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(57) Abstract: Systems and methods for the use of smart repeater (SMR) control information from a base station to an SMR to control
aspects of SMR operation are disclosed herein. The SMR control information may control the operation of to either or both of an SMR
synchronization signal block (SSB) beam sweep or an SMR channel state information reference signal (CSI-RS) beam sweep. An SMR
may repott, to a base station, SMR capability information; receive, from the base station, SMR control information corresponding to the
SMR capability information that includes a first portion configuring an SSB beam sweep and/or a second portion configuring a CSI-
RS beam sweep, and perform, based on the SMR control information, one or both of the SMR SSB beam sweep and the SMR CSI-RS
beam sweep. Systems and methods for signaling the SMR control information between the SMR and the base station are also provided.
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METHODS AND APPARATUSES FOR CONTROL INFORMATION SIGNALING FOR
SMART REPEATERS IN WIRELESS COMMUNICATION SYSTEMS

TECHNICAL FIELD

[060%] This application relates generally to wireless communication systems, including
wireless communications systems having smart repeaters { SMRs) that relay information

between one or more UHs and a base station,

BACKGROUND

(60621 Wireless mobile communication technology uses various standards and protocols to
transmit data between a base station and a wireless communication device. Wireless
communication system standards and protocols can include, for example, 3rd Generation
Partnership Project (3GPP) long term evolution (LTE} (e.g., 4G), 3GPP new radio (NR) {e.g.,
54}, and IEEE 802.11 standard for wireless local area networks (WLAN) (commonly known to
industry groups as Wi-Fi%),

18603] As contemplated by the 3GPP, different wireless communication systems standards
and protocols can use various radio access networks {(RANs) for communicating between a base
station of the RAN (which may also sometimes be referred to generally as a RAN node, a
network node, or simply a node) and a wireless communication device known as a user
equipment (UE). 3GPP RANs can include, for example, global system for mobile
communications {GSM), enhanced data rates for GSM evolution (EDGE) RAN (GERAN),
Universal Terrestrial Radio Access Network (UTRAN}, Evolved Universal Terrestrial Radio
Access Network (E-UTRAN), and/or Next-Generation Radio Access Network (NG-RAN}.
[6604] Each RAN may use one or more radio access technologies (RATs) to perform
communication between the base station and the UE. For example, the GERAN implements
GSM and/or EDGE RAT, the UTRAN implements universal mobile telecommunication system
(UMTS) RAT or other 3GPP RAT, the E-UTRAN implements LTE RAT (sometimes simply
referred to as LTE), and NG-RAN implements NR RAT (sometimes referred to herein as 5G
RAT, SG NR RAT, or simply NR). In certain deployments, the E-UTRAN may also implement
NR RAT . In certain deployments, NG-RAN may also implement LTE RAT.

[0605] A base station used by a RAN may correspond to that RAN. One example of an E-
UTRAN base station 1s an Evolved Universal Terrestrial Radio Access Network (E-UTRAN)
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Node B (also commonly denoted as evolved Node B, enhanced Node B, eNodeB, or eNB). One
example of an NG-RAN base station 1s a next generation Node B (also sometimes referred to as
a or g Node B or gNB).

[80806] A RAN provides its communication services with external entities through 1ts
connection to a core network (CN). For example, E-UTRAN may utilize an Evolved Packet
Core (EPC), while NG-RAN may utilize a 5G Core Network (3GC).

18807] Frequency bands for 5G NR may be separated into two or more different frequency
ranges. For example, Freguency Range 1 {(FR1) may include frequency bands operating in sub-
6 GHz frequencies, some of which are bands that may be used by previous standards, and may
potentially be extended to cover new spectrum offerings from 410 MHz to 7125 MHz
Frequency Range 2 (FR2) may include frequency bands from 24.25 GHz to 52.6 GHz Note
that in some systems, FR2 may also include frequency bands from 52.6 GHz to 71 GHz {(or
bevond). Bands in the millimeter wave {mmWave) range of FR2 may have smaller coverage
but potentially higher available bandwidth than bands in FR1. Skilled persons will recognize
these frequency ranges, which are provided by way of example, may change from time to time

or from region to region.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS QF THE DRAWINGS

[8008] To easily identify the discussion of any particular element or act, the most significant
digit or digits 1n a reference number refer to the figure number in which that element 1s first
introduced.

[86609] FIG. | illustrates a diagram for the use of SMR control information to control an SSB
beam sweep at an SMR, according to ermnbodiments herein.

[8618] FIG. 2 illustrates a diagram for SSB resource allocation between a base station and an
SMR according to an offset, according to an embodiment.

[66131] FIG. 3 illustrates a diagram for SSB resource allocation between a base station and an
SMR according to an indications of particular SSB positions for SSBs of an SSB burst set to be
used by an SMR for an SMR SS8B beam sweep, according to an embodiment.

[866312] FIG. 4 illustrates a diagram for the use of SMR control information to control a {SI-
RS beam sweep at an SMR, according to embodiments herein.

[8613] FIG. S itlustrates a diagram showing the general structure for the use of SMR control

information to wdentify one or more symbols for one or more contiguous slots within a peried of
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a {USI-RS periodicity to use to perform an SMR CSI-RS beam sweep, according to various
embodiments.

[6834] FIG. 6 provides a diagram for SLIV use to identify one or more symbols of one or
more contiguous slots within a period of a CSI-RS periodicity to use to perform an SMR CSI-
RS beam sweep, according to an embodiment.

[6815] FIG. 7 provides a diagram for SLIV use to identify one or more symbols of one or
more contiguous slots within a period of a CSI-RS periodicity to use to perform an SMR CSI-
RS beam sweep, according to an embodiment.

[6616] FIG. 8 illustrates a diagram for the use of a bitmap to indicate symbol locations for one
or more of symbols within one or more contiguous slots 504 that are to be used to transmit CSI-
RS resources during a SMR CSI-RS beam sweep, according to an embodiment.

[6617] FIG. 9 illustrates a diagram for the use of a bitmap to indicate symbol locations for one
or more of symbols within one or more contiguous slots that are to be used to transmit CSI-RS
resources during a SMR CSI-RS beam sweep, according to an embodiment.

[60618] FIG. 10 illustrates a diagram showing the use of all symbols of one or more contiguous
slots to transmiut CSI-RS resources during an SMR CSI-RS beam sweep, according to an
embodiment.

[6619] FIG. 11 illustrates a diagram showing the delivery of SMR control information,
according to embodiments disclosed heremn.

[8026] FIG. 12 dlustrates a diagram showing a delivery of SMR control information using
high-layer signaling as scheduled by DCI, according to an embodiment.

[6621] FIG. 13 :llustrates a diagram showing delivery of SMR control information using DCI,
according to an embodiment.

[86622] FIG. 14 dlustrates a diagram showing delivery of SMR control information using DCI,
according to an embodiment.

[8623] FIG. 15 illustrates a table showing the repurposing of two reserved bits from a short
message field in DCI format 1o to indicate modified SMR control information avadability to
an SMR, according to an embodiment.

[0624] FIG. 106 illustrates a method of an SMR, according to an embodiment.

[0625] FIG. 17 illustrates a method of a base station, according to an embodiment.
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180267 FIG. 18 illustrates an example architecture of a wireless communication system,
according to embodiments disclosed herein.

[6627] FIG. 19 illustrates a system for performing signaling between an SMR and a base
station, according to embodiments disclosed herein.

[0628] FIG. 20 illustrates a system for performing signaling between a wireless device and a

network device, according to embodiments disclosed herein.

DETAILED DESCRIPTION

18029} Various embodiments are described with regard to a UE. However, reference to a UE
is merely provided for iflustrative purposes. The example embodiments may be utilized with
any electronic component that may establish a connection to a network and 1s configured with
the hardware, software, and/or firmware to exchange information and data with the network.
Therefore, the UE as described herein is used to represent any appropriate electronic
component,

(060630} UE coverage 1s a fundamental aspect of wireless communication system deployments.
Mobile operators may rely on different types of network nodes to offer blanket coverage in
their deployments. The deployment of full-stack cells within a wireless communication system
1s one option for providing UE coverage, but this may not be always possible or economically
viable in every location (e.g., in cases where there 1s no availability of a backhaul from the
focation to the core network, and/or an unreasonable amount of expense for establishing such a
backhaul and/or the full-stack cell). As a result, new types of network nodes are considered to
increase mobile operators’ flexibility for their wireless communication system network
deployments.

[8631] One such example of these new network nodes is the smart repeater (SMR). An SMR
may communicate signals back and forth between one or more UE that are served by the SMR
via a link {e.g., a Un link) between the SMR and the base station. This may be useful in the
case where, for example, the base station {e.g., having the backhaul to the core network of the
wireless communication system) cannot directly serve the UE (e.g., due to distance and/or
interference), bot the SMR can directly serve the UE. The link between the SMR and the base
station may be possible because of, for example, an abiity of the SMR and/or the base station
to use a necessary transmission power and/or more accurate and/or precise beamforming {(e.g.,

greater/better than that which can reasonably be provided for a regular use case of a UE).
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Through this relaying between the SMR and the base station, the effective possible coverage
range and/or performance for the UE within the wireless communication network is improved.
Note that such interference considerations may be particularly relevant in the case of higher
frequency operation of the base station and/or the SMR (g.g., in FR2), due to the tendency of
such relatively higher frequency signaling to be more impacted by mterference sources and/or
to have a lesser transmission range than relatively lower frequency signaling.

