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PHYSICAL DOWNLINK CONTROL CHANNELCANDIDATE SELECTION

METHOD AND SYSTEM

TECHNICAL FIELD

This document generally relates to wireless communications.

BACKGROUND

Wireless communication technologies are moving the world toward an increasingly
connected and networked society. The rapid growth of wireless communications and advances in
technology has led to greater demand for capacity and connectivity. Other aspects, such as energy
consumption, device cost, spectral efficiency, and latency are also important to meeting the needs
of various communication scenarios. In comparison with the existing wireless networks, next
generation systems and wireless communication techniques need to provide the reliable

communication of control information to support enhanced services and applications.

SUMMARY

This document relates to methods, systems, and devices forphysical downlink control
channel (PDCCH) candidate selection. Using the disclosed technology, embodiments are able to
perform PDCCH candidate selection by reducing the number of blind detection attempts that have
to be performed in current implementations of Long Term Evolution (LTE) and New Radio (NR)
devices.

In one exemplary aspect, a wireless communication method is disclosed. The method,
which may be implemented at a base station (BS) or a user equipment (UE), includes performing a
communication operation in one or more of a first set of resources, where the resources of the first
set of resources are selected in a selection order from a second set of resources that is larger than
the first set of resources, and where the selection order for the first set of resources is based on at
least one of a period of a search space set, a downlink control information (DCI) format of the
search space set, a starting symbol of the search space set, a component carrier type, a component

carrier index or an occasion index.
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In another exemplary aspect, a wireless communication method is disclosed. The
method, which may be implemented at a base station (BS) or a user equipment (UE), includes
performing a communication operation in one or more of a first set of resources, where a second
set of resources includes the first set of resources and a third set of resources, and the resources of
the first set of resources are non-overlapping with the resources of the third set of resources, where
the resources of the third set of resources are selected in a selection order from the second set of
resources, and where the selection order for the third set of resources is based on at least one of a
period of a search space set, a downlink control information (DCI) format of the search space set, a
starting symbol of the search space set, a component carrier type, a component carrier index or an
occasion index.

In yet another exemplary aspect, the above-described methods are embodied in the form
of processor-executable code and stored in a computer-readable program medium.

In yet another exemplary embodiment, a device that is configured or operable to
perform the above-described methods is disclosed.

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

FIG. 1 shows an example of a base station (BS) and user equipment (UE) in wireless
communication, in accordance with some embodiments of the presently disclosed technology.

FIG. 2 shows an example of an overloaded search space set.

FIGS. 3A and 3B show an example of the organization of PDCCH candidates in search
space sets, aggregation levels, occasions and slots.

FIG. 4 shows an example calculation of values for priority levels for PDCCH candidate
selectionin a single search space set and at a single aggregation level.

FIG. 5 shows an example of computed priority levels for PDCCH candidates for
multiple search space sets in a single aggregation level.

FIG. 6 shows an example procedure for PDCCH candidate selection at a base station.

FIG. 7 shows an example procedure for PDCCH candidate selection at a terminal.

FIGS. 8A and 8Bshow an example of PDCCH candidate selection.
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FIGS. 9A and 9B show another example of PDCCH candidate selection.

FIGS. 10A and 10B show yet another example of PDCCH candidate selection.

FIG. 11 shows an example of PDCCH candidates with interleaved indexes in a single
search space set and at a single aggregation level in one occasion.

FIGS. 12A and 12B show an example of computed priority levels for PDCCH
candidates for multiple search space sets and multiple aggregation levels.

FIGS. 13A and 13B show an example of PDCCH candidate selection based on priority
levels.

FIG. 14 an example calculation of interleaved values for priority levels for PDCCH
candidate selectionin a single search space set and at a single aggregation level.

FIGS. 15A and 15B an example of interleaved priority levels for PDCCH candidates for
multiple search space sets in multiple aggregation levels.

FIGS. 16A and 16Bshow another example of PDCCH candidate selection based on
priority levels.

FIG. 17 shows another example of priority levels for PDCCH candidate selection in a
single search space set and at a single aggregation level.

FIG. 18 shows another example of PDCCH candidate selection based on priority levels.

FIG. 19 shows an example of a wireless communication method for PDCCH candidate
selection.

FIG. 20 is a block diagram representation of a portion of an apparatusthat may

implement a method or technique described in this patent document.

DETAILED DESCRIPTION

In LTE and NR, downlink control information (DCI) is carried by a Physical Downlink
Control Channel (PDCCH), and in general, the base station selects one PDCCH candidate among
multiple PDCCH candidates as the final PDCCH channel. The terminal does not know which
among the multiple PDCCH candidates is selected by the base station, e.g. which PDCCH
candidate is finally selected to transmit the downlink control information. Thus, the terminal needs
to try PDCCH demodulation and decoding, one by one, over the multiple PDCCH candidates.

FIG. 1 shows an example of a wireless communication system that includes a BS 120
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and one or more user equipment (UE) 111, 112 and 113. In some embodiments, the BS may
transmit DCI over the PDCCH (141, 142, 143) to the UEs, which blindly detect the various
PDCCH candidates in order to receive the DCI. Upon establishing the connection, the UEs may
then transmit information (131, 132, 133) to the BS. The UE may be, for example, a smartphone, a
tablet, a mobile computer, a machine to machine (M2M) device, an Internet of Things (IoT) device,
and so on.

The multiple PDCCH candidates are usually distributed at multiple aggregation levels,
and each aggregation level usually includes multiple PDCCH candidates.Aggregation level (AL)
refers to the number of control channel elements (CCEs) that a PDCCH candidate contains. For
example, if the aggregation level is 4, then each PDCCH candidate on this aggregation level
consists of 4 CCEs. In NR, a CCE consists of 6 Resource Element Groups (REGs), and each REG
consists of 12 Resource Elements (REs).

Related concepts to the PDCCH, which provide context for embodiments of the
disclosed technology, include the Control Resource Set (CORESET) and the search space
collection. CORESET is mainly used to determine the frequency domain range in which the base
station transmits the PDCCH and the terminal detects the PDCCH, and the number of symbols
occupied by the PDCCH channel. CORESET can also include the following parameters:

» Control resource ID
* Frequency-domain resources
* Time-duration (1, 2, or 3)
* REG bundle size (2, 3, or 6)
* Precoder-granularity (REG bundle size or contiguous Resource Blocks (RBs) within
the CORESET)
» CCE-to-REG mapping type (interleaved or non-interleaved)
* Interleaver-rows (2, 3, or 6)
» Shift index for Interleaver(0-274)
*TCI states PDCCH (list of K = MTCI-RS set configuration)
* DMRS scrambling sequence initialization value
The search space set is mainly used to determine which aggregation levels the PDCCH

channel can use, and the number of PDCCH candidates at a specific aggregation level, as well as
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information such as PDCCH period and time domain location. Search space collection can contain
the following parameters:

* A CORESET ID

» Flag of CSS

» DCI format parameter

* Monitoring periodicity of slot(s)

» Monitoring offset of slot(s) ((0, 1, ..., N-1) for monitoring periodicity of N)

» Monitoring symbol within a slot (14-bit bit-map)

» Number of candidates for AL=1 (0, 1, 2, 3,4, 5, 6, 8)

» Number of candidates for AL=2 (0, 1, 2, 3,4, 5, 6, 8)

» Number of candidates for AL=4 (0, 1, 2, 3,4, 5, 6, 8)

» Number of candidates for AL=8 (0, 1, 2, 3,4, 5, 6, 8)

* Number of candidates for AL=16 (0, 1, 2, 3,4, 5, 6, 8)

In LTE and NR systems, which are examples of carrier aggregated systems, one base
station can transmit control and/or data information to one user equipment in different carriers at
the same time, wherein each of these carriers is called a component carrier. For one UE, one
component carrier may include multiple bandwidth parts (BWPs). However, the base station
usually sends control information and/or data information to the user equipment only on one of the
these bandwidth part of one component carrier. For a given time, the BWP that is actually used to
send control information and/or data information is called an active BWP. Similarly, BWPs used
for initial access and for future communications may be referred to as initial access and target
bandwidth parts, respectively.

In exemplary implementations, the maximum number of CORESETs in a BWPmay be
3, the maximum number of search space sets in a BWP may be 10, and that there is a searchspace
set that corresponds to a CORESET.

In some embodiments, the PDCCH periods in different search space sets may be
different. When multiple search space sets are located in the same slot, as shown in FIG. 2, the total
number of PDCCH candidates on the slot will be significantly increased, as will the number of
PDCCH blind detections. FIG. 2 shows certain slots that are overloaded since the same slot is being

searched by the terminal in search space 1 and search space 2. This results in a significant increase
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in the number of channel estimation CCEs. Thus, the number of PDCCH candidates in cach search
space and/or the number of CCEs required for channel estimation may exceed the capabilities of
the user equipment (UE) support.

Embodiments of the disclosed technology provide implementations of a selection order
for selecting PDCCH candidates to ensure that the number of PDCCH candidates and/or the
number of CCEs that the terminal needs to perform channel estimation do not exceed the
capabilities of the UE. Section headings are used in the present document to improve readability of
the description and do not in any way limit the discussion or the embodiments to the respective
sections only.

A Brief Summary of Exemplary Embodiments of the Disclosed Technology

In an example, the number of PDCCH candidates configured by the base station may
exceed the UE capability (e.g., 44 PDCCH blind detections), or the number of CCEs corresponding
to the number of PDCCH candidates configured by the base station may exceed the capability of
the UE (e.g., the channel estimation of the UE supporting 48 CCEs at most).

In one slot, if the number of PDCCH candidates configured by the base station exceeds
a first threshold value, or if the number of CCEs corresponding to the number of PDCCH
candidates configured by the base station exceeds a second threshold value,then the base station
and the terminal both discard some PDCCH candidates according to one rule, so that the number of
PDCCH candidates that are retained does not exceed the first threshold value, and the number of
CCEs corresponding to the retained PDCCH candidates does not exceed the second threshold
value.

The base station may select one or more PDCCH candidates among the remaining
PDCCH candidates for transmitting the PDCCH.

Alternatively, the base station and the terminal may re-determine the position of the
CCE of the PDCCH candidate in the CCE set corresponding to the reserved PDCCH candidate
according to a certain rule. Then, one or more PDCCH candidates are selected from among the
excluded PDCCH candidates (PDCCH candidates that were not reserved) for transmitting the
downlink control information.

Example Embodiments for Selecting the Order of Reserved PDCCH Candidates

Method 1. In some embodiments, the sclection order for PDCCH candidates is defined as:
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(1) Sort by search space set type;

(2) Within a search space set type, select the PDCCH candidates in descending order
of aggregation level (AL) for N > 1 rounds; and

(3) Within the same aggregation level, the PDCCH candidates are selected in
ascending order of the search space set identifiers (or IDs).

