METHODS FOR TRANSMISSION AND RECEPTION OF CONTROL
INFORMATION IN A COORDINATED SYSTEM

TECHNICAL FIELD

[0001] This disclosure is directed generally to digital wireless communications.

BACKGROUND
[0002] Mobile telecommunication technologies are moving the world toward an increasingly
connected and networked society. In comparison with the existing wireless networks, next
generation systems and wireless communication techniques will need to support a much wider
range of use-case characteristics and provide a much more complex range of access requirements

and flexibilities.

SUMMARY
[0003] This disclosure relates to methods, systems, and devices for transmitting overhead
control information from a base station to a mobile station such that the mobile station may
support receiving multiple control and data channels on the downlink, schedule the uplink data
transmission, and schedule the channel state information (CSI) calculation on the downlink.
[0003a] In a first aspect, the present disclosure provides a wireless communication method,
comprising: determining, by a base station, a transmission setting for a group of data
transmission configuration in M groups of data transmission configurations, M being a positive
integer, wherein the transmission setting comprises a transmission scheme of a data channel
corresponding to multiple control information sets on a control channel; and transmitting, by the
base station, the multiple control information sets to a mobile station on the control channel
based on the transmission setting, wherein each of the multiple control information sets
comprises a transmission unit field indicating a transmission unit associated with the
corresponding control information set, and wherein the number of the multiple control
information sets is represented as N, and wherein the length of the transmission unit field is
indicated in a number of bits, the number of bits being equal to ceiling[log2 (N)].
[0003b] In a second aspect, the present disclosure provides a wireless communication method,
comprising: receiving, by a mobile station, multiple control information sets on a control channel

from a base station based on a transmission setting for a group of data transmission configuration



in M groups of data transmission configurations, M being a positive integer, wherein the
transmission setting comprises a transmission scheme of a data channel corresponding to the
multiple control information sets on the control channel, wherein each of the multiple control
information sets comprises a transmission unit field indicating a transmission unit associated
with the corresponding control information set, and wherein the number of the multiple control
information sets is represented as N, and wherein the length of the transmission unit field is
indicated in a number of bits, the number of bits being equal to ceiling[log2 (N)]

[0003¢c] In a third aspect, the present disclosure provides an apparatus for wireless
communication, comprising a processor that is configured to: determine a transmission setting
for a group of data transmission configuration in M groups of data transmission configurations,
M being a positive integer, wherein the transmission setting comprises a transmission scheme of
a data channel corresponding to multiple control information sets on a control channel; and
transmit the multiple control information sets to a mobile station on the control channel based on
the transmission setting, wherein each of the multiple control information sets comprises a
transmission unit field indicating a transmission unit associated with the corresponding control
information set, and wherein the number of the multiple control information sets is represented
as N, and wherein the length of the transmission unit field is indicated in a number of bits, the
number of bits being equal to ceiling[log2 (N)]

[0003d] In a fourth aspect, the present disclosure provides an apparatus for wireless
communication, comprising a processor that is configured to: receive multiple control
information sets on a control channel from a base station based on a transmission setting for a
group of data transmission configuration in M groups of data transmission configurations, M
being a positive integer, wherein the transmission setting comprises a transmission scheme of a
data channel corresponding to the multiple control information sets on the control channel,
wherein each of the multiple control information sets comprises a transmission unit field
indicating a transmission unit associated with the corresponding control information set, and
wherein the number of the multiple control information sets is represented as N, and wherein the
length of the transmission unit field is indicated in a number of bits, the number of bits being
equal to ceiling[log2 (N)]

[0004] In one exemplary embodiment, a wireless communication method is disclosed. The

method comprises forming M groups of data transmission configurations, wherein the m'
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group of data transmission configuration corresponds to the data transmission scheduled by a
maximum number of K, control information sets, where M >0, m=1, ... , M and K> 0,
defining one or more transmission settings for said M groups of data transmission configurations,
allocating number of data layers among the one or more transmission settings, generating one or
more control information sets associated with said one or more transmission settings, and
transmitting the one or more control information sets to a wireless network.

[0005] In one exemplary embodiment, a wireless communication method is disclosed. The
method comprises forming M groups of data transmission configurations, wherein the m™ group
of data transmission configuration corresponds to the data transmission scheduled by a maximum
number of Ky, control information sets, where M > 0, m=1, ... , M and Ky, > 0, defining one or
more transmission settings for said M groups of data transmission configurations, allocating

resources among the one or more transmission settings, generating one or more control
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information sets associated with said one or more transmission settings, and transmitting the one
or more control information sets to a wireless network.

[0006] In another exemplary embodiment, a wireless communication method is disclosed.
The method comprises forming M groups of data transmission configurations, wherein the m™
group of data transmission configuration corresponds to the data transmission scheduled by a
maximum number of K, control information sets, where M >0, m=1, ... , M and K> 0,
defining one or more transmission settings for said M groups of data transmission configurations,
allocating number of data layers among the one or more transmission settings, generating one or
more control information sets associated with said one or more transmission settings, and
receiving the one or more control information sets from a wireless network.

[0007] In another exemplary embodiment, a wireless communication method is disclosed.
The method comprises forming M groups of data transmission configurations, wherein the m™
group of data transmission configuration corresponds to the data transmission scheduled by a
maximum number of Ky, control information sets, where M >0, m=1, ... , M and K> 0,
defining one or more transmission settings for said M groups of data transmission configurations,
allocating resources among the one or more transmission settings, generating one or more control
information sets associated with said one or more transmission settings, and receiving the one or
more control information sets from a wireless network.

[0008] In yet another exemplary embodiment, a wireless communication method is
disclosed. The method comprises forming M groups of measurement configurations, wherein
the m™ group of measurement configuration corresponds to the measurement scheduled by a
maximum number of Ky, control information sets, where M >0, m=1, ..., M and K\, > 0,
defining one or more settings for said M groups of measurement configurations, generating one
or more control information sets associated with the allocated number of settings within each
group, and transmitting the one or more control information sets to a wireless network.

[0009] In yet another exemplary embodiment, a wireless communication method is
disclosed. The method comprises forming M groups of measurement configurations, wherein
the m™ group of measurement configuration corresponds to the measurement scheduled by a
maximum number of K, control information sets, where M >0, m=1, ..., M and K, > 0,
defining one or more settings for said M groups of measurement configurations, generating one

or more control



information sets associated with the allocated number of settings within each group, and
receiving the one or more control information sets from a wireless network.

[0010] In one exemplary embodiment, a wireless communication method is disclosed. The
method comprises forming M groups of data transmission configurations, wherein the m™ group
of data transmission configuration corresponds to the data transmission scheduled by a maximum
number of Ky control information sets, where M > 0, m=1, ... , M and K> 0, defining one or
more transmission settings for said M groups of data transmission configurations, allocating
number of data layers among the one or more transmission settings, generating one or more
control information sets associated with said one or more transmission settings, transmitting the
one or more control information sets to a wireless network, receiving the one or more control
information sets from a wireless network, and scheduling the corresponding responding data
transmissions.

[0011] In one exemplary embodiment, a wireless communication method is disclosed. The
method comprises forming M groups of data transmission configurations, wherein the m™ group
of data transmission configuration corresponds to the data transmission scheduled by a maximum
number of Ky, control information sets, where M > 0, m=1, ... , M and Ky, > 0, defining one or
more transmission settings for said M groups of data transmission configurations, allocating
resources among the one or more transmission settings, generating one or more control
information sets associated with said one or more transmission settings, transmitting the one or
more control information sets to a wireless network, receiving the one or more control
information sets from a wireless network, and scheduling the corresponding responding data
transmissions.

[0012] In yet another exemplary embodiment, a wireless communication base station is
disclosed. The wireless communication base station comprises a memory that stores instructions
for operations of the base station, and a processor in communication with the memory operable
to execute instructions to cause the base station to transmit in a transmission that includes one or
more slots, a message indicative of control information, wherein the control information contains
information necessary to enable substantially simultaneous demodulation and decoding of both
the overhead control information and the associated data.

