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COMMUNICATION OF COMMON CONTROL BLOCKS

BACKGROUND

(000117 The number of products and services that utilize the wireless
communication spectrum continues {0 grow as new products eamerge.
Despite the growing demand for bandwidth in this spectrum, the bandwidth
available remains fixed. Commercial communication davices have
traditionally used a 300MHz band, but this band will likely be unable to meet

the needs of future wireless communications.

100021 Future wireless communications will utilize more than the fourth
generation {(4G) communication system, using higher carrier frequencies such
as 28GHz, 45GHz, eic. Such high frequencies resull in a large free
transmission i0ss, 80 it is neceassary to ensure an antenna has sufficient gain
to ensure that the high-frequency communications have a signal-to-
interference-plus-noise ratio (“*SINR”) similar to the SINR in the coverage area
of conventional 4G LTE systems. Since the carrier frequency corresponding
to the high frequency communication has a shorter wavelength, it is possible
to ensure that more antenna elements can be accommodated per unit area,
and more antenna elements mean that beamforming can be used o improve
Antenna gain, thus ensuwring high-frequency communication coverage

performance.

[0003] Using the beamforming method, the base station or other
transmitter can focus energy in a certain direction, while in other directions the
fransmission energy can be relatively small. In other words, each beam has
its own direction, and each beam can be focused in its own direction relative
to the base station. To ensure sufficient coverage of the communication
region of the transmitter, the base station can transmit multiple beams in
different directions once communications between the base stalion and a
remote node has been established. For large communication regions, the
number of beams fransmitted to achieve sufficient coverage throughout the
communication region can be in the tens or even hundreds. In order to meet
the initial access requirements to first establish communications between the

base station and remote nodes within the communication region, however, it
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5 necessary o realize omni-directional coverage of the system broadcast
message. Transmitling the system broadcast message with so many
antennas or broadcasting the system broadcast message imposes large

demands on system resources.

SUMMARY

[0004] In accordance with the present disclosure, a device andfor method
isfare provided for transmitting time domain location information for a common
control block on a physical broadcast channel via a plurality of antenna ports.
The common control block is transmifted according to the time domain

focation information.

[0005] As another example, a device andf/or method is/are provided for
receiving time domain location information for a common control block on a
physical broadcast channel that has been broadcast via a plurality of antenna
ports. The common control block is received once transmitted according to

the time domain location information.

DESCRIPTION OF THE DRAWINGS

(00067 While the techniques presented herein may be embodied in
alternative forms, the particular embodiments illustraied in the drawings are
only a few examples that are supplemental of the description provided herain.
These embodiments are not to be interpreted in a imiting manner, such as

imiting the claims appended hereto.

100077 FIG. 1A is an llustrative structure of a time-frequeancy grid of a radio
resource for transmitting data and control channels in a downlink of a wireless

communication system.

[0008] FIG. 1B shows a form of indication by transmitting a bitmap of

actual transmitted blocks.

[0008] FIG. 1C shows a form of indication by transmitting a number of

actually-transmitted S8 blocks.
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100101 FIG. 1D shows a form of indication by combination of bitmap and

number.

[0011] FIG. 1E shows another form of indication by combination of bitmap

and number.

[0012] FIG. 2 is a flow chart schematically illustrating an embodiment of a
method for transmitting time domain location information usable by UE within

a communication region to locate a common control block.

[0013] FIG. 3is a flow chart illustrating an embodiment of a method

performed by UE to establish communications with a BS.

[0014] FIG. 4 shows an illustrative example of a mapping patiern between
CFDM symbols, SSBs and CCBs.

[0018] FIG. 5 shows another illustrative example of a mapping pattern
between OFDM symbols, SSBs and CCBs, wherein the CCBs are

concentrated to shorten a reception delay of the CCBs.

[0016] FIG. 6 shows a plurality of available SSB patterns for actual

fransmission.

(00171 FIG. 7 shows another illustrative example of a mapping pattern
between OFDM symbols, $5Bs and CCBs, utilizing a one-to-one correlation
betwean S5Bs and CCBs.

[0018] FIG. 8 shows another illustrative example of a mapping pattern
between OFDM symbols, $58Bs and CCBs, utilizing a one-to-one correlation
hetwaen 55Bs and CCBs, but with the CCBs concentrated.

[0019] FIG. ¢ shows another illustrative example of a mapping pattern
between OFDM symbols, $8Bs and CCBs, utilizing a unified time domain

offset batween each SSB and the corresponding CCB.

[0020] FIG. 10 shows another illustrative example of a mapping pattern
between OFDM symbols and SSBs, without a predefined mapping pattern
betwaen CCBs and the OFDM symbols.
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[0021] FIG. 11 shows another illustrative example of a mapping pattern
between OFDM symbols and S8Bs, without a predefined mapping pattern
between CCBs and the OFDM symbols.

[0022] FIG. 12 shows another illustrative example of a mapping pattern,
where a CCB block synchronization signal corresponds to frequency division
multiplexing, such as when the CCB synchronization signal is a time domain
offset O.

[0023] FIGs. 13-15 are block diagrams illustrating a domain location

information indication mode.

[0024] FIG. 16 is an illustration of a scenario involving an example
configuration of a base station (BS) that may utilize and/or implement at least

a portion of the technigues presented herein.

[00258] FIG. 17 is an illustration of a scenario involving an example
configuration of a user equipment (UE) that may utilize and/or implement at

least a portion of the technigues presentad herein.

(002617 Fig. 18 is an ilustration of a scenario featuring an example non-
transitory computer readable medium in accordance with one or more of the

provisions set forth herein.

DETAILED DESCRIPTION
(00277 Subject matter will now be described more fully hereinafter with
reference o the accompanying drawings, which form a part hereof, and which
show, by way of illustration, specific example embodiments. This description
is not intended as an exiensive or detailed discussion of known concepts.
Details that are known generally to those of ordinary skill in the relevant art

may have been omitied, or may be handied in summary fashion.

[0028] The following subject matter may be embodied in a variety of
different forms, such as meathods, devicas, components, and/or systems.
Accordingly, this subject matter is not iniended {o be construed as limited to
any illustrative embodiments set forth herein as examples. Rather, the

embodiments are provided herein merely {0 be illustrative. Such
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embodiments may, for example, take the form of hardware, software,

firmware or any combination thereof.

(00291 In the next generation wireless communication system (e.¢g., New
Radio or “NR")

B

system information is divided into minimum sysiem
information{MS1) and other system information (“other SI"). The minimum
system information is further divided into main system information ("MIB”)
carried on a physical broadcast channel ("PBCH”"), and remaining minimum
system information ("RMSI") carried on a physical downlink shared channsl
{e.g., physical downilink shared channel or “PDSCH"). The main system
information MIB is used to provide the basic system parameters of the cell,
and the remaining minimum system information RMSI is used o provide the
initial access related configuration information such as the initial access
reguest transmission configuration, the initial access response message

reception configuration, and the like.

[0030] The RMSI is scheduled by the physical downlink control channel
(*PDCCH") and carried on the PDSCH. The time-frequency domain location
of & common control resource set ("CORESET”) where the RMS! scheduling
information is located can be indicated in the PBCH. In the NR system, the
PBCH is carried in synchronization signal / physical broadcast channel blocks
("S5 blocks or “SSBg”). A plurality of $S5Bs are included in one
synchronization period. Different SSBs with synchronization signal and PBCH
can be transmitted in the same or different beam directions or antenna poris,
for achieving the full coverage of the communication region. The antenna
ports are logical ports, for signal transmission under like channel conditions.
For example, for operating modes in the downlink direction for which an
independent channel is assumed (e.g. SISO vs. MIMQO), a separate logical
artenna port can be defined. The PBCH of the different beam directions or
antenna ports has the need for combination reception, so the present system
and method involves fransmitting the same content in the different beam

directions or antenna ports.

(00311 In order to ensure the flexibility of data transmission, however, the
relationship between the time domain position of different SSBs and the time

domain position of the corresponding CORESET in the different beam
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directions or antenna ports may be different. To allow this flexibility without
interfering with combination reception of PBCH from different beam directions
or antenna poris, a system and method disclosed herein ensures that the time
domain location of the CORESET, or at least a common control block (*CCB")
including the CORESET is accurately indicated in a plurality of different beam

directions or different antenna ports.

[0032] One or more computing devices and/or techniques for
communicating control blocks between nodes in @ communication network to
astablish wireless communications in different cells are provided. For
example, a base station ("BS”), as an example of a node that includes a
cellular antenna to establish a cell or “communication region” in the
communication network. The BS for example, may communicate with a user
equipment ("UE"), forming a second node in the communication network while
the UE is located within the cell established by the BS. To initially establish
communications, the BS fransmits time domain location information for a CCB
on a physical broadcast downlink channel via a plurality of antenna ports of
the BS.

