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System and Method for Uplink Grant-Free Transmission Scheme

[0001]
TECHNICAL FIELD
[0002] The present invention relates to a system and method for wireless communications,

and, in particular embodiments, to a system and method for uplink grant-free transmission

scheme.
BACKGROUND
[0003] In a typical wireless network such as long-term evolution (LTE) network, the

selection of shared data channels for uplink (UL) is scheduling/grant based, and the scheduling
and grant mechanisms are controlled by a base station (BS) in a network. A user equipment
(UE) sends an UL scheduling request to the base station. When the BS receives the scheduling
request, the BS sends an UL grant to the UE indicating its UL resource allocation. The UE then

transmits data on the granted resource.

[0004] An issue with this approach is that the signaling resource overhead for the
scheduling/grant mechanism can be quite large, especially in cases where the data transmitted is
small. For example, for small packet transmissions of around 20 bytes each, the resources used
by the scheduling/grant mechanism could be around 30%, or even 50%, of the packet’s size.
Another issue with this approach is the scheduling/grant procedure causes an initial delay in data
transmission. Even when the resources are available, there is a minimum 7-8ms delay in a typical

wireless network between a scheduling request being sent and the first uplink data transmission.
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[0005] These and other problems are generally solved or circumvented, and technical
advantages are generally achieved, by preferred embodiments of the present invention which

provide a system and method for uplink grant-free transmission scheme.

[0006] In accordance with an aspect of the present invention, a method includes
implementing, by a BS, a grant-free uplink transmission scheme. The grant-free uplink
transmission scheme defines a first contention transmission unit (CTU) access region in a time-
frequency domain, defines a plurality of CTUs, defines a default CTU mapping scheme by
mapping at least some of the plurality of CTUs to the first CTU access region, and defines a
default user equipment (UE) mapping scheme by defining rules for mapping a plurality of UEs

to the plurality of CTUs.

[0007] In accordance with another aspect of the present invention, a base station (BS)
includes a processor, and a computer readable storage medium storing programming for
execution by the processor, the programming including instructions to implement a grant-free
uplink transmission scheme, receive an uplink transmission from a user equipment (UE), attempt
to decode the uplink transmission blindly, and indicate to the UE whether the attempt to decode
the uplink transmission blindly was successful. The grant-free uplink transmission scheme
defines a plurality of contention transmission units (CTUs), defines one or more CTU access
regions in a time-frequency domain, creates a default CTU mapping scheme by mapping the
plurality of CTUs to the one or more CTU access regions, and creates a default UE mapping

scheme by defining rules for mapping a plurality of UEs to the plurality of CTUs.

[0008] In accordance with another aspect of the present invention, a method for a grant-free
transmission scheme includes implementing, by a user equipment (UE), a default contention
transmission unit (CTU) mapping scheme by determining an appropriate CTU for uplink
transmission in accordance with a UE mapping rule and the default CTU mapping scheme, and

transmitting an uplink transmission, to a base station (BS), on the appropriate CTU.
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[0009] In accordance with yet another aspect of the present invention, a user equipment
(UE) includes a processor, and a computer readable storage medium storing programming for
execution by the processor, the programming including instructions to implement a default
contention transmission unit (CTU) mapping scheme by determining an appropriate CTU for
uplink transmission in accordance with a UE mapping rule and the default CTU mapping
scheme, and transmitting, to a base station (BS), an uplink transmission on the appropriate CTU,
determine whether a collision has occurred based on an indication by the BS, and re-transmit, to
the BS, the uplink transmission using an asynchronous hybrid automatic repeat request (HARQ)

mechanism when the UE determines a collision has occurred.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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:

[0011] Figure 1 is a block diagram illustrating a network in accordance with various
embodiments;
[0012] Figure 2 is a diagram illustrating an example configuration of various contention

transmission unit (CTU) access regions in accordance with various embodiments;

[0013] Figure 3 is a diagram illustrating an example mapping of CTUs to CTU access

regions in accordance with various embodiments;

[0014] Figure 4 is a diagram illustrating an example CTU index numbering in accordance

with various embodiments;

[0015] Figures 5A and 5B are diagrams illustrating an example UE mapping and remapping

in accordance with various embodiments;
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[0016] Figure 6 is a block diagram of a joint signature and data detection using message

passing algorithm method with an active UE detector in accordance with various embodiments;

[0017] Figures 7A and 7B are flow diagrams of base station (BS) activity in accordance

with various embodiments;

[0018] Figures 8A and 8B are flow diagrams of user equipment (UE) activity in accordance

with various embodiments; and

[0019] Figure 9 is a block diagram illustrating a computing platform that may be used for
implementing, for example, the devices and methods described herein, in accordance with an

embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0020] 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 can 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.