PDCCH candidates are selected, as described above, until the first threshold value is
exceeded, which may correspond to the maximum capabilities of the terminal or UE.

As an example, and assuming a UE-specific search space (USS) set type, the search
space may correspond to two search space sets, as shown in FIGS. 3A and 3B, both in slot n. For
an i-th UE, the configuration of the search space is as follows:

» For search space set 3,the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 4 occasions on slot n,
as shown in the left-hand portions of FIGS. 3A and 3B.

* For search space set 5, the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 2 occasions on slot n,
as shown in the right-hand portions of FIGS. 3A and 3B.

According to the rules defined in Method 1, the order in which PDCCH candidates are
selected (or equivalent, “added”) in a search space set type (such as USS type search space set)
may be determined.

The candidates that are selected from the original set of PDCCH candidates by the base
station in a slot are called reserved candidates. The remaining PDCCH candidates, which are not
selected, are referred to as excluded PDCCH candidates.

The base station may select some or all of the excluded PDCCH candidates, upon
determining that some of the excluded PDCCH candidates correspond to CCEs that are in the new
Control Channel Element (CCE) set. In these cases, one of the following procedures is used:

(A) The base station selects some or all of the reserved PDCCH candidates, and sends
downlink control information to the terminal on one or more physical downlink control channels
using the selected reserved PDCCH candidates, or

(B) The base station selects some or all of the reserved PDCCH candidates, and

selects some or all of the previously excluded PDCCH candidates that correspond to CCEs in the
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new CCE set, and sends downlink control information to the terminal on one or more physical
downlink control channels using the selected reserved PDCCH candidates and the selected
previously excluded PDCCH candidates.

In some embodiments, in cither of the two embodiments described above, the order of
the PDCCH candidates added (or equivalently, the selection order of the PDCCH candidates) at the
aggregation level L of the search space set s may further be based on:

» Reordering the occasion indexes (PDCCH candidate monitoring times) in the slot
using an interleaving matrix, and/or

» Adding one PDCCH candidate to each occasion at each time, using the reordering
rules described above, until all PDCCH candidates at the aggregation level L of the search space
set s are added.

In some embodiments, in cither of the two embodiments described above, the order of
the PDCCH candidates added to a certain occasion in the slot n at aggregation level L of the search
space set s may further be based on:

* Reordering PDCCH candidate indexes on this occasion using the interleaving matrix,
and/or
» Adding the PDCCH candidates after they have been reordered.

Method 2. In some embodiments, the selection order of the PDCCH candidates may be
based on priority value.For the aggregation level L on the search space set s, all PDCCH candidates
in each occasion in the slot may be numbered. For occasion index 0, the PDCCH candidate index is
m, and its corresponding value is: I = Osxm+0O, as shown in FIG. 4 for a single search space set and

single aggregation level, and where Osis the number of occasions in the slot for the search space set s.
The priority for a PDCCH candidate is defined as I/ (O, *}), where MY is the number

of candidates configured for aggregation level L in search space set s, and Osis the number of
occasions in the slot for the search space set s. According to this definition, the priority values for
PDCCH candidates in a single aggregation level and in two different search space sets is shown in
FIG. 5. In an example, the PDCCH candidates may be selected in ascending order of the priority
values.

In some embodiments, and based on the prioritization, PDCCH candidates may be
added to multiple occasions on the aggregation level L in the same search space set s. However,

8
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this may result in the addition of the PDCCH candidates no longer being continuous with respect to
their indexes, since they may be added according to the reordering discussed above.

Example Embodiments for PDCCH Candidate Reselection based on CCE
Locations

In some embodiments, after the reserved PDCCH candidates are determined, the
remaining PDCCH candidates are called excluded PDCCH candidates. The excluded PDCCH
candidates may include CCEs that are part of the reserved PDCCH candidates (for example, 48
CCEs), and thus the CCEs may be re-determined.

For an excluded PDCCH candidate, assuming that it belongs to search space set s and
its aggregation level is L, the CCEs of the excluded PDCCH candidates are reselected using one of
the following criteria:

» The CCE set composed of the reserved PDCCH candidates is divided into a plurality
of resources, each including L CCEs, and the UE selects a resource with the least degree of overlap
with the CCEs of the excluded PDCCH candidates.

» The CCE set composed of the reserved PDCCH candidates is divided into a plurality
of resources, each including L CCEs, and the UE selects resources with the lowest level of overlap
with the CCEs of the excluded PDCCH candidates with other aggregation levels L.

» The CCE set composed of the reserved PDCCH candidates is divided into a plurality
of resources, each including L CCEs, and the UE selects the resource with the greatest PDCCH
candidate distance from the aggregation levels L of the excluded PDCCH candidates.

The base station selects some or all PDCCH candidates among the reserved PDCCH
candidates, selects one or more physical downlink control channel candidates from these PDCCH
candidates, and sends downlink control information to the terminal on the one or more selected
physical downlink control channels.

Alternatively, the base station selects part or all of the reserved PDCCH candidates and
the excluded PDCCH candidates, selects one or more physical downlink control channel candidates
from these PDCCH candidates, and sends downlink control information to the terminal on the one
or more selected physical downlink control channels.

An Example Embodiment

Base station side: An example method of the process on the base station side in shown
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in FIG. 6. As shown therein, the base station determines the PDCCH candidate set of slot n
according to the configuration of the high layer parameters of the base station (block 610). For
example, the base station may configure a plurality of search space sets, and the configuration
parameters of each search space set have the following parameters:

+ A CORESET ID

» Flag of CSS

» DCI format parameter

* Monitoring periodicity of slot(s)

» Monitoring offset of slot(s) ((0, 1, ..., N-1) for monitoring periodicity of N)

» Monitoring symbol within a slot (14-bit bit-map)

» Number of candidates for AL=1 (0, 1, 2, 3,4, 5, 6, 8)

» Number of candidates for AL=2 (0, 1, 2, 3,4, 5, 6, 8)

» Number of candidates for AL=4 (0, 1, 2, 3,4, 5, 6, 8)

» Number of candidates for AL=8 (0, 1, 2, 3,4, 5, 6, 8)

» Number of candidates for AL=16 (0, 1, 2, 3, 4, 5, 6, 8)

The base station determines a physical downlink control channel (PDCCH) candidate
set corresponding to the search space sets that the terminal needs to detect on the slot n.

The base station then selects reserved PDCCH candidates from the PDCCH candidate
set according to a predefined sequence. These number of reserved PDCCH candidates are restricted
from exceeding the first threshold value (block 620).

In some embodiments, the base station selects reserved PDCCH candidates according to
the following predefined sequence:

(1) Select PDCCH candidates by search space set type;

(2) Within a search space set type, select the PDCCH candidates in descending order
of aggregation level (AL) for N > 1 rounds; and

(3) For the nth round (1<=n<=N), when the aggregation level is seclected in
descending order, select PDCCH candidates with aggregation levels less than L. The search space
set under the threshold Oy adds one reserved PDCCH candidate to each occasion of each search
space set in descending order of the search space set identifier in the search space set, and the

aggregation level L as the nth round proceeds. If the number of PDCCH candidate is less than the
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first threshold value, this process is repeated.

In some embodiments, the base station selects some or all of the excluded PDCCH
candidates, and re-selects the CCEs for the excluded PDCCH candidates (block 630).

In some embodiments, the base station selects one or more PDCCH candidates from
among the reserved PDCCH candidates and the excluded PDCCH candidates for re-determining
the CCEs (block 640), and sends the downlink control information to the terminal (block 660).

In some embodiments, the base station selects one or more PDCCH candidates from
among the reserved PDCCH candidates (block 650) and sends downlink control information to the
terminal (block 660).

Terminal side: An example method of the process on the terminal side in shown in FIG.
7. As shown therein, the terminal determines the PDCCH candidate set of slot n according to the
configuration of the high layer parameters of the base station (block 710). For example, the base
station may configure a plurality of search space sets, and the configuration parameters of each
search space set may include the following:

* A CORESET ID

» Flag of CSS

» DCI format parameter

* Monitoring periodicity of slot(s)

» Monitoring offset of slot(s) ((0, 1, ..., N-1) for monitoring periodicity of N)
» Monitoring symbol within a slot (14-bit bit-map)

» Number of candidates for AL=1 (0, 1, 2, 3,4, 5, 6, 8)
» Number of candidates for AL=2 (0, 1, 2, 3,4, 5, 6, 8)
» Number of candidates for AL=4 (0, 1, 2, 3,4, 5, 6, 8)
» Number of candidates for AL=8 (0, 1, 2, 3,4, 5, 6, 8)
» Number of candidates for AL=16 (0, 1, 2, 3, 4, 5, 6, 8)

The terminal determines a physical downlink control channel (PDCCH) candidate set
corresponding to the search space sets that the terminal needs to detect on the slot n.

The terminal then determines reserved PDCCH candidates from the PDCCH candidate
set in a predefined order. These number of reserved PDCCH candidates are restricted from

exceeding the first threshold value (block 720).
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In some embodiments, the terminal selects reserved PDCCH candidates according to

the following predefined sequence:

(1) Select PDCCH candidates by search space set type;

(2) Within a search space set type, select the PDCCH candidates in descending order
of aggregation level (AL) for N > 1 rounds; and

(3) For the nth round (I<=n<=N), when the aggregation level is selected in
descending order, select PDCCH candidates with aggregation levels less than L. The search space
set under the threshold O, adds one reserved PDCCH candidate to each occasion of each search
space set in descending order of the search space set identifier in the search space set, and the
aggregation level L as the nth round proceeds. If the number of PDCCH candidate is less than the
first threshold value, this process is repeated.

In some embodiments, the terminal sclects some or all of the excluded PDCCH
candidates, and re-selects the CCEs for the excluded PDCCH candidates (block 730).

In some embodiments, the terminal detects downlink control information carried on one
or more PDCCH candidates from among the reserved PDCCH candidates and the excluded
PDCCH candidates for re-determining the CCEs (block 740).

In some embodiments, the terminal detects DCI among the reserved PDCCH candidates
(block 750).

Example Embodiment 1: Multi-occasion; one occasion adds one PDCCH at a time

Base station side: In some embodiments, the base station determines the reserved

PDCCH candidate set as follows:

(1) Select PDCCH candidates by search space set type;

(2) Within a search space set type, select the PDCCH candidates in descending order
of aggregation level (AL) for N > 1 rounds; and

(3) For the nth round (1<=n<=N), when the aggregation level is seclected in
descending order, select PDCCH candidates with aggregation levels less than L. The search space
set under the threshold Oy adds one reserved PDCCH candidate to each occasion of each search
space set in ascending order of the search space set identifier in the search space set, and the
aggregation level L as the nth round proceeds. If the number of PDCCH candidate is less than the

first threshold value, this process is repeated.
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The base station determines the PDCCH candidate set for slot n according to the
configuration of the high layer parameters of the base station.