[0033] The CCB can optionally be transmitted on one or a plurality of
different physical downlink channels according to the time domain location
information in combination with synchronization signal blocks ("55Bs”). The
S88s and the CCB can be mapped to data transmission slots comprising one
or a plurality of Orthogonal Freguency Division Multiplexing (*OFDM”)

symbols, optionally in each of a plurality of consecutive slots.

00341 Embodiments of the time domain location information can include
information corresponding to the antenna port of SSB to which the physical
broadcast channel belongs. For example, the time domain location
information can include at least one, optionally a plurality of, or optionally all of:
(i) a starting point of the CCB in the time domain, indicating a time when
transmission of the CCB by the BS is {o begin; (i) a pattern in which SSBs are
actually transmitted by the BS; (iii} a pattern in which the potential CCBs are
mapped to data transmission slots, or OFDM symbols, in the plurality of siots;
{iv) a quantity of potential CCBs assigned to one SSB; (v) an offset between

the start point of potential CCBs corresponding to two neighboring SSBs; or
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{vi) one or more parameters of a monitoring cycle during which UE isto
blindly detect whether the actual transmitted CCB has been received.
Examples of the parameters of the monitoring cycle can include one or more
of a monitoring period during which the Uk is to perform the blind detection, a
maximum number of blind detections to be performed by the UE before
determining that the downlink control information of the CCB is detected, a
time duration of monitoring that is to be performed by the UE before
determining that the downiink control information is detecied, or a common

control resource set configuration within the common control block.

[0035] Embodiments of the CCB can include Common Control Resource
set (Common CORESET). The common CORESET carries at least a portion,
and optionally all of the common control information for the specific beam
direction or antenna port of the BS from which the CCB is transmitted.
Examples of the information included within the commaon CORESET can
include at least one, and optionally a plurality or all of. paging downlink control
information, scheduling information of the remaining minimum system
information, paging indication information, etc. Wherein the paging indication
used for triggering user equipment to report downlink antenna port information
for subsequent paging transmission. In other words, the CCB sends common
control information for a particular downlink antenna port / downlink beam
direction. During one sweeping period, one or more common control blocks
CCB are used to complete common control information transmission of all
downlink antenna ports/ downlink beam directions. Embodiments of the CCB
can be a slot or mini-slot comprising one or more OFDM symbols. Examples
of the information conveyead in the CCB include at least one, optionally a
plurality of, or optionally all of: the paging message, the remaining minimum

system information, etc., in addition to the common CORESET.

[0036] The common CORESET can, being configured within the CCB, can
comprise at least one of a number of OFDM symbols occupied by the CCB,
and at least one of a number of resource elements (RE) occupied by the CCE.
The common control resource set configuration can include at least ong, and
optionally a plurality or all of: number of symbols occupiaed the common

control resources set, a time domain relative position within the CCB, number



WO 2019/028755 PCT/CN2017/096872

of resource elements cccupied the common control resources set, or a

frequency domain relative position within the CCB.

(00377 With reference io the drawings, the communication technigue
utilized by the cellular communication system can be Orthogonal Frequency
Division Multiplexing (OFDM).  FIG. 1A illustrates a structure of time-
frequency grid 100 of radio resources for transmitting data and contro
channels (e.g., PBCH) in a downlink of a wireless communication system
utilizing OFDM. In FIG. 1A, the horizontal axis denotes frequency f and the
vertical axis denotes time £ An OFDM symbol 120, is shown as string of REs
with the bold outline arranged along the frequency axis in FIG. 1A, and is the
smallest transmission unit on the time axis. A slot 110 includes Ngy OFDM
symbols.  Although N is equal to 14 according (o embodiments described
herein for illustration purposes, the value of N according to some
embodiments can be any integer value such as 7, 14, 21, etc., depending on
factors such as subcarrier spacing, for example. A subframe 115 includes two
siots 110. A slot 110 is approximately 0.5 ms in duration, and a subframe is
approximately 1.0 ms in duration. A subcarrier, arranged in column 105 in FIG.
1A, 1s the smallest ransmission unit in the frequency domain, and the entire

system transmission band includes Ng subcarriers.

[0038] In the time-frequency grid 100, a Resource Element ("RE") 125 is
the basic unit indicated by a discrete OFDM symbol index and a discrete
subcarrier index. The Resource Block ("RB”) or Physical Resource Block 130
includes the 14 consecutive OFDM symbols in the time domain {in FIG. 1A
and the Ngc consecutive subcarriers in the frequency domain 110. For some
embodiments, the value of Nsc can be any integer such as 6, 12, 18, elc., but
will be described herein as being equal to 12 for the sake of brevity and clarity.
Accordingly, an RB 130 includes NgyxNsc REs, or 14 x 12 in the illustrated

examples. An RB is the smallast unit that can be scheduled for transmission.

(00391 |, The control information such as the time domain location
information includes an indicator that indicates the number of OFDM symbols
and the number of REs carrying common CORESET. For example, the
common CORESET is transmitted in X OFDM symbols and Y REs.

Embodiments of Xcanbe 1, 2, 3, 4, etc. And Y is positive integer.
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(00407 An example of a method for transmitting time domain location
information that is usable by the UE to locate a CCB is illustrated in FIG. 2. At
200, the BS occasionally, or optionally pericdically transmits time domain
location information on the PBCH or other public channel that can be received
and interpreted by UE within range without first receiving configuration
information specifically for communicating with that BS. Once received by the
UE, the time domain location information notifies the UE when to expect
reception of the CCB, or optionally the CORESET within the CCB.

(00411 The time domain location information can include any information
that allows the UE to differentiate the CCB from other data received from the
BS during transmission of the 88Bs. The time domain location information
can be objective information that specifies a point in time when the CCB is to
be transmitted and received, or relative information that specifies the time
when the CCB is {o be transmitied and received relative to a reference point,
The reference point can be a start point when other data begins {0 be
transmitied or is finished being transmitied, or can be a position within a

transmission reiative to other data transmitied during that same transmission.

(00421 For example, the time domain location information can include the
Master information block ("MIB”) broadcasted by the BS on the PBCH. Time
domain location information to be used by UE to locate the CCB or common
CORESET for the specific communication region where the UE is located can
be found within the MIB, such as in the first M OFDM symbols of a subframe
of a radio frame, where M can be any integervalus such as 1, 2, 3, 4, 5, 6, 7,
8, etc. In the frequency domain, the MIB occupies a defined number of
subcarriers (e.g., 72) known 1o the BS and UE. MIB carries little, but important
information for UE initial access. The MIB can be occasionally or periodically
broadcasted on the PBCH, such as every N radio frame (wherein N can be
any integer value such as 1, 2, 3, 4, 5, 8, etc.), within sach 10ms radio frame,

or at any other regularly-scheduled time such as once within each slot 110.

[0043] Specific examples of the time domain location information can
include at least one, optionally a plurality of, or optionally all of: (i} a starting
point of the CCB in the time domain, indicating a time when transmission of

the CCB by the BS is to begin, (i) a pattern in which S8Bs are actually
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transmitied by the BS; (i) a pattern in which the potential CCBs are mapped
to data transmission siots, or OFDM symbols, in the plurality of slots; (iv) a
quantity of potential CCBs assigned 1o one $S8B; (v) an offset between the
start point of potential CCBs corresponding to two neighboring SSBs; or {(vi)
one or more parameters of a monitoring cycle during which UE is to blindly
detect whether the CCB has been received. Examples of the parameters of
the monitoring cycle can include one or more of a monitoring period during
which the UE is to perform the blind detection, a maximum number of blind
detections to be performed by the UE before determining that the downiink
control information of the CCB is detected, a time duration of monitoring that
is {0 be performed by the UE before determining that the downlink control
information is detected, or a common control resource set configuration within

the common control block.

00441 For embodiments that transmit a time domain start point, or
reference to a start point as the time domain location information, such a time
domain start point may be described by at least one of, optionally a plurality of,
or optionally all of. a radio frame number in which the first potential CCB is
located, a subframe number in which the first potential CCB is located, a first
siot number in which the potential CCB is located, a symbol index {(e.g., Ngy
value) of the first potential CCB, the radio frame number offset between the
first potential CCB and the first SSB, the subframe number offset between the
potential CCB and the first SSB, a slot number offset between the first
potential CCB and the first SSB, or a symbol number offset between the first
potential CCB and the first S8B.

100457 Regardliess of the type of time domain location information
transmitted, the BS maps the CCB to OFDM symbols in the data transmission
slots 110 at 210 to comply with the time domain location information
transmitied by the BS at 200. The BS then fransmits the mapped CCB,
including the common CORESET, at 220 in accordance with the transmitted
time domain location information.  In other words, the CCB is transmitied by
the BS al the specific times indicated by the time domain location information
to be detected by the UE.

