wo 2015/149668 A1 I} I} A0 00O OO O

(43) International Publication Date

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

(19) World Intellectual Property
Organization
International Bureau

—~
é

\\

(10) International Publication Number

WO 2015/149668 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

8 October 2015 (08.10.2015) WIPOIPCT
International Patent Classification: (81)
H04B 7/02 (2006.01)
International Application Number:

PCT/CN2015/075434

International Filing Date:
31 March 2015 (31.03.2015)

Filing Language: English
Publication Language: English
Priority Data:

14/231,217 31 March 2014 (31.03.2014) US
14/668,577 25 March 2015 (25.03.2015) US

Applicant: HUAWEI TECHNOLOGIES CO., LTD.
[CN/CN]; YU, Chan, B1-3A Intellectual Property Dept.,
Huawei Administration Building, Bantian,Longgang Dis-
trict, Shenzhen, Guangdong 518129 (CN).

Inventors: MA, Jianglei; 3 Bon Echo Cres., Ottawa,
Ontario K2M 2W5 (CA). JIA, Ming; 345 Whitby Ave.,
Apt.302, Ottawa, Ontario K2A OBE (CA). ZHU, Peiying;
16 Pebble Creek Cres., Kanata, Ontario K2M 2L4 (CA).
TONG, Wen; 12 Whitestone Drive, Ottawa, Ontario K2C
4A7 (CA).

(84)

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

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

Declarations under Rule 4.17:

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: SYSTEM AND METHOD FOR RESOURCE ALLOCATION FOR SPARSE CODE MULTIPLE ACCESS TRANS-
MISSIONS

(57) Abstract: An embodiment method of resource allocation for sparse

1201

code multiple access (SCMA) transmissions includes partitioning a resource

block into a plurality of resource regions. The method also includes assign-

3 ..

1202

,l l
! -
‘ l l

FIG. 1

"\1203

ing the plurality of resource regions to respective device groups. The re-
source region assignments are then signaled to devices of the respective
device groups. The method also includes receiving SCMA signals from the
devices of the respective device groups. The SCMA signals from one group
of the respective device groups are asynchronous with respect to the SCMA
signals from another group of the respective device groups.



WO 2015/149668 A1 |IIIWAL 00T VT 0K 0RO

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2015/149668 PCT/CN2015/075434

SYSTEM AND METHOD FOR RESOURCE ALLOCATION FOR
SPARSE CODE MULTIPLE ACCESS TRANSMISSIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefits to U.S. Patent Application No. 14/231,217, titled “Method and
Apparatus for Asynchronous OFDMA/SC - FDMA,” filed on March 31, 2014, and U.S. Patent
Application 14/668,577, entitled “System and Method for Resource Allocation for Sparse Code
Multiple Access Transmissions,” filed on March 25, 2015, which applications are hereby

incorporated herein by reference.

TECHNICAL FIELD

The present invention relates generally to sparse code multiple access (SCMA), and, in particular

embodiments, to a system and method for group-wise asynchronous SCMA transmissions.

BACKGROUND

SCMA is a non-orthogonal multiple access scheme that allows multiple devices, users, or user
equipments (UEs) to share channel resources. Potential transmit devices are allocated time and
frequency resources, also referred to as resource units. In SCMA, potential transmit devices are
also assigned a sparse codebook that allows superposition of device transmissions, which allows

SCMA systems to support more connected devices.

In grant-free SCMA systems, there is no signaling from the network to devices for scheduling
transmissions. The devices access the shared channel resources in a contention based manner.
Contention based access begins to break down when two or more devices attempt to transmit
using the same resources, which is referred to as a collision. SCMA can tolerate some amount of
signal collision. SCMA systems can control the probability of collision using collision avoidance
and collision detection and recovery techniques to mitigate its impact. For additional information
regarding SCMA, refer to U.S. Application No. 13/730,355, which is hereby incorporated herein

by reference.