At slot n, the terminal may have multiple search space sets that require monitoring, and
the base station determines a PDCCH candidate set corresponding to these same search space
sets. The selection of the reserved PDCCH candidates by the base station according to condition (A)
(as specified as part of Method 1 previously in this document) in this embodiment is specifically
conducted according to a predefined sequence of the aggregation level L in the search space s,
where the number of reserved PDCCH candidates that have been selected does not exceed the

threshold value
M's,L = lrax Ms,L x O_S—‘

where a is the ratio of the number of channel estimations that can be performed by the terminal to
the number of CCEs that are present in the current time slot, |-} indicates an upward rounding, ¥>

is the number of PDCCH candidates corresponding to an aggregation level L in the search space
set s configured by the base station for the terminal, and Oy is the number of occasions in the time
slot for the search space set s.

Osis the number of PDCCH candidate monitoring times (occasions) in the time slot n of
the search space set s, wherein one PDCCH candidate monitoring time includes one or more time
domain symbols, and there may be overlapping time domain symbols between different PDCCH
candidate monitoring times.

In some embodiments, the search space set type may be divided into a common search
space (CSS) type and a UE-specific search space (USS) type. Alternatively, the search space
collection type can be divided into multiple CSS types and one USS type. If one base station can
send one DCI to multiple UE through one PDCCH candidate in one search space set, the search
space set is called as a common search space (CSS) set. Otherwise, the search space set is called as
one UE(user equipment) specific search space (USS) set. In one common search space set, one base
station can send DCI for the scheduling system information, paging information, information of slot
frame format indication, and/or information of TPC(transmitter power control) commands.

In some embodiments, the base station selects reserved PDCCH candidates according to

the search space set type. For example, the reserved PDCCH candidates may be selected in the
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order of CSS and then USS. Alternatively, the reserved PDCCH candidates may be selected in the
order of CSS0, CSS of Configuration 2-0, other CSS, USS. After the base station selects all
reserved PDCCH candidates of the previous search space set type, it selects a PDCCH candidate to
be reserved for the next search space set type.

In some embodiments, the base station selects a reserved PDCCH candidate for an i-th
UE in the order of CSS and USS according to the search space type. After selecting all reserved
PDCCH candidates for CSS, it selects the reserved PDCCH candidate for USS. In an example,
assuming that all reserved PDCCH candidates are selected for the CSS, the number of CCEs
corresponding to selecting all the reserved PDCCH candidates may be 20.

In an example, and assuming the USS set type, the search space set may include two
search space sets: search space set 3 and search space set 5, as shown in FIGS. 3A and 3B, both in
slot n. For an i-th UE, the configuration of the search space is as follows:

» For search space set 3,the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 4 occasions on slot n,
as shown in the left-hand portions of FIGS. 3A and 3B.

» For search space set 5, the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 2 occasions on slot n,
as shown in the right-hand portions of FIGS. 3A and 3B.

In some embodiments, the selection order, or order of adding PDCCH candidates, in the
USS search space type is shown in FIGS. 8A and 8B, wherein the numbers in shaded PDCCH
candidates in FIGS. 8A and 8B indicate successive reserved PDCCH candidates added in the USS
search space type in the following order:

» The first round of selecting the reserved PDCCH candidates in descending order of
aggregation level is as follows:

* Select PDCCH candidates for aggregation level (AL) L = 2:

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order of search

space set number. Thus, the first reserved PDCCH candidate is added to search space set 3, and the
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second is added to search space set 5.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order of search
space set number. Thus, the third reserved PDCCH candidate is added to search space set 3, and
the fourth to search space set 5.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
fifth reserved PDCCH candidate is added to search space set 3.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
sixth reserved PDCCH candidate is added to search space set 3.

* In this example, the number of reserved PDCCH candidates added reaches the
threshold value of 6. The threshold value is the sum of the number of occurrences of each search
space set in slot n in the set of search spaces in the USS type.

* Select PDCCH candidates for aggregation level (AL) L = 1:

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order of search
space set number. Thus, the seventh PDCCH candidate is added to search space set 3, and the
eighth to search space set 5.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The

search space sets satisfying this condition are search space set 3 and search space set 5. One
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reserved PDCCH candidate is added to each selected search space set in ascending order of search
space set number. Thus, the ninth reserved PDCCH candidate is added to search space set 3, and
the tenth to search space set 5.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold Os are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
eleventh reserved PDCCH candidate is added to search space set 3.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
12th reserved PDCCH candidate is added to search space set 3.

* In this example, the number of reserved PDCCH candidates added reaches the
threshold value of 6. The threshold value is the sum of the number of occurrences of each search
space set in slot n in the set of search spaces in the USS type.

» The second round selects the reserved PDCCH candidates in descending order of
aggregation level as follows:
* Select PDCCH candidates for aggregation level (AL) L = 2:

* In the second round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold Os are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order of search
space set number. Thus, the thirteenth reserved PDCCH candidate is added to search space set 3,
and the fourteenth is added to search space set 5.

* In the second round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order of search

space set number. Thus, the fifteenth reserved PDCCH candidate is added to search space set 3,

16



WO 2019/192018 PCT/CN2018/082094

and the sixteenth is added to search space set 5.

* In the second round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold Os are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
seventeenth reserved PDCCH candidate is added to search space set 3, exhausting the USS search
space set type.

» In this example, the number of CCEs corresponding to the PDCCH candidates
selected using the procedure described above is 28 CCEs. It is assumed that the number of CCEs
corresponding to the PDCCH candidates added in the CSS search space set before the USS search
space set is 20, and thus, the total the number of CCEs corresponding to the selected reserved
PDCCH candidates is 20+28=48. Since the CCEs have reached the CCE threshold value 48, the
PDCCH candidate selection for the USS search space set type is terminated.

In some embodiments, the Physical Downlink Control Channel (PDCCH) candidates
selected from an original set of PDCCH candidates by a base station according to high-layer
configuration parameters in a time slot n are referred to as reserved PDCCH candidates. The
remaining PDCCH candidates, which are not selected by the base station, are referred to as
excluded PDCCH candidates.The base station selects some or all of the excluded PDCCH
candidates and re-selects the CCEs for the excluded PDCCH candidates.

In some embodiments, the base station selects one or more PDCCH candidates from
among the reserved PDCCH candidates and the excluded PDCCH candidates for re-determining
the CCEs, and sends the downlink control information to the terminal.

In some embodiments, the base station selects one or more PDCCH candidates from
among the reserved PDCCH candidates and sends downlink control information to the terminal.

Terminal side:In some embodiments, the terminal determines the reserved PDCCH

candidate set as follows:

(1) Select PDCCH candidates by search space set type;

(2) Within a search space set type, select the PDCCH candidates in descending order
of aggregation level (AL) for N > 1 rounds; and

(3) For the nth round (1<=n<=N), when the aggregation level is seclected in
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descending order, select PDCCH candidates with aggregation levels less than L. The search space
set under the threshold Oy adds one reserved PDCCH candidate to each occasion of each search
space set in ascending order of the search space set identifier in the search space set, and the
aggregation level L as the nth round proceeds. If the number of PDCCH candidate is less than the
first threshold value, this process is repeated.

The terminal determines the PDCCH candidate set for slot n according to the
configuration of the high layer parameters of the base station.

At slot n, the terminal may have multiple search space sets that require monitoring, and
the base station determines a PDCCH candidate set corresponding to these same search space
sets. The selection of the reserved PDCCH candidates by the terminal according to condition (A)
(as specified as part of Method 1 previously in this document) in this embodiment is specifically
conducted according to a predefined sequence of the aggregation level L in the search space s,
where the number of reserved PDCCH candidates that have been selected does not exceed the

threshold value
M's,L = ’70'/ X Ms,L X Os —‘

where a is the ratio of the number of channel estimations that can be performed by the terminal to
the number of CCEs that are present in the current time slot, {-{ indicates an upward rounding, Mj;‘

is the number of PDCCH candidates corresponding to an aggregation level L in the search space
set s configured by the base station for the terminal, and Ogis the number of occasions in the time
slot for the search space set s.

Os is the number of PDCCH candidate monitoring times in the time slot n of the search
space set s, wherein one PDCCH candidate monitoring time includes one or more time domain
symbols, and there may be overlapping time domain symbols between different PDCCH candidate
monitoring times.

In some embodiments, the search space set type may be divided into a common search
space (CSS) type and a UE-specific search space (USS) type. Alternatively, the search space
collection type can be divided into multiple CSS types and one USS type. In these embodiments,
the terminal selects reserved PDCCH candidates according to the search space set type. For

example, the reserved PDCCH candidates may be selected in the order of CSS and then USS.
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Alternatively, the reserved PDCCH candidates may be selected in the order of CSSO, CSS of
Configuration 2-0, other CSS, USS. After the base station selects all reserved PDCCH candidates
of the previous search space set type, it selects a PDCCH candidate to be reserved for the next
search space set type.

In some embodiments, the terminal selects a reserved PDCCH candidate for an i-th UE
in the order of CSS and USS according to the search space type. After selecting all reserved
PDCCH candidates for CSS, it selects the reserved PDCCH candidate for USS. In an example,
assuming that all reserved PDCCH candidates are selected for the CSS, the number of CCEs
corresponding to selecting all the reserved PDCCH candidates may be 20.

In an example, and assuming the USS set type, the search space set may include two
search space sets: search space set 3 and search space set 5, as shown in FIGS. 3A and 3B, both in
slot n. For an i-th UE, the configuration of the search space is as follows:

» For search space set 3,the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 4 occasions on slot n,
as shown in the left-hand portions of FIGS. 3A and 3B.

* For search space set 5, the number of PDCCH candidates configured at aggregation
level {1, 2, 4, 8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 2 occasions on slot n,
as shown in the right-hand portions of FIGS. 3A and 3B.

In some embodiments, the selection order, or order of adding PDCCH candidates, in the
USS search space type is shown in FIGS. 8A and 8B, wherein the numbers in shaded PDCCH
candidates in FIGS. 8A and 8B indicate successive reserved PDCCH candidates added in the USS
search space type in the following order:

» The first round of selecting the reserved PDCCH candidates in descending order of
aggregation level is as follows:

* Select PDCCH candidates for aggregation level (AL) L = 2:

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order of search

space set number. Thus, the first reserved PDCCH candidate is added to search space set 3, and the
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second is added to search space set 5.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold Os are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order ofsearch
space set number. Thus, the third reserved PDCCH candidate is added to search space set 3, and
the fourth to search space set 5.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold Os are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
fifth reserved PDCCH candidate is added to search space set 3.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
sixth reserved PDCCH candidate is added to search space set 3.