[0021] Various embodiments are described with respect to a specific context, namely a LTE
wireless communication network. Various embodiments may also be applied, however, to other

wireless networks such as a worldwide interoperability for microwave access (WiMAX) network.

[0022] Figure 1 illustrates a block diagram of a network 100 according to various
embodiments. A base station (BS) 102 manages uplink and downlink communications for
various UEs 104-114 within its coverage area 116. BS 102 may alternatively be referred to as a
cell tower, an eNodeB, an access network, and the like. BS 102 may support transmissions for

multiple cellular carriers concurrently. BS 102 implements a grant-free uplink transmission
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scheme, wherein contention transmission unit (CTU) access regions are defined so that UEs 104-
114 may contend for and access uplink resources without a request/grant mechanism. The grant-
free uplink transmission scheme may be defined by the BS, or it may be set in a wireless
standard (e.g., 3GPP). UEs 104-114 may be mapped to various CTU access regions to avoid
collision (i.e., when two or more UEs attempt to transmit data on the same uplink resource).
However, if collision occurs, UEs 104-114 may resolve collisions using an asynchronous HARQ
(hybrid automatic repeat request) method. BS 102 blindly (i.e., without explicit signaling) detects

active UEs and decodes received uplink transmissions.

[0023] Under this scheme, UEs 104-114 may send uplink transmissions without the BS
allocating resources to request/grant mechanisms. Therefore, total network overhead resources
are saved. Furthermore, this system allows for time savings during uplink by bypassing the
request/grant scheme. Although only one BS 102 and six UEs 104-114 are illustrated in Figure 1,
a typical network may include multiple BS each covering transmissions from a varying multitude

of UEs in its geographic coverage area.

[0024] Network 100 uses various high level signaling mechanisms to enable and configure
grant-free transmissions. UEs 104-114 capable of grant-free transmissions signal this capability
to BS 102. This allows BS 102 to support both grant-free transmissions and traditional
signal/grant transmissions (e.g., for older UE models) simultaneously. The relevant UEs may
signal this capability by, for example, RRC (radio resource control) signaling defined in the
3GPP (third generation partnership project) standard. A new field may be added to the UE
capability list in RRC signaling to indicate whether the UE supports grant-free transmissions.
Alternatively, one or more existing fields can be modified or inferred from in order to indicate

grant-free support.

[0025] BS 102 also uses high-level mechanisms (e.g., a broadcast channel or a slow

signaling channel) to notify UEs 104-114 of information necessary to enable and configure a
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grant-free transmission scheme. For example, BS 102 may signal that it supports grant-free
transmissions, its search space and access codes for CTU access regions, a maximum size of a
signature set (i.e., the total number of signatures defined), a modulation and coding scheme
(MCS) setting, and the like. Furthermore, BS 102 may update this information from time to time
using, for example, a slow signaling channel (e.g., a signaling channel that only occurs in the

order of hundreds of milliseconds instead of occurring in every TTI).

[0026] BS 102 implements a grant-free uplink transmission scheme. The grant-free
transmission uplink scheme defines CTU access regions to enable grant-free transmissions by
UE 104-114. A CTU is a basic resource, predefined by network 100, for contention
transmissions. Each CTU may be a combination of time, frequency, code-domain, and/or pilot
elements. Code-domain elements may be CDMA (code division multiple access) codes, LDS
(low-density signature) signatures, SCMA (sparse code multiple access) codebooks, and the like.
These possible code-domain elements are referred to generically as “signatures” hereinafter.
Multiple UEs may contend for the same CTU. The size of a CTU is preset by the network and
may take into account an expected transmission size, the amount of desired padding, and/or MCS

levels.

[0027] A CTU access region is a time-frequency region where contention transmission
occurs. The grant-free uplink transmission scheme may define multiple CTU access regions for
network 100. The grant-free transmission uplink scheme may be defined by BS 102 via high
level signaling (e.g., through a broadcast channel) or it may be pre-defined by a standard and
implemented in UEs (e.g., in a UE’s firmware). The regions may exist in one or more frequency
bands (intra-band or inter-band) and may occupy the entire uplink transmission bandwidth or a
portion of the total transmission bandwidth of BS 102 or a carrier supported by BS 102. A CTU
access region that occupies only a portion of the bandwidth allows BS 102 to simultaneously
support uplink transmissions under a traditional request/grant scheme (e.g., for older UE models

that cannot support grant-free transmissions). Furthermore, BS 102 may utilize unused CTUs for
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scheduled transmissions under a request/grant scheme, or BS 102 may adjust the size of CTU
access regions if portions of the access regions are not used for a period of time. Furthermore,
the CTU access regions may frequency hop periodically. BS 102 may signal these changes in

CTU access region size and frequency to UEs 104-114 through a slow signaling channel.