Base station receivers generally need arriving signals to be synchronized in time in order to
receive them correctly and take advantage of low complexity message passing algorithm (MPA)
receivers. That synchronizing is typically achieved through signaling from the base station to the

transmitting devices indicating timing adjustments to transmit timing.
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SUMMARY

An embodiment method of resource allocation for sparse code multiple access (SCMA)
transmissions includes partitioning a resource block into a plurality of resource regions. The
method also includes assigning the plurality of resource regions to respective device groups. The
resource region assignments are then signaled to devices of the respective device groups. The
method also includes receiving SCMA signals from the devices of the respective device groups.
The SCMA signals from one group of the respective device groups are asynchronous with

respect to the SCMA signals from another group of the respective device groups.

An embodiment method of receiving asynchronous SCMA signals includes partitioning a
resource block into a plurality of resource regions. The method also includes receiving a first
SCMA signal from a first user equipment (UE). The first SCMA signal uses a first resource
region of the plurality of resource regions. The method also includes receiving a second SCMA
signal from a second UE. The second SCMA signal uses a second resource region of the

plurality of resource regions and is asynchronous with respect to the first SCMA signal.

An embodiment base station for SCMA signals includes a processor, an antenna, a mixer, and a
plurality of filters. The processor is configured to respectively assign a plurality of resource
regions to a plurality of device groups. The antenna is configured to receive asynchronous
SCMA signals from a plurality of devices grouped into the plurality of device groups according
to respective locations of the plurality of devices. The mixer is coupled to the antenna and
configured to convert the asynchronous SCMA signals from a radio frequency to a baseband
frequency. The plurality of filters are coupled to the mixer and respectively correspond to the
plurality of resource regions. The plurality of filters are also configured to filter inter-resource

region interference for each of the plurality of resource regions.

An embodiment method of transmitting an SCMA signal includes receiving a resource region
assignment indicating a resource region allocated to a device group of which the UE is a member.
The resource region assignment is received at a UE. The method also includes filtering the
SCMA signal using a spectrum shaping filter corresponding to the resource region. The filtering
is carried out by the UE. The method also includes transmitting the SCMA signal toward a base
station using time and frequency resources of the resource region according to the resource
region assignment. The transmitting is carried out synchronously with a local timing reference

for the device group.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, and the advantages thereof,
reference is now made to the following descriptions taken in conjunction with the accompanying

drawings, in which:

Figure 1 is a diagram of one embodiment of a wireless network;
Figure 2 is an illustration of one embodiment of a resource block;
Figure 3 is a block diagram of one embodiment of a base station;
Figure 4 is an illustration of an SCMA encoding scheme;

Figure 5 is a flow diagram of one embodiment of a method of resource allocation for SCMA

transmissions;

Figure 6 is a flow diagram of one embodiment of a method of receiving asynchronous SCMA

transmissions; and

Figure 7 is a block diagram of one embodiment of a computing system.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The making and using of embodiments are discussed in detail below. It should be appreciated,
however, that the present invention provides many applicable inventive concepts that may be
embodied in a wide variety of specific contexts. The specific embodiments discussed are merely
illustrative of specific ways to make and use the invention, and do not limit the scope of the

invention.

In an embodiment, SCMA encoding encodes binary data streams directly to multi-dimensional
codewords rather than using a quadrature amplitude modulation (QAM) symbol, as is done in
code division multiple access (CDMA). SCMA encoding provides multiple access by assigning
different sparse codewords generated from sparse codebooks for each multiplexed layer, as
opposed to using spreading sequences common in CDMA encoding. A multiplexed layer is one
that multiple data streams may be communicated over shared resources. For example, the shared
resources can be multiple-input multiple-output (MIMO) spatial layers, orthogonal frequency
division multiple access (OFDMA) tones, and time division multiple access (TDMA) layers time
slots, among others. Sparse codebooks include sparse codewords that allow receivers to use low
complexity MPAs to detect respective codewords among the multiplexed codewords, which

reduces baseband processing complexity at the receiver.