[6632] An SMR may itself be enhanced over conventional RF repeaters with the capabilities
to receive, process, and mmplement SMR control information from the network (e.g., as
received from the base station). Among other things, SMR control information could allow an
SMR to perform any amplify-and-forward operations in a more efficient manner. Potential
benefits stemming from the use of such SMR control information may include mitigation of
unnecessary noise amplification, better spatial directivity for SMR transmissions and/or
receptions, and/or simplified network integration between the SMR and a base station. Note
that herein, such SMR control information may be referred to more simply as “conirol
information,” and context will make it apparent that such information i1s SMR control

information {e.g., control information between the base station and the SMR).

[8633] An SMR may be capable of sending beamformed signals to one or more of the UEs
that it serves. It is contemplated that one or more of the above benefits could be achieved by
using SMR control information to enable network control (at least in part) of beamforming
operation at an SMR. Accordingly, disclosed herein are embodiments that use SMR control
mformation to enable and/or control beam-formed communications between an SMR, such that
spectrum efficiency and coverage aspects related to the SMR may be mmproved.

[0834] This disclosure uses the following definitions:

gNB-UE: a UE that 1s in coverage of a base station {e.g., a gNB in a 5G NR system)

and 1s connected to the base station.
SMR-UE: a UE that is in coverage of a SMR and 1s connected to the SMR.

Uu link: A connection between a UE and an SMR, or between a UE and a base station.

This link may also sometimes be referred to as an “access link.”

Un link: A connection between the base station and the SMR. This link may also

sometimes be referred to as a “backhaul hink.”
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SMR-PDSCH: A physical downlink shared channel (PDSCH) that is transmitted by the

base station and that targets the SMR (that may be used for, e.g., SMR control information).

SMR-PDCCH: A physical downlink control channel (PDCCH) that 1s transmitted by

the base station and targets the SMR (that may be used for, e.g., SMR control information).

[6635] FIG. 1 ilustrates a diagram 100 for the use of SMR control information to control a
synchronization signal block (SSB) beam sweep at an SMR 102, according to embodiments
herein. The diagram 100 dlustrates an SMR 102 that operates with a base station 104. In the
diagram 100, the SMR 102 may provide coverage to an SMR-UE 106, while the base station
104 provides coverage to gNB-UEs 108a through 108c.

[6836] Herein, a SSB beam sweep performed by an SMR may be sometimes referred to as an
“SMR S5B beam sweep." Further, SMR control information (or a portion thereof) that
configures an SMR S5B beam sweep may be sometimes referred to herein as "SMR SSB

control information.”

[0637] It may be that even though the SMR-UE 106 is within a theoretical range 110 for the
base station 104, direct signaling between the SMR-UE 106 and the base station 104 may not
be able to be reasonably accomplished due to the interference of the obstructions 112 (which
have been illustrated as buildings, but could alternatively be other man-made items, or
natural/geographical features or events). Accordingly, coverage for the SMR-UE 106 13
provided by the SMR 102 rather than the base station 104, with the SMR 102 relaying signaling
between the SMR-UE 106 and the base station 104 on a Un link.

[6038] Beam sweeping is a technique that transmits different downlink signals or channels 1o
a burst in different beamformed durections. An SSB beam sweep (or beam sweep for SS5B
transmissions) may include the transmussion of one or more S8Bs of an SSB burst set using one
or more associated beams 1n different transmission directions. 5SB beam sweeps are used in
wireless communication systems to enable a receiving UE to use the beam-associated SSBs to
determune 1) synchronization with the cell and 2} directionality of signaling to/from the UE on
the cell {among other things).

[863%9] The diagram 100 illustrates a case where the use of an SSB beam sweep (or “beam
sweep for the SSB transmisston”) by the SMR 102 15 controlled/configured by the base station
104. The SSB beam sweep by the SMR may accordingly allow {potential} SMR-UE (such as

the SMR-UE 106} to determine synchronization and/or directionality relative to signaling
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between the SMR-UE and the SMR 102 such that communications between the SMR-UE and

the network can be established through the SMR 102.

[6840] In the embodiment illustrated in FIG. 1, the base station 104 determines that a total of
32 85Bs are to be transmitted. In the diagram 100, these S5Bs are illustrated as indexed from O
to 31. The base station 104 further determines that S8Bs 0 through 23 make up a first SSB
burst set for a first SSB beam sweep performed by the base station 104 (a base station SSB
beam sweep) and that SSBs 24 through 31 make up a second SSB burst set for a second SSB
beam sweep performed by the SMR 102 (an SMR SS8B beam sweep). Note that these
determinations are given by way of example and not by limitation. The total number of S8Bs
used in the beam sweep(s), and the division of S5Bs between the first beam sweep by the base
station 104 and the second beam sweep by the SMR 102 could be differently determined by the
base station 104

[0843] The base station 104 performs the base station SSB beam sweep using beams
corresponding to establishment/use of one or more Uu links 114 between the base station and
one or more gNB-~UEs {(such as the gNB-UEs 108a through 108c¢). As illustrated in the diagram
100, S8Bs 0 through 23 of the first SSB burst set are transmitted by the base station on

corresponding beams in this manner as part of this first beam sweep.

[8042] The base station 104 also forwards SS8Bs 24 through 31 as a second S5B burst set to
the SMR 102 using a Un link 116 between the base station 104 and the SMR 102, This
forwarding may be necessary, as the information contained in the S5Bs changes over time
according to network status, so the SMR 102 should be regularly provided with up-to-date
SSBs.

[8843] The SMR 102 then performs the SMR SSB beam sweep using the S8Bs of the second
SSB burst set that are received on the Un hink 116 from the base station. The SMR SSB beam
sweep uses beams corresponding to the establishment/use of one or more Uu links 1138 between
the SMR and one or more SMR-UEs (such as the SMR-UE 106). As illustrated o the diagram
100, 8SBs 24 through 31 (e g., the S5Bs forwarded from the base station 104 to the SMR 102
on the Un link 116) of the second SSB burst set are transmitted by the SMR on corresponding
beams for this second beam sweep by the SMR 102.

[6844] SMR control information signaled between the base station 104 and the SMR 102 may
be used to configure an S8B forwarding procedure. In some cases, the SMR control

information may include an SMR S8B burst periodicity. This SMR 58B burst periodicity
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represents a pericdicity at which the SMR 102 1s to perform SSB sweeps using the S58Bs of an
SSB burst set that are received on the Un link 116 from the base station 104, In some such
wireless communication systems, values of Sms, 10ms, 20ms, 40ms, 80ms, and 160ms might
be avatlable to be provided in such signaling {e.g., according to a specification defining the
operation of such a wireless communication system}. Note that other values (including values
dynamically determined by the base station according to network status) could also be used. It
is also contemplated that in some cases, the SMR SS8B burst periodicity may be the same as a
base station SSB burst periodicity used by the base station 104 for its base station SSB beam
sweeps. In such cases where the base station SSB burst periodicity 1s already known
by/signaled to the SMR 102, it may not be necessary to separately and explicitly signal an SMR
SSB burst periodicity to the SMR; rather, the SMR may simply use the base station S5B burst
periodicity as the SMR S8B burst periodicity in such a case.

(8045} In some embodiments, the base station 104 may mnclude an offset value in the SMR
control information for the SMR SSB beam sweep. This offset value may be used by the SMR
102 to determuine a location (in time) where it will recetve the SSB burst set having SSBs that it
15 to use for the SMR SSB beam sweep from the base station 104

[8046] FIG. 2 illustrates a diagram 200 for SSB resource allocation between a base station and
an SMR according to an offset 202, according to an embodiment. FIG. 2 illustrates a case
where the offset 202 (denoted A in FIG. 2) 1s signaled in/used according to units of half radio
frames. In the illustrated case, the SMR control information provided to the SMR 102 from the
base station 104 for the SMR S5B beam sweep indicates that the offset 202 13 equal to two.
18847} Accordingly, the SMR 102 measures two half radio frames 204 from the beginning of
a period 206 of the SMR SSB burst peniodicity being used by the SMR {which in the tllustrated
case 18 20ms, equal to four half radio frames), and expects to receive an S5B burst set {e.g., the
SSBs index from 24 to 31, as discussed 1n FIG. 1} from the base station 104 for the SMR SSB
beam sweep for SMR-UE coverage during the third half radio frame 208 of the period 206.
Note that the base station 104 uses the same measurement to correspondingly send the SSB
burst set for the SMR SSB beam sweep to the SMR 102,

[6848] Note that while the base station SSB beam sweep (e.2., using the S5Bs indexed from 0
to 23, as discussed in FIG. 1} for gNB-UE coverage has been iHustrated in FIG. 2 as occurring

during the first half radio frame 210, there is no inherent restriction on the time location of the
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base station SSB beam sweep to any particular half radio frame within or relative to the SMR

control information provided from the base station 104 to the SMR 102.

[6849] Other units for offsets A (other than half radio frames) are contemplated. For example,
units for a offset A indication to be provided by the base station 104 to the SMR 102 may be
understood relative to an SSB numerology, as defined by a specification controlling the
operation of the wireless communication system. In some such cases, an offset A may be given
in units of a length of a maximum number of S5Bs that are supported when using a current
subcarrier spacing.

[0836] In some embodiments, the base station 104 may indicate, using SMR control
information for an SMR SSB beam sweep, particular SSB positions within a period of an SMR
SSB burst periodicity for the SSBs of the SSB burst set that are to be used by the SMR for an
SMR SSB beam sweep. These positions may be indicated in, for example, an SMR-ssb-
PositionsinBurst information element.