10
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[0046] An embodiment of a method performed by UE to establish
communications with the BS is illustrated in FIG. 3. Upon entering the
effective communication range of the communication region established by a
BS, the UL completes initial cell synchronization at 300. Once synchronized
with the BS, the UE begins {o establish initial access to the network via the BS
by receiving the PBCH transmission and detecting the time domain location
information specific to the beam direction or antenna port that transmitted the
PBCH at 310. At 320, the UE detects the CCB al the time ffrequency domain
position within a downlink transmission from the BS specified by the time

domain location information at 320 {o establish communication with the BS.

[0047] Mapping the CCB to a transmission time, slot, OFDM symbols,
another data block, etc. specified by the time domain location information at
210 can be accomplished in a variety of ways. For exampie, and with
reference o FIG. 4, the SSBs{0-7) and CCBs{0-8) are defined as potential
SSBs and CCBs, meaning they are available for use. $5Bs and CCBs that
are actually transmitted are shown with cross hatching in FIG. 4. Paris of
them are selected by BS to be actually transmitted to the UE. There are four
(4) slots, designated siot O, slot 1, slot 2, slot 3, each including fourtsen (14)
OFDM symbols 0-13. The number of potential S8Bs in the embodiments
shown in FIG. 4 is designated by the letter *L” and L is equal to 8. The 55Bs
are assigned an index value from zero (0) to seven (7) (designated SSBO,
SS8B1, 8882, ... §5B7), and each SSB occupies four (4) consecutive symbols

as shown in Table 1;

Table 1
SSB No. Slot No. OFDM Symbols CCB Nos.
SSBO 0 4-7 0,12
SSB1 0 8-11 1,23
5882 1 2-5 2,3 4
SSB3 1 6-9 3,45

11
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SSB4 2 4-7 4,5 6
SISB5 2 8-11 56,7
53B6 3 2-5 67,8
S8B7 3 6-9 7,8, 9

[0048] For example, each potential SSB corresponds to three polential
CCBs. SSBO corresponds to CCBs 0, 1 and 2, as designated by the bracket
400 in FIG. 4. The offset M between the starting points of the potential CCBs
corresponding to the two adjacent S8 blocks is M = 1, that is, one (1) CCB. In
other words, since the first potential CCB corresponding to SSBO is CCBG,
and the first potential CCB corresponding to SSB1, which is immediately
adjacent to SSBO, is CCB1, the offset between CCB1 and CCBO is one (1)
CCB. Similarly, since the first potential CCB corresponding to SSB3 is CCRB3,
and the first potential CCB corresponding to SSB4, which is immediately
adjacent to 55B3, is CCB4, the offset between CCB4 and CCB3 is again one
(1) CCB. A total of ten (10) CCBs are required in the embodiment shown in
FIG. 4, asgivenby Mx L+ N-M=1x8+ 31 =10 CCB, where N is the

maximum number of potential S&Bs corresponding to potential CCBs.

[0049] The potential CCBs corresponding to different potential SSBs can
overlap, and each actual transmitted SSB will correspond o an actual
transmitied CCB. The actually transmitied CCB is selected randomly from one
of the three potential CCB resources corresponding to the SSB, however, the
CCBs that are selected to be actually transmitted are chosen so the selected
CCBs do not overlap. In the present embodiment shown in FIG. 4, actually-
transmitited SSB1 and actually-transmitted S8B2 both correspond to CCB2.
However, since CCBZ is selected for transmission with 85B1, CCB2 is not
available as an option 1o be transmitted with SSB2Z. Thus, SSB1 corresponds
to CCB2, and SSBZ is selected to correspond to CCB4.  Alspo, S5B4
corresponds to CCBS, SSB6 is randomly chosen to correspond to CCB 8.

12
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[0050] In some embodiments, actual fransmitted SSB positions can be

indicated to UE by the following methods:

(00517 Method 1: bitmap. A direct way of informing positions of the actual
transmitted SSBs is {o use a bitmap for each 888, as shown in FIG. 1B. Full
flexibility can be obtained by indicating each S&B status. The maximum
rnumber of S8B indices will be 84 for above 6 GHz, which means 64 bits

would be required. This is a large signaling overhead.

[0052] Method 2. number. Another way is by informing the number(X) of
the actual transmitted SSBs, and defining the mapping order of each SSB. As
shown in FIG. 1C, the actual transmitted SSBs will be located at the first X of
nominal $5Bs with the front 1o back mapping order. Apparently, the signaling
overhead can be reduced, only & bits will be needed for the case of 64 S5Bs.
On the other hand, more than one continuous siot will be blocked from other
service fransmission or some expecied SSBs will be puncitured. That is to say,

flexibility of configuration will be restricted.

[00583] Method 3. combination of bitmap and number. |t i3 belter {0 reserve
some candidate SSBs resource for URLLC-like service transmission rather
than puncture $5Bs expecied {o fransmit especially for the case that less

SSBs are nesded.
[0054] Two types of SSB can be defined for above purpose.

[0055] Type 1 SSBs can be resiricted for mapping from front to back. And
the number of such SSBs is enough for indicating whether actual transmitted
of such SSBs.

[0056] Type 2 $SBs are selected for potential URLLC-like service
fransmission, and bitmap seems {0 be a reasonable scheme o indicate

whether the SSB actually transmitted or not.

[0057] As shown in FiG. 1D, one of every four SSBs has been defined as
Type 1 SSB. For the case of 64 SSBs, the number of Type 1 SSB is 16, and
in total 16 bits are needed for indicating transmission status of Type 1 SSBs.
The other SSBs are classified into Type 2 88Bs, and 6 bits are needed for

such indicating.

13
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(00587 It seems to be a compromise between method 1 and method 2.
That is to say, method 1 can be obiained by setting the number of type 1
S5Bs equal to the maximum number of 88Bs. On the contrary, when we set
number of type 2 8SBs equal to the maximum number of S5Bs, method 2
would be adopted. So a balance between signaling overhead and flexibility

can be made by selecting a reasonable ratio of number of two types 55Bs.

[0058] Another form of indication by combination of bitmap and number s
shown in FIG. 1E. The candidate S5Bs are divided into SSB groups.

[0060] Bitmap is adopted for indicating actual transmitted SSBs within S5B
group.
[0061] Different SSB groups share the same pattern of actual transmitted
SSBs.

[0062] Number of SSB groups containing actual transmitted SSBs is

further involved.

[0063] Lets take 4 $5Bs in a SSB group and iotal 64 potential S5Bs as an
axample. Four bits are needed for indicating actual transmitted SSBs within a
SSB group. Another four bits are introduced for further indicating number of
SEB groups containing actual fransmitted SSBs. Specifically, four bits for
indicating actual transmitied S8Bs within a $8B group is 1101, that means
the first, second and fourth SSBs in one group are actual transmitted. Another
four bits indicating number of SSB groups containing actual transmitted $8Bs
is 0111, which means the first seven SSB groups containing actual
transmitted 88Bs, and these seven SSB groups share the same pattern
(1101) of actual transmitted 55Bs within a SSB group.

[0064] 1t is worth noting that the number of S5Bs in a 55B group can be

set to any value less than or equal to number of potential SSBs.

[0065] Method 4. combination bitmap and bitmap. In another embodiment
also shown in figure M, the candidate 55Bs are divided into S8B groups. The
indication method can be described as combination of bitmap for S8 blocks

within a S8 block group and another bitmap for 88 block groups.
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[00668] Bitmap is adopted for indicating actual transmitied SSBs within SSB
group.
(006871 Different S8B groups share the same patltern of actual transmitted
S5Bs.

[0068] Another bitmap for SSB groups containing actual transmitted SSBs

is further involved.

[0069] Letl's take 4 $S5Bs in a SSB group and total 64 potential S5Bs as an
example. Four bits are needed for indicating actual transmitied SSBs within a
S8B8 group. Another sixteen bits are introduced for further indicating bitmap
for S5B groups containing actual transmitted S5SBs. Specifically, four bits for
indicating actual transmitted SSBs within & SSB group is 1101, that means
the first, second and fourth S5Bs in one group are actual transmiited. Another
sixtesn bits indicating number of SSB groups containing actual transmitted
S58Bs is 1111 1110 0000 0000, which means the first seven SSB groups
containing actual ransmitted 58Bs, and these seven SSB groups share the

same pattern{1101) of actual transmitted SSBs within a $8B group.

(00707 1t is worth noting that the number of 8S8Bs in a SSB group can be

set to any value less than or equal to number of potential SSBs.