* In this example, the number of reserved PDCCH candidates added reaches the
threshold value of 6. The threshold value is the sum of the number of occurrences of each search
space set in slot n in the set of search spaces in the USS type.

* Select PDCCH candidates for aggregation level (AL) L = 1:

» In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order of search
space set number. Thus, the seventh PDCCH candidate is added to search space set 3, and the
eighth to search space set 5.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The

search space sets satisfying this condition are search space set 3 and search space set 5. One
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reserved PDCCH candidate is added to each selected search space set in ascending order of search
space set number. Thus, the ninth reserved PDCCH candidate is added to search space set 3, and
the tenth to search space set 5.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
eleventh reserved PDCCH candidate is added to search space set 3.

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
12th reserved PDCCH candidate is added to search space set 3.

* In this example, the number of reserved PDCCH candidates added reaches the
threshold value of 6. The threshold value is the sum of the number of occurrences of each search
space set in slot n in the set of search spaces in the USS type.

» The second round selects the reserved PDCCH candidates in descending order of
aggregation level as follows:
* Select PDCCH candidates for aggregation level (AL) L = 2:

* In the second round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order of search
space set number. Thus, the thirteenth reserved PDCCH candidate is added to search space set 3,
and the fourteenth is added to search space set 5.

* In the second round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. One
reserved PDCCH candidate is added to each selected search space set in ascending order of search

space set number. Thus, the fifteenth reserved PDCCH candidate is added to search space set 3,
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and the sixteenth is added to search space set 5.

* In the second round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O are selected. The
search space set satisfying this condition is search space set 3. One reserved PDCCH candidate is
added to each selected search space set in ascending order of search space set number. Thus, the
seventeenth reserved PDCCH candidate is added to search space set 3, exhausting the USS search
space set type.

» In this example, the number of CCEs corresponding to the PDCCH candidates
selected using the procedure described above is 28 CCEs. It is assumed that the number of CCEs
corresponding to the PDCCH candidates added in the CSS search space set before the USS search
space set is 20, and thus, the total the number of CCEs corresponding to the selected reserved
PDCCH candidates is 20+28=48. Since the CCEs have reached the CCE threshold value 48, the
PDCCH candidate selection for the USS search space set type is terminated.

In some embodiments, in the physical downlink control channel (PDCCH) candidates
selected from an original set of PDCCH candidatesby the terminal according to high-layer
configuration parameters in the slot n are referred to as reserved PDCCH candidates. The
remaining PDCCH candidates, which are not selected by the terminal, are referred to as excluded
PDCCH candidates. The terminal selects partially or completely excluded PDCCH candidates and
reselects the CCEs for the excluded PDCCH candidates.

The terminal may detect the DCI carried on the physical downlink control message of
the reserved PDCCH candidate and the excluded PDCCH candidates.

Example Embodiment 2: Multi-occasion; one occasion adds all PDCCH at one
time

Base station side: In some embodiments, the base station determines the reserved

PDCCH candidate set as follows:

(1) Select PDCCH candidates by search space set type;

(2) Within a search space set type, select the PDCCH candidates in descending order
of aggregation level (AL) for N > 1 rounds; and

(3) For the nth round (I<=n<=N), when the aggregation level is selected in

descending order, and for any aggregation level in the n-th round, the PDCCH candidates are
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selected in ascending order of the search space set identifier. When one space search set is selecting
(or adding) candidates, multiple PDCCH candidates may be selected at that time.

The base station determines the PDCCH candidate set for slot n according to the
configuration of the high layer parameters of the base station.

At slot n, the terminal may have multiple search space sets that require monitoring, and
the base station determines a PDCCH candidate set corresponding to these same search space sets.
The selection of the reserved PDCCH candidates by the base station according to condition (A) (as
specified as part of Method 1 previously in this document) in this embodiment is specifically
conducted according to a predefined sequence of the aggregation level L in the search space s,
where the number of reserved PDCCH candidates that have been selected does not exceed the

threshold value
M's,L = ’70'/ X Ms,L X Os —‘

where a is the ratio of the number of channel estimations that can be performed by the terminal to
the number of CCEs that are present in the current time slot, {} indicates an upward rounding, HZ

is the number of PDCCH candidates corresponding to an aggregation level L in the search space
set s configured by the base station for the terminal, and Ogis the number of occasions in the time
slot for the search space set s.

In some embodiments, the search space set type may be divided into a common search
space (CSS) type and a UE-specific search space (USS) type. Alternatively, the search space
collection type can be divided into multiple CSS types and one USS type. In these embodiments,
the base station selects reserved PDCCH candidates according to the search space set type. For
example, the reserved PDCCH candidates may be selected in the order of CSS and then USS.
Alternatively, the reserved PDCCH candidates may be selected in the order of CSSO, CSS of
Configuration 2-0, other CSS, USS. After the base station selects all reserved PDCCH candidates
of the previous search space set type, it selects a PDCCH candidate to be reserved for the next
search space set type.

In some embodiments, the base station selects PDCCH candidates in descending order
of aggregation level for N > 1 rounds. For the nth round (1<=n<=N), when the aggregation level is

selected in descending order, and for any aggregation level in the n-th round, the PDCCH
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candidates are selected in ascending order of the search space set identifier. When one space search
set is selecting (or adding) candidates, multiple PDCCH candidates may be selected at that time.

In some embodiments, the search space set type may be divided into a common search
space (CSS) type and a UE-specific search space (USS) type. Alternatively, the search space
collection type can be divided into multiple CSS types and one USS type. In these embodiments,
the base station selects reserved PDCCH candidates according to the search space set type. For
example, the reserved PDCCH candidates may be selected in the order of CSS and then USS.
Alternatively, the reserved PDCCH candidates may be selected in the order of CSSO, CSS of
Configuration 2-0, other CSS, USS. After the base station selects all reserved PDCCH candidates
of the previous search space set type, it selects a PDCCH candidate to be reserved for the next
search space set type.

In some embodiments, the base station selects a reserved PDCCH candidate for an i-th
UE in the order of CSS and USS according to the search space type. After selecting all reserved
PDCCH candidates for CSS, it selects the reserved PDCCH candidate for USS. In an example,
assuming that all reserved PDCCH candidates are selected for the CSS, the number of CCEs
corresponding to selecting all the reserved PDCCH candidates may be 20.

In an example, and assuming the USS set type, the search space set may include two
search space sets: search space set 3 and search space set 5, as shown in FIGS. 3A and 3B, both in
slot n. For an i-th UE, the configuration of the search space is as follows:

» For search space set 3,the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 4 occasions on slot n,
as shown in the left-hand portions of FIGS. 3A and 3B.

* For search space set 5, the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 2 occasions on slot n,
as shown in the right-hand portions of FIGS. 3A and 3B.

In some embodiments, the selection order, or order of adding PDCCH candidates, in the
USS search space type is shown in FIGS. 9A and 9B, wherein the numbers in shaded PDCCH
candidates in FIGS. 9A and 9B indicate successive reserved PDCCH candidates added in the USS
search space type in the following order:

» The first round of selecting the reserved PDCCH candidates in descending order of
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aggregation level is as follows:
* Select PDCCH candidates for aggregation level (AL) L = 2:

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. Add
PDCCH candidates for search space set 3 and search space set 5 in descending order of search
space set identifiers. Add X=4 PDCCH candidates for search space set 3; thus, add the first to the
fourth PDCCH candidates. Add X=2 PDCCH candidates for search space set 5; thus, add the fifth
and sixth PDCCH candidates.

* Select PDCCH candidates for aggregation level (AL) L = 1:

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. Add
PDCCH candidates for search space set 3 and search space set 5 in descending order of search
space set identifiers. Add X=4 PDCCH candidates for search space set 3; thus, add the seventh to
the tenth PDCCH candidates. Add X=2 PDCCH candidates for search space set 5; thus, add the
eleventh and twelfth PDCCH candidates.

» The second round of selecting the reserved PDCCH candidates in descending order
of aggregation level is as follows:
* Select PDCCH candidates for aggregation level (AL) L = 2:

* In the second round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. Add
PDCCH candidates for search space set 3 and search space set 5 in descending order of search
space set identifiers. Add X=4 PDCCH candidates for search space set 3; thus, add the thirteenth to
the sixteenth PDCCH candidates. Add X=1 PDCCH candidate for search space set 5; thus, add the
seventeenth PDCCH candidate.

» In this example, the number of CCEs corresponding to the PDCCH candidates
selected using the procedure described above is 28 CCEs. It is assumed that the number of CCEs

corresponding to the PDCCH candidates added in the CSS search space set before the USS search
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space set is 20, and thus, the total the number of CCEs corresponding to the selected reserved
PDCCH candidates is 20+28=48. Since the CCEs have reached the CCE threshold value 48, the
PDCCH candidate selection for the USS search space set type is terminated.

In some embodiments, the Physical Downlink Control Channel (PDCCH) candidates
selected from an original set of PDCCH candidates by a base station according to high-layer
configuration parameters in a time slot n are referred to as reserved PDCCH candidates. The
remaining PDCCH candidates, which are not selected by the base station, are referred to as
excluded PDCCH candidates. The base station selects some or all of the excluded PDCCH
candidates and re-selects the CCEs for the excluded PDCCH candidates.

In some embodiments, the base station selects one or more PDCCH candidates from
among the reserved PDCCH candidates and the excluded PDCCH candidates for re-determining
the CCEs, and sends the downlink control information to the terminal.

In some embodiments, the base station selects one or more PDCCH candidates from
among the reserved PDCCH candidates and sends downlink control information to the terminal.

Terminal side:In some embodiments, the terminal determines the reserved PDCCH

candidate set as follows:

(1) Select PDCCH candidates by search space set type;

(2) Within a search space set type, select the PDCCH candidates in descending order
of aggregation level (AL) for N > 1 rounds; and

(3) For the nth round (1<=n<=N), when the aggregation level is seclected in
descending order, and for any aggregation level in the n-th round, the PDCCH candidates are
selected in ascending order of the search space set identifier. When one space search set is selecting
(or adding) candidates, multiple PDCCH candidates may be selected at that time.

The terminal determines the PDCCH candidate set for slot n according to the
configuration of the high layer parameters of the base station.

