguous band 
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width portions are assigned to a first numerology. Remaining 
bandwidth portions may be assigned to other numerologies. 
In this case, a signaling scheme that is specific to identifying 
a set of contiguous bandwidth portions can be employed that 
is more efficient than the fully flexible scheme described 
above. In a specific example, log(L(L+1))-1 bits of signal 
ing are sufficient to convey the assignment of a contiguous 
group of bandwidth portions to a numerology. Here the 
bitmap for sub-band division is smaller than the number of 
bandwidth portions available. For example, an allocation of 
three adjacent portions 2 3 4 out of 5 portions shown in 
FIG. 3, is one choice from all the possible log(5(5+1))-1 
choices, for which a 4 bit bitmap can be employed. Example 
of possible contiguous selections: 12345, 1234, 123, 12, 1, 
2345, 234, 23, 2,345, 34, 3, 45, 4,5}. In a specific example, 
this set of possible contiguous selections is mapped to a 4-bit 
bitmap, starting from 0001, with the result that 0110 can be 
used to indicate the sequence for 2 3 4. 
0042. An example of this approach is depicted in FIG. 3 
where a bandwidth of 100 MHZ is divided into L=5 band 
width portions of 20 MHZ each, and contiguous bandwidth 
portions 2, 3 and 4 are allocated to a particular numerology. 
In this case, the three contiguous bandwidth portions 2, 3 
and 4 can be processed with a common filter or spectral 
mask. 
0043. In some embodiments, both a signaling scheme for 
the fully flexible assignment of bandwidth portions, and a 
signaling scheme for the assignment of contiguous groups of 
bandwidth portions are supported. 
0044) The choice of L is a trade-off between flexibility 
and overhead. A larger value of L. gives more flexibility at 
the cost of increased overhead. However, this signaling may 
be done semi-statically in which case the overhead impact of 
a larger L is reduced compared to more dynamic signaling 
where the signaling is inserted in every TTI control signal. 
0045. In another embodiment, the available bandwidth is 
divided into a set of bandwidth portions that may be equal 
or non-equal, in accordance with one of a set of predefined 
patterns. Each pattern defines a division of an available 
bandwidth into a predefined set of bandwidth portions of 
varying sizes. These patterns can be established based on 
traffic statistics served by different numerologies. For 
example, a pattern can be defined having one or more 
Smaller bandwidth portions and one or more larger band 
width portions. The smaller bandwidth portions can be 
assigned to an appropriate numerology for Smaller payload 
traffic such as (MTC) traffic (short packet), and the larger 
bandwidth portions can be assigned to an appropriate 
numerology for larger payload traffic Such as mobile broad 
band (MBB). The number of smaller bandwidth portions and 
the number of larger bandwidth portions for a given pattern 
can be chosen to correspond to a desired or expected balance 
in traffic between the smaller payload traffic and the larger 
payload traffic. 
0046. The same or different patterns can be used for 
different system bandwidth choices, e.g., 10, 20, 100 MHz 
etc. 

0047 A first example pattern 204 is depicted in FIG. 4A 
where an available bandwidth is divided into 5 bandwidth 
portions of size x, 2x, 5x, 2x and X, where x is the size of the 
Smallest portion. 
0048. A second example pattern 206 is depicted in FIG. 
4B where an available bandwidth is divided into 2 portions 
of size 6X and 5x. 
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0049. If there are D predefined patterns, log-D bits can be 
used to signal the identity of a specific one of the patterns. 
0050 Having defined a set of D predefined patterns of 
bandwidth portions, either of the two bandwidth portion 
assignment schemes described above can be used to convey 
bandwidth portion assignments for a given numerology. For 
example, log-D+L bits can be used to identify a specific 
pattern and assign an arbitrary combination of the L band 
width portions to a numerology, or logD+log(L(L+1))-1 
bits can be used to identify a specific pattern and assign a 
contiguous set of bandwidth portions to a numerology. This 
method may require less signaling compared to the equal 
size bandwidth portion based approach described above. 
0051. In a particular example, for the pattern 204 of FIG. 
4A, the two portions on the edge of the bandwidth with size 
X might be assigned to a numerology Suitable for MTC 
traffic, and the remaining portions with size 2X.5X.2X might 
be assigned to a numerology suitable for MBB traffic. 