[0071] Method 5 paltern. Some patterns of the actual transmitted SSBs
can be predefined, and the pattern index will be configured to the Uks for
indicating the actual transmitted SSB positions. In theory, gquite a large
number of actual transmitted S8Bs patterns need to be defined for reaching
full of flexibility. it is a huge amount of overhead. For the sake of simplification,
some typical patterns will be selected and predefined. As shown in FiG. 6,
saven patlerns are defined under the case of 8 SS8Bs. If's worth noting that
only a part of the actual fransmitied S5B number has been supported. Some
casas, such as 3, 5, 6, 7 actual transmitted S5Bs are not allowed. For some
existing number, positions of actual transmitled 58Bs are restricied to a
ceriain extent. A balance between signaling overhead and flexibility may also

be considered by defining a reasonable pattern number.
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[0072] The position(s) of actually transmitied S5Bs can be informed to
both IDLE and CONNECTED UEs in the PBCH or RMSH or other Si or
dedicated RRC signal.

[0073] The mapping pattern from the CCBs to the data transmission slots
is also predefined. For the mapping pattern shown in FIG. 4, it is assumed
that each instance of the CCB occupies two OFDM symbols. The OFDM
symbaols in a slot are occupied by the CCBs designated in the same slot as
shown in FIG. 4. Thus, in FIG. 4, CCBs 0, 1, 2, 3 have been designated in slot
0, so the CCBs in slot zero are mapped o the OFDM symbols in slot O,
namely, symbols 4 to 5, symbois 8 1o 7, symbols 8 10 9, and symbols 10 to 11,
respectively. Similarly, CCBs 4, 5, 6, 7 in siot 1, are mapped to symbols 2 to
3, symbols 4 to 5, symbols 6 to 7, symbols 8 to 9, respectively, in slot 1. And
CCBs 8, 9 are mapped to symbols 4 to 5, and symbols 6 to 7, respectively, in
the slot 2.

[0074] In the present example, the actual transmitted SSBs are S8B1,
SSB2, 5584 and S8B6, as designated by the use of cross hatching in FIG. 4,
to ensure that the PBCH within the actual transmitted $SBs can be combined,
and that each PBCH fransmission including the time domain location
information contains the same content. Based on the above description,

PBCH specific content is as follows:

[00758] CCB time domain start point. offset from SSB starting point to 1

radio frame (ie 10ms);

[0076] The mapping pattern of CCB to data transmission slot is: the

pattern shown in FIG. 4;
(00771 Each SSB corresponds to N=3 potential CCBs; and

[0078] The offset M between the starting points of the potential CCBs

corresponding 1o two adjacent SSBs isM = 1.

10079] For the values configuration of M and N, a set of typical values can
be predefined, and which value currently used can be indicated by PBCH. For
example, it is predefined that M = 1 or 2, and one bit will be needed for
indicating current value of M. Such as, the value of such bit ‘0’ represents

‘M=1", and the value of such bit ‘1" represents ‘M=2". Similarly, it can predefine
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that N = 3 or 5, and one bit will be needed for indicating current value of M.
Such as, the value of such bit ‘0 represents ‘N=3, and the value of such bit ‘1’

represents ‘N=5"

(00807 It is worth noting that the values of N and M can also be defined
fixedly in the specification. In such cases, the relevant information will not be
included in the PBCH. For example, N=3 and M=1 have been defined in the

specification, the relevant information domain will be omitted.

[0081] After receiving the PBCH transmission, the UE obtains the above
information and can directly find the CCB time domain start point. Then, the
UE judges the CCB corresponding to the received SSB. In the SSB, the UE
can obtain other information such as the S8B index. For example, the 88B
index is indicated by the PBCH Demodulation Reference Signal ("DMRS”)
and defines eight different DMRS sequences. The UE can determing the
current SSB index by detecting the current PBCH DMRS sequence index.
For example, the UE recognizes that the current S8B index is 4, and further
gstimates that the potential CCBs corresponding to S58B4 is CCB4, CCBS, or
CCBS8. (That is, since the offset between the starting points of the potential
CCBs corresponding to two adjacent $5Bs is M = 1, the first potential CCB
corresponding to SSB4 is COB4, and since each SSB corresponds io the
riumber of potential CCB resources N = 3, further confirming that CCB may be
CCBs 4, 5, or 6).

10082] The UE then determines the specific time domain resource location
of the CCB resources 4, 5, and 6 according to the mapping pattern of the
CCB to the data transmission slot. The UE performs a blind detection on
CCBs 4, 5, and 6 to determine that the actual transmitted CCB is CCB 5, as
shown in FIG. 4. It is worth noting that CCB4 is also an actual transmitted
CCB corresponding to S5B2. Bui the UE can only detect CCB5. This is
because CCB4 and CCBS5 are transmitted by different downlink antenna ports,
and the UE under the downlink antenna port corresponding to SSB4. That is

also the downlink antenna port used for CCBS.

[0083] The relative position of the common CORESET within CCBS may
be pre-defined by the system or indicated in the PBCH. The relative position
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information includes at least one of the number of symbols occupied by the
common CORESET in the determined CCBE5, the time-domain relative
position of the common CORESET within CCB5, the number of resource
elements occupied by the common CORESET, a position of a set of common

control rescurces in the frequency domain relative to CCBS, stc.

[0084] The UE completes the acquisition and reception of the CCB time
domain information, further detacts the downlink common control information
it the common control resource set and receives the common data {(such as
RMSI, paging message, etc.) according o the received downlink common

control information.

[0085] The PBCH can also indicate the frequency domain resources of the
CCB. If the UE determines the time domain position of the CCB, it may also
be necessary to determine the frequency domain position of the CCB

according to the indication of the PBCH.

[0086] Some embodiments concentrate the CCBs that are to be
transmitied to shorten a reception delay of the CCB. An illustrative example
of a mapping pattern with concentrated CCBs is shown in FIG. 5. Just as the
previous example, the number of potential SSBs is L = 8 (that is, S5B indexes
of 0-7}, and each SS8B occupies 4 consecutive OF DM symbaols. FIG. 5 shows
the mapping pattern of polential SSBs to the data transmission time slot,
which is summarized in Table 2, below. The mapping pattern is known {o the
network side (e.g., the BS) and the UE.

Table 2
Slot No. OFDM Symbols CCB Nos.
SSBO 0 4-7 0,12
SSB1 0 8-11 NULL
SSB2 1 2-5 1,23
S8B3 1 6-9 NULL
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SSB4 2 4-7 2,3, 4
SISB5 2 8-11 NULL
53B6 3 2-5 3, 4,5
S8B7 3 6-9 NULL

100871 Inthe present example, a set of potential CCBs is configured for
gach of the actually transmitted SSBs. There are a plurality (e.g. seven) of
possible patterns of the SSBs predefined in the system as shown in FIG. 6.
The BS includes a 3-bit identifier in the transmission on the PBCH to the UE
to indicate the current patiern being used. In the present example, the pattern
identified by the label “B-S8B.” in FIG. 6 is being used. There is the potential
for overlapping CBBs. For instance, potential CCBs 0, 1, 2 correspond to
SSBO, and potential CCBs 1, 2, 3 correspond to SSB2Z. Thus, the potential
CCBs 1 and 2 are corresponding to both SSBO and SSB2.

[0088] The mapping pattern from potential CCBs to the data transmission
siots is also predefined, such as the pattern shown in FIG. 5. Assuming again
that each potential CCB occupies two OFDM symbols, and using the 55B
mapping pattern to the data transmission slots shown in FIG. 5, potential CCB
0,1,2,3 are mapped to symbois 4 10 5, symbols 60 7, symbols 810 9, and
symbols 10 to 11, respectively, in slot O; potential CCB 4, 5, 8, 7 are mapped
to Symbols 2 to 3, symbols 4 10 5, symbols 6 t0 7, and symbols 8 {0 9 in siot 1;
potential CCB 8,9 are mapped to symbol symbois 4 {0 5, symbols 6 to 7 of

slot 2.

[0089] The PBCH specific content included in the time domain location

information is as follows:

(00801 CCB time domain start point: time domain offset from SSB starting

point is 1 radio frame (i.e. 10ms)

[0091] The mapping pattern of CCB to data transmission siot is as shown
in FIG. 5,
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[0092] Each SSB corresponds to N=3 potential CCBs; and

[0083] The offset between the starting points of the potential CCBs

corresponding to two adjacent actual transmitied SSBs is M = 1.