3
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It is realized herein the general requirement that SCMA signals received at a base station should
be synchronized can be relaxed. Relaxing the synchronization requirement allows a certain
amount of signaling overhead to be eliminated, including timing adjustment signaling from the
base station to the various transmit devices. The synchronization requirements can be relaxed, it
is realized herein, by taking advantage of the simplicity with which local groups of transmit
devices can be synchronized. It is further realized herein that transmit devices can be grouped
together according to their location and mobility. Device groups can then be allocated, or
assigned, regions of the resource block reserved for SCMA transmissions. SCMA transmissions
are made over channels defined by time and frequency resources. The resource block can be
partitioned into resource regions that can be individually allocated to the device groups, thereby

separating asynchronous groups of devices with respect to their time and frequency resources.

It is also realized herein that asynchronous SCMA transmissions in adjacent resource regions can
create inter-resource region interference. To mitigate the interference, for a given device group
and assigned resource region, digital filters designed for each resource region can be used to
filter out side-lobes from SCMA signals originating from other transmit devices in other device
groups. It is further realized herein the filtering of the SCMA signals can occur at the transmitter,
e.g., UE, mobile device, etc., and at the receiver, e.g., base station, evolved node B (eNB), etc.
Certain embodiments can use analog filters for each resource region, however, these
embodiments are not as flexible as digital filter embodiments that can adapt to fluctuating

bandwidth requirements of various device groups and their corresponding resource regions.

Figure 1 is a diagram of one embodiment of a wireless network 100. Wireless network 100
includes a base station 110 within which the method of resource allocation and method of
receiving asynchronous SCMA signals introduced herein may be embodied. Base station 110
serves one or more devices by receiving uplink (UL) communications originating from the
devices and forwarding the UL communications to their respective indented destinations, or by
receiving communications destined for the devices and forwarding the communications to their
respective intended transmit devices. Base station 110 is sometimes referred to as an access point,
a Node B, an evolved Node B (eNB), a controller, a transmit device, or a communication
controller. Wireless network 100 also includes three device groups 120-1, 120-2, and 120-3.
Each of the three device groups contains at least one device. Devices 130 are sometimes referred
to as stations, mobile stations, mobiles, mobile devices, terminals, users, UEs, transmit devices,

or subscribers.

Devices 130 can be grouped into device groups 120-1, 120-2, and 120-3 according to a variety of

parameters, including one or more of the following: respective device locations, respective
4-
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device mobility predictions, and respective device mobility patterns. In certain embodiments,
devices 130 can be grouped by wireless network 100 or, more specifically, by base station 110.

In other embodiments, devices 130 can group themselves.

Devices 130 make SCMA transmissions 140-1, 140-2, and 140-3 to base station 110. SCMA
transmissions 140-1, 140-2, and 140-3 are typically made using orthogonal frequency division
multiple access (OFDMA) waveforms, although other waveforms are possible. SCMA
transmissions 140-1 originate from devices 130 within device group 120-1. Likewise, SCMA
transmissions 140-2 originate from devices 130 within device group 120-2, and SCMA
transmissions 140-3 originate from devices 130 within device group 120-3. SCMA transmissions
from different device groups are asynchronous. In the embodiment of Figure 1, SCMA
transmissions 140-1 are asynchronous with respect to SCMA transmissions 140-2 and 140-3.
SCMA transmissions 140-2 are also asynchronous with respect to SCMA transmissions 140-3.
SCMA transmissions 140-1, 140-2, and 140-3 are asynchronous in that respective devices 130 in
device groups 120-1, 120-2, and 120-3 have not been synchronized to one another. For example,
devices 130 in device group 120-1 are not synchronized with devices 130 in device group 120-2.
In certain embodiments, devices 130 within a particular device group are synchronized with each
other. For example, a group of sensors located in a single building can be synchronized to a local
timing reference or reference device located in the group or in the building, rather than
synchronizing to base station 110. In another example, a group of users, i.e., mobile devices,
riding in a bus can synchronize to a local timing reference or reference device in the group or in
the bus, rather than synchronizing to base station 110. In other embodiments, devices 130 within
the particular device group are in close enough proximity that no transmit-timing

synchronization is needed for base station 110 to properly receive their SCMA signals.

By not synchronizing devices 130 in one device group with devices 130 in another device group,
some overhead signaling from base station 110 can be eliminated. Typically, to globally, i.e.,
network — wide, synchronize devices 130, base station 110 would signal timing adjustments to
each of devices 130, thereby synchronizing each to a common reference. For a small number of
devices, the overhead cost associated with this process is manageable. However, as the number

of devices grows, the overhead cost becomes significant.