[0013] In yet another exemplary embodiment, a wireless communication mobile station is

disclosed. The wireless communication mobile station comprises a memory that stores



instructions for operations of the mobile station, and a processor that is in communication with
the memory and operable to execute the instructions to cause the mobile station to receive, in a
transmission that includes one or more slots, a message indicative of control information,
wherein the control information contains information necessary to enable the substantially
simultaneous demodulation and decoding of both the overhead control information and the
associated data.

[0014] In yet another exemplary embodiment, the above-described methods are embodied in
the form of processor-executable code and stored in a computer-readable program medium.
[0015] In yet another exemplary embodiment, a device that is configured or operable to
perform the above-described methods is disclosed.

[0016] The above and other aspects and their implementations are described in greater detail

in the drawings, the descriptions, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] FIG. 1A shows an exemplary diagram of a mobile station (UE) receiving multiple
control information sets (PDCCH) and the associated data (PDSCH) from multiple transmission
points.
[0018] FIG. 1A-1 shows an exemplary diagram of a mobile station (UE) receiving multiple
control information sets (PDCCH) and the associated data (PDSCH) from multiple antenna
groups within a single transmission point.
[0019] FIG. 1B shows a diagram of a mobile station (UE) receiving a control information set
(PDCCH) from a single transmission point and the associated data (PDSCH) from multiple
transmission points, in accordance with some embodiments.
[0020] FIG. 1B-1 shows a diagram of a mobile station (UE) receiving a control information
set (PDCCH) from a single transmission point and the associated data (PDSCH) from multiple
antenna groups from a single transmission point.
[0021] FIG. 2 shows an exemplary formation of transmission groups defining transmission
settings as needed within each group.
[0022] FIG. 3 shows an exemplary allocation of antenna resources / reference signals among
the transmission settings along with the generation of the associated control information for the

transmission settings.
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[0023] FIG. 4-1 illustrates an example of division of the downlink channel into a control
region and data region, with the data region further divided in sub-regions.

[06024] FIG. 4-2 illustrates an example of division of the downlink channel into a control
region and data region, with no further subdivision of the data region.

[0025]  FIG 5 shows an example of mapping between the control information set and the
cotresponding transmission point(s).

[0026]  FIG 6 shows an example of division of the downlink channel into a control region
and a data region.

[06627] FIG. 7 shows a division of the control region of FIG. 6.

{0023] FIG. B shows an example of mapping between the control information set and the
corresponding transmission unit,

[0029] FIG. 9 shows information bit-level processing for the control information set through
a data scrambler.

[0038] FIG. 10 shows an example implementation of information bit-level processing for the
control information set by augmenting the data with a cyclic redundancy check (CRC) sequence.
{0031]  FIG. 11 shows an exemplary reception of control information sets based on quasi ¢o-
location of antenna ports.

[0032] FIG. 12A shows a flowchart of an example process of wireless communications.
[06033] FIG. 12B shows a flowchart of an example process of wireless communications.
0034} FIG. 13A shows an exemplary diagram of a mobile station (UE) receiving multiple
control information sets (PDCCH) from multiple transmission points and the UE transmitting
back to the corresponding fransmission points the associated uplink control information sets
(PUCCH) and the associated uplink data (PUSCH).

[0035] FIG. 13A-1 shows an exemplary diagram of a mobile station (UUE) receiving multiple
control information sets (PDCCH) from multiple antenna groups within a single transmission
point and the UE transmitting back to the transmission point multiple control information sets
(PUCCH) and the associated uplink data (PUSCH) to the corresponding antenna group.

{0036]  FIG. 13B shows an exemplary diagram of a mobile station (UE) receiving a control
information set (PDCCH) from a single transmission point and the UE transmitting back to both
transmission points the associated uplink control information set (PUCCH) and the associated

uplink data (PUSCH).
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0037} FIG. 13B-1 shows an exemplary diagram on a mobile station (UE) receiving a control
information set (PDCCH) from a single transmission point with multiple antenna groups with the
PDCCH being transmitted by only one of the antenna groups and the UE transmitting back to the
multiple antenna groups of the transmission point the associated uplink control information set
(PUCCH) and the associated uplink data (PUSCH).

[0038]  FIG. 14 shows an exemplary formation of measurement configuration groups
defining settings as needed within each group.

[6039]  FIG. 15 shows an exemplary allocation of various settings within one measurement
configuration group among the control information sets.

{0048] FIG. 16-1 illustrates an example division of the uplink channel data region
corresponding to the control information sets in the downlink control region, with the uplink
channel data region further divided into sub-regions.

{80641 FIG. 16-2 illustrates an example of the uplink channel data region corresponding to
the control information sets in the downlink control region, with no subdivision of the uplink
channel data region.

[0042]  FIG. 17 shows a flowchart of an example process of wireless communications.

{6043]  FIG. 18 shows a flowchart of an example process of wireless communications.

{0044] FIG. 19 shows a flowchart of an example process of wireless communications.

DETAILED DESCRIPTION
{0045] The rapid growth of mobile communications and advances in technology has led to
greater demand for capacity and peak data rates. Other aspects, such as energy consumption,
device cost, spectral efficiency, cost per delivered bit, throughput, and latency are also important
to the success of future wireless networks.
[0046] In this disclosure the term “transmission unit” {TRU) refers to a unit from which the
data can be transmitted. A coordinated transmission can be conducted among muthtiple TRU’s,
whether that coordinated transmission arises from a mobile station (UE) in communication with
two or more non-co-located transmission points (in this example the TR encompasses the
transmission points {TRP’s) 104 and 106, as iHustrated in FIG. 1A and FIG. 1B), or a mobile

station (UE) 102 in communication with two or more antenna panels or any combination of
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antenna elements within single transmission point (in this example the TRU encompasses the
antenna array 140, gs illustrated in FIG. 1A-1 and FIG. 1B-1).

[06047] The term “transmission techniques™ refers to different multiple-antenna schemes, e g,
diversity, multiplexing with different maximal supported layers, beamforming, or transmussion
with single or multiple PDCCH /PDSCH, or from single or multiple TRU’s.

{0048] The term “exemplary” 15 used to mean “an example of” and, unless otherwise stated,
does not imply an ideal or a preferred embodiment.

[6049]  In next generation systers, such as the 5G New Radio systems (SG — NR}, to
increase bandwidth and throughput to the mobile station (UE), support of substantially
stmultaneous reception of multiple PDCCH/PDSCH s at the UE may be desirable when possible.
[0656] In current LTE systems, coordinated multipoint ({CoMP) transmission such as inter-
cell interference cancellation (ICIC) or Dynamic Point Selection (DPS) or Dynamic Point
Blanking {DPB} or non-coherent Joint Transmission (NCIT) may be used to alleviate the co-
channel interference problem among different transmission points {TRP}). Using these methods,
joint data transmission from multiple TRP's is possible. However, current systems allow only
for the mobile station to receive a single PDCCH from the host transmission unit, while the data
on the PDSCH may be jointly transmitted.

{0051} In this document, examples with various levels of details are set forth to illustrate
aspects of the presently disclosed technology.

[0052) For example, when supporting a mobile station {UE) to receive multiple PDCCH’s
and PDSCH's from multiple TRP’s or from multiple antenna panels located at a single TRP, it is
useful to coordinate the allocation of resources, e.g., number of lavers, RS resources, for sach
PDCCH/PDSCH associated with the various TRP’s. Meanwhile, it is useful to find a proper
allocation of resources to support substantially simultaneous reception of the PDCCH and
PDSCH at the mobile station (UUE) based on reported UE capability, while still maintaining
backwards compatibility. And relatedly, it is useful to have a scheme wherein the mobile station
(UE) can identify, and properly demodulate and decode the multiple PDCCH’s such that the UE
can support substantially simultaneous reception of the PDCCH and PDSCH and substantially
simultaneous transmission of PUCCH and PUSCH.