[0028] Figure 2 illustrates an example configuration for various CTU access regions defined
by BS 102. In Figure 2, BS 102 supports transmissions for three carriers each operating at
frequencies F, F» and F5 with bandwidth BW;, BW;, and BW3. Figure 2 illustrates example CTU
access regions 200 defined in all three carriers using different configurations. The configurations
shown in Figure 2 are for illustrative purposes only, and alternative CTU access region

configurations may be defined in various embodiments.

[0029] Multiple CTU access regions (e.g., as illustrated in Figure 2) allow each CTU access
region to be categorized differently to provide different types of service to varying UE types. For
example, the CTU access regions may be categorized to support different quality of service (QoS)
levels, different UE configurations (e.g., in situations of carrier aggregation), different UE
subscribed levels of service, different UE geometries, or a combination thereof. Furthermore,
each CTU access region may be configured to support a different number of UEs. The size of
each CTU access region may vary depending on the expected number of UEs using the region.
For example, the size of a CTU access region may be based the history of loading in the CTU
access region (such as the number of UEs), UE collision probability estimations, and/or

measured UE collisions over a period of time.

[0030] Figure 3 illustrates an example CTU resource definition in various CTU access
regions. Figure 3 illustrates four CTU access regions 302-308. The available bandwidth is
divided into time-frequency regions for CTU access region 302-308, with each access region

302-308 occupying a predefined number of resource blocks (e.g., access region 302 occupies
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RBs 1-4) of bandwidth. In Figure 3, CTUs are mapped identically to access regions 302-308, but

varying views of this mapping are shown for illustrative purposes.

[0031] In Figure 3, each CTU access region is capable of supporting up to thirty-six UEs
contending for the thirty-six CTUs defined in each region. Each CTU is a combination of time,
frequency, signature, and pilot. Each access region 302-308 occupies a distinct frequency-time
region. These frequency-time regions are further broken down to each support six signatures (S;-
Se) and six pilots mapped to each signature to create thirty-six total pilots (P;-Pss). A
pilot/signature decorrelator at BS 102 is used to detect and decode individual UE signals and

transmissions.

[0032] Therefore, under this scheme different UEs conduct uplink transmissions on the
same signature. Various embodiments support signature collisions (i.e., when several UEs
simultaneously access the same frequency-time resources by using the same signature). In the
known art, it was previously believed that signature collisions irreparably degrade UE
performance and should be absolutely avoided. However, it has been observed that while
signature collisions may degrade UE performance, the transmitted information can still be
decoded by BS 102 using various decoding schemes (e.g., a JMPA scheme as described in detail
in subsequent paragraphs). Furthermore, it has also been observed that signature collisions
between two UEs (e.g., UEs 104 and 106) do not affect the performance of other UEs (e.g., UEs
108-114). Therefore, signature collisions are not detrimental to overall system performance.
Various embodiments map multiple potential UEs to the same frequency-time-signature resource

so that, at each contention transmission, the system may be fully loaded.

[0033] In contrast, pilot collisions may not be supported. Similar to signature collision, pilot
collision refers to cases when multiple UEs simultaneously access the same frequency-time-
signature resources by using the same pilot sequence. However, unlike signature collisions, pilot

collisions may lead to irreparable results in a grant-free transmission scheme. This is due to BS
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102 being unable to decode a UE’s transmission information in pilot collision scenarios because
BS 102’s is unable to estimate the individual channels of UEs using the same pilot. For example,
assume two UEs (UE 104 and 106) have the same pilot and their channels are h; and h,, then BS
102 can only estimate a channel of quality of h; + h, for both UEs 104 and 106. Thus, the
transmitted information will not be decoded correctly. Various embodiments may define a
number of unique pilots (e.g. thirty-six pilots per access region in Figure 3) depending on the
number of UEs supported in the system. The specific numbers given in Figure 3 are for
illustrative purposes only, and the specific configuration of the CTU access regions and CTUs

may vary depending on the network.