Devices 130 make their respective SCMA transmissions using a resource block defined as a
block of time and frequency resources. Devices 130 are allocated at least one time/frequency
resource unit and respective sparse codebooks. Figure 2 is an illustration of one embodiment of a
resource block 200. Resource block 200 is defined in three dimensions: a frequency dimension

210, a time dimensions 220, and a code dimension 230. In code dimension 230, each
-5
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time/frequency resource unit is divided into unique codes 240, which are generated from

corresponding sparse codebooks.

Resource block 200 is partitioned into three resource regions 250-1, 250-2, and 250-3. The
resource regions are depicted as various rectangles in the time/frequency domain. Resource
regions can be any shape, although defining a time band and a frequency band naturally defines a
rectangle in the time/frequency domain. Resource regions can abut one another, which is to share
a boundary, or can be defined with time/frequency gaps between any two resource regions. In
certain embodiments, gaps may be needed to achieve sufficiently low levels of inter-group
interference. Likewise, the entire resource block 200 need not be partitioned into various
resource regions. In such embodiments, various portions of resource block 200 are unassigned.
Resource regions are sometimes referred to as SCMA regions or multiple access regions.
Partitioning resource block 200 is carried out by the network, such as wireless network 100 from
Figure 1. More specifically, the partitioning can be carried out by base station 110. Each of
resource regions 250-1, 250-2, and 250-3 are assigned to a respective device group, which is
referred to as a resource region assignment. Resource regions are generally contiguously defined
in the time/frequency domain. In the case of a non-contiguous resource region, the various pieces
of the non-contiguous resource region are treated as independent resource regions assigned to a
common device group. In embodiments having spectrum shaping filters, each non-contiguous
piece of resource region would have a dedicated filter. In embodiments having resource regions
assuming shapes other than rectangles, multiple spectrum shaping filters would be needed. For
this reason, rectangular-shaped resource regions are desirable, although alternative

implementations with otherwise-shaped resource regions are possible.

For the embodiment of Figure 1, device groups 120-1, 120-2, and 120-3 can be respectively
assigned, for example, to resource regions 250-1, 250-2, and 250-3. Resource region assignments
are then communicated, or signaled, to the individual devices by base station 110. In certain
embodiments, the resource region assignments can be communicated to the various device
groups using multicast signaling. Again referring to the embodiment of Figure 1, devices 130

then make their respective SCMA transmissions using their respective assigned resource region.

Figure 3 is a block diagram of one embodiment of a base station 300. Base station 300 includes
an antenna 310, a mixer 320, couplers 330-1 and 330-2, filters 340-1, 340-2, and 340-3, and
processor 350. Base station 300 also includes a transmit stage 360 and another antenna 370. Base
station 300 can also include a variety of other components not illustrated in Figure 3, such as
amplifiers, analog-to-digital converters, decoders, application specific integrated circuits

(ASICS), field programmable gate arrays (FPGAs), dedicated logic circuitry, oscillators, and
-6-
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many other components. These additional components, in various embodiments of base station
300, can appear anywhere in the circuit illustrated in Figure 3, including between any two

elements of base station 300.

Antenna 310 is configured to receive SCMA signals from various transmit devices. In certain
embodiments, the SCMA transmissions are made using filtered OFDMA waveforms. For further
information on filtered OFDMA, refer to U.S. Patent Application No. 14/231,217, which is
incorporated herein by reference. The received SCMA signals are radio frequency (RF)
transmissions that are down-converted by mixer 320 to baseband signals. The baseband SCMA
signals are then passed through filters 340-1, 340-2, and 340-3. The received SCMA signals
arrive at base station 300 on channels defined by respective allocations of time and frequency
resources. These allocations are made by processor 350 according to a partitioning of a resource
block into resource regions, as in, for example, resource block 200 of Figure 2, and assignment
of those resource regions to respective device groups, such as device groups 120-1, 120-2, and
120-3 of Figure 1. The respective device groups contain the various transmit devices. Resource
region assignments made by processor 350 are communicated to the various transmit devices

through transmit stage 360 and antenna 370.