[0033]  In vet another example, when supporting a mobile station (UE) to transmit multiple

PUCCH’s and PUSCH’s from multiple antenna panels located at the UE based on the received
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PDCCH s, it 1s useful to coordinate the allocation of resources, e.g. number of layers, RS
resources for each PUCCH/PUSCH associated with the various downlink control information
{DCT. Meanwhile, it is also useful to find a proper allocation of resources to support the
substantially simultaneous transmission of the PUCCH and PUSCH at the mobile station {(UE)
based on the reported UE capability, while still maintaining backwards capability.

[0084]  Invet another example, when supporting a mobile station (UE) to receive multiple
PDCCH s from multiple TRP’s or from multiple antenna panels located at a single TRP, it is
useful to coordinate the settings, e.g., RS settings, reporting settings, for each PDCCH associated
with the various TRP’s. Meanwhile, it 15 useful to find a proper allocation of settings to support
the measurement of channel state information at the mobile station (UE) based on reported UE
capability, while still maintaining backwards compatibility. And relatedly, it is useful to have a
scheme wherein the mobile station (UE) can identify, and properly demodulate and decode the
multiple PDCCH’s such that the UE can support substantially simultaneous reception of the
PDCCH and calculation of channel state information.

[0055] Thus, utilizing the technology disclosed, next generation systems, such as the SG
New Radio systers (5G —~ NR), may increase bandwidth and throughput to the mobile station
(UE) through support of substantially simultaneous reception of multiple PDCCH/PDSCH’s
when possible.

[0056] The specifics in the described examples should not be construed as limitations on the
scope of the disclosed technology or what may be claimed, but rather as descriptions of features
that may or may not be specific to particular embodiments of specific disclosed technology.
Certain features that are described in this document are in the context of separate embodiments
may also be implemented in combination in a single embodiment. Conversely, features that are
described in the context of a single embodiment may also be implemented in muktiple
embodiments separately or in any suitable combination. Moreover, although features may be
described above as acting in certain combinations and even initially claimed as such, one or more
features from a claimed combination can in some cases be excised from the combination, and the
claimed combination may be directed to a sub-combination or variation of a sub-combination.
[06057] Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular order

shown or in sequential order, or that all illustrated operations be performed, to achieve desirable
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results. Moreover, the separation of various system components in the embodiments described
in this disclosure should not be understood as requiring such separation in all embodiments.
[06058] For example FIG. 1A shows a mobile station (UE) 102 in a wireless network in
communication with two transmission points {TRP’s) 104 and 106 utilizing the technology
disclosed enabling the UFE to receive multiple PDCCH’s 108 and 110 and PDSCH’s 118 and 120
substantially simultanecusly from transmission points (TRP’s) 104 and 106, through the
aforementioned CoMP techniques. FIG. 1A-1 shows a mobile station (UE) 102 in a wireless
network in communication with a transmission point 104 with an antenna array 140 consisting of
two separate antenna groups (panels) 142 and 144 utilizing the technology disclosed enabling the
UE to receive multiple PDCCH s 108 and 110 and PDSCH's 118 and 120 substantially
simultanecusly from the transmission point 104 through the aforementioned CoMP technigues.
[6089]  FIG. 1B shows a mobile station (UE) 102 in a wireless network in communication
with two transmission points (TRP’s) 104 and 106, utilizing the technology disclosed but for
backwards compatibility purposes, receiving a single PDCCH 112 from the host transmission
unit assigned to transmission point 104, but still receiving the PDSCH 114 jointly from both
transmission points {TRP’s) 104 and 106 through the aforementioned CoMP techniques. FIG.
1B-1 shows a mobtle station (UE) 102 in a wireless network in communication with a
transmission point 104 with an antenna array 140 consisting of two separate antenna groups
{panels), utilizing the technology disclosed but for backwards compatibility purposes, receiving a
single PDCCH 112 from the host transmission unit assigned to transmission point 104 antenna
eroup {panel) 144, but still receiving the PDSCH 114 jointly from both antenna groups (panels)
142 and 144 of the transmission point 104,

[0066] FIG. 13A shows a mobile station (UE} 102 in a wireless network in communication
with two transmission points {TRP’s) 104 and 106 utilizing the technology disclosed enabling
the UFE to receive multiple PDCCH’s 108 and 110 substantially simultaneously, through the
aforementioned CoMP techniques and the UE transmitting multiple PUCCH’s 160 and 162 and
corresponding PUSCH’s 170 and 172 to the corresponding transmission points (TRP’s) 104 and
106. FIG. 13A-1, shows a mobile station (UE} 102 in a wireless network in communication with
a transmission point 104 with an antenna array 140 consisting of two separate antenna groups
(panels) 142 and 144 utilizing the technology disclosed enabling the UE to receive multiple

PDCCH’s 108 and 110 substantially simultaneously from the transmission point 104 through the
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aforementioned CoMP techniques and the UE transmitting multiple PUCCH’s 162 and 164 and
corresponding PUSCH s 172 and 174 to the corresponding antenna groups (panels) 142 and 144
at the transmission point 104,

[6061]  FIG. 13B shows a mobile station (UE) 102 in a wireless network in communication
with two transmission points (TRP’s) 104 and 106, utilizing the technology disclosed but for
backwards compatibility purposes, receiving a single PDCCH 112 from the host transmission
unit assigned to transmission point 104, but transmitting the PUCCH and PUSCH to both
transmission points (TRP’s) 104 and 106, FIG. 13B-1 shows a mobile station (UE) 102 in a
wireless network in communication with a transmission point 104 with an antenna array 140
consisting of two separate antenna groups (panels) 142 and 144, utilizing the technology
disclosed but for backwards compatibility purposes, receiving a single PDCCH 112 from the
host transnussion unit assigned to transmission point 104 antenna group {panel) 144, but
transmitting the PUCCH and PUSCH o both antenna panels of the transmission point 104,
[0062] For example, to support the reception of multiple PDCCH and PDSCH as shown in
FIG. 1A and the transmission of multiple PUCCH and PUSCH as shown in FIG. 13A, FIG. 2
illustrates the forming of transmission groups 202, ... , 206, where the transmission groups are
formed based on various transmission technigues.

{0063} In some embodiments, when forming the transmission groups, the various
transmission techniques that may be considered include but is not limited to: whether the data
transmission is scheduled by single or multiple control information sets and whether the data
transmission is from a single or multiple transmission units. Furthermore, in some embodiments
defining the parameters of the transmission settings within a transmission group may be done
jointly across the group. In some embodiments, defining the parameters of the transmission
settings within a transmission group may be done separately without regards to other settings in
the transmission group. In other embodiments the parameters of the transmission settings within
a transmission group may be done independently.

[0064]  Insome embodiments allocating of the number of data layers to the various
transmission settings in the transmission group can be done jointly based on UE’s capability.
For example in some embodiments, there are J transmission settings that need defining, each
with its corresponding control information set. For each transmission setting, H layers are

assigned to each transmission setting. The transmission settings within each transmission group
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may refer to the various settings and options in the wireless system including for example Radio
Resource Control (RRC) configuration, MAC configuration, Downlink Control Information
{DCT) format, the related search space, and/or the corresponding transmission scheme of the
PDSCH corresponding to the associated PDCCH, which takes into account the MIMO
capabilities of the mobile station (UE).