[0034] Various embodiments enable grant-free transmissions through the inclusion of
mechanisms for collision avoidance through UE to CTU mapping/re-mapping and collision
resolution through asynchronous HARQ. For a UE to successfully perform uplink transmissions
in a grant-free scheme, the UE must determine a CTU on which data can be sent. A UE
determines the CTU it should use for transmissions based on predefined mapping rules known by
both the UE (e.g., UEs 104-114) and the base stations (e.g., BS 102) in a network (e.g., network
100). These mapping rules may be implicit (i.e., default) rules pre-defined for the UE (e.g. in an
applicable standard or in the firmware of the UE) and/or explicit rules defined by a BS using
high level signaling. For example, different mapping rules (as referred to as mapping
configurations) are pre-defined in a wireless standard, such as 3GPP, and the index of the

applicable mapping configuration is signaled to a UE by the BS.

[0035] The grant-free uplink transmission scheme assigns a unique, identifying CTU index,
Ictu, to each CTU in the CTU access regions. UEs determine which CTUs to transmit on based
on mapping rules for choosing an appropriate CTU index. The mapping of CTU indexes may be
distributed uniformly over the available resources taking into account the size of the CTU

regions over the time-frequency domain and the desire to reduce BS decoding complexity. The
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size of the CTU regions is taken into account so that UEs are not mapped to the same subset of

available time-frequency resources.

[0036] For example, Figure 4 illustrates such a distribution of CTU indexes over the CTU
access regions. Each signature-pilot grid 402-408 corresponds to a time-frequency access region
302-308 from Figure 3. As shown in Figure 4, indexes are distributed in the following order:
time, frequency, signature, and then pilot. For example, index 0 is mapped to a first time and a
first frequency. Index 1 is then mapped to a second time in the first frequency. Index 2 is mapped
to the first time in a second frequency, and index 3 is mapped to the second time in the second
frequency. Only when all the time-frequency combinations are exhausted is the next index (index
4) mapped to a different signature in the first time and first frequency. In this manner all 144
CTU indexes (i.e., four access regions multiplied by thirty-six pilots per region) are mapped to
distribute UEs over the region and reduce the chance of signature and pilot collision. Various

alternative embodiments may use different mapping rules for CTU index mapping.

[0037] The inclusion of default mapping rules allows a UE to automatically transmit data on
the mapped CTU as soon as it enters a BS’s coverage area without additional signaling. These
default mapping rules may be based on a UE’s dedicated connection signature (DCS), its DCS
index assigned by a BS, the total number of CTUs, and/or other parameters such as subframe

number. For example, a UE i may map to a CTU resource index, Ictu based on a default formula:

ICTU = DSCi mod NCTU

wherein Nery represents the total number of available CTU indexes (e.g., 144 in the examples

given in Figures 3-4) and DSC; is the DSC index of UE i.

[0038] A UE’s DCS index may be assigned to the UE by a BS via high level signaling (e.g.,
through a broadcast, multicast, or unicast channel). Furthermore, this DCS index number may be
used in conjunction with CTU index mapping to evenly distribute UEs across the CTU access

regions. For example, when a UE enters a BS’s (e.g., BS 102) coverage area, the BS may receive
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notice of the UE entering its area. BS 102 may assign a DCS index (hence the DSC) to the UE.

For example, the first UE is assigned DCS; = 0, the second UE is assigned DCS; = 1, the third
UE is assigned DCSs = 2, and so on. When the UE maps to a CTU resource based on a default
mapping formula (e.g., Ictu = DSC; mod Ncru), the UEs will be assigned indexes based on their
DCS index and the total number of CTUs. By combining this mapping formula with the
appropriate CTU index mapping (e.g., Figure 4), the UEs may be distributed evenly across the
CTU access regions. That is, the first UE will be mapped to index 0, the second UE will be

mapped to index 1, etc.

[0039] A subset of UEs may be re-mapped periodically by the network to reduce collisions.
UEs may be remapped in cases when UEs exchange packets frequently in a data session
(referred to as active UEs). These active UEs may experience higher probabilities of collision
when they are unevenly distributed across the available CTU access regions. For example,
Figure 5A illustrates various UEs 502-516 mapped to four CTU access regions 518-524 under
default mapping rules. In Figure 5A, UEs 502, 504, 514, and 516 are active UEs mapped to two
of the four available CTU access regions, increasing their probability for collision. A BS
associated with the UEs (e.g., BS 102) determines that the default mapping is causing too many
collisions and remaps certain UEs (e.g., UE 504 and 514) to the other CTU access regions as
shown in Figure 5B. BS 102 may detect the high level of collisions through high level signaling
from the UEs or through repeated failed attempts to decode transmitted information (i.e., as
previously discussed, pilot collisions cause failed attempts to decode transmission data).
Alternatively, active UEs may be initially mapped to the same CTU in an access region. When
the BS determines collisions are occurring due to this mapping, the active UEs may be re-
mapped to different CTUs in the same access region. The various UEs 502-516 may revert to
default mapping rules either implicitly when the UEs are no longer active or explicitly through

network signaling. In alternative embodiments, this type of temporary re-mapping may also be
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used to provide certain UEs with dedicated resources for very time-sensitive transmissions when

requested by the UE or configured by the network.