In certain embodiments, the various transmit devices are grouped into device groups by base
station 300, particularly processor 350. The base station may transmit, and a UE may receive, a
message indicating a plurality of UEs belonging to a device group of which the UE is a member.
In other embodiments, the various transmit devices themselves form the device groups. For
example, a UE may determine a composition of a device group according to respective locations
of a plurality of UEs in the device group. The groupings or compositions of the device groups are
communicated by message from the devices or UEs of the respective device groups to base
station 300. The UE may communicate by message the devices or UEs belonging to its device
group to the base station, or to at least one other UE of the UEs in the device group. The
grouping of the various transmit devices can be done according to a variety of parameters,
including the respective locations of the various transmit devices and respective mobility
predictions and patterns for the various transmit devices. Transmit devices in one device group
make SCMA transmissions that are asynchronous to SCMA transmissions made by another
device group. In certain embodiments, SCMA transmissions made by two transmit devices in the
same device group are synchronous. The synchronous SCMA transmissions can be synchronous
as a consequence of their proximity to one another or, in certain embodiments, because transmit
devices in that device group are synchronized to a common reference. Asynchronous refers to
signals from different device groups arriving at different times.

-7-
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Filters 340-1, 340-2, and 340-3 are each digital filters designed for a specific resource region to

shape the spectrum such that inter-resource region interference is reduced, possibly eliminated.
Inter-resource region interference, or inter-SCMA region interference, is caused by asynchronous
SCMA transmissions by transmit devices in different device groups over adjacent resource
regions. In other words, interference results from two or more asynchronous SCMA
transmissions over adjacent time/frequency resources. Filters 340-1, 340-2, and 340-3 are
designed to block side-lobes of OFDMA waveforms carrying asynchronous SCMA signals in
adjacent resource regions. Doing so allows base station 300 to properly receive the asynchronous
SCMA signals. The filtered SCMA signals are then decoded and the payload data ultimately

passed to processor 350.

Processor 350 can be implemented in one or more processors, one or more ASICs, one or more
FPGAs, dedicated logic circuitry, or any combination thereof, all collectively referred to as a
processor. The respective functions for processor can be stored as instructions in non-transitory

memory for execution by the processor.

Figure 4 is an illustration of an SCMA encoding scheme 400. SCMA encoding scheme 400 uses
multiple sparse codebooks 410, 420, 430, 440, 450, and 460, each of which is assigned to a
different multiplexed layer and includes multiple multi-dimensional codewords. More
specifically, sparse codebook 410 includes codewords 411-414, sparse codebook 420 includes
codewords 421-424, sparse codebook 430 includes codewords 431-434, sparse codebook 440
includes codewords 441-444, sparse codebook 450 includes codewords 451-454, and sparse
codebook 460 includes codewords 461-464. Each codeword is mapped to a different binary
value. In the embodiment of Figure 4, codewords 411, 421, 431, 441, 451, and 461 are mapped
to the binary value "00,” codewords 412, 422, 432,442,452, and 462 are mapped to the binary
value '01,” codewords 413, 423, 433, 443, 453, and 463 are mapped to the binary value *10,” and
codewords 414, 424, 434, 444, 454, and 464 are mapped to the binary value *11.” Although the
sparse codebooks of the embodiment of Figure 4 include four codewords apiece, sparse
codebooks for SCMA can include any number of codewords. For example, certain embodiment
sparse codebooks may have eight codewords mapped to binary values ‘000’ to ‘111,” while other

embodiments may include 16 codewords mapped to binary values ‘0000° to ‘1111,” or more.