Systems and Methods of RB Allocation 

0.052 RB allocation is the process of defining which 
resource blocks are to be used for traffic for which UE, and 
transmitting signaling to UES indicating their resource 
blocks. 

0053 As noted previously, in LTE, the RB allocation 
bitmap has a fixed size for the allotted system bandwidth. 
The same fixed size bitmap is used to allocate Small payload 
traffic (e.g. 1-2 RBs) and large payload traffic (e.g. 20-30 
RBs). This conventional fixed size bitmap approach offers 
maximum flexibility for scheduling resource block groups 
(RBGs) or RBs anywhere in the bandwidth and also allows 
for the best possible frequency diversity. 
0054 However, in many cases, the best possible fre 
quency diversity is not required and/or the channel may be 
only moderately frequency selective and/or the UE may 
need to be scheduled over only a small portion of the 
available bandwidth. A given UE may not need to be 
scheduled over all of the available bandwidth. 

0055. In some embodiments, one or more sub-bands are 
collectively assigned to a given numerology. The assigned 
Sub-bands may be contiguous or non-contiguous. The 
assignment of Sub-bands to a numerology may be signaled 
to UES by, for example, using one of the approaches 
described above. In addition, the numerology for a given UE 
is either predefined, or previously signalled, as described 
previously. In some embodiments, instead of assigning 
sub-bands a set of one or more bandwidth portions can be 
assigned to a numerology. The bandwidth portions can be 
assigned using the bandwidth portion methodology 
described previously, or some other method. The sub-band 
assignment approach and the bandwidth portion assignment 
approach will be described in further detail below with 
reference to FIGS 5A to SE. 

0056. For RB allocation, in some embodiments, a band 
width portion selection field is used to indicate which 
bandwidth portions assigned to a numerology will be used 
for a given UE. In some embodiments, instead of using a 
bandwidth portion selection field, a sub-band selection field 
is used to indicate which Sub-bands assigned to a numerol 
ogy will be used for a given UE. In either case, an RB 
allocation field indicates RB allocation within a specified 
bandwidth. In some embodiments, both approaches are 
Supported and can be applied on a per-UE basis. The 
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bandwidth portion selection field and the sub-band selection 
approach will be described in further detail below with 
reference to FIGS. 6A to 6C. 

Sub-Band Selection 

0057 Referring to FIG. 5A, an example of a message 
contains two fields, a sub-band selection field 502 and an RB 
allocation field 504, to convey the RB allocation to the UE. 
Referring now to FIG. 5B, shown is an example in which a 
numerology with 7.5 KHZ sub-carrier spacing for MTC 
traffic is assigned two sub-bands 511,513 on the edges of an 
available bandwidth. For a UE to be able to receive on both 
sub-bands 511.513, separate OFDM processing is required, 
which can be costly for the UE. More specifically, because 
there may be an allocation of sub-bands to other users and/or 
numerologies, between the assigned Sub-bands on the edges, 
a UE will need to separately filter out a part of the bandwidth 
containing each Sub-band. 
0058. For the example of FIG. 5B, a sub-band selection 
field can be used in the form of a two bit field set to “10 
indicating that the first sub-band 511 is selected and the 
second sub-band 513 is not selected. This means that RBs 
will be allocated to the particular UE within the first sub 
band 511. 
0059 Referring now to FIG. 5C, shown is an example in 
which a numerology with 7.5 KHZ sub-carrier spacing for 
MTC traffic is assigned a first sub-band 528 and a second 
sub-band 530. A sub-band selection field can be used in the 
form of a two bit field set to “10” indicating that the first 
sub-band 528 is selected and the second sub-band 530 is not 
selected. This means that RBs will be allocated to the 
particular UE within the second sub-band. 
0060. It should be understood that the sub-band portion 
selection field is not limited to the specific format described, 
wherein each sub-band has a respective bit. Returning to 
FIG. 5B, for the most flexibility, a two-bit field as described 
above can be used to indicate whether a given UE is 
scheduled over one or both sub-bands. For reduced signaling 
overhead, a single bit field can be used to indicate which of 
the two sub-bands the UE is being scheduled over. 