[8651] This embodiment may be useful in the cases where, for example, periods of an SMR
SSB burst periodicity used by the SMR 102 are of the same length as a single unit of an offset
A as described in relation to FIG. 2 (for example, a case where the SMR SSB burst periodicity
is set to Sms, and the units of an offset A indication are equal to half radio frames of Sms). In
such cases, because all SSBs for both the base station beam sweep and the SMR S8B beam
sweep accordingly occur within one period of the SMR SSB burst periodicity that 1s equal to
the length of one unit of offset A, the offset value would not have the granularity necessary to
indicate particular time positions within that period of the SMR SSB burst peniodicity (e.g, to
indicate time positions of SSBs sent to the SMR 102 from base station 104 on the Un Link).
Such cases may cccur, for example, in the case of operation in FR2.

18606521 FIG. 3 illustrates a diagram 300 for S8B resource allocation between a base station and
an SMR according to an indications of particular S5B positions for 85Bs of an SSB burst set to
be used by an SMR for an SMR S5B beam sweep, according to an embodiment. FIG. 3
illustrates the case where the SMR S8B burst periodicity ts set to Sms, which is equal to a half
radic frame. It may also be the case that the use of an offset A indication is not useable,
because an offset A would be indicated in units of half radio frames {which 1s not granular

enough to indicate positions within a single half radio frame).
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[8653] By way of illustrative example, the embodiment of FIG. 3 corresponds to the particular
SSB index division between the base station 104 and the SMR 102 as described in FIG. 1.

MNote that other arrangements are possible.

18854] As described in FIG. 1, the base station 104 determines that SSBs O through 23 are to
be used in a first SSB burst set beam sweep by the base station 104 and that S8Bs 24 through
31 are to be used in a second SSB burst set for a beam sweep by the SMR 102, Accordingly, it
may be that the SMR control information sent by the base station 104 to the SMR 102 includes

an SMR-ssb-PositionsinBurst information element that contains the bitmap
0000G00000000GO000000060T 1111111

thereby indicating that the SMR 102 should expect to receive SSBs of the second SSB
burst set to use for an SMR S5B beam sweep in the last eight S8B positions of the SMR 58B
burst periodicity {where these last eight SSB positions correspond to S8Bs 24 through 31).
Note that the fact that the base station 104 indicates the last eight SSB positions to the SMR
102 15 given by way of example and not by limitation. Other SSB positions and amounts of
SSB positions {and that are not necessarily consecutive) could be so indicated in other cases.
(0055} Accordingly, during the period 302, the base station 104 uses the first SSBs 304
(including S8Bs 0 through 23, as illustrated) to perform a base station beam sweep at the base
station 104 corresponding to its coverage of gNB-UE(s). Further, the base station 104
transmits the second S8Bs 306 (including S$Bs 24 through 31, as llustrated) to the SMR 102
on the Un link. The SMR 102 receives these second SSBs 306 and uses them the perform an
SMR SSB beam sweep corresponding to its coverage for SMR-UE(s).
[8656] In cases using an SMR-ssb-PositionsInBurst information element, it may be that the
base station 104 broadcasts a first ssh-PositionsinBurst mformation element to its gNB-UE(s)
that details SSB positions for the S5Bs used in the base station SSB beam sweep in a first
system information block (SIB). It may further be that the SMR 102 broadcasts a second ssb-
PositionsinBurst woformation element to its SMR-UE(s) that detatls SSB positions for the S5Bs
used 1n the SMR SSB beam sweep in a second SIB. Because different SSBs are used in each of
the base station SSB beam sweep and the SMR 5SB beam sweep, indications in each of the
first and second ssb-PosifionsinBurst information elements may differ. For example, the first

ssb-FPositionsinBurst information element sent by the base station may indicate

10
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FETTRITRI11110 11111 111100000000

corresponding to the first 24 S5Bs used in the base station S5B beam sweep, while the

second ssb-PositionslnBurst information element sent by the SMR may ndicate
0000000000G0000000000060T 1111111

corresponding to the last eight 85Bs used in the SMR S5B beam sweep. Other bitmaps
would correspondingly apply in cases of other arrangements of SSB use than the one 1llustrated
in FIG. 1.
[86587] FIG. 4 itlustrates a diagram 400 for the use of SMR control information to control a
CSI-RS beam sweep at an SMR 402, according to embodiments herein. The diagram 400
iflustrates an SMR 402 connects to a base station 404, In the diagram 400, the SMR 402 may
provide extended coverage for an SMR-UE 406 {(enabling an indirect connection of the SMR-
UE 406 to the base station 404},
[0658] Herein, a CSI-RS beam sweep performed by an SMR may be sometimes referred to as
an “SMR CSI-RS beam sweep." Further, SMR control information (or a portion thereof) that
configures a CSI-RS resource set to be used during an SMR CSI-RS beam sweep may be
sometimes referred to herein as "SMR CSI-RS control information.” Such a CSI-RS resource
set may include one or more CSI-RS rescurces in different orthogonal frequency-division
multiplexing (OFDM) symbols in the time domain.
[6658] In FIG. 4, 1t may be that the SMR-UE 406 is outside a coverage 408 for the base
station 404 (e.g., regardless of any interference concerns as would be caused by the
obstructions 410, which may be as the obstructions 112 discussed in FIG. 1), Accordingly, cell
coverage for the SMR-UE 406 is provided by the SMR 402 rather than the base station 404,
with the SMR 402 relaying/forwarding signaling between the SMR-UE 406 and the base station
404 on a Un hink.
[0866] A CSI-RS beam sweep may include the transmission of one or more CSI-RS resources
of a CSI-RS resource set on one or more associated downlink (DL) beams. Fach beam may
include one of the one or more CSI-RS rescurces and may be transmitted in a unique direction.
CSI-RS resource(s) of the CSI-RS beam sweep that are received at a UE may be used in
wireless communications networks to enable the UE to fine tune its beamforming with the

transmitting entity and/or to provide feedback regarding the received CSI-RS resources to the
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network such that a beamforming of the transmitting entity can be more finely tuned (among
other things). This process may be performed to fine tune any previously established beam(s)
between the transmitting entity and the UE {(e.g., as may have been established through the use
of an SSB beam sweep operation).

186061} The diagram 400 illustrates a case where the use of a USI-RS beam sweep by the SMR
402 1s controlled/configured by the base station 404, The base station 404 sends SMR control
information to the SMR 402 that configures a CSI-RS beam sweep to be used by the SMR 402
{an SMR CSI-RS beam sweep) on a Un link. The SMR CSI-RS beam sweep by the SMR 402
may accordingly allow a SMR-UE (such as the SMR-UE 406) to improve its own reception
beamforming relative to the SMR 402 and/or provide feedback relative to signaling between
the SMR-UE 406 and the SMR 402 such that a beamforming used by the SMR 402 of the
SMR-UE 406 may be improved. In this manner, signaling between the SMR-UE 406 and the
SMR 402 (and thus ultimately with the network) can be accordingly generally improved.

[8662] In the embodiment illustrated in FIG. 4, the base station 104 determines that the SMR
402 1s to perform an SMR CSI-RS beam sweep for four CSI-RS resources indexed from ¢
through 3 of a CSI-RS resource set 412, with each CSI-RS resource being sent on a different
bearm. The diagram 400 accordingly illustrates each CSI-RS resource (indexed 0 through 3) of
the CSI-RS resource set 412 on a corresponding beam. Note that the use of a CSI-RS resource
set having four CSI-RS resources 15 given by way of example and not by limstation. The CSI-
RS resource set to use for the SMR CSI-RS beam sweep by the SMR 102 could be differently
determined by the base station 104,

[8863] SMR control information signaled between the base station 404 and the SMR 402 may
be used to configure an SMR CSI-RS beam sweep procedure {e.g., to configure for the CSI-RS
resources to use tn the SMR CSI-RS beam sweep}. In some cases, the SMR control
information may include a configuration of the CSI-RS resource set that 1s to be used by the
SMR 402 for the SMR CSI-RS beam sweep. The USI-RS resource set may be understood to be
a non-zero-power (NZP) CSI-RS (NZP-CSI-RS) resource set, since NZP CSI-RS resources may
be suitable for beamforming tuning and/or feedback processes at the SMR-UE 406, as
described above. It may also be the understood that an SMR-UE (such as the SMR-UE 406} has
been configured with a CS/-ReportConfig information element with a “reportQuantity” value
set to “cri-RSRP” or “cri-SINR” (such that the UE s properly configured to use the transmitted

{CSI-RS resources in the manner described).
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18064} The CSI-RS resource set configuration sent by a base station to an SMR may 1dentify
one or more symbols of one or more contiguous slots within one or more periods of a USI-RS
perigdicity that are to be used to perform the SMR CSI-RS beam sweep. In other words, the
{SI-RS resource set configuration may inform the SMR 402 of the time domain location for
CRI-RS resources corresponding to the identified symbols.

[0865] FIG. 5 illustrates a diagram 500 showing the general structure for the use of SMR
control information to identify one or more symbols for one or more contiguous slots 504
within a period of a CSI-RS periodicity to use to perform an SMR CSI-RS beam sweep,
according to various embodiments. The CSI-RS resource set configuration may indicate a CS1-
RS periodicity and an offset. In some cases, the base station may determine the periodicity and
offset to signal to the SMR as established by a specification defining the operation of the
wireless communication system.