Different codewords are selected from the various sparse codebooks depending on the binary
data to be transmitted over the respective multiplexed layers. In the embodiment of Figure 4,
codeword 414 is selected from sparse codebook 410 because the binary value ‘11° is to be
transmitted over the first multiplexed layer. Codeword 422 is selected from sparse codebook 420

because the binary value ‘01’ is being transmitted over the second multiplexed layer. Codeword
-8-
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433 is selected from sparse codebook 430 because the binary value ‘10’ is to be transmitted over
the third multiplexed layer. Codeword 442 is sselected from sparse codebook 440 because the
binary value ‘01’ is to be transmitted over the fourth multiplexed layer. Codeword 452 is
selected from sparse codebook 450 because the binary value ‘01’ is to be transmitted over the
fifth multiplexed layer. Codeword 464 is selected from sparse codebook 460 because the binary
value ‘11’ is to be transmitted over the sixth multiplexed layer. Codewords, 414, 422, 433, 442,
452, and 464 are then multiplexted together to form a multiplexed data stream 480, which is
transmitted over shared resources. Codewords 414, 422, 433, 442, 452, and 464 are sparse
codewords that can be identified upon receipt of multiplexed data stream 480 at the receiver

using an MPA.

Figure 5 is flow diagram of one embodiment of a method of resource allocation for SCMA
signals. The method begins at a start step 510. At a partitioning step 520, a base station partitions
a resource block into a plurality of resource regions. The resource block is defined as a block of
time, frequency, and codebook resources. At an assigning step 530, the resource regions are
assigned to respective device groups. Transmit devices are grouped into the device groups
according to their respective locations. In certain embodiments, the transmit devices are grouped
into the device groups according to respective mobility predictions and patterns for the transmit

devices.

The resource region assignments are signaled to the transmit devices at a communicating step
540. The resource region assignments need not be communicated to the transmit devices for
every data transmission. The transmit devices make their respective SCMA transmissions using
their respective assigned resource regions. The SCMA signals are received at by the base station
at a receiving step 550. The SCMA transmissions are asynchronous from device group to device
group. In certain embodiments, the method also includes filtering the SCMA signals using, e.g.,
spectrum shaping filters corresponding to the respective resource regions, in order to filter out
inter-resource region interference caused by the asynchronous transmissions. The filtering allows
the base station receivers to properly receive, decode, and detect the SCMA signals. The method

ends at an end step 560.

Figure 6 is a flow diagram of one embodiment of a method of receiving asynchronous SCMA
signals. The method begins at a start step 610. At a base station, at a partitioning step 620, a
resource block is partitioned into a plurality of resource regions. The resource regions are
assigned to respective device groups. The device groups each contain at least one transmit device,
1.e., UE. In certain embodiments, the UEs are grouped into the device groups according to their

respective locations. In some embodiments the UEs are grouped according to respective mobility
9-



10

15

20

25

30

WO 2015/149668 PCT/CN2015/075434

predictions and patterns for the UEs. The grouping can be carried out, in certain embodiments,
by the base station while, in other embodiments, the grouping is carried out by the UEs

themselves.

The device groups of UEs are assigned to the resource regions and the assignments are
communicated to the UEs. The device groups can contain any number of UEs. UEs within a
given device group transmit using resource region assigned to the device group. At a first
receiving step 630, a first SCMA signal is received at the base station from a first UE. The first
UE makes the first SCMA transmission using a first resource region of the plurality of resource
regions. In certain embodiments, multiple sparse codewords, or layers, can be superposed on the
first resource region. At a second receiving step 640, a second SCMA signal is received at the
base station from a second UE. The second UE makes the second SCMA transmission using a
second resource region of the plurality of resource regions. Because the first UE and the second
UE are in different device groups and assigned different resource regions, the first SCMA
transmission and the second SCMA transmission are asynchronous. The first UE and second UE
have not been synchronized to a common reference. In certain embodiments, for the base station
to properly receive the SCMA signals, the first SCMA signal and the second SCMA signal are
passed through filters designed for their respective resource regions. Each filter, designed for a
specific resource region, is configured to filter out the interference caused by asynchronous

SCMA transmissions from neighboring resource regions. The method ends at an end step 650.

Figure 7 is a block diagram of a computing system 700 that may be used for implementing the
devices and methods disclosed herein. Specific devices may utilize all of the components shown
or only a subset of the components, and levels of integration may vary from device to device.
Furthermore, a device may contain multiple instances of a component, such as multiple
processing units, processors, memories, transmitters, receivers, etc. The computing system 700
may comprise a processing unit 702 equipped with one or more input/output devices, such as a
speaker, microphone, mouse, touchscreen, keypad, keyboard, printer, display, and the like. The
processing unit may include a central processing unit (CPU) 714, memory 708, a mass storage

device 704, a video adapter 710, and an I/O interface 712 connected to a bus 720.