At slot n, the terminal may have multiple search space sets that require monitoring, and
the base station determines a PDCCH candidate set corresponding to these same search space sets.
The selection of the reserved PDCCH candidates by the terminal according to condition (A) (as
specified as part of Method 1 previously in this document) in this embodiment is specifically

conducted according to a predefined sequence of the aggregation level L in the search space s,
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where the number of reserved PDCCH candidates that have been selected does not exceed the

threshold value
M's,L = lrax Ms,L X O_S—‘

where a is the ratio of the number of channel estimations that can be performed by the terminal to
the number of CCEs that are present in the current time slot, {-lindicates an upward rounding, M:

is the number of PDCCH candidates corresponding to an aggregation level L in the search space
set s configured by the base station for the terminal, and Ogis the number of occasions in the time
slot for the search space set s.

In some embodiments, the search space set type may be divided into a common search
space (CSS) type and a UE-specific search space (USS) type. Alternatively, the search space
collection type can be divided into multiple CSS types and one USS type. In these embodiments,
the terminal selects reserved PDCCH candidates according to the search space set type. For
example, the reserved PDCCH candidates may be selected in the order of CSS and then USS.
Alternatively, the reserved PDCCH candidates may be selected in the order of CSSO, CSS of
Configuration 2-0, other CSS, USS. After the terminal selects all reserved PDCCH candidates of
the previous search space set type, it selects a PDCCH candidate to be reserved for the next search
space set type.

In some embodiments, the terminal selects PDCCH candidates in descending order of
aggregation level for N > 1 rounds. For the nth round (1<=n<=N), when the aggregation level is
selected in descending order, and for any aggregation level in the n-th round, the PDCCH
candidates are selected in ascending order of the search space set identifier. When one space search
set is selecting (or adding) candidates, multiple PDCCH candidates may be selected at that time.

In some embodiments, the search space set type may be divided into a common search
space (CSS) type and a UE-specific search space (USS) type. Alternatively, the search space
collection type can be divided into multiple CSS types and one USS type. In these embodiments,
the base station selects reserved PDCCH candidates according to the search space set type. For
example, the reserved PDCCH candidates may be selected in the order of CSS and then
USS.Alternatively, the reserved PDCCH candidates may be selected in the order of CSS0, CSS of

Configuration 2-0, other CSS, USS. After the base station selects all reserved PDCCH candidates
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of the previous search space set type, it selects a PDCCH candidate to be reserved for the next
search space set type.

In some embodiments, the terminal selects a reserved PDCCH candidate for an i-th UE
in the order of CSS and USS according to the search space type. After selecting all reserved
PDCCH candidates for CSS, it selects the reserved PDCCH candidate for USS. In an example,
assuming that all reserved PDCCH candidates are selected for the CSS, the number of CCEs
corresponding to selecting all the reserved PDCCH candidates may be 20.

In an example, and assuming the USS set type, the search space set may include two
search space sets: search space set 3 and search space set 5, as shown in FIGS. 3A and 3B, both in
slot n. For an i-th UE, the configuration of the search space is as follows:

» For search space set 3,the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 4 occasions on slot n,
as shown in the left-hand portions of FIGS. 3A and 3B.

» For search space set 5, the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 2 occasions on slot n,
as shown in the right-hand portions of FIGS. 3A and 3B.

In some embodiments, the selection order, or order of adding PDCCH candidates, in the
USS search space type is shown in FIGS. 9A and 9B, wherein the numbers in shaded PDCCH
candidates in FIGS. 9A and 9B indicate successive reserved PDCCH candidates added in the USS
search space type in the following order:

» The first round of selecting the reserved PDCCH candidates in descending order of
aggregation level is as follows:

* Select PDCCH candidates for aggregation level (AL) L = 2:

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. Add
PDCCH candidates for search space set 3 and search space set 5 in descending order of search
space set identifiers. Add X=4 PDCCH candidates for search space set 3; thus, add the first to the
fourth PDCCH candidates. Add X=2 PDCCH candidates for search space set 5; thus, add the fifth
and sixth PDCCH candidates.
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* Select PDCCH candidates for aggregation level (AL) L = 1:

* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. Add
PDCCH candidates for search space set 3 and search space set 5 in descending order of search
space set identifiers. Add X=4 PDCCH candidates for search space set 3; thus, add the seventh to
the tenth PDCCH candidates. Add X=2 PDCCH candidates for search space set 5; thus, add the
eleventh and twelfth PDCCH candidates.

» The second round of selecting the reserved PDCCH candidates in descending order
of aggregation level is as follows:

* Select PDCCH candidates for aggregation level (AL) L = 2:

* In the second round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. Add
PDCCH candidates for search space set 3 and search space set 5 in descending order of search
space set identifiers. Add X=4 PDCCH candidates for search space set 3; thus, add the thirteenth to
the sixteenth PDCCH candidates. Add X=1 PDCCH candidate for search space set 5; thus, add the
seventeenth PDCCH candidate.

» In this example, the number of CCEs corresponding to the PDCCH candidates
selected using the procedure described above is 28 CCEs. It is assumed that the number of CCEs
corresponding to the PDCCH candidates added in the CSS search space set before the USS search
space set is 20, and thus, the total the number of CCEs corresponding to the selected reserved
PDCCH candidates is 20+28=48. Since the CCEs have reached the CCE threshold value 48, the
PDCCH candidate selection for the USS search space set type is terminated.

In some embodiments, in the physical downlink control channel (PDCCH) candidates
selected from an original set of PDCCH candidatesby the terminal according to high-layer
configuration parameters in the slot n are referred to as reserved PDCCH candidates. The
remaining PDCCH candidates, which are not selected by the terminal, are referred to as excluded
PDCCH candidates. The terminal selects partially or completely excluded PDCCH candidates and
reselects the CCEs for the excluded PDCCH candidates.
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The terminal may detect the DCI carried on the physical downlink control message of
the reserved PDCCH candidate and the excluded PDCCH candidates.

Example Embodiment 3: Occasions add PDCCH according to an interleaving
matrix

Base station side: In some embodiments, the occasion (PDCCH candidate monitoring

times) indexes in the slots may be reordered using an interleaving matrix, and PDCCH candidates
may be selected at each time in one occasion according to the interleaved occasion index order
(and until all PDCCH candidates at an aggregation level L of a search space set s have been
selected).

In some embodiments, the base station determines the reserved PDCCH candidate sct as
follows:

(1) Select PDCCH candidates by search space set type;

(2) Within a search space set type, select the PDCCH candidates in descending order
of aggregation level (AL) for N > 1 rounds; and

(3) For the nth round (I<=n<=N), when the aggregation level is selected in
descending order, and for any aggregation level in the n-th round, the PDCCH candidates are
selected in descending order of the search space set identifier. When one space search set is
selecting (or adding) candidates, multiple PDCCH candidates may be selected at that time.

The base station determines the PDCCH candidate set for slot n according to the
configuration of the high layer parameters of the base station.

In some embodiments, the base station selects a reserved PDCCH candidate for an i-th
UE in the order of CSS and USS according to the search space type. After selecting all reserved
PDCCH candidates for CSS, it selects the reserved PDCCH candidate for USS. In an example,
assuming that all reserved PDCCH candidates are selected for the CSS, the number of CCEs
corresponding to selecting all the reserved PDCCH candidates may be 20.

Within a search space set type, the base station selects PDCCH candidates in
descending order of aggregation level (AL) for N > 1 rounds. For the nth round (1<=n<=N), when
the aggregation level is selected in descending order, and for any aggregation level in the n-th
round, the PDCCH candidates are selected in descending order of the search space set identifier.

When one space search set is selecting (or adding) candidates, multiple PDCCH candidates may be
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selected at that time.

In an example, and assuming the USS set type, the search space set may include two
search space sets: search space set 3 and search space set 5, as shown in FIGS. 3A and 3B, both in
slot n. For an i-th UE, the configuration of the search space is as follows:

» For search space set 3,the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 4 occasions on slot n,
as shown in the left-hand portions of FIGS. 3A and 3B.

* For search space set 5, the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 2 occasions on slot n,
as shown in the right-hand portions of FIGS. 3A and 3B.

In some embodiments, for search space set 3, the occasion indexes 1-4 are read into an

interleaver matrix row by row, to derive the following:

3 4

The output of the interleaver matrix is read column by column, where the ordering of
the columns is 1,1+04/2,2,2+0y/2,....., O4/2, Os, where O = 4 in this example. Thus, the output of
the interleaver matrix is { 1, 3, 2, 4 }. Similarly, for search space set 5, the output of the interleaver
matrix is { 1,2 }.

Thus, the selection order, or order of adding PDCCH candidates, in the USS search
space type is shown in FIGS. 10A and 10B, wherein the numbers in shaded PDCCH candidates in
FIGS. 10A and 10B indicate successive reserved PDCCH candidates added in the USS search
space type in the following order:

» The first round of selecting the reserved PDCCH candidates in descending order of
aggregation level is as follows:

* Select PDCCH candidates for aggregation level (AL) L = 2:
* In the first round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. Add

PDCCH candidates for search space set 3 and search space set 5 in descending order of search
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space set identifiers. For search space set 3, one PDCCH candidate is added to each occasion in the
order { 1, 3, 2, 4 } based on the output of the interleaver matrix, and thus, the first to the fourth
PDCCH candidates are added. For search space set 5, and based on the order { 1, 2 }, the fifth and
sixth PDCCH candidates are added.

* Select PDCCH candidates for aggregation level (AL) L = 1:

* In the first round of selection, the search space sets where the number of

reserved PDCCH candidates added in this round is less than the threshold Mi’ are selected. The

search space sets satisfying this condition are search space set 3 and search space set 5. Add
PDCCH candidates for search space set 3 and search space set 5 in descending order of search
space set identifiers. For search space set 3, one PDCCH candidate is added to each occasion in the
order { 1, 3, 2, 4 } based on the output of the interleaver matrix, and thus, the seventh to the tenth
PDCCH candidates. For search space set 5, and based on the order { 1, 2 }, the eleventh and
twelfth PDCCH candidates are added.

» The second round of selecting the reserved PDCCH candidates in descending order
of aggregation level is as follows:

* Select PDCCH candidates for aggregation level (AL) L = 2:

* In the second round of selection, the search space sets where the number of
reserved PDCCH candidates added in this round is less than the threshold O, are selected. The
search space sets satisfying this condition are search space set 3 and search space set 5. Add
PDCCH candidates for search space set 3 and search space set 5 in descending order of search
space set identifiers. For search space set 3, one PDCCH candidate is added to each occasion in the
order { 1, 3, 2, 4 } based on the output of the interleaver matrix, and thus, the thirteenth to the
sixteenth PDCCH candidates. For search space set 5, and based on the order { 1, 2 }, the
seventeenth PDCCH candidate is added.