[0866] The CSI-RS periodicity may be a periodicity (in slots} at which the SMR 1s to perform
SMR CSI-RS beam sweeps using the CSI-RS resource set. The SMR accordingly dentifies
and uses a CSI-RS periodicity for the CSI-RS resource set. In the example of FIG. $ a period
502 of a 40 slot CSI-RS periodicity 1s shown by way of example (and not by way of imitation,
as other periodicities are contemplated in other embodiments)

[88667] The offset (also given in a number of slots) may be used to measure, from the
beginning of the period of the CSI-RS periodicity, to the location at which a first of the one or
more contiguous slots having the symbols that will be used for the SMR CSI-RS beam sweep
begins. In the example of FIG. 5, an offset 506 of one slot 15 shown by way of example {and
not by way of limiutation, as other offsets are contemplated in other embodiments).

[8868] In some embodiments, the CSI-RS resource set configuration may indicate a number of
the one or more contiguous slots having the symbols that will be used for the SMR CSI-RS
beam sweep. Accordingly, in embodiments where a number of slots 15 received, the SMR can
identify the one or more contiguous slots by using the offset relative to the start of the period
and the value for the number of the one or more contiguous slots. Thus, 1n some cases
corresponding to the example of FIG. 5, the base station explicitly indicates that two
contiguous slots 504 contain symbols to be used for the SMR CSI-RS beam sweep (though this
may not always be the case}.

180869] As illustrated, the two contiguous slots 504 are made up of the symbols 508. Because

the example of FIG. 5 assumes that the symbols to be used for the SMR CKI-RS beam sweep
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are located within the two contiguous slots 504, 28 total symbols (14 per slots) are tllustrated.
Note that the use of 28 symbols in two slots should accordingly be understood as an example,
and not by way of limitation (as, as discussed above, other embodiments may use a different
number of one or more contiguous slois).

1860678} Processes used by an SMR for determining the particular symbols that correspond to

the CSI-RS resource set that is used for the SMR CSI-RS beam sweep are now described.

[867%] In some embodiments, the USI-RS resource set configuration may include symbol
assignment information that indicates to the SMR a set of symbols used for the SMR CSI-RS
beam sweep. The symbols to be used may be contiguously allocated, or may be non-
continuously allocated with a fixed gap within the indicated slots. In some instances, this is
accomplished using a start and length indicator (SLIV) that indicates a starting symbol within
the symbols and a length in terms of the contiguous symbols or in terms of non-contiguous
symbols according to a fixed gap. Note that in embodiments using SLIV, the number of the
one or more contiguous slots 1s not strictly necessary, and thus may not have been included in

the CSI-RS resource set configuration transmutted to the SMR.

[8672] FIG. 6 provides a diagram 600 for SLIV use to identify one or more symbols of one or
more contiguous slots 504 within a period of a CSI-RS periodicity to use to perform an SMR
CSI-RS beam sweep, according to an embodiment. The diagram 600 1s a modified version of
the diagram 300. The SLIV recetved in the CSI-RS resource set configuration may indicate a
symbol offset 602 of two symbols, as tllustrated. That SLIV may also indicate that the
following 14 symbols should be used for sending corresponding CSI-RS respurces during a
CSI-RS beam sweep. Accordingly, the SMR uses the third through the 16th of the symbols 508
to perform a CSI-RS beam sweep using 14 corresponding CSI-RS resources {(indexed in FIG. 6
from zero to 13), with each such CSI-RS resource using an associated DL beam direction.
18673} FIG. 7 provides a diagram 700 for SLIV use to identify one or more symbols of one or
more contiguous slots 504 within a period of a CSI-RS pertodicity to use to perform an SMR
(CSI-RS beam sweep, according to an embodiment. The diagram 700 15 a modified version of
the diagram 500. The SLIV received in the USI-RS resource set configuration may indicate a
symbol offset 702 of two symbols, as tllustrated. That SLIV may also indicate that the
following 7 symbols should be used for sending corresponding CSI-RS resources during a US1-
RS beam sweep, followed by a fixed gap 704 of two symbols, followed by seven more symbols

used for CSI-RS resources during the SMR CSI-RS beam sweep. Accordingly, assuming that
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the 28 symbols 508 are enumerated from left to right, the SMR uses the 3rd through the 9th of
the symbols 508 and the 12th through the 18th of the symbols 508 to perform a CSI-RS beam
sweep for 14 corresponding USI-RS resources (indexed m FIG. 7 from Oto 13), with each such
{SI-RS resource using an associated DL beam direction.

(6674} In some embodiments, the CSI-RS resource set configuration may include a bitmap
corresponding to the symbols of the one or more contiguous slots that is used to indicate
symbol locations of one or more of the symbols within the one or more contiguous slots that

are to be used to transmit CSI-RS resources during the SMR CSI-RS beam sweep.

186075} In some cases, the bitmap includes a bit for all the symbols of the one or more
contiguous slots and indicates the one or more symbols used to perform the SMR CSI-RS beam

sweep from among all the symbols of the one or more contiguous slots.

108676] FIG. 8 illustrates a diagram 800 for the use of a bitmap 802 to indicate symbol
focations for one or more of symbols 508 within one or more contiguous slots 504 that are to be
used to transmit CSI-RS resources during a SMR CSI-RS beam sweep, according to an
embodiment. The diagram 800 15 a modified version of the diagram 500, The bitmap 802
indicates that, of the 28 symbols 508 corresponding to the two contiguous slots 504, the 12th
through the 19th (assuming that the 28 symbols 508 are enumerated from left to right) of the
symbols 508 should be used to transmut CSI-RS resources during a CSI-RS beam sweep.
Accordingly, the SMR uses the 12th through the 19th symbols to perform the CSI-RS beam
sweep using eight corresponding CSI-RS resources (indexed in FIG. 6 from 0 to 7), with each
such CSI-RS resource using an associated DL beam direction.

[8677] Note that in embodiments, such as that illustrated in FIG. &, where the size of the
bitmap is coextenstve with the size of the two contiguous slots 504 {when considered in a
symbol-wise fashion, e.g., the bitmap 802 covers 28 symbols, which is the same number of
symbols 1 the two contiguous slots 504), 1t may be that the CSI-RS resource set configuration
does not include an explicit indication of the number of slots. The SMR may infer, when it 1s
provided a bitmap and 1s not provided an explicit indication of the number of slots, that the
number of the one or more contiguous slots is represented by reference according to the number
of symbols for the one or more contiguous slots given by the bitmap.

[6678] In some cases, the bitmap includes a number of bits equal to a slot symbol length (¢ g,
14 bits}. This bitmap may act to indicates symbols, for each of the one or more

contiguous slots, that comprise the one or more symbols used to perform the SMR CSI-RS
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beam sweep {(e.g., indicates a bit paitern that is repeatedly applied to each of the one or more
contiguous slots).

[6679] FIG. 9 illustrates a diagram 900 for the use of a bitmap 902 to indicate symbol
iocations for one or more of symbols 508 within one or more contiguous siots 504 that are to be
used to transmit CSI-RS resources during a SMR {SI-RS beam sweep, according to an
embodiment. The diagram 900 1s a modified version of the diagram 500, The bitmap 902
differs from the bitmap 802 in that it only represents 14 symbols {equal to the number of
symbols of a single slot}. In such embodiments, the SMR may use an indicated number of slots
from the CSI-RS resource set configuration to determine the number of the two contiguous
slots 504 {e.g., two). Then, for each of the two contiguous slots 504, the bitmap 902 15 applied
{on a slot-wise basis) to identify symbols within each such slot 504 that are used to transmit
CSI-RS resources of the SMR CSI-RS beam sweep.

[0086] In the example of FIG. 9, the bitmap 902 indicates that, of the 14 symbols in each of
the two contiguous slots 504, the third and fourth symbols should be used to transnmut CSI-RS
resources during a CSI-RS beam sweep. Accordingly, the SMR uses the third and fourth
symbols from each of the two contiguous slots 504 to perform the CI-RS beam sweep using
four corresponding CSI-RS resources {indexed in FIG. 6 from 0 to 3), with each such CSI-RS
resource using an associated DL beam direction.

[6681] In some embodiments, once the one or more contiguous slots are identified (e.g., using
the CSI-RS periodicity, the offset, and the indication of the number of the one or more
coutiguous slots), the SMR may use all symbols of the one or more contiguous slots to transmit
CSI-RS resources during an SMR CSI-RS beam sweep.

[6682] FIG. 10 dlustrates a diagram 1000 showing the use of all symbols of one or more
contiguous slots 504 to transmit C8I-RS resources during an SMR CSI-RS beam sweep,
according to an embodiment. The diagram 1000 1s 2 modified version of the diagram 500,
[8683] In the example of FIG. 10, the SMR has identified the two contiguous slots 504 within
the period 502 using the CSI-RS periodicity and the offset 506 from the CSI-RS resource set
configuration, in the manner described above. Then, the SMR uses every symbol of the two
contiguous slots 504 to perform the CSI-RS beam sweep. This corresponding to the use of 28
CSI-RS resources corresponding to those 28 symbols 508 (indexed in FIG. 6 from 0 to 27),

with each such CSI-RS resource using an associated DL beam direction.
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[0684] In some embodiments, the CSI-RS resource set configuration sent to the SMR may
also include a CSI-RS resource 1D (e.g., an NZP-CSI-RS resource 13} for each resource of the
CRI-RS resource set that corresponds a symbol and that is transmitted on that symbol. This
CSI-RS resource 1D may correspond to {(e.g., be the same as) the “indexes” described above.
[6685] In some embodiments, the CSI-RS resource set configuration sent to the SMR may
also include QCL information for each CSI-RS resource in the CSI-RS resource set.