[0094] After receiving the time domain location information with the SSB
on the PBCH, the UE obtains the above information and can directly find the
potential CCB time domain start point. Then, the UE judges the CCB
corresponding to the received SSB. In the S8B, the UE can obtain cother
information such as the SSB index. For example, the SSB index is indicated
by PBCH DMRS and defines eight different DMRS sequences. The UE can
determine the current SSB by detecting the current PBCH DMRS sequence
Index. For the present example, the UE recognizes that the current SSB
index is 4. The UE further infers that the potential CCBs corresponding to
S8B4 are 2, 3, 4, as summarized in Table 2, above. That is, since the SSB
pattern of FIG. 5 is actually transmitied, the S5B with SSB index 4 is the third
SSB actually transmitied by the network side; the offset between the starting
points of the potential CCB resources corresponding to the two adjacent
S588s; the first CCB corresponding to the third actual tfransmitted SSB (i.e.,
S8B4) is CCB2, and the number of potential CCBs corresponding to each
SSB is N = 3, further confirming that the CCB may carry CCB resources 2, 3,
4,

10098] The UE then determines the specific time domain resource location
of the CCB resources 2, 3 and 4 according to the mapping patiern of the
potential CCBs to the data transmission slots. The UE performs a blind
detection on CCBs 2, 3, 4 to determine that the actual transmitied CCB is
CCB3. As shown in FIG. 5, the CCBO corresponds io $SSBO, CCBZ
corresponds to SSB2, CCB3 corresponds to SS5B4, and CCB4 corresponds to
SSB6. At this point, the UE completes the CCB time domain information

acquisition and reception.

[0086] Also, the PBCH may also indicate the frequency domain resources
of the CCB, and the UE can determine the time domain position of the CCB.
The UE may also determine the frequency domain position of the CCB

according to the PBCH indication.
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(00977 According to some embodiments, a direct relationship exists
between S5Bs and CCBs, as shown in FIG. 7. The number of potential S5Bs
is again L = 8 (that is, 58B indexes of 0-7), and each SS8B occupies 4
consecutive OFDM symbols. The S5B mapping o the data transmission
siots and CCBs is summarized in Table 3, below. The mapping mode is

known to the network side (e.g., the BS) and the UE.

Table 3
Slot No. CFDM Symbols CCB No.
SSBO 0 4-7 0
SSB1 0 8-11 1
S8B2 1 2-5 2
S8B3 1 6-9 3
SSB4 2 4-7 4
SSBS 2 8-11 5
S5B6 3 2-5 8
S887 3 6-9 7

[0098] In the present example, the SS8Bs to be transmitted correspond
directly to one CCB, on a one-to-one basis. That is, SSBO corresponds {o
CCBO, 55B1 corresponds to CCB1, and so on. When the S8Bs 1, 2, 4, 6 are
actually transmitted, the CCB corresponding to the same index will be actually

transmitted accordingly.

10099] As shown in FIG. 7, the mapping pattern of the potential CCBs to
the data transmission slots is also predefined, assuming that the CCB
occupies two symbols, where CCB 0, 1, 2, 3 are mapped to symbols 4 o 5,
symbols 8to 7, symbols 810 9, and symbols 10to 11 inslot 0, CCBs 4, 5,6, 7
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are mapped to symbols 2 to 3, symbols 4 {o 5, symbols 6 to 7 and symbols 8

to 9inslot 1.

1001001 The PBCH-specific time domain location information transmitted

on the PBCH is as follows:

100101} CCB time domain start point: offset from $8 block starting point

to 5 subframes {i.e., 5ms in the present example).

(00102} After receiving the time domain location information on the
PBCH with the 888, the UE obtains the above information and can directly
find the CCB time domain start point. Then, the UE judges the CCB
corresponding o the received SSB. In the 58B, the UE obtains other
information such as the S8B index for the SSB received. For example, the
SSB index is indicated by PBCH DMRS and defines eight different DMRS
sequances. The UE can determine the current SSB by detecting the current
PBCH DMRS sequence Index. For the present example, if the UE recognizes
that the current SSB index is 4, the UE further determines that the CCB
corresponding to SSB4 is CCB4.

100103} The specific time domain resource position of the CCB4 is
determined according to the mapping pattern of the CCB to the data
transmission slot, e.g., the symbols 2 {0 3 of the second slot starting from the
CCB time domain start point. The UE receives the CCB, and the UE

completes the acquisition and reception of the CCB time domain information.

100104} The PBCH may also indicate the frequency domain resources of
the CCB, and the UE may determine the time domain position of the CCB.
The UE may also determine the frequency domain position of the CCB

according to the PBCH indication.

(00105} Similar to the embodiments described with reference to FIG. 7,
above, some embodiments can ulilize a direct, one-to-one correlation
betwean the SSBs and CCBs, but also concentrate the CCBs. FIG &
Hiustrates embodiments utilizing SSBs to be transmitted that correspond to
CCBs on a one-to-one basis, with the CCBs concentrated. Table 4
summarizes the relationships of each SSB with its respective siot, OFDM

symbaols, and CCBs.
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Table 4
Slot No. OFDM Symbols CCB No.
SSBO 0 4-7 O
S8B1 0 8-11 NULL
58B2 1 2-5 1
SSB3 1 6-9 NULL
SSB4 2 4-7 2
S8BS 2 8-11 NULL
SSBe 3 2-5 3
SSB7 3 6-9 NULL

1001061 From Table 4, it can be seen that SSBO corresponds to CCBO,
S8B2 corresponds to CCB1, SSB4 corresponds to CCB2, and $S8B6
corresponds to CCB3. To notify the UE of the predefined pattern of the actual
transmission $8Bs, as shown in FIG. 6, the BS has seven pre-defined 8B
actual fransmission patterns. A 3-bit identifier transmitted on the PBCH to the

UE indicates that the current SSB pattern being used is again ‘B-S8B”

(00107} As shown in FIG. 8, the mapping pattern of the CCB to the data
transmission slot is also predefined. It can be seen in FIG. 8 that, if each CCB
occupies two symbols, CCBO occupies symbols 4 to 5 of slot 0; CCB1
occupies symbols 6 to 7 of slot 0, CCB2 occupies symbols 8 to 9 of slot G
and CCB3 occcupies symbols 10 to 11 of slot 0. Similarly, CCB4 cccupies
symbols 2 to 3 of siot 1, CCB5 occupies symbols 4 to 5 of siot 1, CCB6
occupies symbols 6 to 7 of slot 1; and CCB7 occupies symbols 8 to 9 of siot 1.

100108} For the present example, the PBCH-specific time domain

ocation information transmifted on the PBCH is as follows:
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100109} CCB time domain start point: offset from S8B starting pointto &

subframes {i.e. 5ms);

1001101 The mapping pattern of CCB to data transmission slot is as
shown in FIG. 8;

100111} The actual transmission SSB pattern is as shown in FIG. 8.

00112} After recewving the time domain location information on the
PBCH with the 888, the UE obtains the above information and can directly
find the CCEB time domain start point. Then, the UE judges the CCB
corresponding o the received SSB. In the SSB, the UE obtains other
information such as the SSB index for the received SSB. For example, the
SSB index can be indicated by PBCH DMRS and defines eight different
DMRS seguences. The UE can deiermine the current SSB by detecting the
current PBCH DMRS sequence index. For example, if the UE identifies the
current SSB index as 4, from the actual transmission S8B pattern shown in
FIG. 8, SSB index is 4 corresponds to the third SSB actually transmitted. The
UE can then determine the specific time domain location of the CCB 3
according to the mapping pattern of the CCB to the data transmission slot.
The UE receives CCB 3, and thus the UE completes the acquisition and

raeception of the CCB time domain information.

1001131 The PBCH may also indicate the frequency domain resources of
the CCB, and the terminal may determine the time domain position of the
CCB. It may also be desirable to determing the frequency domain position of
the CCB according to the PBCH indication.

(00114} Some embodimenis may utilize a unified time domain offset
betwaen each SSB and the corresponding CCB. With reference to FIG. 9, the
mapping pattern of the CCB to the data transmission slot is the same as the
mapping pattern of the S8B to the data transmission slot. There is also a

unified time domain offset between each SSB and its corresponding CCB.

100115} Specifically, the number of latent SSBs is L = 8 (that is, $5B
indexas of 0-7), and each SSB occupies four (4) consecutive OFDM symbols.
The mapping of each S8B to its OFDM symbols and corresponding CCB in

FIG. 9is summarized in Table 5, below.
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Table 5
Slot No. OFDM Symbols CCB No.
SSBO 0 4-7 O
S8B1 0 8-11 1
58B2 1 2-5 2
SSB3 1 6-9 3
SSB4 2 4-7 4
S8BS 2 8-11 5
SSBe 3 2-5 8
SSB7 3 6-9 7

00116} Each of the potential SSBs has one corresponding CCB that is
mapped to the same dala transmission slots as its respective S5B. In other
words, from the beginning of the CCB time domain, CCBO is mapped to
symbols 4 to 7 of slot O; CCB1 is mapped to symbols 8 to 11 of slot 0; CCB2
is mapped {o symbols 2 to S in slot 1, CCB3 is mapped to symbols 6 to 9 of
siot 1, CCB4 is mapped to symbols 4 to 7 of slot 2; CCBS is mapped to
symbols 8 to 11 of siot 2, CCB6 is mapped to symbols 2 to 5 of slot 3; and
CCBY is mapped to symbols 6 to 9 of slot 3.