[0065]  Defining H; as the number of layers assigned to the i transmission setting for the
transmission group, in some embodiments, a fixed number of layer(s) (e.g., H;) are allocated to
the first transmission setting. If scheduled data hased on these transmission settings s to be

received by the mobile station (UE) substantially simultaneously, the following condition should

be satisfied: ‘i H =H-H (H_ z1), where H s the maxumum number of layers the UE
n=2
supports. Taking into account the UE’s capability with regards to the maximum number of
layers it can support, the total nurober of lavers assigned to each transmission setting, when
summed together should not exceed H - H; in some embodiments, where H; is the number of
layer(s) allocated to the first transmission setting. The remaining transmission settings may be
configured according to the properties of the corresponding transmission group. In some
embodiments the maximum number of layers the UE supports may be reported to the wireless
network.
EHES In some embodiments, transmission settings may be configured according to the
properties of the transmission group with allocating the number of layers based on 3
semi-persistent coordination among the corresponding transmission units. I scheduled data
based on these transmission settings is to be received by the mobile station (UE) substantially

simultaneously, the following condition should be satisfied: > H, = H; (H, 2 1), where His the

A=l
maximum number of layers the UE supports. In some embodiments, the maximum number of
layers the UE supports may be reported to the wireless network. In some embodiments, the UE
may report the maxinum number of MIMO layers it supports for each PDSCH separately or
together with the overall maximum number of MIMO layers it supports. Additionally, in some
embodiments semi-persistent coordination may allow the mobile station (UE} to receive data on
the PDSCH according to the pre~configured periodicity in the semi-persistent coordination

configuration.
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0067} In some embodiments, if scheduled data based on these transmission settings is to be
received by the mobile station (UE) substantially simultaneously, the following condition should

be satisfied: H, <H. and 2., H! =H,(H, 21), where H is the maximum number of layers the

UE supports and H is the maximum number of layer(s) the UE can support for the o
PDSCH/PDCCH from the corresponding TRU.

{0068]  Insome embodiments allocating of the number of data layers to the various
transmission settings in the transmission group can be done jointly based on UE’s capability.
For example in some embodiments, there are N transmission settings that need defining, each
with its corresponding control information set. For the n” transmission setting, E, layers are
assigned. The transmission settings within each transmission group may refer to the various
settings and options in the wireless system including for example Radio Resource Control (RRC)
configuration, MAC configuration, Downlink Control Information (DCT) format, the related
search space, and/or the corresponding transmission scheme of the PUSCH corresponding to the
associated PDCCH, which takes into account the MIMO capabilities of the mobile station {(UE).
[8069]  Defining F; as the number of layers assigned to the i transmission setting for the
transmission group, in some embodiments, a fixed number of layer(s) (e.g., E1) are allocated to
the first transmission setting, If scheduled UL data based on these transmission settings is 1o be

transmitted by the mobile station (UE) substantially simultaneously, the following condition

N

should be satisfied: D E,=F—FE, (E, 21}, where E is the maximum number of layers the UE

=2
supports. Taking into account the UE’s capability with regards to the maximum number of
layers it can support, the total number of lavers assigned to each transmission setting, when
summed together should not exceed E - E; in some embodiments, where E; is the number of
laver(s) allocated to the first transmission setting. The remaining transmission settings may be
configured according to the properties of the corresponding transmission group. In some
embodiments the maximum number of layers the UE supports may be reported to the wireless
network.
0670 In some embodiments, transmission settings may be configured according to the
properties of the transmission group with allocating the number of layers based on a

semi-persistent coordination among the corresponding transmission units, If scheduled UL data
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based on these transmission settings is to be transmitted by the mobile station (UE) substantially
simultaneously, the following condition should be satisfied: iEn =f; (£ 21y, where E is the
n=1
maximum number of layers the UE supports. In some embodiments, the maximum nurmber of
layers the UE supports may be reported to the wireless network. In some embodiments, the UE
may report the maximum number of MIMO layers it supports for each PUSCH separately or
together with the overall maximum number of MIMO layers it supports. Additionally, in some
embodiments semi-persistent coordination may aliow the mobile station (UE) to transmit data on
the PUSCH according to the pre-configured periodicity in the semi-persistent coordination
configuration.
[0671] In some embodiments, if scheduled UL data based on these transmission settings is to

be transmitted by the mobile station (UE) substantially simultaneously, the following condition
should be satisfied: %, <k and iL: = [, (£, 2 1), where E is the maximum number of
layers the UE supports and 7 is the maximum number of layer(s) the UE can support for the
n® PUCCH/PUSCH to the corresponding TRU.

{6072]  FIG 3 illustrates some embodiments of the allocating of RS resources to the various
transmission settings i the transmission group. In FIG. 3, the various antenna ports 302
correspond to the overall set of reference signals (R8) 300, For example in some embodiments
there may be a one-to-one correspondence between antenna ports and reference signals. There
are N 314, 316, .., 318 transmission settings that need defining, each with its corresponding
control information set 324, 326, ... . 328. For the n'™ transmission setting, L, ports {(with each
port having its corresponding RS) 304, 306, ... , 308 are assigned to each transmission setting.
In some embodiments, each of the ports in the RS pool is assigned to exclusively to one of the
transmission settings. The transmission settings within each transmission group may refer to the
various settings and options in the wireless system including for example Radio Resource
Control (RRC) configuration, MAC configuration, Downlink Control Information (DCI) format,
the related search space, and/or the corresponding transmission scheme of the PDSCH
corresponding to the associated PDCCH, which takes into account the MIMO capabilities of the
mobile station (UE).

13
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[0073] Defining L; as the set of RS ports assigned to the i transmission setting for the
transmission group, in some embodiments, a fixed number of RS {e.g., L; ports) are allocated to
the first transmission setting. If scheduled data based on these transmission settings s to be

received by the mobile station (UE) substantially simultanecusly, the following condition should

N
be satisfied: Z I =L-1 (L 21),whereL isthe maximum number of RS the UE supports.
n=2

Taking into account the UE’s capability with regards to the maximum number of RS it can
support, the total number of RS assigned to each transmission setting, when summed together
should not exceed L - L in some embodiments, where L is the maximum supported RS and Ly 18
the number of RS allocated to the first transmission setting. The remaining transmission settings
may be configured according to the properties of the corresponding transmission group. In some
embodiments the maximum number of RS the UF supports may be reported to the wireless
network,

[60674]  FIG 3 also illustrates some embodiments of the allocating of RS resources to the
various transmission settings in the transmission group. In FIG. 3, the various antenna ports 302
correspond to the overall set of reference signals (R8) 300, For example in some embodiments
there may be a one-to-one correspondence between antenna ports and reference signals. There
are N 314,316, ..., 318 transmission settings that need defining, each with its corresponding
control information set 324, 326, ..., 328, For the n™ transmission setting, W, ports (with each
port having its corresponding R8) 304, 306, ... , 308 are assigned to each transmission setting.
In some embodiments, each of the ports in the RS pool is assigned to exclugively to one of the
transmission settings. The transmission seitings within each transmission group may refer to the
various settings and options in the wireless system including for example Control (RRC)
configuration, MAC configuration, Bownlink Control Information (DCT) format, the related
search space, and/or the corresponding transmission scheme of the PUSCH/PUCCH
corresponding 1o the associated PDUCH, which takes into account the MIMO capabilities of the
mobile station (UE).