10686] FIG. 11 illustrates a diagram 1100 showing the delivery of SMR control information,
according to embodiments disclosed herein. As dlustrated, it may be that the base station 1104
sends SMR control information to the SMR 1102 on one or more of an SMR-PDSCH 1106, an
SMR-PDCCH 1108, and/or an SIB 1110 {and/or multiples of either/all of these}. One or more
such SMR-PDSCHs, SMR-PDCCHs, and/or $1Bs may be used to deliver SMR control
information in a variety of different possible ways.

(60687} 1Ina first SMR control information delivery mechanism, high-layver signaling may be
use used. Delivery of SMR control information from the base station to the SMR via high-
laver signaling may be periodic in nature.

[0688] In some cases, high-layer signaling in the form of an SIB transmiited from the base
station to the SMR may be used to deliver SMR control information. SMR control information
in such an SIB may indicate, to the SMR, 88B positions of 8S8Bs of an SSB burst set to be used
by the SMR for an SMR 5S8B beam sweep. For example, 1n the case where a system uses 31
SSBs, and where S8Bs 0 through 23 are to be used 10 a first SSB burst set beam sweep by a
base station and SSBs 24 through 31 are to be used in a second SSB burst set for a beam sweep
by an SMR, the SIB may include a ssb-Positions/nBurst information element sent by the SMR

indicating
3G0000GO0000000000000000T 111111

corresponding to the second SSB burst set for the SMR.

[6089] This SIB may accordingly differ from an SIB transmitted by the base station for any
gNB-UE (which may configure the gNB-UE to use a first SSB burst set instead).

[8698] In some cases, high-layer signaling as scheduled by downlink countrol information
(DCT) 15 used. FIG. 12 iHustrates a diagraro 1200 showing a delivery of SMR control

information using high-layer signaling {(e.g., radio resource control (RRC) signaling) as
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scheduled by a DBCI, according to an embodiment. Discussion of FIG. 12 will refer back to the
contents illustrated in FIG. 11

[6691] According to the diagram 1200, the first DCI 1202 is sent by the base station 1104 to
the SMR 1102 m an SMR-PDCCH (such as the SMR-PDCCH 1108). This first B{1 1202
schedules reception of a first SMR-PDSCH 1204 having a first portion of SMR control
information. As illustrated, the first DCI 1202 may further include a one-bit identifier that
indicates whether the first SMR-PDSCH 1204 will contain SMR 8SB control information
(SMR control information for performing an SMR SS8B beam sweep, as described herein) or
SMR CSI-RS control information (SMR control information for performing a CSI-RS beam
sweep, as described herein). By way of example, in the first DCT 1202, this one-bit identifier is
set to zero, which corresponds to the reception of SMR SSB control information in the first
portion of the SMR control information found in the fust SMR-PDSCH 1204 (as indicated in
the 1llustration).

[6692] Further, the second DCT 1206 15 sent by the base station 1104 to the SMR 1102 inan
SMR-PDCCH (such as the SMR-PDCCH 1108}, This second DCI 1206 schedules reception of
a second SMR-PDSCH 1208 having a second portion of SMR control information. As
illustrated, the second DCY 1206 may further include a one-bit identifier that indicates whether
the second DCT 1206 will contain SMR S8B control information or SMR CSI-RS control
information. By way of example, in the second DCI 1206, this one-bit identifier 1s set to one,
which corresponds to the reception of SMR CSI-RS countrol information in the second portion
of the SMR control information found in the second SMR-PDSCH 1208 {as indicated in the
illustration).

[6693] FEach of the first DCY 1202 and the second DCI 1206 may be sent by the base station
1104 according to a search space set periodicity 1210 for a search space set that corresponds to
the reception of DCI for scheduling high-layer signaling that conveys SMR control information
for the SMR 1102,

[8694] In a second SMR control information dehivery mechamism, a DCI 15 itself used to
communicate SMR control information from a base station to an SMR. In such cases, a new
DCI format may be used for the DCI, where the use of the new DCI format indicates that the
DT carries SMR control information. This new DCI format may be identified by via an
associated, dedicated radio network temporary identifier (RNT1) that is used to scramble cyclic

redundancy check {CRC) bits of the new BCI format.
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[8695] In some cases, it may be that multiple RNTIs are used for identifying D1 of this new
format. In such cases, it may be that the use of a first such RNTI indicates to the SMR that the
recetved DO carries a first portion of SMR control information that 1s for an SMR S5B beam
sweep, and a second such RNTI indicates to the SMR that a received DCI instead carries a
second portion of SMR control information that 1s for an SMR CSE-RS beam sweep.

[0096] In other cases, it may be instead that the same RINT1 is used for both a DCI carrying a
first portion of SMR control information for an SMR S8B beam sweep and a DCT carrying a
second portion of SMR control information for an SMR CSI-RS beam sweep. In such cases,
the type of SMR control information included in the DCI may be indicated to the SMR 1102 in
other ways.

[0097] FIG. 13 dlustrates a diagram 1300 showing delivery of SMR control information using
DCI, according to an embodiment. The diagram 1300 includes the first DCI 1302 and the
second DCI 1304, The CRCs of each of the first DCT 1302 and the second DCT 1304 are both
scrarobled by the (same) RNTI to indicates that {each) DClincludes SMR control information
[0698] As illustrated, the first DCI 1302 includes a one-bit identifier that 1s set to be zero.
This value may indicate to the SMR 1102 that a first portion of SMR control information in the
first DCT 1302 1s for an SMR SSB beam sweep. Further, as tllustrated, the second DCI 1304
includes a one-bit identifier that is set to be one. This value may indicate to the SMR 1102 that
a second portion of the SMR control information in the second DCT 1304 15 for an SMR CSI-
RS beam sweep.

[6099] Fach of the first DCY 1302 and the second DCI 1304 may be sent by the base station
1104 according to a search space set periodicity 1306 for a search space set that corresponds to
the reception at the SMR 1102 of BCT having SMR control information.

[8108] FIG. 14 dlustrates a diagram 1400 showing delivery of SMR control information using
DI, according to an embodiment. The diagram 1400 includes the first DCI 1402, the second
DCT 1404, the thuird DCT 1406, and the fourth DCT 1408, which have each been scrambled by
the (same) RNTI that indicates that {each} DCI includes SMR control information.

[010%] In the embodiment of FIG. 14, BCT having different types of SMR control information
are differentiated according to the search space set where they are detected. For example, as
tllustrated, the first DCI 1402 and the third DCI 1406 have been seni to the SMR 1102

according to a first search space set {e.g., that uses the periodicity 1410). Because the first DCI
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1402 and the third DCT 1406 are received according to the first search space set {e.g.,
periodicity 1410}, the SMR understands that each of the first D{C1I 1402 and the third DCI 1406
contain SMR S8B control information.

18102] Further, as illustrated, the second DCI 1404 and the fourth DCI 1408 are received
according to a second search space set (e.g., that uses the perigdicity 1412). Because the
second DCI 1404 and the fourth DCI 1408 are received according to the second search space
set (e.g., pertodicity 1412}, the SMR understands that each of the second DCI 1404 and the
fourth DCT 1408 contain SMR CSI-RS control information.

10103] It is contemplated that the use of one-bit identifiers {(e.g., as described in relation to
FIG. 13} and/or separate search space set associations (e.g., as described in relation to FIG. 14)
could also be used in cases where the DCI schedules high-layer signaling that actually contains
the configuration, as described in relation to FIG. 12. In such cases, the one-bit identifier of
the DCI or the search space periodicity used to receive the DCI (as the case may be}
accordingly identifies the type of the portion of the SMR control information contained in the
high-layer signaling scheduled by the DCIL  Indeed, the discussion of FIG. 12 describes this use
case with the one-bit identifier expressly.

[0104] As described in relation to FIG. 11 through FIG. 14, DCI may be used to either
schedule signaling for the SMR that includes SMR control information or itself be used to
communicate SMR control information to the SMR. In either case, detatls regarding control
resources set {CORESET) configurations and search space set configurations for use by the
SMR to perform the appropriate PDCCH monitoring for the reception of such BCT are
conternplated.

[8105] An SMR may use a CORESET configuration to use to perform PDCCH monttoring,
Some or all of the CORESET configuration may be provided to the SMR by a base station.
Alternatively or additionally, some or all of the CORESET configuration may be as pre-defined
in a specification for the wireless communication system and/or pre-configured to one or both
of the SMR and the base station, as necessary.

[6106] As used herein, a parameter that is “pre-defined” is a parameter that is set/known/used
according to a definition for a wireless communication system for such embodiments {e.g., as
defined in a specification defining the behavior of such wireless communications systems). As

used herein, a parameter that is “pre-configured” is a parameter that is provided to an entity of
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a wireless communication system {e.g., a base station, an SMR, or a UE) prior to an immediate
need to use the parameter for the related process{es) discussed herein.

[6107] The CORESET configuration may define a number of consecutive symbols for the
CORESET. In some cases, this value is provided to the SMR by the base station. In some
cases, this value may be pre-configured at the SMR and/or the base station. Further, this value
may additionally and/or alternatively be pre-defined according to a specification for the
wireless communication system. It 1s contemplated that in some embodiments, a number of
consecutive symbols may be equal to a half-slot or a full slot (e.g., 7 symbols or 14 symbols).
This may reduce the number of resource blocks (RBs) used in the frequency domain for the
CORESET, which may allow power boosting at the base station for SMR control information
transmission (thereby improving detection performance at the SMR).