1001171 For the present example, the PBCH-specific time domain
location information transmitted on the PBCH to convey the CCB time domain

information is as follows:

(00118} CCB and corresponding $SSB time domain offsetl 5 subframes

(Le., bms).

(00119} After receiving the time domain location information on the
PBCH with the S8B, the UE obtains the above information and directly
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determines the time domain position of the CCB corresponding to the
received SSB based on the uniform offset of each CCB relative to its
corresponding SSB. The UE does not need o obtain additional SSB index

information as describad for some embodiments above.

1001207 Some embodiments do not have a predefined mapping pattern
between the CCBs and the OFDM symbols, as shown in FiG. 10. FiG. 10
shows the S&Bs mapped to the OFDM symbols. SSBO maps to symbols 4 to
7 of slot 0; SSB1 maps to symbols 8 to 11 of slot 0; 8SB2 maps to symbols 2
to 5 of siot 1; SSB3 maps to symbols 6 {0 9 of slot 1, S5B4 maps o symbols
4 to 7 of slot 2; SSB5 maps to symbols 8 to 11 of slot 2, SSBG maps to
symbols 2 to 5 of siot 3, and SSB7 maps to symbols 6 to O of slot 3. This

mapping made is known to the network side (e.g., the BS) and the UL,

100121} In the present embodiments, the CCB does not have 3
predefined mapping pattern to the OFDM symbols. Thus, the time domain
location information fransmitted on the PBCH indicates the following

information:

001221 CCB time domain start point: with the first SSB whare the time

slot is shifted to 1 radio frame (10ms);

1001231 Monitoring period: 4 symbols, that is, the UE from the CCB time
domain start position, conducts a blind attempt to detect the CCB every 4
OFDM symbols until the successful detection of downlink control information,
or to achisve a maximum number of attempts to detact the CCRB (e.g., when
the terminal reaches the upper limit of the number of times the CCB does not
successfully detect the downlink control information, the detection failure is
considered). The upper limit of attempts at blind detection of the CCB can be
set to any desired value, but is 12 for the present example, which causes the
UE to attempt to blind detect the CCB 12 times from the CCB time domain

start position.

100124} The configuration of the common CORESET in the CCB
includes the following configuration information: As shown in FIG. 10, the
number of symbols occupied by the CORESET in the CCB is two OFDM
symbols (2 08}, which establishes the CORESET as the first two symbols of
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the CCB. The number of resource units occupied by the CORESET is 10
resource blocks (10 RB), which establishes that the CORESET occupies the
10 highest index RBs in the CCB.

[00125] The UE successfully detecis the SSB1 on the PBCH. The
configuration information of the CCB is read in the PBCH. Further, the
location of the first potential CCB is found according to the time domain start
information of the CCB. If the downlink control information is not detected in
common CORESET of the first potential CCB, the above detection process is
repeated at the second potential CCB corresponding to the fifth symbol, and
so on, and finally succeeds in the third potential CCB to detect the downlink
control information. The UE completes the acquisition and reception of CCB

time domain information.

1001261 The number of potential CCBs is redundant, so that the actual
transmitted CCBs resocurce can be chose by BS from potential CCBs. Some
CCBs can be skipped, and can be used for transmission of other data or

conirol information.

001271 Further, the PBCH may also indicate the frequency domain
resources of the CCB, and the UE may determine the time domain position of
the CCB. it may be desirable to determine the frequency domain position of

the CCB according to the indication transmitted on the PBCH.

100128} FIG. 11 shows another illusirative example of a mapping pattern
betwean OFDM symbols and S8Bs, without a predefined mapping pattern
between CCBs and the OFDM symbols. In FiG. 11, the number of 5SBs is L
= 16 (that is, SSB indexes of 0-15), each SSB occupies 4 consecutive OFDM
symbols, mapped as shown in FIG. 11. S8BO0 is mapped to symbols 4 to 7 in
siot 0; S5B1 is mapped to symbols 8 through 11 of slot O; SSB2 is mapped to
symbols 2to 5 in slot 1; SSB3 is mapped to symbols 6to 9 of slot 1, SSB4 is
mapped to symbols 4 to 7 of slot 2; S5B5 is mapped to symbols 8 to 11 of siot
2, SSB6 is mapped o symbols 2 to 5 of siot 3; and SSBY is mapped {o
symbols 6 to 9 of slot 3. A layer 1100 of eight (8) succeeding $5Bs are
grouped, and mapped o the SSBs mapped directly to the OFDM symbols

described above for the present example. The mapping pattern of the SS8B to
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the OFDM symbols and the mapping patiern of the S8Bs in the layer 1100 to
those SSBs mapped to the OFDM symbols are known {0 the network side
(e.g., BS) and the UE.

[00129] In the present example, the CCBs do not have a predefined
mapping pattern to the OFDM symbols. Each set of S5Bs in the layer 110
corresponds to a set of 12 potential CCB resources, and the time domain
location information transmitted with the SSB on the PBCH for the same set of
S88s contains the same content. The different sets of CCBs correspond to
different time domain location information for the respective CCBs. Since the
CCB configuration information to be indicated may be different (for example,
CCB time domain start point and other information), time domain location
information on the PBCH belonging to different groups of SSBs may be
different (e.g., the content of the group of SSBs such as S5Bs 0-7 is the same,

but different than the content of another group of S5Bs).

1001301 For each set of SSBs, the PBCH indicates the CCB
configuration information in the same manner as described above with

respect to FIG. 10, so this process will not be described again.

(00131} For some embodiments, the CCB is frequency division
multiplexing with SSB with the same downlink antenna port, such as when the
CCB and the corresponding SSB has a time domain offset 0. For such

embodiments, the time domain location information for the CCB includes:

001321 CCB start point in time domain: time offset of CCB and the
corresponding S5B is 0.

(00133} Because CCB and SSB are arranged in a one-fo-one
correspondence, blind detection of a number of potential CCB resources is

not needed. The monitoring cycle indication field is invalid.

(00134} The upper limit of CCB monitoring is 1, or the upper limit of CCB

monitoring is invalid.

[00135] The configuration of the common CORESET in the CCB
includes the following configuration information: As shown in FIG. 11, the
niumber of symbols occupied by the common control resource set in the CCB
is two OFDM symbols (2 08}, the CORESET constitutes the first two symbols
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of the CCB, the number of resource units occupied by the common conirol
resource set is 10 resource blocks (RBs), and the CORESET is located in the

10 resource blocks with the highest index in the CCB.

(00136} The UE successfully detects the synchronization signal and
PBCH on the SSB1. The configuration information of the CCB is read from the
PBCH. Further, the CCB is sel according to the time domain start information
of the CCB, and the CORESET is blind detection is unnecessary. The UE
then completes the acquisition and reception of CCB time domain location

information.

1001371 After receiving the SSB on the PBCH, the UE obtains the above
information and can directly find the CCB corresponding to the received SSB.
At this point, the UE does not need o obtain additional S8B index.

100138} The CCB time domain location information indication mode
corresponding o the present embodiment is described in detall with reference
to FiGs. 13-15. Consider CCB mapping in two locations, one part of which is
mapped on one or both sides of the $8B frequency domain, and the other
part is mapped on another time domain position. By this mapping, the
sweeping duration of the second part of the CCB can be reduced, thereby

reducing the impact on other data and controis.

100139} In some embodiments, UE can be indicated the current CCB is
mapped to two locations or one location via PBCH or PDCCH within
corresponding common CORESET. For example, one bit in PBCH can be
used for such indication, which the value of such bit ‘0" represent ‘the current
CCB is mapped to two locations’, and the value of such bit ‘1" represent ‘the

current CCB is mapped to one locations’.

(00140} The multiplexing method, one way of implementation is that the
two parts of the CCB, a first part and a second part, have their own set of
commaon control resources {e.g., resource blocks), as shown in FiG. 18
Ancther way o do this is that the two-part CCB uses the downlink control
information within the same common CORESET for scheduling, as shown in
FiGs. 14 and 15
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(00141} In the mode shown in FIG. 13, it is necessary o indicate two
CCB configuration information on the PBCH, and the configuration of the CCB
with the SSB frequency division muitiplexing is the same as that described
with reference to FIG. 12, above. The configuration of the second part of the
CCB may according to any of the embodiments described herein, and will not

be described again at this point.

001421 After the UE successfully detects the downlink control
information in each part of the CCB, the UE further receives the information
{such as RMSI, or paging message) in the CCB according to the instructions

of the downiink control information.