[{0G75] Defining W, as the set of RS ports assigned to the i™ transmission setting for the
transmission group, in some embodiments, a fixed number of RS {(e.g., W1 poris) are allocated to
the first transmission setting. If scheduled UL data based on these transmission settings is to be

transmitted by the mobile station (UE) substantially simultaneously, the following condition
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N
should be satisfied: z W,=W -, (W,=z1), where W is the maximum number of RS the UE

n=2
supports. Taking into account the UE’s capability with regards to the maximum number of RS it
can suppott, the total number of RS assigned to each transmission setting, when summed
together should not exceed W - W in some embodiments, where W is the maximum supported
RS and W, is the number of RS allocated to the first transmission setting. The remaining
transmission settings may be configured according to the properties of the corresponding
transmission group. In some embodiments the maximum number of RS the UE supports may be
reported to the wireless network.
[8G76] In some embodiments, transmission settings may be configured according to the
properties of the transmission group with the RS ports allocation based on semi-persistent
coordination among the corresponding transmission units. If scheduled data based on these
transmission settings is to be received by the mobile station (UF) substantially simultaneously,
the following condition should be satisfied: i I =1L:(L, =1}, where L is the maximum
=1
number of RS ports the UFE supports. In some embodiments, the UE may report the maximum
number of RS ports it supports for each PDSCH separately or together with the overall
maximum number of RS ports it supports. Additionally, in some embodiments semi-persistent
coordination may allow the mobile station (UE) to receive data on the PDSCH according to the
pre~-configured pertodicity in the serni-persistent coordimation configuration.
{8077  Insome embodiments, transmission settings may be configured according to the
properties of the transmission group with the RS allocation based on semi-persistent coordination

among the corresponding transmission units. If scheduled UL data based on these transmission

settings 15 to be transmitted by the mobile station (UE) substantially simultaneously, the
N
following condition should be satisfied: 2 W, =W, (W, z1), where W is the maximum number

of RS ports the UE supports. In some embodiments, the UE may report the maximum number of
RS it supports for each PUSCH separately or together with the overall maximum number of RS
it supports. In some embodiments, the maximum number of RS the UFE supports may be

reported to the wireless network. Additionally, in some embodiments semi-persistent
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coordination may allow the mobile station (UE) to transmit data on the PUSCH/PUSCH
according to the pre-configured periodicity in the semi-persistent coordination configuration,
[0078] In some embodiments, transmission settings may be configured according to the
properties of the transmission group with the RS ports allocation based on semi-persistent
coordination among the corresponding transmission units. If scheduled data based on these
transmission settings is to be received by the mobile station (UE} substantially simultaneously,
the following condition should be satisfied: 7. < 7] and iiﬁ: =71, (L, 21}, where L ts the

=1
maximum number of RS ports the UE supports and 7. is the maxinmum nuntber of ports(s) the
UE can support for the n" PDSCH/PDCCH from the corresponding TRU.
[0079] In some embodiments, transmission settings may be configured according to the
properties of the transmission group with the RS allocation based on semi-persistent coordination
among the corresponding transmission units. If scheduled UL data based on these transmission
settings is o be transmitted by the mobile station (UE) substantially simultaneously, the
following condition should be satisfied: W, <% and iﬂn =W, (W, 21), where W is the
maximum number of RS ports the UE supports and W, is the maximum number of RS ports the
UE can support for the 1" PUSCH/PUCCH to the corresponding TRU.
[0080] In some embodiments, the RS allocations for each transmission setting can be jointly
done with other components within the same transmission settings. For example, in case that
number of layers are configured in each transmission setting, for RS allocation, the following

condition should be satisfied: 7 <H .

{0081]  Insome embodiments, the RS allocations for each transmission setting can be jointly
done with other components within the same transmission settings. For example, in case that
number of layers are configured in each transmission setting, for RS allocation, the following
condition should be satisfied: W < £ .

[e0e82] In some embodiments, the allocation of 7 RS’s ports for 0™ transmission setting can

be further divided into S (7, =S, = 1)sub-groups and within the i” group G, (1<G <W, ) and

(ZGI, <W Y RE&’s are included. RS ports within one sub-group may assume QUL properties are

i=1
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in existence. Mobile station (UE) 1s allowed to derive/assume/utilize the large scale channel
properties as measured on one antenna port to be applicable to the associated QCL antenna port
{e.g. the channel estimate based on port A can be used for port B at the UE). The large scale
channel properties that may be considered includes one or more but is not limited to: Doppler
spread, Doppler shift, delay spread, average delay, average gain, and/or spatial parameters.

[6083]  In some embodiments, the allocation W, RS’s ports for n™ transmission setting can

be further divided into P(W, = P, 21} sub-groups, and within i" group X, (1SX, <W,) and
(X X, =W YRS’s are included. RS ports within one sub-group may assume QCL properties are

in existence. Base station (gNB) is allowed to derive/assume/utilize the large scale channel
properties as measured on one antenna port to be applicable to the associated QCL antenna port
{e.g. the channel estimate based on port A can be used for port B at the gNB). The large scale
channel properties that may be considered includes one or more but is not limited to: Doppler
spread, Doppler shift, delay spread, average delay, average gain, and/or spatial parameters.
[6084]  Insome embodiments, the resource for transmission can be configured within
corresponding transmission settings independently or based on semi-persistent coordination
among the corresponding transmission units. FIG. 4-1 illustrates an example of the scheduled
resource for each control information set, where the downlink channel 15 divided into a control
region 402 and a data region 404. In the control region, the various control information sets 410,
412, ..., 416 are transmitted. The data region is further sub-divided into sub-regions indexed
from 1 to J. In some embodiments the start position of the resources assigned to each data sub-
region may be jointly determined by a function based at least in part on the total number of
resources in the data region and the transmission unit index. As llustrated, a data sub-region
may span across multiple resource elements in the time-frequency space and need not necessarily
be contignous in either time or frequency. In some embodiments, the data sub-region mapping
may be incorporated as part of the transmission settings or control information set to indicate
which of the possible J data sub-regions have been allocated for the data scheduled by the
corresponding control information set {e. g, data 1 scheduled by CS 1 (410)). This may be
accomplished via a variety of data structures, including but not imited to a bit-vector map,
linked list, hashing function, variable length fields, variable field numbers, etc. In some

embodiments, the allocation of data sub-regions from various transmission units may be done by
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pre-defined rules known apriori to both the transmission units and the mobile station (UE). In
some embodiments, as illustrated by FIG. 4-2, the allocation of data 424 and control regions 422
from various transmission units may be done by pre-defined rules known apriori to both the
transmission units and the mobile station (UE).

[G085]  In some embodiments, the resource for transmission can be configured within
corresponding transmission seitings independently or based on semi-persistent coordination
among the corresponding transmission units. FIG. 16-1 Hlustrates an example of the scheduled
resource for each control information set. In the control region of DL channel, the various
control information sets 1602, 1604, ... | 1608 are transmitted. The data region of the UL
channel is further sub-divided into sub-regions 1610, 1612, 1614, .., 1618 indexed from 1 to .
In some embodiments the start position of the resources assigned to each data sub-region may be
jointly determined by a function based at least in part on the total number of resources in the data
region and the transmission unit index. As illustrated, a data sub-region may span across
multiple resource elements in the tume-frequency space and need not necessarily be contiguous
in either time or frequency. In some embodiments, the data sub-region mapping may be
incorporated as part of the transmission seftings or control information set to indicate which of
the possible J data sub-regions have been allocated for the data scheduled by the corresponding
control information set (e.g., data 1 scheduled by C8 1 (1602)). This may be accomplished via a
variety of data structures, including but not limited to a bit-vector map, linked list, hashing
function, variable length fields, variable field numbers, etc. In some embodiments, the allocation
of data sub-regions from various transmission units may be done by pre-defined rules known
apriori 10 both the transmission units and the mobile station (UE). In some embodiments, as
ithustrated by FIG. 16-2, the allocation of UL data region 1622 from various transmission units
may be done by pre-defined rules known apriori to both the transmission units and the mobile
station (UF). In some embodiments utilizing a time division duplexing {TDD) scheme, the DL
control region and UL data region are transmitted in a time division multiplexed manner. In
some embodiments utilizing a frequency division duplexing (FDD) scheme, the DL control
region and UL data region are transmitted on different carriers.

[6086] Additionally, as illustrated in FIG. 5, the mobile station may be able to determine the

association between each control information set 502 and the corresponding transmission unit,
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which in turn indicates the corresponding transmission point{s) 504, FIG 5 shows M
transmission units 506 associated with N 508 control information sets.

[06087] 1n some embodiments, to distinguish the control information set from different
transmission units, a transmission indicator field is part of the control information set that the
mobile station is responsible for blindly demodulating and decoding. In some embodiments the
transmission indicator field is interpreted as a unsigned integer whose numerical value indicates
the associated transmission unit indexed from 1 to N. In some embodiments N represents the
maximun supported number of control information sets supported by the UE within a single
scheduled time, even if not all control information sets are transmitted. In other embodiments, N
represents the total number of transmitted control information sets within a single scheduled time
for the UE. In some embodiments the value of N may be signaled to the UE by higher layer
signaling. The length of the transmission unit indicator field in mumber of bifs may be calculated
as ceiling{log; (N}], where N is described as above. In some embodiments, the allocated time-
frequency space for these control information sets are non-overlapping. In some embodiments,
the allocated time-frequency space for these control information sets are overlapping. Table 1,

shows an exemplary mapping of the transmission unit indicator field, where N is 4.