» In this example, the number of CCEs corresponding to the PDCCH candidates
selected using the procedure described above is 28 CCEs. It is assumed that the number of CCEs
corresponding to the PDCCH candidates added in the CSS search space set before the USS search
space set is 20, and thus, the total the number of CCEs corresponding to the selected reserved
PDCCH candidates is 20+28=48. Since the CCEs have reached the CCE threshold value 48, the
PDCCH candidate selection for the USS search space set type is terminated.
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In some embodiments, the Physical Downlink Control Channel (PDCCH) candidates
selected from an original set of PDCCH candidates by a base station according to high-layer
configuration parameters in a time slot n are referred to as reserved PDCCH candidates. The
remaining PDCCH candidates, which are not selected by the base station, are referred to as
excluded PDCCH candidates. The base station selects some or all of the excluded PDCCH
candidates and re-selects the CCEs for the excluded PDCCH candidates.

In some embodiments, the base station selects one or more PDCCH candidates from
among the reserved PDCCH candidates and the excluded PDCCH candidates for re-determining
the CCEs, and sends the downlink control information to the terminal.

In some embodiments, the base station selects one or more PDCCH candidates from
among the reserved PDCCH candidates and sends downlink control information to the terminal.

Example Embodiment 4: Occasions add PDCCH according to an interleaving
matrix within one intra-occasion

Base station side: In some embodiments, the occasion (PDCCH candidate monitoring

times) indexes in the slots may be reordered using an interleaving matrix, and PDCCH candidates
may be selected at each time in one occasion according to the interleaved occasion index order

(and until all PDCCH candidates at an aggregation level L of a search space set s have been
selected). MZdenotes the number of physical downlink control channel candidates corresponding
to the aggregation level L in the search space set s configured by the base station for the terminal.
In this example, ¥ = 8, and the PDCCH candidate indexes (denoted m) in the search space s and

aggregation level L in slot n are shown in FIG. 11.
In this embodiments, the PDDCH candidate index are read into an interleaver matrix

row by row, to derive the following:

4 5 6 7

The output of the interleaver matrix is read column by column, where the ordering of
the columns is 1,1+M2/2,2,2482%/2,....., ¥¥/2, MZ. Thus, the ordering of the PDCCH candidate
indexes after the interleaving matrix is { 0,4, 2,6, 1,5,3,7 }.
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This is the order used to select PDCCH candidates from a search space set s and
aggregation level L in slot n. For example, if only 6 PDCCH candidates were to be selected, then
the indexes for the reserved PDCCH candidates would be { 0, 4,2, 6, 1,5 }.

In some embodiments, the intra-slot index of the search space set s in the slot n is used
for cyclically shifting the PDCCH candidate index output after the interleaving matrix has been

used to reorder the indexes. In an example, the PDCCH candidate index output of the interleaving
matrix may be cyclically shifted to the left, by a shift of Os mod M, where Oy is the index of the

search space set s in slot n. Thus, the base station may add PDCCH candidates to the occasion on
the time slot n according to the cyclically-shifted PDCCH candidate index order.
Example Embodiment 5: Occasions add PDCCH based on priority values

Base station side:In some embodiments, the base station may define a priority value for

the PDCCH candidates based on their indexes (m), the occasion index (O) and M. The priority

values may be used to determine the order of selecting the PDCCH candidates.

The base station determines the PDCCH candidate set for slot n according to the
configuration of the high layer parameters of the base station.

In some embodiments, the base station selects a reserved PDCCH candidate for an i-th
UE in the order of CSS and USS according to the search space type. After selecting all reserved
PDCCH candidates for CSS, it selects the reserved PDCCH candidate for USS.

In an example, and assuming the USS set type, the search space set may include two
search space sets: search space set 3 and search space set 5, as shown in FIGS. 3A and 3B, both in
slot n. For an i-th UE, the configuration of the search space is as follows:

» For search space set 3,the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 4 occasions on slot n,
as shown in the left-hand portions of FIGS. 3A and 3B.

* For search space set 5, the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 2 occasions on slot n,
as shown in the right-hand portions of FIGS. 3A and 3B.

In some embodiments, for an aggregation level L and search space set s, all the PDCCH

candidates of interest are numbered. A value for each of the PDCCH candidate indexes may be
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computed as § = _ X m + & , where O is the occasion index, Os is the number of occasions in the
search space set s, and m is the PDCCH candidate number in the search space set on the occasion
with index O. In some embodiments, the priority is defined as: I/ (&, X MZ},where MI is the

number of PDCCH candidates configured for the base station for the aggregation level L in the
search space set s.

FIG. 4 shows the value I for a search space set s and aggregation level L.

FIGS. 12A and 12B show the priority values for search space set 3 and search space set
5 for aggregation levels L=2 and L=1.

In some embodiments, the base station may select PDCCH candidates in descending
order of priority values. For the same priority values, the reserved PDCCH candidates are selected
in descending order of aggregation levels. For the same priority values and the same aggregation
level, the PDCCH candidates are selected in descending order of the search space set identifier.
Based on these rules, and with the base station selecting 17 PDCCH candidates, the selected
PDCCH candidates are shown in FIGS. 13A and 13B.

After having selected 17 PDCCH candidates, the total number of selected PDCCH
candidates and/or the number of CCEs corresponding to the selected PDCCH candidates reaches
their respective threshold values, and the selection of reserved PDCCH candidates is terminated.

Example Embodiment 6: Occasions add PDCCH based on interleaved priority
values

Base station side: In some embodiments, the base station may select PDCCH candidates

using an ordering that is based on the PDCCH candidate index (m), the occasion index (O), and
™MD, The priority values may be used to determine the order of selecting the PDCCH candidates,

but after they have been interleaved. In other words, O’ is the occasion index for the interleaved set

of occasion indexes. Thus, a value for each of the PDCCH candidate indexes may be computed as
I =90 %m+ & where O’ is the occasion index, Oy is the number of occasions in the search space
set s, and m is the PDCCH candidate number in the search space set on the occasion with index O.
In some embodiments, the priority is defined as: I/ (3, = MZ}, where M} is the number of

PDCCH candidates configured for the base station for the aggregation level L in the search space

set s.
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The base station determines the PDCCH candidate set for slot n according to the
configuration of the high layer parameters of the base station.

In some embodiments, the base station selects a reserved PDCCH candidate for an i-th
UE in the order of CSS and USS according to the search space type. After selecting all reserved
PDCCH candidates for CSS, it selects the reserved PDCCH candidate for USS.

In an example, and assuming the USS set type, the search space set may include two
search space sets: search space set 3 and search space set 5, as shown in FIGS. 3A and 3B, both in
slot n. For an i-th UE, the configuration of the search space is as follows:

» For search space set 3,the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 4 occasions on slot n,
as shown in the left-hand portions of FIGS. 3A and 3B.

* For search space set 5, the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 2 occasions on slot n,
as shown in the right-hand portions of FIGS. 3A and 3B.

In some embodiments, for search space set s in slot n, the occasion indexes 1-4 are read

into an interleaver matrix row by row, to derive the following:

2 3

The output of the interleaver matrix is read column by column, where the ordering of
the columns is 1,1+0y/2,2,2+0y/2,....., O4/2, Os. Thus, for an input of { 0, 1, 2, 3 }, the output of the
interleaver matrix is { 0,2, 1,3 }.

FIG. 14 shows the value I computed for the PDCCH candidates in search space set s
and aggregation level L in slot n, and according to the priority and interleaving examples described
above.

FIGS. 15A and 15B show the priority values for search space set 3 and search space set
5 for aggregation levels L=2 and L=1.

In some embodiments, the base station may select PDCCH candidates in descending
order of priority values. For the same priority values, the reserved PDCCH candidates are selected

in descending order of aggregation levels. For the same priority values and the same aggregation
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level, the PDCCH candidates are selected in descending order of the search space set identifier.
Based on these rules, and with the base station selecting 17 PDCCH candidates, the selected
PDCCH candidates are shown in FIGS. 16A and 16B.

After having selected 17 PDCCH candidates, the total number of selected PDCCH
candidates and/or the number of CCEs corresponding to the selected PDCCH candidates reaches
their respective threshold values, and the selection of reserved PDCCH candidates is terminated.

Example Embodiment 7: Occasions add PDCCH based on priority values and
{s,L}

Base station side: In some embodiments, the base station may select PDCCH candidates

using an ordering that is based on the PDCCH candidate index (m), the occasion index (O), and
M2 For search space set s and aggregation level L, the priority value of {s, L} may be defined as

the minimum value of the priority values corresponding to all the PDCCH candidates in the
aggregation level L in the search space s, and is the priority of {s, L}.

The base station selects {s, L} in descending order of the priority values of {s, L}, and
selects PDCCH candidates of aggregation level L in the search space set s. After {s,L} is selected
as a reserved PDCCH candidate, the minimum priority value is deleted from {s,L, and the
minimum priority value corresponding to the PDCCH candidate with all non-deleted priority
values in {s,L.} is selected as the new (or updated) priority value for {s,L.}.The base station
continues to select {s, L} in descending order of priority values of {s, L}, and selects PDCCH
candidates with aggregation level L in the search space set s.

In some embodiments, for {s,L} with the same priority value, the reserved PDCCH
candidates are selected in descending order of the aggregation level L. For the same priority values
{s,L} and the same aggregation level L, the PDCCH candidates are selected in descending order of
the search space set identifier.

In an example, and assuming the USS set type, the search space set may include two
search space sets: search space set 3 and search space set 5, as shown in FIGS. 3A and 3B, both in
slot n. For an i-th UE, the configuration of the search space is as follows:

» For search space set 3,the number of PDCCH candidates configured at aggregation
level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 4 occasions on slot n,
as shown in the left-hand portions of FIGS. 3A and 3B.
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» For search space set 5, the number of PDCCH candidates configured at aggregation

level {1, 2, 4,8, 16} is {6, 6, 0, 0, 0}, respectively, and which corresponds to 2 occasions on slot n,
as shown in the right-hand portions of FIGS. 3A and 3B.

In some embodiments, for an aggregation level L and search space set s, all the PDCCH

candidates of interest are numbered. A value for each of the PDCCH candidate indexes may be
computed as I =9, » m + & where O is the occasion index, Oy is the number of occasions in the
search space set s, and m is the PDCCH candidate number in the search space set on the occasion
with index O. In some embodiments, the priority is defined as: I/ (8, » MZ}, where M7 is the

number of PDCCH candidates configured for the base station for the aggregation level L in the
search space set s.

FIG. 4 shows the value I for a search space set s and aggregation level L.