100143} in the mode shown in FIG. 14, only the first part CCB
configuration information is transmitted on the PBCH in the same manner as
the technique described with regard to FIG. 10 above. After the UE
successfully detects the downlink control information in the first part of the
CCB, the UE further receives the information (such as RMSI or paging
message) distributed in the second part of the CCB according to the

instruction of the downlink conirol information.

100144} In the mode shown in FIG. 15, only the second part of the CCB
configuration information is indicated in the transmission on the PBCH,
according to any of the embodiments described herein. After the UE
successfully detects the downlink control information in the second part of the
CCB, the UE further receives the data (such as RMSI, or paging message)
distributed in the two parts of the CCB according to the instruction of the

downlink control information.

(00145} The information in the two parts of the CCB can be the same or
different information. When the two parts contain different information, the UE
needs to successfully decode the two parts of the information, and then obtain
the complete information. When the two parts of the CCB contain the same
information, the information in the two parts of the CCB can be used in
different redundancy versions (Redundancy WVersion, RVY), or simply
duplication of information. The UE may only receive one part of the CCB to

get complete information (such as RMSI, or paging message, etc.). The UE
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may also receive two parts of the CCB and perform Incremental Redundantcy
(IR} combination, or Chase Combining (CC). Thereby improving reception

performance.

(00146} FIG. 16 presents a schematic architecture diagram 1600 of a
base station 1650 (&.¢., a network entity) that may utilize at least a portion of
the techniques provided herein. Such a base station 1650 may vary widely in
configuration and/or capabilities, alone or in conjunction with other base
stations, nodes, end units and/or servers, etfc. in order to provide a service,
such as at least some of one or more of the other disclosed techniques,
scenarios, etc. For example, the base station 1650 may connect one or more
user equipment (UE) to a (e.g., wireless and/or wired) network (e.g., which
may be connacted and/or include one or more other base stations), such as
Code Division Multiple Access (CDMA) networks, Time Division Multiple
Access (TDMA) networks, Frequency Division Multiple Access (FDMA)
networks, Orthogenal FDMA (OFDMA) networks, Single-Carrier FDMA (SC-
FDMA) networks, etc. The network may implement a radio technology, such
as Universal Terrestrial Radio Access (UTRA), COMAZ000, Global System for
Mobile Communications {(GSM), Evolved UTRA (E-UTRA), IEEE 802.11,
IEEE 80216, IEEE 802 20, Flash-OFDM, etc. The BS and/or the UE may
communicate using a standard, such as Long-Term Evolution (LTE), 5G New
Radio (NR), etc.

100147} The base station 1650 may comprise one or more (e.q.,
hardware) processors 1610 that process instructions. The one or more
processors 1610 may optionally include a plurality of cores; ong or more
coprocessors, such as a mathematics coprocessor or an integrated graphical
processing unit (GPU); and/or one or more layers of local cache memory.
The base station 1650 may comprise memory 1602 storing various forms of
applications, such as an operating system 1604, one or more base station
applications 1606; and/or various forms of data, such as a database 1608
and/or a file system, etc. The base station 1650 may comprise a variaty of
peripheral components, such as a wired andfor wireless network adapter
1614 connactible to a local area network and/or wide area network;, one or

more storage components 1616, such as a hard disk drive, a solid-state
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storage device (88D), a flash memory device, and/or a magnetic andfor

optical disk reader; andfor other peripheral components.

100148} The base station 1650 may comprise a mainboard featuring one
or more communication buses 1612 that interconnect the processor 1610, the
memory 1602, and/or various peripherals, using a variety of bus technologies,
such as a variant of a serial or parallel AT Attachment (ATA) bus protocol, a
Uniform Serial Bus (USB) protocol;, andfor Small Computer System Interface
(SCH bus protocel. In a multibus scenario, a communication bus 1612 may
interconnect the base station 1650 with at least one other server. Other
componeants that may optionally be included with the base station 1650
{(though not shown in the schematic diagram 1600 of FIG. 16) include a
display; a display adapter, such as a graphical processing unit (GPU); input
peripherals, such as a keyboard andfor mouse; andfor a flash memory device
that may store a basic input/output system (BIOS) routing that facilitates

booting the base station 1650 to a state of readiness, eic.

(00149} The base station 1650 may operate in various physical
enclosures, such as a desktop or tower, and/or may be integrated with a
display as an “all-in-one” device. The base station 1650 may be mounted
horizontally and/or in a cabinet or rack, andfor may simply comprise an
interconnecied set of components. The base station 1650 may comprise a
dedicated andfor shared power supply 1618 that supplies and/or regulatas
power for the other components. The base station 1650 may provide power
to and/or receive power from another base station and/or server and/or other
devices. The base station 16850 may comprise a shared and/or dedicated
climate control unit 1620 that regulates climate properties, such as
temperature, humidity, and/or airflow. Many such base stations 1850 may be
configured and/or adapted to utilize at least a portion of the techniques

presented herein.

1001507 FiG. 17 presents a schematic architecture diagram 1700 of &
user equipment (UE) 1750 (e.g., a8 communication device) whereupon at least
a portion of the techniques presented herein may be implemented. Such a
UE 1750 may vary widely in configuration andfor capabilities, in order to

provide a variety of functionality to a user. The UE 1750 may be provided in a
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varigty of form factors, such as a mobile phone (e.g., a smartphone); a
deskiop or tower workstation; an “all-in-one” device integrated with a display
1708; a laptop, tablet, convertible tablel, or palmiop device; a wearable device,
such as mountable in a headset, eveglass, earpiece, and/or wristwatch,

and/or integrated with an article of clothing; and/or a component of a piece of
furniture, such as a tabletop, and/or of another device, such as a vehicle or
residence. The UE 1750 may serve the user in a variety of roles, such as a
telephone, a workstation, kiosk, media player, gaming device, andfor

appliance.

(00151} The UE 1750 may comprise one or more (g.g., hardware)
processors 1710 that process instructions. The one or more processors 1710
may optionally include a plurality of cores; one or more coprocessors, such as
a mathematics coprocessor or an integrated graphical processing unit (GPU);
and/or one or more layers of local cache mamory. The UE 1750 may
comprise memory 1701 storing various forms of applications, such as an
operating system 1703, one or more user applications 1702, such as
document applications, media applications, file and/or data access
applications, communication applications, such as web browsers and/or email
clients, utilities, and/or games; and/or drivers for various peripherals. The UE
1750 may comprise a variety of peripheral components, such as a wired
and/or wireless network adapter 1706 connectible to a local area network
and/or wide area network; one or more output components, such as a display
1708 coupled with a display adapter {(optionally including a graphical
processing unit {GPU)), a sound adapter coupled with a speaker, and/or a
printer; input devices for receiving input from the user, such as a keyboard
1711, a mouse, a microphone, a camera, and/or a touch-sensitive component
of the display 1708, and/or environmental sensors, such as a GPS receiver
1719 that detects the location, velocity, and/or acceleration of the UE 1750, a
compass, accelerometer, and/or gyroscope that detects a physical orientation
of the UE 1750. Other components that may optionally be included with the
UE 1750 (though not shown in the schematic architecture diagram 1700 of
FIG. 17) include one or more storage components, such as a hard disk drive,

a solid-state storage device (88D), a flash memory device, andfor a magnetic
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and/or optical disk reader; a flash memaory device that may store a basic
inputfoutput system (BIOS) routine that facilitates booting the UE 1750 1o a
state of readiness; and/or a climate control unit that regulates climate

properties, such as temperature, humidity, and airflow, etc.

100152} The UE 1750 may comprise a mainboard featuring one or more
communication buses 1712 that interconnect the processor 1710, the memory
1701, andfor various peripherals, using a variety of bus technologies, such as
a variant of a serial or parallel AT Attachment (ATA) bus protocol; the Uniform
Serial Bus (USB) protocol; andfor the Small Computer System Interface (SCH)
bus protocol. The UE 1750 may comprise a dedicated and/or shared power
supply 1718 that supplies andfor regulates power for other components,
and/or a battery 1704 that stores power for use while the UE 1750 is not
connected to a power source via the power supply 1718, The UE 1750 may

provide power to and/or receive power from other client devices.

(00153} FiG. 18 is an illustration of a scenario 1800 involving an
example non-transitory computer readable medium 1802, The non-transitory
computer readable medium 1802 may comprise processor-executable
instructions 1812 that when executed by a processor 1816 cause
performance {(e.g., by the processor 1816) of at least some of the provisions
herein. The non-transitory computer readable medium 1802 may comprise a
memaory semiconductor (e.¢., a semiconductor utilizing static random access
memory {SRAM), dynamic random access memory (DRAM), and/or
synchronous dynamic random access memory (SDRAM) technologies), a
platter of a hard disk drives, a flash memory device, or a magnetic or optical
disc (such as a compact disc (CD), digital versatile disc (DVD), and/or floppy
disk). The example non-transitory computer readable medium 1802 stores
computer-readable data 1804 that, when subjected o reading 1806 by a
reader 1810 of a device 1808 (s.g., a read head of a hard disk drive, or a read
operation invoked on a solid-state siorage device), express the processor-
executable instructions 1812, In some embodiments, the processor-
executable instructions 1812, when executed, cause performance of
operations, such as at least some of the example method of FIGs. 2 and 3, for

example. In some embodimenits, the processor-executable instructions 1812
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are configured to cause implementation of a system and/or scenario, such as

at least some of the exemplary system described herein.