Table 1: Example Transmission Unit Indicator Field

Transmission Unit Indicator Field Transmission Unit Index
00 i
01 2
10 3
11 4

[60E8] As illustrated in FIG. 6, in another embodiment to distinguish the control information
set from different transmission units, the control information sets are assigned resources in the
time frequency grid by a pre-determined manner known apriori to the mobile station (UE). As
illustrated in FIG. 6, the downlink channel is divided 1nto two regions, a control region 602 and a

data region 604. The control region contains all the control information sets.
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[0089] As tllustrated in FIG. 7, in vet another embodiment to distinguish the control
information sets from different transmission units, the control region of FIG. 6 is further
subdivided into control sub-regions indexed from 1 1o N 702, 704, ..., 706, where N refers to the
total number of control information sets within a single scheduled time for the mobile station
(UE). As illustrated, each control sub-region is allocated to transmit a control information set
712,714, ..., 716 scheduled by the corresponding transmission unit. In some embodiments, the
start position of the downlink channel resources belonging to each control sub-region may be
jointly determined by a function based at least in part on the total number of resources in the
control region and the transmission unit index 730. As illustrated a control sub-region may span
across multiple resource elements in the time frequency space and need not necessarily be
contiguous in time or frequency. In other embodiments, the allocated downlink resources by a
control information set scheduled for a transmission unit may be based at least in part on the size
{number of information bits}) of the control information set. In other embodiments, the allocated
downlink resources by a control information set scheduled for a transmission unit may be based
at least in part on the link quality between the mobile station (UE) and the associated
transmission point within the transmission unit.

{06090] As iltustrated in FIG. 8, in yet another embodiment to distinguish the control
information sets that correspond to the scheduled data, the control region 802 is assigned to the
host transmission unit that transmits the control information sets 812, 814, ... 816 forall N
transmission units. If a single control information set requires § downlink resources and there are
N control information sets, then as illustrated the control region requires at least i*N downlink
resources. In some embodiments, the mapping of control information sets may be determined by
a pre-defined rule known apriori to the mobile station (UFE), such as ascending or descending
order. In other embodiments, the mapping of control information sets may be configured by
higher layer signaling to the mobile station (UE). In yet another embodiment, the start position
of the scheduled downlink channel resource scheduled to a control information set may be jointly
determined by a function based at least in part on the total number of resources in the control
region and the transmission unit index.

[06091] As illustrated in FIG. 9, in yet another embodiment to distinguish the control
information sets from transmussion units, the control information sets may be scrambled by a

scrambler 902 by different scrambling sequences. In some embodiments, as illustrated in FIG. 9,
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the information bits that correspond to the control information set are scrambled by a sequence
that i3 initialized by the transmission unit index. In some embodiments, the parameters of the
scrambling sequence including but not limited o its structure (additive/multiplicative),
generation, length, fundamental polynomial, initial state, etc. may be communicated to the
mobile station (UE) via higher layer signaling. In some embodiments, the allocated time-
frequency space for these control information sets are non-overlapping. In some embodiments,
the allocated time-frequency space for these control information sets are overlapping.

[06092] As iltustrated in FIG. 10, in yet another embodiment to distinguish control
information sets from transmission units, the control information sets may be augmented by a
cyclic redundancy check (CRC) generated by CRC generator block 1002, In some embodiments
the CRC alone may be further scrambled as indicated by similar processing as described above
and itlostrated in FIG. 9, prior to augmenting the control information sets. In vet other
embodiments, the scrambling sequence used to scramble the CRC may be jointly determined by
a function based at least in part on the transmission unit index or the UE identifier, such as the
radio network temporary identifier (RNTT), or a combination of both the transmission unit index
and the UE identifier. In other embodiments the parameters of the CRC including but not
limited to its length, generator polynomial, initial state, bit-order, byte order, endianness, etc.
may be communicated to the mobile station (UE) via higher layer signaling. In some
embodiments, the allocated time-frequency space for these control information sets are non-
overlapping. In some embodiments, the allocated time-frequency space for these control
information sets are overlapping.

{06093] In vet another embodiment to distinguish control information sets from transmission
units, the control information sets may be further associated together based on guasi co-location
(QCL) of antenna ports. Antenna ports may be referred to as QCL if the mobile station (UE) is
allowed to derive/assume/utilize the large scale channel properties as measured on one antenna
port to be applicable to the associated QUL antenna port (e.g. the channel estimate based on port
A can be used for port B at the UE). The large scale channel properties that may be considered
includes one or more but is not limited to: Doppler spread, Doppler shift, delay spread, average
delay, average gain, and/or spatial parameters.

[0094]  In vet another embodiment, multiple demodulation reference signals (DMRS) used to

demodulate the control information may be grouped in a resource set with respect to one or more
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large scale channel properties at either the mobile station (UE) or the base station {eNB/gNB).
Tn another ernbodiment, the overhead synchronization signal (S8) and the DMRS resources are
grouped together within a resource set with respect to one or more large scale channel properties.
[B095] In some embodiments, the overhead channel state information reference signal
{CSI-RS) and the DMRS resources are grouped together within a resource set with respect to one
or more large scale channel properties. In some embodiments, the SK may be used as the
reference for the DMRS when the DMRS is transmitted from the same TRP as the 88, In some
embodiments, the CSI-RS may be used as the reference for the DMRS when the DMRS is
transmitied from the same TRP as the CSERK. In other embodiments, the 58 may be used as the
reference for the DMRS when the DMRS s transmitted from the same TRP and has similar
transmit (Tx) beams as the S8, In other embodiments, the CSE-RS may be used as the reference
for the DMRS when the DMRS 15 transmitted from the same TRP and has simar transmit (Tx)
beams as the CSI-RS. In some embodiments, the channel properties may be pre-defined, while
in other embodiments the information regarding the channel properties may be signaled by
higher layer signaling. In some embodiments, the aliocated time-frequency space for these
control information sets are non-overlapping. In some embodiments, the allocated time-
frequency space for these control information sets are overlapping. As illustrated in FIG 11, in
an exemplary embodiment, there are N QCL associations {1102) between 88 resources 1110,
1112, ..., 1118 and the DMRS 1120, 1122, .., 1128 configured to the mobile station (UE).
The UFE selects the proper analog beam 1130, 1132, ..., 1138 based on the configured QCL
association to detect, demodulate, and decode the associated control information sets 1140,
1142, ..., 1148.

[0096] As illustrated in FIG. 124, in an exemplary embodiment, a wireless communication
method includes: forming M groups of data transmission configurations, wherein the m™ group
of data transmission configuration correspond to the data transmission scheduled by maximum
number of K, control information sets, where M >0, m=1, .., Mand X,,> 0 (1202), defining
one or more transmission settings for said M groups of data transmission configurations (1204},
allocating number of data layers among the one or more transmission settings (1206), generating
one or more control information sets associated with said one or more transmission settings

(1208), transmitting the one or more control information sets to a wireless network (1210).
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[06G697] As tllustrated in FIG. 12B, in an exemplary embodiment, a wireless communication
method includes: receiving a one or more control information, receiving data based on the
control information.

[0098] FIG. 14, in an exemplary embodiment to support the reception of multiple PDCCH’s
and the calculation of channel state information, illustrates the forming of measurement
configuration groups 1402, ... , 1406, defining settings 1412, ..., 1416, ..., 1432, .., 1436
{06099] In some embodiments, only one measurement group is formed. Furthermore, in some
embodiments defining the parameters of the settings within a measurement group may he done
jointly across the group. In other embodimenis the parameters of the settings within a
measurement group may be done independently. In some embodiments, the setting may include
RS settings to facilitate channel state information measurement or beam management. In some
embodiments, the setting may include the report settings including but not limited to: channel
state information reporting and beam management resulis reporting.