Bandwidth Portion Selection 

0061 Referring to FIG. 5D, shown is a second example 
of a message having a bandwidth portion selection field 508 
and an RBallocation field 510, to convey the RB allocation 
to the UE. 
0062 Referring now to FIG. 5E shown is an example in 
which a numerology with 7.5 KHZ sub-carrier spacing for 
MTC traffic is assigned two bandwidth portions on the edges 
of an available bandwidth. 
0063 For this example, the bandwidth portion selection 
field indicates a subset of the bandwidth portions assigned to 
the numerology for MTC traffic, namely the numerology to 
which the particular UE is assigned. In the example, the 
bandwidth portion selection field is a two bit field set to “10 
indicating that the first bandwidth portion is selected and the 
second bandwidth portion is not selected. This means that 
RBs will be allocated to the particular UE within the first 
bandwidth portion. 
0064 Referring now to FIG. 5F, shown is an example in 
which a numerology with 7.5 KHZ sub-carrier spacing for 
MTC traffic is assigned a set of three contiguous bandwidth 
portions 520,522,524 and a non-contiguous bandwidth por 
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tion 526. Alternatively, the numerology is assigned a first 
sub-band 528 and a second sub-band 530. For this example, 
the bandwidth portion selection field indicates a subset of 
the bandwidth portions assigned to the numerology for MTC 
traffic, namely the numerology to which the particular UE is 
assigned. In the example, the bandwidth portion selection 
field is a four bit field set to “1110 indicating that the first, 
second and third bandwidth portions 520,522,524 are 
selected and the fourth bandwidth portion 526 is not 
selected. This means that RBs will be allocated to the 
particular UE within the first, second and third bandwidth 
portions. 
0065. Another example of bandwidth portion selection is 
depicted in FIG. 5G, where the same bandwidth portion 
assignment FIG.5F is employed. In this case, the bandwidth 
portion selection field is a four bit field set to “1100 
indicating that the first and second bandwidth portions 
520,522 are selected, and that third and fourth bandwidth 
portions 524,526 are not selected. This means that RBs will 
be allocated to the particular UE within the first and second 
bandwidth portions. 
0066. It should be understood that the bandwidth portion 
selection field is not limited to the specific format described 
wherein each bandwidth portion has a respective bit. Return 
ing to the Example of FIG. 5E, for the most flexibility a 
two-bit field as described above can be used to indicate 
whether a given UE is scheduled over one or both bandwidth 
portions. For reduced flexibility, a single bit field can be used 
to indicate which of the two sub-bands the UE is being 
scheduled over. 

Sub-Band Portion Selection 

0067. In some embodiments, a frequency resource, for 
example bandwidth portions selected with the bandwidth 
portion selection field described above or the sub-bands 
selected with the sub-band selection field described above, 
is divided into sub-band portions. This is similar to how an 
available bandwidth is divided into bandwidth portions in 
the previously described embodiment. The selected band 
width portions or sub-bands may be divided into K sub-band 
portions. K is a design parameter that represents a trade-off 
between scheduling flexibility and overhead. The choice of 
K may be influenced by the types of UEs served under a 
numerology. An example is depicted in FIG. 6A where a 
frequency resource 600 is divided into K sub-band portions 
B. B. . . . . B. The sub-band portion selection field selects 
one or more of the K sub-band portions. K bits would be 
needed to support arbitrary selection of any combination of 
the K sub-band portions, whereas log(K(K-1))-1 bits could 
be used to select a contiguous combination of the K Sub 
band portions. 
0068 An example of a message format 602 is depicted in 
FIG. 6B, which shows three fields used to convey the RB 
allocation to the UE. The first field is the previously 
described bandwidth portion selection field. The second 
field is a sub-band portion selection field that indicates one 
or more of the sub-band portions within the selected band 
width portion. The third field is an RBallocation field, which 
allocates resource blocks across the Sub-band portions 
selected by the sub-band portion selection field. 
0069. Another example of a message format 604 is 
depicted in FIG. 6C. A first field is the previously described 
sub-band selection field. The second field is a sub-band 
portion selection field that indicates one or more of the 
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sub-band portions within the selected bandwidth portion. 
The third field is an RB allocation field, which allocates 
resource blocks across the sub-band portions selected by the 
sub-band portion selection field. 
0070. In some embodiments, a bandwidth portion selec 
tion field is used to indicate which bandwidth portions 
assigned to a numerology will be used for a given UE. 
Alternatively, in Some embodiments, a Sub-band selection 
field is used to indicate which Sub-bands assigned to a 
numerology will be used for a given UE. In either case, an 
RB allocation field indicates RB allocation within a speci 
fied bandwidth. 