In some embodiments, for the search space set s and aggregation level L, the priority
value of {s, L} is the minimum value of the priority values corresponding to all the PDCCH
candidates in the aggregation level L in the search space s, and is the priority of {s, L}. Thus, the
priority values in the search space set s and aggregation level L are:

* {s,L} = {3,2} has a priority value of 0;
* {s,L} = {5,2} has a priority value of 0;
 {s,L} = {3,1} has a priority value of 0; and
* {s,L} = {5,1} has a priority value of 0.

In some embodiments, for {s,L.} of the same priority value, the reserved PDCCH
candidates are selected in ascending order of aggregation level L. For the same priority values
{s,L}, and if the aggregation level L is also the same, the PDCCH candidatesare selected in
ascending order of the search space set identifier s.

According to the rule defined above, {s,L}={3,2} is first selected. After {s,L.}={3,2} is
selected, one PDCCH candidate is added to {s,L.}={3,2}. In this example, one PDCCH candidate is
added in the interleaved order of 0, 2, 1, 3 for the occasion indexes of {s,L}={3,2}. After adding a
PDCCH candidate, the priority value of {s,L}={3,2}, which is 0, is removed, and all undeleted
priorities in {s,L} are selected. The minimum priority value 1/24 corresponding to the value of the
PDCCH candidate is the new priority value of {s,.}={3,2}. After deleting the lowest priority value 0

of {s,L}={3,2}, the priority values of each PDCCH candidate on {s,L}={3,2} are shown in FIG 17.
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Next, continue to select the reserved PDCCH candidates according to the above rules,
and assume that at the aggregation level in the search space set 3, the order in which to add the
PDCCH candidates, with respect to the occasion index, is {0, 2, 1, 3}. Similarly, for aggregation
levels in the search space set 5, the order of occasion indexes in which to add the PDCCH
candidatesis {0, 1}.

Assuming the USS set type described above, 18 PDCCH candidates are selected, and
their locations are shown in FIG. 18.

FIG. 19 shows an example of a wireless communication method 1900 for PDCCH
candidate selection. The method 1900 includes, at step 910, performing a communication operation
in one or more of a first set of resources. A second set of resources may comprise the first set of
resources and a third set of resources such that resources of the first set of resources are
non-overlapping with resources of the third set of resources. Furthermore, resources of the sets of
resources may include sub-resources. In some embodiments, the resources may correspond to
PDCCH candidates and the sub-resources may corresponds to CCEs. In other embodiments, the
second set of resources may correspond to PDCCH candidates, the first set of resources may
correspond to reserved PDCCH candidates, and the third set of resources may correspond to
excluded PDCCH candidates, as described in Example Embodiments 1-7.

In some embodiments, the resources of the first set of resources are selected in a
selection order from a second set of resources. In other embodiments, the resources of the third set
of resources are selected in a selection order from the second set of resources.

In some embodiments, the selection order is based on at least one of a period of a
search space set, a DCI format of the search space set, a starting symbol of the search space set, a
component carrier type, a component carrier index or an occasion index. In other embodiments, the
selection order is further based on at least one of an aggregation level, a number of resources in the
second set of resources, a search space set identifier, a control resource set identifier, a number of
blind decoding operations, a number of sub-resources, a search space set type and an index of
resources in the second set of resources.

In some embodiments, the second set of resources may correspond to resources in a
bandwidth part (BWP) of a component carrier in one slot. In an example, the bandwidth part may

be an active bandwidth part, a target bandwidth part or an initial access bandwidth part.
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In some embodiments, a number of the first, second and third resources may be less
than respective thresholds. In an example, the thresholds may be known a priori to the terminal and
the base station. In another example, the thresholds may be predetermined or may be indicated to

the terminal via signaling from the base station. In some embodiments, the third threshold may be
based on at least &% and Os, wherein 8% is a number of resources in the single search space set

and the single aggregation level in one occasion, and wherein Oy is in a number of occasions of the
single search space set.

In some embodiments, the selection order may be based on the rules specified in
Example Embodiments 1-7. In an example, the selection order may be based on an ascending or a
descending order of one or more parameters. In another example, the selection order may be based
on an interleaved order of the one of more parameters. In the context of Example Embodiments
1-7, the selection order for multiple parameters may be nested, e.g. the selection of PDCCH
candidates may be based on a first parameter, and for identical values of the first parameter, the
selection may be based on a second parameter.

In some embodiments, the selection of PDCCH candidates may be made in multiple
selection steps. For example, a first selection step may be based on a type of the search space set
(CSS or USS), a second selection step, subsequent to the first selection step and within the type of
the search space set, may be based on a type of cell in which the wireless node is operating (a
primary cell or one or more secondary cells), a third selection step, subsequent to the second
selection step and within the cell type, may be based on an ascending order of the component
carrier index (associated with the BWP), a fourth selection step, subsequent to the third selection
step and for a given value of the component carrier index, may be based on a search space set
period and a number of occasions of the search space set in one slot, and a fifth selection step,
subsequent to the fourth selection step and for given values of the search space set period and the
number of occasions of the search space set, may be based on a descending order of an aggregation
level.

In some embodiments, the selection order may be based on an interleaving step that
precedes or follows the selection based on a parameter. Examples of selecting PDCCH candidates
based on interleaving, which may be implemented using an interleaving matrix, are described
above in Example Embodiments 3, 4 and 6. In an example, the interleaved output may be cyclically
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shifted by a value that is based on other parameters.

In some embodiments, and based on the description in the “Example Embodiments for
PDCCH Candidate Reselection based on CCE Locations” section, the sub-resources (e.g. CCEs) in
excluded resources may be compared to the sub-resources of reserved resources, and those
excluded resources reincorporated into the set of resources that may subsequently be used to
communication DCI information.

In some embodiments, the selection of PDCCH candidates may be sequential with
respect to certain parameters, and may specifically be an ascending order, a descending order, or an
interleaved order, as described in the various examples in this document.

In some embodiments, the selection order may be based on priority values that are
computed for PDCCH candidates as a function of the search space set, aggregation level and
occasion index that the PDCCH candidate is located in, as described in Example Embodiments 5—7
in the present document. In some the examples described, the priority values may be optionally
interleaved prior to the selection of resources based on the priority values.

FIG. 20 is a block diagram representation of a portion of an apparatus, in accordance
with some embodiments of the presently disclosed technology. Anapparatus2005, such as a base
station or a wireless device (or UE), can include processor electronics 2010 such as a
microprocessor that implements one or more of the techniques presented in this document. The
apparatus2005 can include transceiver electronics 2015 to send and/or receive wireless signals over
one or more communication interfaces such as antenna(s) 2020. The apparatus2005 can include
other communication interfaces for transmitting and receiving data. Apparatus2005 can include one
or more memories (not explicitly shown) configured to store information such as data and/or
instructions. In some implementations, the processor electronics 2010 can include at least a portion
of the transceiver electronics 2015. In some embodiments, at least some of the disclosed techniques,
modules or functions, including method 1900, are implemented using the apparatus2005.

It is intended that the specification, together with the drawings, be considered
exemplary only, where exemplary means an example and, unless otherwise stated, does not imply

TP T I
a

an ideal or a preferred embodiment. As used herein, the singular forms an” and “the” are
intended to include the plural forms as well, unless the context clearly indicates otherwise.

Additionally, the use of “or” is intended to include “and/or”, unless the context clearly indicates
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otherwise.

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.

Some of the disclosed embodiments can be implemented as devices or modules using
hardware circuits, software, or combinations thercof. For example, a hardware -circuit
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 implemented 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.

While this document contains many specifics, these should not be construed as
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limitations on the scope of an invention that is claimed or of what may be claimed, but rather as
descriptions of features specific to particular embodiments. Certain features that are described in
this document in the context of separate embodiments can also be implemented in combination in a
single embodiment. Conversely, various features that are described in the context of a single
embodiment can also be implemented in multiple embodiments separately or in any suitable
sub-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 a variation of a sub-combination. 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 results.

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 method for wireless communication, implemented at a wireless node, comprising:

performing a communication operation in one or more of a first set of resources,

wherein the resources of the first set of resources are selected in a selection order from a
second set of resources that is larger than the first set of resources, and

wherein the selection order for the first set of resources is based on at least one of a
period of a search space set, a downlink control information (DCI) format of the search space
set, a starting symbol of the search space set, a component carrier type, a component carrier

index or an occasion index.

2. A method for wireless communication, implemented at a wireless node, comprising:

performing a communication operation in one or more of a first set of resources,

wherein a second set of resources comprises the first set of resources and a third set of
resources, wherein resources of the first set of resources are non-overlapping with resources
of the third set of resources,

wherein the resources of the third set of resources are selected in a selection order from
the second set of resources, and

wherein the selection order for the third set of resources is based on at least one of a
period of a search space set, a downlink control information (DCI) format of the search space
set, a starting symbol of the search space set, a component carrier type, a component carrier

index or an occasion index.

3. The method of claim 1 or 2, wherein the selection order is further based on at least one of
an aggregation level, a number of resources in the second set of resources, a search space set
identifier, a control resource set identifier, a number of blind decoding operations, a number
of sub-resources, a search space set type and an index of resources in the second set of

resources.

4. The method of claim 1 or 2, wherein the second set of resources corresponds to resources

in a bandwidth part of a component carrier in one slot.
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5. The method of claim 4, wherein the bandwidth part is one of an active bandwidth part, a

target bandwidth part or an initial access bandwidth part.

6. The method of claim 1 or 2, wherein the selection order is based on an ascending order

of the component carrier index.

7. The method of claim 1 or 2, wherein a number of the first set of resources is less than a

first thresholdthat is known a priori to the wireless node.

8. The method of claim 1 or 2, wherein each of the first set of resources comprises
sub-resources, and wherein a number of sub-resources of the first set of resources is less than

a second threshold that is known a priori to the wireless node.

9. The method of claim 1 or 2, wherein a number of the first set of resources within a single

search space set and a single aggregation level is less than a third threshold.

10. The method of claim 9, wherein the third threshold is based on at least &% and O,

wherein #:is a number of resources in the single search space set and the single aggregation

level in one occasion, and wherein Oy is in a number of occasions of the single search space

set.

11. The method of claim 1 or 2, wherein the second set of resources correspond to resources
in both a primary cell for the wireless node and one or more secondary cells for the wireless

node.

12. The method of claim 1 or 2, wherein the selection order is based on a descending order

of a number of occasions in the search space set in a slot.

13. The method of claim 1 or 2, wherein the selection order is based on a descending order

of the period of the search space set.

14. The method of claim 1 or 2, wherein the selection order is based on an ascending order

of a starting symbol index of the search space set.
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15. The method of claim 1 or 2, wherein the selection order is based on the period of the

search space set and a number of occasions in the search space set in a slot.

16. The method of claim 1 or 2, wherein the selection order is based on a type of the search

space set.