The bus 720 may be one or more of any type of several bus architectures including a memory
bus or memory controller, a peripheral bus, video bus, or the like. The CPU 714 may comprise
any type of electronic data processor. The memory 708 may comprise any type of non-transitory
system memory such as static random access memory (SRAM), dynamic random access memory

(DRAM), synchronous DRAM (SDRAM), read-only memory (ROM), a combination thereof, or

-10-
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the like. In an embodiment, the memory 708 may include ROM for use at boot-up, and DRAM

for program and data storage for use while executing programs.

The mass storage 704 may comprise any type of non-transitory storage device configured to
store data, programs, and other information and to make the data, programs, and other
information accessible via the bus 720. The mass storage 704 may comprise, for example, one
or more of a solid state drive, hard disk drive, a magnetic disk drive, an optical disk drive, or the

like.

The video adapter 710 and the 1/0 interface 712 provide interfaces to couple external input and
output devices to the processing unit 702. As illustrated, examples of input and output devices
include a display 718 coupled to the video adapter 710 and a mouse/keyboard/printer 716
coupled to the I/O interface 712. Other devices may be coupled to the processing unit 702, and
additional or fewer interface cards may be utilized. For example, a serial interface such as

Universal Serial Bus (USB) (not shown) may be used to provide an interface for a printer.

The processing unit 702 also includes one or more network interfaces 706, which may comprise
wired links, such as an Ethernet cable or the like, and/or wireless links to access nodes or
different networks. The network interfaces 706 allow the processing unit 702 to communicate
with remote units via the networks. For example, the network interfaces 706 may provide
wireless communication via one or more transmitters/transmit antennas and one or more
receivers/receive antennas. In an embodiment, the processing unit 702 is coupled to a local-area
network 722 or a wide-area network for data processing and communications with remote

devices, such as other processing units, the Internet, remote storage facilities, or the like.

In accordance with one embodiment of the invention, a base station is also disclosed. The base
station includes a processor, a transmitter, and a receiver. The processor is configured to partition
a resource block into a plurality of resource regions and assign the plurality of resource regions
to respective device groups. The transmitter is operatively coupled to the processor and is
configured to signal resource region assignments to devices of the respective device groups. The
receiver is operatively coupled to the processor and is configured to receive sparse code multiple
access (SCMA) signals from the devices of the respective device groups. In the embodiment, the
SCMA signals from one group of the respective device groups are asynchronous with respect to

the SCMA signals from another group of the respective device groups.

In accordance with another embodiment of the invention, a UE is disclosed. The UE includes a
receiver to configured to receive a resource region assignment indicating a resource region

allocated to a device group of which the UE is a member; filter a sparse code multiple access
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(SCMA) signal using a spectrum shaping filter corresponding to the resource region; and
transmit the filtered SCMA signal toward a base station using time and frequency resources of
the resource region according to the resource region assignment. In the embodiment, the

transmitting is carried out synchronously with a local timing reference for the device group.

While this invention has been described with reference to illustrative embodiments, this
description is not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments, as well as other embodiments of the invention,
will be apparent to persons skilled in the art upon reference to the description. It is therefore

intended that the appended claims encompass any such modifications or embodiments.
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WHAT IS CLAIMED IS:

1. A method of resource allocation for sparse code multiple access (SCMA) signals,
comprising:

partitioning a resource block into a plurality of resource regions;

assigning the plurality of resource regions to respective device groups;

signaling resource region assignments to devices of the respective device groups; and

receiving the SCMA signals from the devices of the respective device groups, wherein
the SCMA signals from one group of the respective device groups are asynchronous with respect

to the SCMA signals from another group of the respective device groups.

2. The method of Claim 1 further comprising filtering received SCMA signals, wherein the

filtering is carried out by respective spectrum shaping filters for the plurality of resource regions.

3. The method of Claim 1 further comprising grouping the devices into the respective

device groups according to respective locations of the devices.