0071. In some embodiments, the division of resources is 
performed on a logical basis using logical Sub-band por 
tions, meaning each logical Sub-band portion can be asso 
ciated with a physically contiguous or non-contiguous 
physical Sub-band portion. Logical division of Sub-band 
bandwidth can be configured for efficient resource alloca 
tion, especially for moderate to larger bandwidths. Alloca 
tion of a set of physically non-contiguous Sub-band portions 
can be done by allocating a contiguous set of logical 
portions. For example, logical portions 1,2,3,4,5,6,7,8 may 
be associated with physical portions 1,3,5,7,2,4,6,8. In this 
case, allocating the set of contiguous logical portions 1 to 4 
will allocate non-contiguous physical portions 1.3.5.7. 
0072 Referring now to FIG. 7A, shown is an example 
simplified block diagram of part of a transmitter that can be 
used to transmit resource blocks allocated as described 
above. In this example, there are L supported numerologies, 
where LD=2. 
0073 For each numerology, there is a respective transmit 
chain 400,402. FIG. 7A shows simplified functionality for 
the first and Lith numerology; the functionality for other 
numerologies would be similar. Also shown in FIG. 7B is 
simplified functionality for a receive chain 429 for a receiver 
operating using the first numerology. 
0074 The transmit chain 400 for the first numerology 
includes a constellation mapper 410. Subcarrier mapper and 
grouper 411, IFFT 412 with subcarrier spacing SC, pilot 
symbol (P/S) and cyclic prefix inserter 414, and spectrum 
shaping filter 416. In operation, constellation mapper 410 
receives user data (more generally, user content containing 
data and/or signalling) for K users, where K>-1. The 
constellation mapper 410 maps the user data for each of the 
K users to a respective stream of constellation symbols and 
outputs the streams of constellation symbols 420. The num 
ber of user bits per symbol depends on the particular 
constellation employed by the constellation mapper 410. In 
the example of 4-quadrature amplitude modulation 
(4-QAM), 2 bits from for each user are mapped to a 
respective QAM symbol. 
0075 For each OFDM symbol period, the subcarrier 
mapper and grouper 411 groups and maps the constellation 
symbols produced by the constellation mapper 410 to up to 
Pinputs of the IFFT 412 at 422. The grouping and mapping 
is performed based on scheduler information, which in turn 
is based on channelization and resource block assignment, in 
accordance with a defined resource block definition and 
allocation for the content of the K users being processed in 
transmit chain 400. P is the size of the IFFT 412. Not all of 
the P inputs are necessarily used for each OFDM symbol 
period. The IFFT 412 receives up to Psymbols, and outputs 
P time domain samples at 424. Following this, in some 
implementations, time domain pilot symbols are inserted 
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and a cyclic prefix is added in block 414. The spectrum 
shaping filter 416 applies a filter f(n) which limits the 
spectrum at the output of the transmit chain 400 to prevent 
interference with the outputs of other transmit chains such as 
transmit chain 402. The spectrum shaping filter 416 also 
performs shifting of each Sub-band to its assigned frequency 
location. 
0076. The functionality of the other transmit chains, such 
as transmit chain 402, is similar. The outputs of all of the 
transmit chains are combined in a combiner 404 before 
transmission on the channel. 
0077 Also shown is a bandwidth portion assigner 426 
that performs bandwidth assignment, for example using one 
of the methods described herein. The output of the band 
width assigner 426 is passed to the Subcarrier mapper and 
grouper 411 and the spectrum shaping filter 416. In addition, 
a signal carrying the bandwidth portion assignment is con 
veyed to combiner 404 before transmission on the channel. 
0078. Also shown is an RB allocator 428 that performs 
RB allocation, for example using one of the methods 
described herein. The output of the resource block allocator 
is passed to the Subcarrier mapper and grouper 411. In 
addition, a signal carrying the RB allocation is conveyed to 
combiner 404 before transmission on the channel. 
(0079 FIG. 7B shows a simplified block diagram of a 
receive chain for a UE operating with the first numerology 
depicted at 429. In some embodiments, a given user equip 
ment is permanently configured to operate with a particular 
numerology. In some embodiments, a given UE operates 
with a configurable numerology. In either case, flexible 
resource block definitions are supported by the UE. The 
receive chain 429 includes spectrum shaping filter 430, 
cyclic prefix deleter and pilot symbol processor 432, fast 
Fourier transform (FFT) 434, subcarrier de-mapper 436 and 
equalizer 438. Each element in the receive chain performs 
corresponding reverse operations to those performed in the 
transmit chain. The receive chain for a UE operating with 
another numerology would be similar. 
0080. The subcarrier mapper and grouper block 411 of 
FIG. 7A groups and maps the constellation symbols based 
on the resource block definitions and Scheduling. Once a 
resource block definition for a given user is established, RB 
allocation or scheduling is used to decide where in time and 
frequency the user's resource blocks will be transmitted. 
Any of the methods described previously for RB allocation 
can be used here. 
I0081. Also shown is a bandwidth portion processor 460 
that processes a signal containing a bandwidth assignment 
received over the air, for example using one of the methods 
described herein. The output of the bandwidth portion 
processor 460 is passed to the spectrum shaping filter 430 
and the subcarrier de-mapper 436. 
I0082 Also shown is an RBallocation processor 462 that 
processes a signal containing an RBallocation received over 
the air, for example using one of the methods described 
herein. The output of the RB allocation processor 462 is 
passed to the subcarrier de-mapper 436 
I0083 Various options for applying one or a combination 
of the above-described embodiments will be described with 
reference to the flowcharts of FIGS. 8A to 8F. In the 
flowcharts that follow, one or more of pattern selection, 
bandwidth portion assignment, bandwidth portion selection, 
sub-band selection, and RB allocation may, for example, be 
performed using one of the methods described previously. 
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0084 FIG. 8A is a flowchart of a first method of assign- differing UEs, different size bandwidths can be specified, 
ing a bandwidth portion to a numerology. The method with the result that less overhead is needed to convey the RB 
begins in block 800 with selecting a pattern from a set of allocation to a UE for which a smaller bandwidth is speci 
possible patterns. Then, in block 802, a bandwidth portion fied. 
from the pattern is assigned to a numerology. In some 
embodiments, RBs are allocated over the assigned band 
width at block 804. 