[0040] By implementing the described UE mapping strategies, the number of initial
collisions in a CTU access region may be controlled. However, collisions may still occur and
must be resolved. When transmissions are successful, the UE will be notified by the BS through,
for example, an ACK (acknowledgement) signal. The BS only sends the ACK signal when
transmissions are successful. Therefore, if a UE does not receive an ACK signal within a
predetermined time period, the UE determines that collision has occurred. Alternatively, the BS
may receive an NACK (negative acknowledgement)] signal when the transmission fails. The UE

assumes transmission was successful unless it receives a NACK.

[0041] When collisions occur, they are resolved using asynchronous HARQ methods.
Asynchronous HARQ methods differ from synchronous HARQ methods in that the UE does not
attempt to retransmit on the same CTU when collision occurs. Rather the UE may choose a
different CTU to retransmit on. For example, a random backoff procedure may be implemented.
Each UE picks a backoff time period (e.g., a next TTI) randomly within a contention window to
retransmit data. At the next TTI, the UE transmits data. The contention window size is a system

parameter that may be signaled to the UE using high-level signaling.

[0042] When BS 102 receives transmitted information, it blindly decodes the transmitted
information (referred to as blindly because BS 102 does not know which UE transmitted the
information or which UEs are active in a network). For example, BS 102 may use JMPA (joint
signature and data detection using MPA (message passing algorithm)) methods to blindly decode
the transmitted information. Generally, MPA methods rely on channel knowledge and user-
specific information to detect and decode data. JMPA initially assume all possible users might be
active. It then iteratively detects the active users and simultaneously tries to detect their

transmitted data. At the end of the iteration, among the all possible user pool, a list of active
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users and their detected data are provided by JMPA. A detailed description of a JIMPA system

and method may be found in U.S. Provisional Application No. 61/737,601, filed on December 14,
2012, entitled “System and Method for Low Density Spreading Modulation Detection,” which

application is hereby incorporated herein by reference.

[0043] An issue with this JMPA approach is that the original user pool might be very large
to start with. It may make the complexity of the JMPA process impractically high. Figure 6
illustrates a block diagram of a JMPA detector 602, channel estimator 604, with an active UE
detector 606 to simplify the potentially high complexity of the JMPA process. A list of all
potential UEs is fed into JMPA detector 602, channel estimator 604, and active UE detector 606.
Active UE detector 606 uses the list of all potential UEs and received transmission data (e.g., all
transmissions received by the BS from the CTU access regions) to generate a smaller list of
potential active UEs. For example, as previously discussed multiple pilots may be correlated
with each signature. Therefore, if active UE detector 606 determines a signature is not active, all
corresponding pilots (i.e., CTU indexes/potential UEs) correlated with the inactive signature are
also inactive. These pilots are removed from the list of potential UEs. If active UE detector 606
determines a pilot is inactive, it is taken off the list as well. In this manner, active UE detector
606 may decrease the list of potential active UEs for channel estimator 604 and JMPA detector
602, simplifying the decoding process. Furthermore, JMPA detector 602 may feed an updated
list of potentially active UEs back to active UE detector 606. For example, JMPA detector 602
may determine that a second signature is inactive; this information is fed back to active UE
detector 606 so that the corresponding pilots related to the second signature may be eliminated

from the list of potential UEs.

[0044] Typically, uplink transmission performance depends on the number of the active
signatures. A fewer number of overlaid signatures correlates to better expected performance
from a MPA detector, such as the JMPA detector. This idea can be used to implicitly control the

uplink quality. Based on long-term traffic statistics and the number of the potential active users,
13-
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the network can statistically control the average number of the users transmitting within the same
CTU access region. For example, different numbers of UEs can be grouped together to access
different CTU access regions. The network can also limit the number of pilots and/or signatures
in a CTU access region. If the channel quality of the UEs is historically good, more interference
within a CTU access region may be tolerated (i.e., more of these UEs can be configured to access
a CTU access region allow for more pilots and/or signatures to be defined). This long-term link-
adaptation mechanism is controlled by the network through the defining of CTU access regions

and the mapping of UEs to access regions.