[6108] The CORESET configuration may define a set of RBs for the CORESET.

[6109] The CORESET configuration may define control channel element (CCE) to resource
element group (REG) mapping parameters. In some cases, one of these mapping parameters
may specify to use non-interleaved CCE to REG mapping, and this may be according to a pre-
definition 1n a specification for the wireless communication system.

[8110] The CORESET configuration may define an antenna port quasi co-location (QCL)
parameter for the CORESET. In some cases, the antenna port QCL parameter may specify that

a most recent SSB 1s to be used as a QCL source.

[8113] An SMR may use a search space set configuration to perform PDCCH monitoring.
Some or all of the search space set configuration may be provided to the SMR by a base
station. Alernatively or additionally, some or all of the search space set configuration may be
as pre-defined in a specification for the wireless communication system, and/or pre-configured
to one or both of the SMR and the base station, as necessary).

[8132] The search space set configuration may define a PBUCH monitoring perntodicity. In
some cases, the PDCCH monttoring periodicity 1s pre-configured to the SMR and/or the base
station. In some cases, the PBCCH monitoring pertodicity may be pre-defined at the SMR
and/or the base station according to a specification for the wireless commumnication system
{e.g., a value of 20 milliseconds may be defined per the specification and/or pre-configured to

the SMR and/or the base station).
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[8113] The search space configuration may define that a PDUCH monitoring oceasion is
Himited to a number of first symbols of a slot (e.g., a first two or three symbols of a slot}.
[6134] The search space configuration may define that a number of PDCCH candidates per
CCE aggregation level {AL). In some cases, the search space configuration may define that
one or two candidates per CCE AL is allowed. This value may be pre-configured to the SMR
and/or the base station, and/or may be used at the SMR and/or the base station as pre-defined
by a specification for the wireless communication system. Further, it may be that the ALs
themselves are limited to one or two ALs by the search space configuration. In some cases,
these ALs may be ALS and/or AL16, as defined in a specification for the wireless

communication system.

[0115] In some embodiments, paging DCI between a base station and an SMR may be used to
notify the SMR that there 1s updated SMR control information available to the SMR (e.g, as
compared to prior SMR control information known to the SMR). In such cases, it may be that
etther or both of SMR SS8B control information and/or SMR CSI-RS control information is
updated relative to prior such information known to the SMR. In response to recetving such a
paging DCI, the SMR determines that updated SMR control information is available, and
accordingly performs PDCCH monitoring for SMR SSB control information and/or SMR CSI-
RS control imformation {e.g., using methods discussed herein). It may be that in some (but not
necessartly all) cases, this PDCCH monttoring 15 only performed by the SMR in response to the
reception of such a paging BCI (in order to save power}.

[8116] Various arrangements of such paging DCI are now discussed. In a first example of
this paging DCI, a pawr of reserved bits from a short message field in BCI format 10 may be
repurposed to indicate a updated/modified SMR control information availability to the SMR.
FIG. 15 illustrates a table 1500 showing the repurposing of two reserved bits from a short
message field in BCI format 10 to indicate modified SMR control information availability to
an SMR, according to an embodiment. As illustrated, the fourth bit of the short message field
of the DCI format 1_0 {which was previously reserved} may be used to indicate (e.g., when the
value is set to be 1) that SMR SSB control information has been updated or modified. Further,
as illustrated, the fifth bit of the short message field i the DCI format 10 {which was also
previously reserved) may be used to indicate {e.g., when the value set to be 1} that SMR CSI-

RS control information has been updated or modified.
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18117} In a second example of this paging DCI, it may be the case that paging DBCI has CRC
bits that are scrambled with a paging RNTI (P-RNTI). There may be {ive reserved bits in such
a paging DCL It may be that one or more of the five reserved bits in the DCI 1s repurposed to
indicate whether the SMR control information {(e.g., either or both of the SMR SSB control
information and/or the SMR CSI-RS control information) has been updated or modified.

[0118] In a third example of this paging DCI, the paging DCI used to notify the SMR of
updated SMR control information may have its CRC bits scrambled by a specified P-RNTI that
is allocated to indicate that SMR control information has been updated. In some cases, this
specified P-RNTI may be pre-configured to the base station and/or the SMR, and/or may be set
as pre-defined in a specification for the wireless communication system. In some cases, this
specified P-RNTI may be signaled from the base station to the SMR in an SIB. This P-RNTI
may be the same across all SMR that operate with such a base station. The SMR 15 accordingly
notified that updated SMR control information is available upon determuning that this P-RNTI
was used for the paging DCL

[8119] In a fourth example of this paging DCIL, it may be that the paging DCl s received ina
dedicated search space set that is associated with an update of the SMR control information
{e.g.. a search space set that 13 used to send paging DCT when SMR control information is
updated and/or modified). In some cases, this search space set may be a Typel common search
space {(Typel-CSK). The use of the dedicated search space set may help to differentiate
between paging DCI for SMR(s) and paging DCI for other devices {e.g., UE}. The SMR 15
accordingly notified that updated SMR control information 1s available upon receiving the
paging BCI in this dedicated search space set.

[8128] In some embodiments, an SMR may report SMR capability information to a base
station. This may aid the base station to send, to the SMR, SMR configuration information that
the SMR 1s capable of implementing (e.g., SMR S8B configuration information defining a
SMR SSB beam sweep that the SMR s capable of performing, and/or SMR CSI-RS
configuration information defining an SMR CSI-RS beam sweep that the SMR is capable of
performing).

(6121} The SMR capability information may include a device type parameter. This device
type parameter may indicate to the base station that the SMR 1s capable of performing SMR

functions (to differentiate the SMR from, e.g., a UE).
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18122] The SMR capability information may include a maximum number of beams for DL
transmission that the SMR is capable of using. This maximum number of beams for DL
transmission parameter may aid the base station to only configure the SMR for beam sweeps
that can be performed with that maximum number of beams. The a maximum number of beams
for UL transmission parameter may also be included.

[0123] The SMR capability may include a maximum transmission power parameter. This
maximum transmission power parameter may be given in the form of a power class indication
for a power class of the SMR. In some cases, if no maximum {ransmission power parameter is
given, the base station may default to treating the SMR as having a power class that is pre-
defined in a specification for the wireless communication system. The maximum transmission
power parameter allows the base station to appropriately set an Energy-Per-RE (EPRE) setting
for SS8B and/or CSI-RS transmission(s) by the SMR, such that PL calculations to determine
SMR-UE power control are appropriately facilitated at any SMR-UESs, in the case that these
signals are used at the SMR UEs as DL RSs for power control of PUSCH, PUCCH, SRS, beam
management, beam failure detection (BFD), and/or cell selection, etc.

[8124] FIG. 16 1llustrates a method of an SMR, according to an embodiment. The method
1600 includes reporting 1602, to a base station, SMR capability information.

[8125] The method 1600 further includes receiving 1604, from the base station, SMR control
information corresponding to the SMR capability information, the SMR control information
comprising a first portion configuring an SSB burst set for an SMR S5B beam sweep and a
second portion configuring a CSI-RS resource set for an SMR CSI-RS beam sweep.

[8126] The method 1600 further includes performing 1606, based on the SMR control
information, at feast one of the SMR SSB beam sweep using SSBs of the SSB burst set and the
SMR CSI-RS beam sweep using CSI-RS resources of the CSI-RS resource set.

[8127] In some embodiments of the method 1600, at least one of the first portion and the
second portion is received in high-layer signaling on a PDSCH for the SMR.

10128] In some embodiments of the method 1600, a first one of the first portion and the
second portion 13 received i DCT of a first DCI format having CRC bits scrambled by a first
RNTT that identifies that the first DCT format includes the first one of the {first portion and the
second portion. In some such embodiments, the first RNTI of the first DCI format s different

than a second RNTI of a second DCI format used by the base station corresponding to a second
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one of the first portion and the second portion. In some such embodiments, the DCI comprises
a one-bit identifier that indicates that the DCT includes the first one of the first portion and the
second portion. In some such embodiments, the DCI 1s received in a first search space set that
identifies the first one of the first portion and the second portion.

[61298] In some such embodiments, the method 1600 further includes performing PDCCH
monitoring for the DCI according to a CORESET configuration that includes: a number of
consecutive symbols for a CORESET; a set of RBs for the CORESET; CCE to REG mapping
parameters for the CORESET; and an antenna port QCL parameter for the CORESET. In some
of these cases, the number of consecutive symbols is a value of two or three that is one of pre-
configured to the SMR and pre-defined for the SMR. In some of these cases, the number of
consecutive symbols for the CORESET is one of seven symbols and fourteen symbols. In
some of these cases, the CCE to REG mapping parameters are pre-defined to indicate for a use
of non-interleaved CCE to REG mapping. In some of these cases, the antenna port QCL
parameter 15 pre~-defined to indicate that a most recent S5B 15 a QCL source.