0092. For example, one of the methods provided by LTE 
can be used, as Summarized in table 9.4 

TABLE 9.4 

Methods for indicating Resource Block (RB) allocation. 

Number of bits required 
Method ULDL Description (see text for definitions) 

Direct DL The bitmap comprises 1 bit per RB. This method Na' 
bitmap is the only one applicable when the bandwidth is 

less than 10 resource blocks. 
Bitmap: DL The bitmap addresses Resource Block Groups NP/Pl 
Type 0. (RBGs), where the group size (2, 3 or 4) depends 

on the system bandwidth. 
Bitmap: DL The bitmap addresses individual RBs in a subset NP/Pl 
Type 1 of RBGs. The number of Subsets (2, 3, or 4) 

depends on the system bandwidth. The number 
of bits is arranged to be the same as for Type 0, 
so the same DCI format can carry either type of 
allocation. 
Any possible arrangement of contiguous RB log2(Noa'a' + 1)) 
allocations can be signalled in terms of a starting or 
position and number of RBs. log2(Noa'(Noa' + 1)) 

Contiguous DL 
allocations: or 
Type 2 UL 

0085 FIG. 8B is a flowchart of a second method of 
assigning a bandwidth portion to a numerology. In this there 
is a fixed pattern of bandwidth portions that is used. In block 
806, a bandwidth portion is assigned to a numerology. In 
Some embodiments, RBS are allocated over the assigned 
bandwidth at block 808. 
0086 FIG. 8C is a flowchart of a first method of RB 
allocation to a UE. The method begins with selecting a 
bandwidth portion in block 810. In block 812, resource 
blocks are allocated over the selected bandwidth portions. 
0087 FIG. 8D is a flowchart of a second method of RB 
allocation to a UE. The method begins with selecting a 
sub-band in block 814. In block 816 resource blocks are 
allocated over the selected sub-band. 
0088 FIG. 8E is a flowchart of a third method of RB 
allocation to a UE. The method begins with selecting a 
bandwidth portion in block 820. In block 822 a sub-band 
portion is selected. In block 824, resource blocks are allo 
cated over the selected sub-band portions. 
0089 FIG. 8F is a flowchart of a second method of RB 
allocation to a UE. The method begins with selecting a 
sub-band in block 826. In block 828 a sub-band portion is 
selected. In block 830 resource blocks are allocated over the 
selected Sub-band portions. 
0090 Any of the methods of FIGS. 8C to 8F may be 
implemented on a standalone basis, or in combination with 
one of the methods of FIGS. 8A and 8B. 