[0045] Figures 7A illustrates a flow diagram of network activity (e.g., through BS 102)
according to various embodiments. In step 702, BS 102 defines CTU access regions. In step 704,
BS 102 maps various CTU indexes to the CTU access region. Each CTU index corresponds to a
CTU a UE (e.g., UE 104) may perform grant-free transmissions on. In step 706, BS 102 uses
high-level signaling (e.g., through a broadcast channel) to send information enabling grant-free
transmissions. This high-level signaling includes information on the defined CTU access regions,
number of CTUs in the access regions and/or CTU index map. The high-level signaling may also

include assigned DCS index information, and the like.

[0046] Steps 702-706 illustrate BS 102 defining and implementing a grant-free uplink
transmission scheme. Alternatively, BS 102 may perform none or a subset of steps 702-706
because certain steps are pre-configured for BS 102 by a standard. For example, a standard may
eliminate step 702 by pre-defining CTU access regions. BS 102 need only perform steps 704 and
706 (i.e., mapping CTU indexes to the CTU access regions and transmitting information). In
another example, a standard defines the grant-free uplink transmission scheme and BS 102 need

only implement the grant-free uplink transmission scheme.

[0047] In step 708, BS 102 receives an uplink transmission from UE 104, In step 710, the

BS decodes the uplink transmission information blindly using, for example, a JMPA and active

-14-



WO 2014/135126 PCT/CN2014/073084
UE detector method. In step 712, BS 102 determines whether the decoding was successful. If not,

BS 102 assumes that collision has occurred, and waits to receive another uplink transmission. BS
102 also indicates to UE 104 whether the decoding was successful. BS 102 may do this by
sending an ACK signal only if the transmission is successfully decoded. Alternatively, BS 102

may send a NACK signal if the transmission was not successfully decoded.

[0048] In an alternative embodiment illustrated in Figure 7B, if decoding was not successful
in step 712, BS 102 determines if the number of failed decodings (i.e., collisions) is above a
certain configurable threshold. If not, BS 102 waits for the next transmission. If the number of
failures meets a certain threshold, BS 102 uses this information and overall conditions (e.g.
distribution of active UEs in the CTUs) to make decision on remapping the UEs to other CTU
indexes in the same or a different CTU access region in step 718. BS 102 then returns to step 706
to send the remapped CTU information via high-level signaling (e.g., broadcast, multicast, or

unicast) to the UEs in its coverage area.

[0049] Figure 8A illustrates a flow diagram of UE activity in accordance with various
embodiments. In step 802, UE (e.g., UE 104) enters a BS’s coverage area. In step 804, UE 104
receives high-level signaling information from the BS. This high level signaling information
includes CTU access region definitions, total number of CTUs, default mapping rules, and the
like. Alternatively, UE 104 may be preconfigured with default mapping rules. In step 806, UE
104 determines an appropriate CTU to conduct uplink transmissions on (e.g., UE 104 may

determine an appropriate CTU index using default mapping rules).

[0050] In Step 808, UE 104 transmits information on the appropriate CTU. In step 8§10, UE
104 determines whether collision has occurred based on an indication from the BS. For example,
the UE may wait a predetermined amount of time for an ACK signal. If an ACK signal is
received, then in step 812, the uplink procedure is concluded and UE 104 moves on to its next

task. If no ACK signal is received, UE 104 determines that collision has occurred, and moves to
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step 814. In step 814, UE 104 resolves the collision using an asynchronous HARQ method.
Alternatively, UE 104 assumes no collision has occurred unless it receives a NACK. If a NACK

is received, the UE then continues with the collision resolution procedure.

[0051] In an alternative embodiment illustrated in Figure 8B, if UE 104 determines collision
has occurred, UE 104 then determines if the number of collisions exceed a certain threshold in
step 816. If not, then UE 104 returns to step 814 and resolves the collision using an
asynchronous HARQ method. If the threshold is met, then in step 818, UE 104 may request
remapping of CTUs by the BS. UE 104 then returns to step 804 and waits to receive the
remapping information from the BS and proceed with the uplink procedure. In another
embodiment, step 818 is optional and UEs do not send a request for remapping. The decision
whether to remap UEs is made by the BS based on aggregate information on the collisions of
UEs in the CTUs. UE 104 may continue to try to resolve the collision using an asynchronous

HARQ method.

[0052] Figure 9 is a block diagram of a processing system 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 processing
system may comprise a processing unit 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), memory, a mass storage device, a

video adapter, and an I/O interface connected to a bus.

[0053] The bus 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 may
comprise any type of electronic data processor. The memory may comprise any type of system
memory such as static random access memory (SRAM), dynamic random access memory
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(DRAM), synchronous DRAM (SDRAM), read-only memory (ROM), a combination thereof, or

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

program and data storage for use while executing programs.