(00154} As used in this application, "module” "system”, "interface”,
and/or the like are generally intended fo refer to a computer-related entity,
gither hardware, a combination of hardware and software, software, or
software in execution. For example, a component may be, but is not limited to
being, a process running on a processor, a processor, an object, an
executable, a thread of execution, a program, andf/or a computer. By way of
Hiustration, both an application running on a controller and the controller can
be a component. One or more components may reside within a process
and/or thread of execution and a component may be localized on one

computer and/or distributed between two or more computers (8.q., nodes(s}).

” oW

1001551 Unless specified otherwise, “first,” “second,” and/or the like are
not intended to imply a temporal aspect, a spatial aspect, an ordering, etfc.
Rather, such terms are merely used as identifiers, names, etc. for features,
glements, items, etc. For example, a first object and a second object
generally correspond to object A and object B or two different or two identical

objects or the same object.

1001586} Moreover, “example,” “illustrative embodiment,” are used herain
to mean serving as an instance, tustration, efc., and not necessarily as
advantageous. As used herein, "or' is intended to mean an inclusive “or”
rather than an exclusive "or'. In addition, "a"” and "an" as used in this
application are generally be construed o mean "one or more” unless specified
otherwise or clear from context {o be directad 10 a singular form. Also, at least
one of A and B and/or the like generally means A or B or both A and B.
Furthermore, 10 the extent that "includes”, "having”, "has”, "with", and/or
variants thereof are used in either the detailed description or the claims, such

terms are intended to be inclusive in a manner similar to the term "comprising’.

10015873 Although the subject matter has been described in language
specific to structural features and/or methodological acts, itisto be
understood that the subject matter defined in the appended claims is not

necessarily limited {0 the specific features or acts described above. Rather,
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the specific features and acts described above are disclosed as example

forms of implementing at least some of the claims.

100158} Furthermore, the claimed subject matter may be implemented
as a method, apparatus, or article of manufaciure using standard
programming and/or engineering technigques 1o produce software, firmware,
hardware, or any combination thereof o conirol a computer {e.g., node) to
implement the disclosed subject matter. The term "article of manufacture” as
used herein is infended to encompass a computer program accessible from
any computer-readable device, carrier, or media. Of course, many
maodifications may be made to this configuration without departing from the

scope or spirit of the claimed subject matter.

100159} Various operations of embodiments and/or examples are
provided herein. The order in which some or all of the operations are
described herein should not be construed as to imply that these operations
are necessarily order dependent. Alternative ordering will be appreciated by
one skilled in the art having the benefit of this description. Further, it will be
understood that not all operations are necessarily present in each
embodiment and/or example provided herein. Also, it will be understood that

not all operations are necessary in some embodiments andfor examples.

(00160} Also, although the disclosure has been shown and described
with respect {0 one or more implementations, equivalent alterations and
modifications will occur to others skilled in the art based upon a reading and
understanding of this specification and the annexed drawings. The disclosure
includes all such modifications and alterations and is limited only by the scope
of the following claims. In particular regard to the various functions performed
by the above described componenis {(e.g., elements, resources, etc.), the
terms used to describe such components are intended to correspond, uniess
otherwise indicaied, to any component which performs the specified function
of the described componeant {(e.g., that i3 functionally equivalent), even though
not structurally equivalent to the disclosed structure. In addition, while a
particular feature of the disclosure may have been disclosed with respect to

only one of several implementations, such feature may be combined with one
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or more other features of the other implementations as may be desired and

advantageous for any given or particular application.
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CLAIMS

What is claimed is:

1. A method comprising:

transmitting time domain location information for a common control
block on a physical broadcast channel; and

fransmitting the common control block according o the time domain

location information.

2. The method of claim 1, wherein the physical broadcast channel is

transmitted via a plurality of antenna ports.

3. The method of claim 1, wherein the time domain location information
comprises a start point of a transmission of the common control block, in a

time domain.

4. The method of claim 1, wherein the time domain location information

comprises a patiern of synchronization signal blocks to be actually transmitted.

5. The method of claim 1, wherein the time domain location information
comprises a mapping pattern of the common control biocks to data

fransmission slots.

6. The method of claim 1, whearein the time domain location information
comprises a quantity of potential common control blocks assigned (o one

synchronization signal block.

7. The method of claim 6, wherein the potential common control blocks
comprise the actual transmitted common control block, and the method
comprises selecting time domain location of an actual fransmitied common

control block from the potential common control blocks.
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8. The method of claim 1, wherein the time domain location information
comprises a time domain offset between two start points of potential common

control blocks corresponding o two neighboring synchronization signal blocks.

8. The method of claim 1, wherein the time domain location information
comprises monitoring information for blind detecting to determine whether
downlink control information included in the common control block has been

received.

10. The method of claim 9, wherein the moniforing information defines a

monitoring period when the node is to perform the blind detection.

11. The method of claim 9, wherein the monitoring information defines a
maximum number of blind detections to be performed by the node before

determining that the downiink control information is detected.

12. The method of claim 9, wherein the monitoring information defines a time
duration of monitoring that to be performed by the node before determining

that the downlink control information is detecled.

13. The method of claim 9, wherein the monitoring information defines a

common control resource set configuration within the common control block.

14. A method comprising:

receiving time domain location information for a common control block
on a physical broadcast channel; and

receiving the common control block according to the time domain

location information.

15. The method of claim 14, wherein the physical broadcast channel is

fransmitted via a plurality of antenna ports.
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16. The method of claim 14, wherein the time domain location information
comprises a start point of a transmission of the common control block, ina

time domain.

17. The method of claim 14, wherein the time domain location information
comprises a pattern of synchronization signal blocks actually transmitted by a

transmitter and subsequently received.

18. The method of claim 14, wherein the time domain location information
comprises a mapping pattern of the commeon control biocks {0 data

transmission slots.

19. The method of claim 14, whersin the time domain location information
comprises a quantity of potential common control blocks assigned to one

synchronization signal biock.

20. The method of claim 18, wherein the potential common conirol biocks
comprise an actual transmitted common control block, and the method
comprises blind detecting time domain {ocation of the potential common

control blocks to receive the actual transmitied common control biock.

21. The method of claim 14, wherein the time domain location information
comprises a time domain offset between two start points of potential common

control blocks corresponding to two neighboring synchronization signal blocks.

22. The method of claim 4, wherein the time domain location information
comprises monitoring information for blind checking to determine whether
downlink control information included in the common control block has been

receivad.

23. The method of claim 22, wherein the monitoring information defines a

monitoring period when the blind detecting is to be performed.
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24, The method of claim 22, wherein the monitoring information defines a
maximum number of blind detections o be performed before determining that

the downlink control information was not detected.

25. The method of claim 24, wherein the monitoring information defines a
time duration of monitoring to be performed before determining that the

downlink control information was not detecied.

26. The method of claim 24, wherein the monitorning information defines a

common control resource set configuration within the common control block.

27. A communication device comprising:

a processor; and

a memory comprising processor-exacutable instructions that when
executed by the processor cause performance of a method recited in any of

claims 1-26.
28. A non-transitory computer readable medium having stored thereon

processor-executable instructions that, when executed, cause performance of

a method recited in any of claims 1-26.
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OCCASIONALLY BROADCAST TIME DOMAIN LOCATION INFORMATION
FROM A BS ON A PHYSICAL BROADCAST CHANNEL

200

!

MAP CCB TC OTHER DATA BLOCK(S) OR SLOT OR OFDM SYMBCL FOR
TRANSMISSION ACCORDING TO TIME DOMAIN LOCATION INFORMATION

210

!

TRANSMIT MAPPED CCB ACCORDING TC TIME DOMAIN LOCATION INFORMATICON
TO BE RECEIVED BY UE FOR ESTABLISHING COMMUNICATION WITH THE BS

220

FIG. 2

COMPLETE INITIAL SYNCHRONIZATION

- 300

;

RECEIVE PBCH TRANSMISSION AND
DETECT TIME DOMAIN LOCATION INFORMATION

310

;

DETECT THE CCB AT A TIME AND/OR POSITION WITHIN A DOWNLINK
TRANSMISSION FROM BS INDICATED BY TIME DOMAIN LOCATION INFORMATION

320

FIG. 3
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