Example Bitmaps for RB Allocation Field 

0091. The allocation of RBs within the bandwidth speci 
fied by one or more of the mechanisms described herein can 
be performed in any suitable manner. Where a bitmap is used 
to perform RB allocation, in general, the Smaller the speci 
fied bandwidth, the smaller the size of the bitmap. Because 
of this, a UE centric approach can be used in which for 

Various specific examples of the RB allocation field will 
now be described. In a first example, the bandwidth portion 
assigned to a numerology Support the simultaneous alloca 
tion N' resource blocks. For example, if the bandwidth 
portions are 1000 sub-carriers wide, and each resource block 
is 10 subcarriers, Na' is 100. Dividing the bandwidth 
portion into K sub-band portions has the effect of dividing 
the 100 resource blocks into K groups of resource blocks, 
one group per Sub-band portion. In some embodiments, 
sub-band portion selection selects M sub-band portions out 
of K for use in RB allocation to a given UE. After this is 
done, RB allocation is performed among M/K No.' 
resource blocks. Optionally, RBG allocation can be done 
over this set of resource blocks. In some embodiments, the 
size of an RBG increases when more RBs are available for 
scheduling. To select an arbitrary combination of sub-band 
portions requires up to K bits. 

0093. In some embodiments, sub-band portion selection 
selects a single sub-band portion out of K for use in RB 
allocation to a given UE. After this is done, RB allocation is 
performed among the NP/K resource blocks. To select a 
single sub-band portion requires up to logK bits. 
0094. This method can provide savings in overhead when 
the number of resource blocks Mallocated for a given UE 
is significantly Smaller than K (M-3K). In cases of a large 
payload when full sub-band allocation is required, RB 
allocation can be based a whole bandwidth portion. 
0.095 An example overhead comparison is shown in FIG. 
9. This compares the overhead for using K=2 sub-band 
portions and K-4 Sub-band portions to not using Sub-band 
portion assignment, (i.e. K=1). Along the horizontal axis is 
the percentage of bandwidth used for RB allocation. In this 
example, there is 20 MHz of bandwidth, and a subcarrier 
spacing of 15 kHz. Resource blocks with 12 subcarriers are 
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used. A sub-band portion selection field is used to select M 
out of K sub-band portions, and RB allocation is performed 
using RBGs. 
0096. For K=1, 100% of the bandwidth is used for RB 
allocation, and the overhead for that scenario is indicated at 
300. This approach is consistent with the LTE approach. 
0097. For K-4.M=1, 25% of the sub-band portions are 
used for RBallocation, and the overhead is indicated at 302. 
0098. For K=2.M=1, 50% of the sub-band portions are 
used for RBallocation, and the overhead is indicated at 304. 
0099 For K-4.M=2, 50% of the sub-band portions are 
used for RBallocation, and the overhead is indicated at 306. 
0100 For K-4.M-3, 75% of the sub-band portions are 
used for RBallocation, and the overhead is indicated at 308. 
0101 For K=2.M=2, 100% of the sub-band portions are 
used for RBallocation, and the overhead is indicated at 310. 
0102) For K-4.M=4, 100% of the sub-band portions are 
used for RBallocation, and the overhead is indicated at 312. 
0103) As expected, when M3K, fewer bits are required. 
0104. In some embodiments, sub-band division is per 
formed dynamically. In other embodiments, there may be a 
static or semi-static sub-band division. If sub-band division 
is not dynamic, then UEs are assigned particular Sub-bands 
for longer time horizon semi-statically, and conveying this 
information may be done separately from Sub-band portion 
selection and RB allocation which can, for example be sent 
using a Physical Downlink/Uplink Control channel (PD 
CCH or PUCCH) which may be part of every TTI and may 
appear in the first few OFDM symbols of the TTI. 
0105 Numerous modifications and variations of the pres 
ent disclosure are possible in light of the above teachings. It 
is therefore to be understood that within the scope of the 
appended claims, the disclosure may be practiced otherwise 
than as specifically described herein. 