[0054] The mass storage device may comprise any type of storage device configured to
store data, programs, and other information and to make the data, programs, and other
information accessible via the bus. The mass storage device 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.

[0055] The video adapter and the I/0 interface provide interfaces to couple external input
and output devices to the processing unit. As illustrated, examples of input and output devices
include the display coupled to the video adapter and the mouse/keyboard/printer coupled to the
I/0 interface. Other devices may be coupled to the processing unit, and additional or fewer
interface cards may be utilized. For example, a serial interface card (not shown) may be used to

provide a serial interface for a printer.

[0056] The processing unit also includes one or more network interfaces, 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 interface allows the processing unit to communicate with
remote units via the networks. For example, the network interface may provide wireless
communication via one or more transmitters/transmit antennas and one or more receivers/receive
antennas. In an embodiment, the processing unit is coupled to a local-area network 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.

[0057] 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,
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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 ISCLAIMED IS:

1. A method comprising:
implementing, by a base station, BS, a grant-free uplink transmission scheme, wherein

the grant-free uplink transmission scheme:

defines afirst contention transmission unit, CTU access region in atime-frequency
domain;

defines adefault CTU mapping scheme by mapping at least some of aplurality of CTUs
to thefirst CTU accessregion; and

defines a default user equipment, UE mapping scheme by defining rules for mapping a
first UE to afirst CTU of the plurality of CTUs and a second UE to a second CTU of the

plurality of CTUSs, the second CTU being different than the first CTU.

2. Themethod of claim 1, further comprising:
defining, by the BS, at |east a portion of the grant-free uplink transmission scheme; and
transmitting the portion of the grant-free uplink transmission scheme defined by the BS

using high-level signaling.

3. Themethod of claim 1, wherein at |east a portion of the grant-free uplink transmission

scheme s pre-configured on the BS in conformance with a standard.

4.  Themethod of claim 1, wherein implementing the grant-free uplink transmission scheme
further comprises:

receiving, by the BS, an uplink transmission from the first UE; and

decoding the uplink transmission, wherein decoding the uplink transmission comprises

identifying, by the BS, a source of the uplink transmission.
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5.  Themethod of claim 4, wherein implementing the grant-free uplink transmission scheme
further comprisesindicating, to the first UE, whether the decoding the uplink transmission was

successful.

6. The method of claim 4 or 5, wherein the decoding uplink transmission comprises decoding

uplink transmission blindly.

7. The method of claim 4, wherein the grant-free uplink transmission scheme further defines a
second CTU access region in the time-frequency domain and further defines the default CTU
mapping scheme by mapping the plurality of CTUsto the first and second CTU access regions,
and wherein the implementing the grant-free uplink transmission scheme further comprises:
defining, by the BS, a CTU remapping scheme by remapping a portion of the plurality of
CTUsto thefirst and second CTU access regions when the BS determines a number of collisions
Istoo frequent, wherein the BS determines the number of collisionsis too frequent when:
the BS determines a number times decoding the uplink transmission was unsuccessful
and the number of timesis over athresnold; or
the BS receives a remapping request signal from the first UE; and

sending information related to the CTU remapping scheme using high-level signaling.

8. Themethod of claim 4, wherein implementing the grant-free uplink transmission scheme
further comprises:
defining, by the BS, a UE remapping scheme by mapping the first UE to athird CTU, the
third CTU being one of the plurality of CTUs other than the first CTU, when the BS determines
anumber of collisionsistoo frequent, wherein the BS determines the number of collisionsistoo
frequent when:
the BS determines a number times decoding the uplink transmission was unsuccessful

and the number of timesis over athreshold; or
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the BS receives a remapping request signal from the first UE; and

sending information related to the UE remapping scheme using high-level signaling.

9. Themethod of claim 4, wherein decoding the uplink transmission comprises using ajoint
signature and data detection using a message passing a gorithm (JIMPA) method in combination
with an active UE detector method, wherein the active UE detector method comprises:
receiving alist of al potential UEs;
receiving aplurality of signals transmitted over the time-frequency domain;
receiving an output, from the IMPA method, comprising an updated list of potential UES,
wherein the updated list includes fewer potential UES than the list of all potential UES; and
creating an active potential UE list in accordance with the plurality of signals and the

updated list of potential UEs.

10. The method of claim 1, wherein the grant-free uplink transmission scheme defines a

number of unique pilots for grant-free uplink transmissions.