4. The method of Claim 3 wherein the grouping is carried out by a base station or the

devices of the respective device groups.

5. The method of Claim 4 further comprising receiving a message from the devices of the

respective device groups indicating the grouping.

6. The method of Claim 1 further comprising grouping the devices into the respective

device groups according to respective mobility predictions for the devices.

7. The method of Claim 1 furthering comprising synchronizing the devices of the one group

of the respective device groups with other devices of the one group.

8. The method of Claim 1 wherein the resource block is defined by a block of time and

frequency resources.

9. A method of receiving asynchronous sparse code multiple access (SCMA) signals,
comprising:
partitioning a resource block into a plurality of resource regions;

receiving a first SCMA signal from a first user equipment (UE), wherein the first SCMA
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signal uses a first resource region of the plurality of resource regions; and
receiving a second SCMA signal from a second UE, wherein the second SCMA signal
uses a second resource region of the plurality of resource regions and is asynchronous with

respect to the first SCMA signal.

10. The method of Claim 9 further comprising:
assigning the first resource region to a first group of devices containing the first UE; and
assigning the second resource region to a second group of devices containing the second

UE.

11. The method of Claim 10 further comprising signaling resource region assignments to the

first group of devices and the second group of devices.

12. The method of Claim 10 further comprising assigning the first UE to the first group of

devices according to a proximity of the first UE to the first group of devices.

13. The method of Claim 9 further comprising:

passing the first SCMA signal through a first filter having a first pass band corresponding
to the first resource region; and

passing the second SCMA signal through a second filter having a second pass band

corresponding to the second resource region.

14. A base station comprising:

a processor configured to respectively assign a plurality of resource regions to a plurality
of device groups;

an antenna configured to receive asynchronous sparse code multiple access (SCMA)
signals from a plurality of devices grouped into the plurality of device groups according to
respective locations of the plurality of devices;

a mixer coupled to the antenna and configured to convert the asynchronous SCMA
signals from a radio frequency to a baseband frequency; and

a plurality of filters respectively corresponding to the plurality of resource regions, and
configured to filter inter-resource region interference from the asynchronous SCMA signals for

each of the plurality of resource regions.
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15. The base station of Claim 14 further comprising a transmit stage coupled to the processor
and configured to communicate assignments of the plurality of resource regions to the plurality

of devices.

16. The base station of Claim 15 wherein the transmit stage is further configured to multicast

the assignments to the plurality of plurality of devices.

17. The base station of Claim 14 wherein the plurality of devices are grouped according to

respective mobility predictions for the plurality of devices.

18. The base station of Claim 14 wherein the processor is further configured to group the

plurality of devices into the plurality of device groups.

19. The base station of Claim 14 wherein the asynchronous SCMA signals comprise

orthogonal frequency division multiple access (OFDMA) waveforms.

20. The base station of Claim 14 wherein the processor is further configured to partition a

time/frequency resource block into the plurality of resource regions.

21. A method of transmitting a multiple access signal, comprising:

receiving, at an user equipment (UE), a resource region assignment indicating a resource
region allocated to a device group of which the UE is a member;

filtering, at the UE, a sparse code multiple access (SCMA) signal using a spectrum
shaping filter corresponding to the resource region; and

transmitting the filtered SCMA signal toward a base station using time and frequency
resources of the resource region according to the resource region assignment, wherein the

transmitting is carried out synchronously with a local timing reference for the device group.

22. The method of Claim 21 further comprising:
determining, by the UE, a composition of the device group according to respective
locations of a plurality of UEs in the device group; and

communicating the composition of the device group to the base station.

23. The method of Claim 22 further comprising communicating the composition of the

device group to at least one UE of the plurality of UEs in the device group.
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24. The method of Claim 21 further comprising receiving a message indicating a plurality of

UEs belonging to the device group.

25. The method of Claim 24 wherein the receiving the message comprises receiving the

message from the base station.

26. A base station comprising means configured to implement steps in a method in

accordance with any one of claims 1 to 8.

27. A user equipment (UE) comprising means configured to implement steps in a method in

accordance with any one of claims 21 to 25.
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