[8130] In some such embodiments, the method 1600 further includes performing PDCCH
monitoring for the DCT according to a search space set configuration that includes: a PDCCH
monitoring periodicity; a PDCCH monitoring offset; and a number of PDCCH candidates per
CCE AL. In some of these cases, the PDCCH monitoring periodicity 18 a value of 20
milliseconds that 153 one of pre-configured to the SMR and pre-defined for the SMR. In some of
these cases, the search space set configuration further defines that a PBCCH montoring
occaston for the DCI 13 limited to a first two or first three symbols of a slot. In some of these
cases, the number of PDCCH candidates per CCE AL 15 a value of one or two that 13 one of
pre~configured to the SMR and pre-defined for the SMR.

[8131] In some embodiments of the method 1600, the performing, based on the SMR control
information, one of the SMR 88B beam sweep and the SMR CSI-RE beam sweep comprises
performing the SMR S5B beam sweep based on the first portion; and the method 1600 further
comprises recetving, from the base station, based on the first portion, the SSB burst set for the
SMR SSB beam sweep, wherein the SMR S5B beam sweep occurs within a period of an SMR
SSB burst periodicity. In some such embodiments, the first portion indicates the SMR S5B
burst periodicity.

[6132] In some such embodiments, the first portion includes an offset value; and the SSB

burst set is received within the period according to the offset value. In some of these cases, the
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offset value is given in units of half radio frames. In some of these cases, the offset value 13
given in units of a length of a maximum number of S8Bs that are supported when using a
current subcarrier spacing.

18133] In some such embodiments, the first portion comprises a bitmap indicating one or more
SSB positions within the period, each of the one or more S5B positions corresponding to ong of
the one or more S8Bs of the SSB burst set; and the one or more 888s are received within the
period during the one or more $8B positions. In some such embodiments, the first portion
comprises a first SIB that differs from a second SIB transmitted by the base station by
indicating SSB positions within the period; and the SSBs of the SSB burst set use the SSB
positions during the SMR SSB beam sweep.

[0134] In some embodiments of the method 1600, the performing, based on the SMR control
information, one of the SMR SSB beam sweep and the SMR (CSI-RS beam sweep comprises
performing the SMR CSI-RS beam sweep based on the second portion; and the method 1600
further comprises identitfying, based on the second portion, one or more symbols of one or more
contiguous slots within a period of an SMR CKI-RS periodicity to use to perform the SMR CS1-
RS beam sweep.

[8135] In some such embodiments, the second portion further comprises a start and length
indicator (SLIV) indicating the one or more symbols used to perform the SMR CSI-RS beam
sweep. In some of these cases, the one or more symbols used to perform the SMR CSI-RS
beam sweep are contiguous within the one or more contiguous slots. In some of these cases,
the one or more symbols used to perform the SMR USI-RS beam sweep comprises a plurality
of symbols that are not contiguous in time within the one or more contiguous slots by a fixed
gap.

(8136} In some such embodiments, the second portion further comprises a bitmap having a bit
for all the symbols of the one or more contiguous slots, the bitmap indicating the one or more
symbols used to perform the SMR CSI-RS beam sweep from among all the symbols of the one
or more contiguous slots. In some such embodiments, the second portion further indicates a
number of the one or more contiguous slots; and further comprises a bitmap having a number
of bits equal to a number of symbols in a slot, the bitmap indicating the symbols, for each of
the one or more contiguous slots, that comprise the one or more symbuols used to perform the

SMR CSI-RS beam sweep. In some such embodiments, the second portion further indicates a
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number of the one or more contiguous slots; and the one or more symbols used to perform the

SMR CSI-RS beam sweep includes all symbols of the one or more contiguous slots.

(6137} In some embodiments, the method 1600 further includes receiving, from the base
station, paging DCI indicating that the SMR control information 15 updated versus prior SMR
control information previously provided to the SMR. In some such embodiments, the paging
DCTis of DCT Format 10 having a short message field that is used to indicate that the SMR
control information is updated by using a reserved bit of the short message field. In some such
embodiments, the paging DCY 15 of DCI Format 1 0 with CRC bits scrambled by a P-RNTL,
and that indicates that the SMR control information 1s updated using a reserved bit of DCI
Format1 0. In some such embodiments, the paging DCT s of DCI Format 10 and indicates
that the SMR control information is updated because it is scrambled by a dedicated RNTI that
15 allocated to indicate that the SMR countrol information 1s updated. In some such
embodiments, the paging DCT indicates that the SMR control information 1s updated because it
is received in a dedicated search space set that 1s allocated for indicating that the SMR control

information is updated.

[0138] In some embodiments of the method 1600, the SMR capability information comprises
one or more of: a device type parameter; one of a maxumum number of uplink beams parameter
and a maximum number of downlink beams parameter; and a maximum transmission power
parameter. In some such embodiments, the device type parameter indicates to the base station
that the SMR 15 capable of performing SMR functionality. In some such embodiments, the
maximum transmission power parameter indicates a power class of the SMR.

16139} Embodiments contemplated herein include an apparatus comprising means to perform
one or more elements of the method 1600, This apparatus may be, for example, an apparatus of
an SRM(such as an SMR 1902, as described herein).

[8148] Embodiments contemplated herein mclude one or more non-transitory computer-
readable media comprising instructions to cause an electronic device, upon execution of the
mstructions by one or more processors of the electronic device, to perform one or more
elements of the method 1600. This non-transitory computer-readable media may be, for
example, a memory of an SMR (such as a memory 19006 of an SMR 1902, as described herein).
16141} Embodiments contemplated herein include an apparatus comprising fogic, modules, or
circuitry to perform one or more elements of the method 1600, This apparatus may be, for

example, an apparatus of an SMR (such as an SMR 1902, as described herein).
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18142] Embodiments contemplated herein include an apparatus comprising: one or more
processors and one of more computer-readable media comprising instructions that, when
executed by the one or more processors, cause the one or more processors to perform one or
more elements of the method 1600, This apparatus may be, for example, an apparatus of an
SMR (such as an SMR 1902, as described herein}.

[0143] Embodiments contemplated herein include a signal as described in or related to one or

more elements of the method 1600,

[0144] Embodiments contemplated herein include a computer program or computer program
product comprising instructions, wherein execution of the program by a processor is to cause
the processor to carry out one or more elements of the method 1600. The processor may be a
processor of an SMR (such as a processor{s} 1904 of an SMR 1902, as described herein). These
mstructions may be, for example, located in the processor and/or on a memory of the SMR
{(such as a memory 1906 of an SMR 1902, as described herein).

[8145] FIG. 17 dlustrates a method 1700 of a base station, according to an embodiment. The
method 1700 includes receiving 1702, from an SMR, SMR capability information.

[0146] The methed 1700 further includes sending 1704, to the SMR, SMR control mformation
corresponding to the SMR capability information, the SMR control information comprising a
first portion configuring a SSB burst set for an SMR 5SB beam sweep that uses SSBs of the
SSB burst set and a second portion configuring a CSI-RS resource set for an SMR CSI-RS

beam sweep that uses CSI-RS resources of the CSI-RS resource set.

16147} In some embodiments, of the method 1700, at least one of the first portion and the
second portion is sent in high-layer signaling on a PDSCH for the SMR .

[6148] In some embodiments of the method 1700, a first one of the first portion and the
second portion 1s sent tn DCT of a first DCI format having CRC bits scrambled by a first RNTI
that identifies that the first DCI format includes the first one of the first portion and the second
portion. In some such embodiments, the first RNTI of the first DCI format 1s different than a
second RNTI of a second DCI format used by the base station corresponding to a second one of
the first portion and the second portion. In some such embodiments, the DCI comprises a one-
bit identifier that indicates that the DT includes the first one of the first portion and the second
portion. In some such embodiments, the DCI 1s sent in a first search space set that identifies

the first one of the first portion and the second portion.
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18149] In some such embodiments, the DCI 1s sent according to a CORESET configuration
that defines: a number of consecutive symbols for a CORESET; a set of RBs for the
CORESET; CCE to REG mapping parameters for the CORESET, and an antenna port QCL
parameter for the CORESET. In some of these cases, the number of consecutive symbols is a
value of two or three that 1s one of pre-configured to the base station and pre-defined for the
base station. In some of these cases, the number of consecutive symbols for the CORESET 15
one of seven symbols and fourteen symbols. In some of these cases, the CCE to REG mapping
parameters are pre-defined to indicate for a use of non-interleaved CCE to REG mapping. In
some of these cases, the antenna port QUL parameter 15 pre-defined to indicate that a most
recent 8S8B is a QCL source.

[6150] In some such embodiments, the DCI is sent according to a search space set
configuration that defines: a PDCCH monitoring periodicity; a PDCCH monitoring offset; and
a number of PDCCH candidates per CCE AL. In some such cases, the PDCCH monitoring
periodicity 1s a value of 20 nulliseconds that is one of pre-configured to the base station and
pre-defined for the base station. In some such cases, the search space set configuration further
defines that a PDCCH monitoring occasion for the DCI 1s limited to a first two or fust three
symbols ot a slot. In some such cases, the number of PDCCH candidates per CCE AL 15 a
value of one or two that 1s one of pre-configured to the base station and pre-defined for the base
station.

[8158%] Insome embodiments, the method 1700 further includes sending, to the SMR, based
on the first portion, the SSB burst set for the SMR 5SB beam sweep, wherein the SMR S5B
beam sweep occurs within a period of an SMR SSB burst pertodicity. In some such
embodiments, the first portion indicates the SMR SSB burst periodicity.

[8152] In some such embodiments, the first portion imcludes an offset value; and the SSB
burst set 1s sent within the period according to the offset value. In some of these cases, the
offset value 1s given in units of half radic frames. In some of these cases, the offset value is
given m units of a length of a maximum number of S8Bs that are supported when using a
current subcarrier spacing.