11. A base station, BS, comprising:
aprocessor; and
a computer readabl e storage medium storing programming for execution by the
processor, the programming including instructions to:
implement a grant-free uplink transmission scheme, wherein the grant-free uplink
transmission scheme:
defines one or more contention transmission unit, CTU, accessregionsin a
time-frequency domain;
defines adefault CTU mapping scheme by mapping a plurality of CTUsto the one

or more CTU access regions; and
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defines a default user equipment, UE, mapping scheme by defining rules for
mapping afirst UE to afirst CTU of the plurality of CTUs and a second UE to a second CTU of

the plurality of CTUs, the second CTU being different than the first CTU.

12. TheBSof clam 11, wherein the programming further includes instructions to:
receive an uplink transmission from the first UE on the first CTU; and

decode the uplink transmission.

13.  TheBSof clam 12, wherein the programming further includes instructions to indicate to

the first UE whether the decoding the uplink transmission was successful.

14. TheBSof clam 12 or claim 13, wherein the instructions to decode the uplink

transmission comprise instructions to decode the uplink transmission blindly.

15. The BS of clam 11, wherein the plurality of CTUs comprises individual CTUs each

defined as atime, frequency, signature, pilot, or a combination thereof element.

16. The BS of clam 15, wherein each CTU is defined as a combination of time, frequency,
signature, and pilot el ements, and the grant-free uplink transmission scheme maps multiple

pilot elements to each signature element.

17. The BS of claim 11, wherein the grant-free uplink transmission scheme defines a pluraity
of CTU access regions, wherein the plurality of CTU access regions each provide a type of
service to the first UE based on quality of service, QoS, level of the first UE, configuration,

subscribed level of service, geometry, or a combination thereof.
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18. The BS of clam 11, wherein a size of each of the one or more CTU access regionsis
defined based on an estimated probability of collisions, a number of total collisions over a

period of time, anumber of UEs supported by the BS, or a combination thereof.

19. The BS of clam 11, wherein a size of each of the plurality of CTUs is defined based on an
expected transmission threshold, a specified padding level, a modulation coding scheme (MCS)

level, or acombination thereof.

20. The BS of claim 11, wherein the grant-free uplink transmission scheme defines the default
CTU mapping scheme in accordance with goals of distributing potential UES uniformly over

the one or more CTU access regions and reducing a probability of pilot collision.

21. A method for a grant-free transmission scheme comprising:
implementing, by afirst user equipment ,UE, adefault contention transmission unit, CTU
mapping scheme by:
selecting a CTU for uplink transmission in accordance with a UE mapping rule and the
default CTU mapping scheme, wherein the UE mapping rule maps a second UE to a second
CTU in the default CTU mapping scheme, the second CTU being different than the selected
CTU; and

transmitting an uplink transmission, to a base station, BS, on the selected CTU.

22. The method of claim 21, further comprising, after sending an uplink transmission:
determining, by the first UE, whether a collision has occurred based on an indication by the BS;
and

resolving the collision using an asynchronous hybrid automatic repeat request (HARQ)

method when the first UE determines a collision has occurred.
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23. The method of claim 22, further comprising transmitting, by the first UE, aremapping
request to the BS using high-level signaling when the first UE determines a number of

collisions have occurred and the number of collisionsis above athreshold.

24. A user equipment (UE) comprising:

aprocessor; and

a computer readabl e storage medium storing programming for execution by the
processor, the programming including instructions to:

implement a default contention transmission unit (CTU) mapping scheme by:
selecting a CTU for uplink transmission in accordance with a UE mapping rule and

the default CTU mapping scheme, wherein the UE mapping rule maps a second UE to a second
CTU in the default CTU mapping scheme, the second CTU being different than the selected
CTU; and

transmitting, to a base station (BS), an uplink transmission on the selected CTU.

25.  TheUE of claim 24, wherein the programming further includes instructions to:
determine whether a collision has occurred based on an indication by the BS; and
re-transmit, to the BS, the uplink transmission using an asynchronous hybrid automatic repeat

request (HARQ) mechanism when the UE determines that a collision has occurred.

26. The UE of claim 24, wherein the UE mapping rule includes information for selecting a
CTU in accordance with a dedicated connection signature (DCS) of the UE, aDCS index, a
total number of CTUsin the default CTU mapping scheme, a subframe number, or a

combination thereof.
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27. The UE of claim 24, wherein the UE mapping rule includes information for selectinga CTU
index corresponding to an index in the default CTU mapping scheme in accordance with:
lctu = DSCi mod Ncru,
wherein Icry isaCTU index, DSC; isa DCS index assigned to the UE by the BS, and Ncry isa

total number of CTUs in the default CTU mapping scheme.

28. The UE of claim 24, wherein the UE mapping rule is pre-configured on the UE

29. The UE of claim 24, wherein the UE is configured to receive the UE mapping rule from the
BS.
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