1. A method comprising: 
transmitting a bandwidth portion assignment to indicate at 

least one bandwidth portion of a plurality of bandwidth 
portions that is assigned to a given numerology, the 
given numerology having an associated OFDM Sub 
carrier spacing and symbol duration. 

2. The method of claim 1 further comprising: 
transmitting a resource block allocation field to indicate 

an allocation of resource blocks within the indicated at 
least one bandwidth portion assigned to the given 
numerology. 

3. The method of claim 2 wherein transmitting a resource 
block allocation field comprises transmitting a resource 
block allocation field that has a size that is proportional to a 
size of a bandwidth over which resource block allocation is 
performed. 

4. The method of claim 1 wherein transmitting a band 
width portion assignment comprises using a signalling 
scheme that is fully flexible such that an arbitrary combi 
nation of the plurality of bandwidth portions can be 
assigned. 

5. The method of claim 1 wherein transmitting a band 
width portion assignment comprises using a signalling 
scheme that Supports only an indication of a contiguous set 
of the plurality of bandwidth portions. 

6. The method of claim 1 wherein the plurality of band 
width portions have equal bandwidth. 

7. The method of claim 1 wherein the plurality of band 
width portions have bandwidths that are associated with a 
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selected pattern of a plurality of patterns, the method further 
comprising transmitting a pattern selection field to indicate 
the selected pattern. 

8. The method of claim 1 further comprising: 
transmitting a bandwidth portion selection field to select 

at least one bandwidth portion from the at least one 
bandwidth portion assigned to the numerology for use 
in a transmission to a UE. 

9. The method of claim 1 further comprising: 
transmitting a Sub-band selection field to select a Sub 

band assigned to a numerology for use in a transmis 
sion to a UE. 

10. The method of claim 8 further comprising: 
transmitting a resource block allocation field to indicate 

an allocation of resource blocks or resource block 
groups within the selected at least one bandwidth 
portion. 

11. The method of claim 9 further comprising: 
transmitting a resource block allocation field to indicate 

an allocation of resource blocks or resource block 
groups within the selected at least one Sub-band. 

12. The method of claim 1 further comprising: 
transmitting a Sub-band portion selection field to select at 

least one sub-band portion from a plurality of sub-band 
portions of the at least one bandwidth portion assigned 
to a numerology; 

transmitting a resource block allocation field to indicate 
an allocation of resource blocks or resource block 
groups within the selected at least one Sub-band por 
tion. 

13. The method of claim 11 wherein the sub-band portion 
selection field selects sub-band portions from a set of L 
sub-band portions of the at least one bandwidth portion 
assigned to the numerology, the L Sub-band portions having 
equal bandwidth. 

14. The method of claim 8 further comprising: 
transmitting a Sub-band portion selection field to select at 

least one sub-band portion from a plurality of sub-band 
portions of the selected at least one bandwidth portion; 

transmitting a resource block allocation field to indicate 
an allocation of resource blocks or resource block 
groups within the selected at least one Sub-band por 
tion. 

15. The method of claim 8 further comprising: 
transmitting a Sub-band portion selection field to select at 

least one sub-band portion from a plurality of sub-band 
portions of the selected at least one sub-band; 

transmitting a resource block allocation field to indicate 
an allocation of resource blocks or resource block 
groups within a specified bandwidth that is the selected 
at least one Sub-band portion. 

16. The method of claim 15 comprising using a first 
resource block allocation field for a first UE with a first 
payload, and using a second resource block allocation field 
for a second UE with a second payload, wherein the first 
resource block allocation field is smaller than the second 
resource block allocation field. 

17. A method comprising: 
transmitting a Sub-band portion selection field to select at 

least one sub-band portion from a plurality of sub-band 
portions of at least one bandwidth portion assigned to 
a numerology: 
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transmitting a resource block allocation field to indicate 
an allocation of resource blocks or resource block 
groups within the selected at least one Sub-band por 
tion. 

18. An apparatus comprising: 
a bandwidth portion assigner configured to perform the 

method of claim 1. 
19. The apparatus of claim 18 further comprising: 
a resource block allocator configured to perform the 

method of claim 17. 
20. An apparatus comprising: 
a resource block allocator configured to perform the 

method of claim 17. 
21-40. (canceled) 
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