[6100] In some embodiments allocating of the settings from one measurement group o
different control information sets can be done jointly based on UE’s capability. For example in
some embodiments, there are J settings that need to be allocated to N control information sets.
The settings within each measurement group may refer to the various settings and options in the
wireless system including for example Radio Resource Control (RRC) configuration, MAC
configuration, Downlink Control Information (DCT) format, the related search space, and/or the
corresponding transmission scheme of the PDSCH corresponding to the associated PDCCH,
which takes into account the MIMO capabilities of the mobile station (UE).

{0101} FIG. 15 illustrates some embodiments of the allocating of settings to different control
resource sets. There are I, 1502, 15304, ..., 1508 settings that need to be allocated to N control
information sets. For the n™ control information set, R, settings are assigned. In some
embodiments, each of the settings in the measurement configuration group is assigned o
exclusively to one of the control information set. The settings within each measurement
configuration group may refer to the various settings and options in the wireless system
including for example Radio Resource Control (RRC) configuration, MAC configuration,
Downlink Control Information (DCI) format, the related search space, and/or the corresponding
transmission scheme of the PDSCH corresponding to the associated PDCCH, which takes into

account the MIMO capabilities of the mobile station (UE).
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0102} Defining R as the set of settings assigned to the i™ control information set, in some
embodiments, settings may be allocated independently or based on semi-persistent coordination
among the corresponding transmission units. If channel measurements based on these settings

are to be conducted by the mobile station (UE) substantially simultaneously, the following
v
condition should be satisfied: an =R; (R, 21}, where R is the maximum number of settings
n=1
the UE supports. In some embodiments, the UE may report the maximum number of settings it
supports for each PDCCH separately or together with the overall maximum number of settings it
supports. Additionally, in some embodiments semi-persistent coordination may allow the mobile
station {UE)} to conduct channel measurements according to the pre-configured periodicity in the
semi-persistent coordination configuration,
[6103] In some embodiments, setiings may be allocated independently or based on semi-

persistent coordination among the corresponding transmission units. If channel measurements

based on these settings are to be conducted by the mobile station (UUE) substantially

simultaneously, the following condition should be satisfied: R <R and ZR: =R (R, 21),

1=}
where R is the maximum number of settings the UE supports and K is the maximum number of

settings the UE can support for channel measurements based on the n™ PDSCH from the
corresponding TRU.

{0104] As illustrated in FIG. 17, in an exemplary embodiment, a wireless communication
method includes: forming M groups of measurement configurations, wherein the m™ group of
measurement configuration corresponds to the channel measurement scheduled by a maximum
number of K, control information sets, where M > 0, m=1, ... , Mand K,,> 0 (1702), defining
one or more settings for said M groups of measurement configurations (1704), generating one or
more control information sets (1706}, allocating settings within one group to the one or more
control information sets (1708), transmitting the one or more contro] information sets to a
wireless network (1710},

[0105] As illustrated in FIG. 18, in an exemplary embodiment, a wireless communication
method includes: receiving a one or more control information (1802), measuring the channel

state information based on the control information (1804).
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0106} As tllustrated in FIG. 19, in an exemplary embodiment, a wireless communication
method includes: receiving a one or more control information (1902), fransmitting data based on
the received control information (1904).

[8167] In some embodiments, the allocation technique of (1206) is based at least in part on
allocating the nurmber of data layers. In some embodiments, the forming technique of (1202} is
based at least in part on forming the transmission groups based at least in part on different
characteristics of transmission techniques. In some embodiments, the defining technique of
(1204) s based at least in part on defining a first transmission setting that s always configured
within each group of data transmission configurations. In some embodiments, the allocating
technigue of (1206} 1s based at least in part on the allocating a number of data layers to the 1st
{always-on) transmission configuration by pre-defined rules that are known apriori to both the
mobile station and the transmission unit. In some ernbodiments, the allocating technique of
{1206} is based at least in part on allocating the remaining number of data layers for the
remaining transmission settings within one group after allocating the always-on transmission
setting, that is based at least in part on the mobile station’s reported capabilities to process data
from the allocated number of data layers. Tn some embodiments, the allocating technique of
{1206} with respect to number of data layers for all transmission settings within one group is
based at least in part on the semi-persistent coordination among the corresponding transmission
units. In some embodiments, the allocating technique of (1206} with respect to number of data
layers for all transmission seftings within one group is based at least in part on the mobile
station’s reported capabilities to process data from the allocated number of data layers.

{6108} In some embodiments, the allocating technique of (1206} further comprises signaling
dynamically to the mobile station. In some embodiments, the dynamic signaling defines a
plurality of data sub-regions in which the sets of control information map scheduled data from
corresponding transmission units to data sub-regions in both time and frequency. In some
embodiments, the control information set mapping contains at least in part a direct bit map,
wherein the length of the bit map corresponds to the total number of sub-regions (N), with a
corresponding bit location for each sub-region, and a positive indicator in the bitmap corresponds
to the data sub-region containing scheduled data. In some embodiments, the dynamic signaling
of the plurality of data sub-regions is based at least in part on the total resources in the data

region and the index of the transmission unit. In some embodiments, the dynamic signaling of
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the plurality of sub-regions is based at least in part on the total resources allocated for each data
and the index of the transmission unit. In some embodiments, the conirol information set
mapping i5 based at least in part on pre-defined fixed rules that are known aprior to both the
mobile station and the transmission unit.

[0109]  In some embodiments, the generating technique of (1208) is based at least in part on
the insertion of a transmission unit field corresponding to an index indicating which transmission
unit the respective control information set is associated with. In some embodiments, the
transmission unit field length is based at least in part on the maximum supported control
information sets within a single scheduled time for the mobile station. In some embodiments,
the transmission unit field length s based at least in part on the total number of transmitted
control sets within a single scheduled time for the mobile station.

[6116] In some embodiments, the control information sets of (1208) are grouped together in
a control region based at least in part on both a time and frequency grid. In some embodiments,
the control information sets are transmitted by the appropriate transmission unit respectively. In
some embodiments, the control information set within the time frequency grid’s location is
determined at least in part by the total resources in the control region and the transmission unit
index. In some embodiments, the control information set within the time frequency grid’s
location is determined at least in part on the size of the control information set and the link
quality between the mobile station and the transmission point. In some embodiments, the control
information sets are transmitted by a single host transmission unit for all transmission units. In
some embodiments, the mapping of the control information sets is based at least in part on a pre-
defined rule known apriori to the mobile station and the host transmission unit. In some
embodiments, the mapping of the control information sets is based at least in part on signaling
between the mobile station and the host transmission unit. In some embodiments, the mapping
of the control information sets is based at least in part on the total resources in the control region
and the transmission unit index.

{0111]  In some embodiments, the control information sets of (1208) are scrambled bv a
scrambling sequence. In some embodiments, the scrambling sequence is initialized based on
transmission unit index. In some embodiments, the scrambling sequence is initialized based on
signaling from the transmission unit and the mobile station. In some embodiments, the

transmission unit index is indicated based on signaling.
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0112} In some embodiments, the control information sets of {1208) are augmented by a
cvelic redundancy check sequence. In some embodiments, the cyclic redundancy check
sequence is based at least in part on the transmission unit index. In some embodiments, cyclic
redundancy check sequence is based at least in part on the mobile station identifier.