17. The method of claim 16, wherein the selection order is further based on (a) the period of
the search space set and (b) a number of occasions of the search space set in a slot, within the

selected type of the search space set.

18. The method of claim 17, wherein the selection order is further based on a descending
order of an aggregation level, for the selected period of the search space set and the selected

number of occasions of the search space set.

19. The method of claim 16, wherein the selection order is further based on a descending

order of an aggregation level, within the selected type of the search space set.

20. The method of claim 19, wherein the selection order is further based on an ascending

order of search space set identifier within the selected aggregation level.

21. The method of claim 16, wherein the type of the search space set is selected from the
group consisting of a common search space set comprising downlink control information
(DCI) format 0-0 and DCI format 1-0, a common search space set comprising DCI format 2-0,
a common search space format comprising other DCI format, and one or more user

equipment (UE) specific search space sets.

22. The method of claim 1 or 2, wherein the selecting according to the selection order
comprises:

a first selection step based on a type of the search space set;

a second selection step, subsequent to the first selection step and within the type of the
search space set, based on a type of cell in which the wireless node is operating;

a third selection step, subsequent to the second selection stepand within the cell type,

based on an ascending order of the component carrier index;
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a fourth selection step, subsequent to the third selection step and for a given value of the
component carrier index, based on a search space set period and a number of occasions of the
search space set in one slot; and

a fifth selection step, subsequent to the fourth selection step and for given values of the
search space set period and the number of occasions of the search space set, based on a

descending order of an aggregation level.

23. The method of claim 1 or 2, wherein the selecting according to the selection order
comprises:
a first selection step based on a common search space set comprising downlink control

information (DCI) format 0-0 and DCI format 1-0.

24. The method of claim 23, further comprising:

a second selection step, subsequent to the first selection step, based on another common
search space set comprising DCI format 2-0 and excluding DCI format 0-0 and DCI format
1-0.

25. The method of claim 24, further comprising:
a third selection step, subsequent to the second selection step, based on a common search

space comprising other DCI formats.

26. The method of claim 25, further comprising:
a fourth selection step, subsequent to the third selection step, based on a user equipment

(UE) specific search space set.

27. The method of claim 1 or 2, wherein the selection order is further based on a descending

order of the aggregation level.

28. The method of claim 27, wherein for a given aggregation level the selection order is

further based on an ascending order of the search space set identifier.

29. The method of claim 1 or 2, wherein the selection order is further based on an ascending

order of a search space set identifier.
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30. The method of claim 1 or 2, wherein the selection order is further based on an ascending
order of indexes of resources of the second set of resources for each occasion in a single

search space set and an aggregation level.

31. The method of claim 1, wherein a subset of the first set of resources is sequentially
selected from multiple occasions within a single search space set and a single aggregation
level, and wherein occasion indexes of the multiple occasions are interleaved prior to the

sequential selection.

32. The method of claim 2, wherein a subset of the third set of resources is sequentially
selected from multiple occasions within a single search space set and a single aggregation
level, and wherein occasion indexes of the multiple occasions are interleaved prior to the

sequential selection.

33. The method of claim 31 or 32, wherein the interleaving is based on an interleaver matrix
with two rows and ceil(Oy/2) columns, wherein Os is a number of occasions of the single

search space set in a slot, and wherein ceil(x) returns a smallest integer greater than x.

34. The method of claim 31 or 32, wherein the interleaving is based on an interleaver matrix,
wherein the occasion indexes 0,1,...,0 are written into the interleaver matrix by rows,
wherein the occasion indexes are read out of the interleaver matrix by columns in a column
order defined as 1,1+ceil(Oy2),2,2+ceil(Oy2),....., floor(Oy/2),floor(Oy2)+ ceil(Oy/2),

floor(Oy/2)+1, and wherein Oy is a number of occasions of the single search space setin a slot.

35. The method of claim 31 or 32, wherein the interleaving is based on an interleaver matrix,
wherein the occasion indexes 0,1,...,0s are written into the interleaver matrix by rows,
wherein the occasion indexes are read out of the interleaver matrix by columns in a column
order defined as 1,1+04/2,2,2+0/2......, O4/2, O, and wherein O is a number of occasions of

the single search space setin a slot.

36. The method of claim 31 or 32, wherein the interleaving is based on an identity matrix.

37. The method of claim 31 or 32, wherein the interleaving is based on an ordering of the
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occasion indexes defined as 0,ceil(Oy/2),1,1+ceil(Oy/2),....., wherein Og is a number of

occasions of the single search space setin a slot.

38. The method of claim 31 or 32, wherein the interleaving is based on an ordering of the
occasion indexes defined as 0,0,,2, Os-1,.., and wherein O; is a number of occasions of the

single search space setin a slot.

39. The method of claim 1, wherein a subset of the first set of resources is sequentially
selected from within a single search space set and a single aggregation level and in one slot,
and wherein resources in each occasion in the single search space set and the single

aggregation level are reordered prior to the sequential selection.

40. The method of claim 2, wherein a subset of the third set of resources is sequentially
selected from within a single search space set and a single aggregation level, and wherein
resources in each occasion in the single search space set and the single aggregation level are

reordered prior to the sequential selection.

41. The method of claim 39 or 40, wherein the reordering comprises an ascending order of

indexes of the resources in each occasion.

42. The method of claim 39 or 40, wherein the reordering comprises an interleaving of

indexes of the resources in each occasion.

43. The method of claim 42, wherein the interleaving is based on an interleaver matrix with
two rows and ceil(¥£/2) columns, wherein &7 is a number of resources in the single search

space set and the single aggregation level and in each occasion, and wherein ceil(x) returns a

smallest integer greater than x.

44. The method of claim 49, wherein a cyclic shift of an output of the interleaving is
performed prior to the sequential selection, and wherein the cyclic shift is based the occasion

index.

45. The method of claim 42, wherein the interleaving is based on an interleaver matrix,
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wherein the indexes of the resources 0,1,..., & are written into the interleaver matrix by
rows, wherein the indexes of the resources are read out of the interleaver matrix by columns

in a column order defined as 1,1+ceil(¥5/2),2,2+ceil(}5/2),....., floor(¥E/2),floor(M/2)+

ceil(Mi/2), floor(3;/2)+1, wherein &% is a number of resources in the single search space set

and the single aggregation level and in each occasion.

46. The method of claim 42, wherein the interleaving is based on an interleaver matrix,
wherein the indexes of the resources 0,1,..., M5 are written into the interleaver matrix by
rows, wherein the indexes of the resources are read out of the interleaver matrix by columns
in a column order defined as 1,1+M/2,2,2+4%5/2,....., ¥¥2, ¥5 wherein &% is a number of

resources in the single search space set and the single aggregation level and in each

occasion).

47. The method of claim 42, wherein the interleaving is based on an ordering of the indexes
of the resources defined as 0,ceil(3£2),1,1+ceil(¥£/2),....., MP, wherein & is a number of

resources in the single search space set and the single aggregation level and in each

occasion).

48. The method of claim 42, wherein the interleaving is based on an ordering of the indexes
of the resources defined as 0,round(:2),1,1+round(3%/2),....., wherein &; is a number of

resources in the single search space set and the single aggregation level and in each

occasion).

49. The method of claim 42, wherein the interleaving is based on an ordering of the indexes
of the resources defined as 0, ¥22,1,1+&%/2,....., wherein &% is a number of resources in the

single search space set and the single aggregation level and in each occasion).

50. The method of claim 42, wherein the interleaving is based on an ordering of the indexes
of the resources defined as 0,%% 2 #:i-1,...., wherein ¥f is a number of resources in the

single search space set and the single aggregation level and in each occasion).
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51. The method of claim 1 or 2, wherein the selection order is further based on an ascending

order of i, wherein % is a number of resources in a single search space set and a single

aggregation level in an occasion).

52. The method of claim 1 or 2, wherein the selection order is further based on a descending
order of %, wherein &7 is a number of resources in a single search space set and a single

aggregation level in an occasion.

53. The method of claim 1 or 2, wherein the selection order is further based on a descending

order of a degree of overlap of the sub-resources for each of the selected resources.

54. The method of claim 2, wherein the resources selected from the third set of resources
comprise sub-resources that comprise a minimal degree of overlap with sub-resources of one

or more resources from the first set of resources.

55. The method of claim 54, wherein an aggregation level of the resources selected from the
third set of resources is identical to an aggregation level of the one or more resources of the

first set of resources that comprise the minimal degree of overlap.

56. The method of claim 2, further comprising:

determining a subset of resources from the third set of resources, wherein the each of the
subset of resources comprises sub-resources that are farthest from sub-resources of one or
more resources from the first set of resources, and wherein a pair of sub-resources are farthest
when an interval between their corresponding frequency domain positions are greater than
intervals of other pairs of sub-resources; and

adding, subsequent to the determination, the subset of resources to the first set of

resources.

57. The method of claim 1 or 2, wherein a priority value is assigned to one or more resources
of the second set of resources, and wherein the selection order is based on an ascending, a

descending or an interleaved order of the priority value.
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58. The method of claim 57, wherein the priority value is based on at least ¥{* and O,

wherein &¢ is a number of resources in the single search space set and the single

aggregation level and in an occasion, and wherein Oy is a number of occasions of the single

search space setin a slot.

59. The method of claim 57 or 58, wherein the priority value for a first subset of the second
set of resources is identical, and wherein the first set of resources is selected from the first

subset of the second set of resources in a descending order of the aggregation level.

60. The method of claim 59, wherein the aggregation level for a second subset of the second
set of resources is identical, and wherein the first set of resources is selected from the second

subset of the second set of resources in an ascending order of the search space set identifier.

61. The method of claim 1 or 2, wherein the starting symbol index of the search space set for

different occasion indexes are different from each other within the search space set.

62. The method of any of claims 1 to 61, wherein the first set of resources corresponds to

reserved physical control channel (PDCCH) candidates.

63. The method of claim 1 or 2, wherein the resources of first set of resources correspond to
reserved physical control channel (PDCCH) candidates, wherein each resource of the first set
of resources comprise one or more sub-resources, and wherein the one or more sub-resources
correspond to control channel elements (CCEs).64. The method of any of claims 1 to 63,
wherein the wireless node is a base station, and wherein performing the communication
operation comprises transmitting control information in one or more of the first set of

resources.

64. The method of any of claims 1 to 63, wherein the wireless node is a user equipment, and
wherein performing the communication operation comprises performing a detection in one or

more of the first set of resources.

65. A wireless communications apparatus comprising a processor, wherein the processor is
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configured to implement a method recited in any of claims 1 to 64.

66. A computer program product comprising a computer-readable program medium code
stored thereupon, the code, when executed by a processor, causing the processor to

implement a method recited in any of claims 1 to 64.
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