[0113]  In some embodiments, the transmitting technique of (1210} is based at least in part on
quasi-colocation associations of reference signals to enable receive beamforming with an
overhead reference signal. In some embodiments, the quasi-colocation properties are based at
least in part on shared channel characteristics such as Doppler spread, Doppler shift, delay spread,
average delay, average gain, and/or spatial parameters. In some embodiments, the quasi-
colocation properties determine a group based at least in part on the shared channel
characteristics of Doppler shift and average delay. In some embodiments, quasi-colocation
channel properties determine a group based at least in part on the channel characteristics of
Doppler shift, average delay, and/or spatial parameters. In some embodiments, guasi-colocation
channel properties are pre-defined. In some embodiments, the quasi-colocation channel
properties are signaled to the mobile station.

[0114] Some of the embodiments described herein are described in the general context of
methods or processes, which may be implemented in one embodiment by a computer program
product, embodied in a computer-readable medium, including computer-executable instructions,
such as program code, executed by computers in networked environments. A computer-readable
medium may include removable and non-removable storage devices including, but not limited to,
Read Only Memory (ROM), Random Access Memory (RAM), compact discs (CDs), digital
versatile discs (DVD), etc. Therefore, the computer-readable media can include a non-transitory
storage media. Generally, program modules may include routines, programs, objects,
components, data structures, etc. that perform particular tasks or implement particular abstract
data types. Computer- or processor-executable instructions, associated data structures, and
program modules represent examples of program code for executing steps of the methods
disclosed herein. The particular sequence of such executable instructions or associated data
structures represents examples of corresponding acts for implementing the functions described in
such steps or processes.

[0115] Some of the disclosed embodiments can be implemented as devices or modules using

hardware circuits, software, or combinations thereof For example, a hardware circuit
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implementation can include discrete analog and/or digital components that are, for example,
integrated as part of a printed circuit board. Alternatively, or additionally, the disclosed
components or modules can be tmplemented as an Application Specific Integrated Circuit {ASIC)
and/or as a Field Programmable Gate Array (FPGA) device. Some implementations may
additionally or alternatively include a digital signal processor {DSP) that is a specialized
microprocessor with an architecture optimized for the operational needs of digital signal
processing associated with the disclosed functionalities of this application. Similarly, the various
components or sub-components within each module may be implemented in software, hardware
or firmware. The connectivity between the modules and/or components within the modules may
be provided using any one of the connectivity methods and media that is known in the art,
including, but not limited to, communications over the Internet, wired, or wireless networks
using the appropriate protocols.

[0116] Only a few implementations and examples are described and other implementations,
enhancements and variations can be made based on what is described and illustrated in this

disclosure.
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CLAIMS

1. A wireless communication method, comprising:

determining, by a base station, a transmission setting for a group of data transmission
configuration in M groups of data transmission configurations, M being a positive integer,
wherein the transmission setting comprises a transmission scheme of a data channel
corresponding to multiple control information sets on a control channel; and

transmitting, by the base station, the multiple control information sets to a mobile station
on the control channel based on the transmission setting, wherein each of the multiple control
information sets comprises a transmission unit field indicating a transmission unit associated
with the corresponding control information set, and wherein a number of the multiple control
information sets is represented as N, and wherein a length of the transmission unit field is

indicated in a number of bits, the number of bits being equal to ceiling[log2 (N)].

2. The method of claim 1, wherein time-frequency resources for the multiple control

information sets are overlapping or non-overlapping in time and frequency domain.

3. The method of claim 1, further comprising:

dynamically signaling, by the base station in part based on the transmission unit field,
resource allocation information to the mobile station for data scheduled by the transmission
setting, wherein the signaling indicates one or more data sub-regions that are mapped to the

transmission unit in both time and frequency domain.

4. The method of claim 3, wherein the signaling comprises a bitmap that indicates mapping
of the data sub-regions to the transmission unit, wherein a length of the bitmap corresponds to a
total number of the data sub-regions, and wherein each data sub-region has a corresponding bit
location in the bitmap with a value indicating whether the data sub-region includes scheduled

data.

5. A wireless communication method, comprising:
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receiving, by a mobile station, multiple control information sets on a control channel
from a base station based on a transmission setting for a group of data transmission configuration
in M groups of data transmission configurations, M being a positive integer,

wherein the transmission setting comprises a transmission scheme of a data channel
corresponding to the multiple control information sets on the control channel,

wherein each of the multiple control information sets comprises a transmission unit field
indicating a transmission unit associated with the corresponding control information set, and

wherein a number of the multiple control information sets is represented as N, and
wherein a length of the transmission unit field is indicated in a number of bits, the number of bits

being equal to ceiling[log2 (N)].

6. The method of claim 5, wherein time-frequency resources for the multiple control

information sets are overlapping or non-overlapping in time and frequency domain.

7. The method of claim 5, further comprising:

receiving, by the mobile station, a dynamic signaling from the base station in part based
on the transmission unit field, wherein the dynamic signaling comprises resource allocation
information for data scheduled by the transmission setting, and wherein the dynamic signaling
indicates one or more data sub-regions that are mapped to the transmission unit in both time and

frequency domain.

8. The method of claim 7, wherein the dynamic signaling comprises a bitmap that indicates
mapping of the data sub-regions to the transmission unit, wherein a length of the bitmap
corresponds to a total number of the data sub-regions, and wherein each data sub-region has a
corresponding bit location in the bitmap with a value indicating whether the data sub-region

includes scheduled data.
9. An apparatus for wireless communication, comprising a processor that is configured to:

determine a transmission setting for a group of data transmission configuration in M

groups of data transmission configurations, M being a positive integer, wherein the transmission
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setting comprises a transmission scheme of a data channel corresponding to multiple control
information sets on a control channel; and

transmit the multiple control information sets to a mobile station on the control channel
based on the transmission setting, wherein each of the multiple control information sets
comprises a transmission unit field indicating a transmission unit associated with the
corresponding control information set, and wherein a number of the multiple control information
sets is represented as N, and wherein a length of the transmission unit field is indicated in a

number of bits, the number of bits being equal to ceiling[log2 (N)].

10. The apparatus of claim 9, wherein time-frequency resources for the multiple control

information sets are overlapping or non-overlapping in time and frequency domain.

11. The apparatus of claim 9, wherein the processor is configured to:

transmit, in part based on the transmission unit field, resource allocation information in a
dynamic signaling to the mobile station for data scheduled by the transmission setting, wherein
dynamic signaling indicates one or more data sub-regions that are mapped to the transmission

unit in both time and frequency domain.

12. The apparatus of claim 11, wherein the dynamic signaling comprises a bitmap that
indicates mapping of the data sub-regions to the transmission unit, wherein a length of the
bitmap corresponds to a total number of the data sub-regions, and wherein each data sub-region
has a corresponding bit location in the bitmap with a value indicating whether the data sub-

region includes scheduled data.

13.  An apparatus for wireless communication, comprising a processor that is configured to:
receive multiple control information sets on a control channel from a base station based
on a transmission setting for a group of data transmission configuration in M groups of data
transmission configurations, M being a positive integer,
wherein the transmission setting comprises a transmission scheme of a data channel

corresponding to the multiple control information sets on the control channel,
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wherein each of the multiple control information sets comprises a transmission unit field
indicating a transmission unit associated with the corresponding control information set, and

wherein a number of the multiple control information sets is represented as N, and
wherein a length of the transmission unit field is indicated in a number of bits, the number of bits

being equal to ceiling[log2 (N)].

14. The apparatus of claim 13, wherein time-frequency resources for the multiple control

information sets are overlapping or non-overlapping in time and frequency domain.

15. The apparatus of claim 13, wherein the processor is configured to:

receive a dynamic signaling from the base station in part based on the transmission unit
field, wherein the dynamic signaling comprises resource allocation information for data
scheduled by the transmission setting, and wherein the dynamic signaling indicates one or more

data sub-regions that are mapped to the transmission unit in both time and frequency domain.

16. The apparatus of claim 15, wherein the dynamic signaling comprises a bitmap that
indicates mapping of the data sub-regions to the transmission unit, wherein a length of the
bitmap corresponds to a total number of the data sub-regions, and wherein each data sub-region
has a corresponding bit location in the bitmap with a value indicating whether the data sub-

region includes scheduled data.
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