16153} In some such embodiments, the first portion comprises a bitmap indicating one or more
SSB positions within the period, each of the one or more 88B positions corresponding to one of
the one or more S8Bs of the S5B burst set; and the one or more 88Bs are sent within the period

during the one or more 85B positions. In some such embodiments, the first portion comprises
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a first SIB that differs from a second SIB transmitted by the base station by indicating SSB
positions within the period; and the S8Bs of the S5B burst set use the S8B positions during the
SMR SS5B beam sweep.

[8154] In some embodiments, of the method 1700, the second portion identifies one or more
symbols of one or more contiguous slots within a period of an SMR CS1-RS periodicity to use
to perform the SMR CSI-RS beam sweep.

[8155] In some such embodiments, the second portion further comprises an SLIV indicating
the one or more symbols used to perform the SMR CSI-RS beam sweep. In some of these
cases, the one or more symbols used to perform the SMR CSI-RS beam sweep are contiguous
within the one or more contiguous slots. In some of these cases, the one or more symbols used
to perform the SMR CSI-RS beam sweep comprises a plurality of symbols that are not
contiguous in time within the one or more contiguous slots by a fixed gap.

[6156] In some such embodiments, the second portion further comprises a bitmap having a bit
for all the symbols of the one or more contiguous slots, the bitmap indicating the one or more
symbols used to perform the SMR CSI-RS beam sweep from among all the symbols of the one
or more contiguous slots. In some such embodiments, the second portion further indicates a
number of the one or more contiguous slots; and further comprises a bitmap having a number
of bits equal to a number of symbols in a slot, the bitmap indicating the symbols, for each of
the one or more contiguous slots, that comprise the one or more symbols used to perform the
SMR CSI-RS beam sweep. In some such embodiments, the second portion further indicates a
number of the one or more contiguous slots; and the one or more symbols used to perform the
SMR CSI-RS beam sweep includes all symbols of the one or more contiguous slots.

[8157] Insome embodiments, the method 1700 further incluades sending, to the SMR, paging
DT indicating that the SMR control information 1s updated versus prior SMR control
information previously provided to the SMR. In some such embodiments, the paging D{C1 15 of
DI Format T 0 having a short message field that s used to indicate that the SMR control
information is updated by using a reserved bit of the short message field. In some such
embodiments, the paging DCI 1s of DCI Format 10 with CRC bats scrambled by a P-RNTL,
and that indicates that the SMR control information is updated using a reserved bit of DCI
Format 1 0. In some such embodiments, the paging DCI 15 of BCI Format 10 and indicates
that the SMR control information is updated because it 1s scrambled by a dedicated RNTT that

1s allocated to indicate that the SMR control information is updated. In some such
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embodiments, the paging DCT indicates that the SMR control information is updated because it
is sent in a dedicated search space set that 1s allocated for indicating that the SMR control
mformation is updated.

[0158] In some embodiments of the method 1700, the SMR capability information comprises
ong or more of. a device type parameter; one of a maximum number of uplink beams parameter
and a maximum number of downlink beams parameter; and a maximum transmission power
parameter. In some such embodiments, the device type parameter indicates to the base station
that the SMR is capable of performing SMR functionality. In some such embodiments, the

maximum transmission power parameter indicates a power class of the SMR.

(0159} Embodiments contemplated herein include an apparatus comprising means to perform
one or more elements of the method 1700, This apparatus may be, for example, an apparatus of

a base station {such as a base station 1918 that 1s a base station, as described herein).

[0160] Embodiments contemplated herein include one or more non-transitory computer-
readable media comprising tustructions to cause an electronic device, upon execution of the
instructions by one or more processors of the electronic device, to perform one or more
elements of the method 1700. This non-transitory computer-readable media may be, for
example, a memory of a base station (such as a memory 1922 of a base station 1918 thatis a
base station, as described herein).

[8161] FEmbodiments contemplated herein include an apparatus comprising logic, modules, or
circuitry to perform one or more elements of the method 1700, This apparatus may be, for
example, an apparatus of a base station {such as a base station 1918 that is a base station, as
described herein).

(81627 Embodiments contemplated herein include an apparatus comprising: one or more
processors and one or more computer-readable media comprising instructions that, when
executed by the one or more processors, cause the one or more processors to perform one or
more elements of the method 1700, This apparatus may be, for example, an apparatus of a base
statton {such as a base station 1918 that is a base station, as described herein).

[8163] Embodiments contemplated herein include a signal as described in or related to one or
more elements of the method 1700,

(6164} Embodiments contemplated herein include a computer program or computer program

product comprising instructions, wherein execution of the program by a processing element 1s
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to cause the processing element to carry out one or more elements of the method 1700, The
processor may be a processor of a base station (such as a processor{s} 1920 of a base station
1918 that 1s a base station, as described herein). These instructions may be, for example,
focated in the processor and/or on a memory of the base station (such as a memory 1922 of a
base station 1918 that is a base station, as described heretn).

[0165] FIG. 18 idlustrates an example architecture of a wireless communication system 1800,
according to embodiments disclosed herein. The following description is provided for an
example wireless communication system 1800 that operates in conjunction with the LTE
system standards and/or 5G or NR system standards as provided by 3GPP technical
specifications.

[0166] As shown by FIG. 18, the wireless communication system 1800 includes UE 1802 and
UE 1804 {(although any number of UEs may be used). In this example, the UE 1802 and the UE
1804 are illustrated as smartphones {e.g., handheld touchscreen mobile computing devices
connectable to one or more cellular networks), but may also comprise any mobile or non-
mobile computing device configured for wireless communication.

[8167] The UE 1802 and UE 1804 may be configured to communicatively couple with a RAN
1806. In embodiments, the RAN 1806 may be NG-RAN, E-UTRAN, etc. The UE 1802 and UE
1804 utdize connections {or channels) (shown as convection 1808 and connection 1810,
respectively) with the RAN 1806, each of which comprises a physical communications
interface. The RAN 1806 can include one or more base stations, such as base station 1812 and
base station 1814, and one or more SMRs, such as the SMR 1334 and the SMR 1836, any of
which can that enable the connection 1808 and connection 1310 (with the SMRs being
countrolled by the base stations, in the manner described herein).

[0168] In this example, the connection 1808 and connection 1810 are air interfaces to enable
such communicative coupling, and may be consistent with RAT(s) used by the RAN 1806, such
as, for example, an LTE and/or NR.

[8169] In some embodiments, the UE 1802 and UE 1804 may also directly exchange
communication data via a sidelink interface 1816. The UE 1804 1s shown to be configured to
access an access pont (shown as AP 1818} via connection 1820, By way of example, the
connection 1820 can comprise a focal wireless connection, such as a connection consistent with

any IEEFE 802.11 protocol, wherein the AP 1818 may comprise a Wi-Fi® router. In this
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example, the AP 1818 may be connected to another network (for example, the Internet} without
going through a UN 1824,

16178} In embodiments, the UE 1802 and UE 1804 can be configured to communicate using
orthogonal frequency division multipiexing {OFDM) communication signals with each other or
with the base station 1812, the base station 1814, the SMR 1834, and/or the SMR 1836 over a
multicarrier communication channel in accordance with various communication techniques,
such as, but not limited to, an orthogonal frequency division multiple access (OFDMA}
communication technique (e g., for downlink communications} or a single carrier frequency
division multiple access (SC-FDMA) communication technique {e.g., for uplink and ProSe or
sidelink communications), although the scope of the embodiments i1s not limited in this respect.
The OFDM signals can comprise a plurality of orthogonal subcarriers.

(6171} Insome embodiments, all or parts of the base station 1812 or base station 1814 may be
implemented as one or more software entities running on server computers as part of a virtual
network. In addition, or in other embodiments, the base station 1812 or base station 1814 may
be configured to communicate with one another via interface 1822, In embodiments where the
wireless communication systermn 1800 1s an LTE system (e g., when the CN 1824 15 an EPC),
the winterface 1822 may be an X2 interface. The X2 interface may be defined between two or
more base stations {e.¢., two or more eNBs and the like) that conuect to an EPC, and/or
between two eNBs connecting to the EPC. In embodiments where the wireless communication
system 1800 15 an NR system {e.g., when CN 1824 15 a 5GC), the interface 1822 may be an Xn
interface. The Xn mnterface ts defined between two or more base stations {e.g., two or more
gNBs and the like) that connect to 5GC, between a base station 1812 {e.g., a gNB) connecting
to SGC and an eNB, and/or between two eNBs connecting to SGC {e.g., CN 1824}

[8172] The RAN 1806 1s shown to be communicatively coupled to the CN 1824, The CN 1824
may comprise one or more network elements 1826, which are configured to offer various data
and telecommunications services to customers/subscribers {e.g., users of UE 1802 and UE
1804) who are connected to the CN 1824 via the RAN 1806. The components of the CN 1824
may be implemented in one physical device or separate physical devices including components
to read and execute instractions from a machine-readable or computer-readable medium (e.g., a
non-transitory machine-readable storage mediumy).

16173} In embodiments, the CN 1824 may be an EPC, and the RAN 1806 may be connected

with the N 1824 via an 81 interface 1828, In embodiments, the S1 interface 1828 may be split
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nte two parts, an S1 user plane (81-U) interface, which carries traffic data between the base
station 1812 or base station 1814 and a serving gateway {S-GW), and the S1-MME mterface,
which is a signaling interface between the base station 1812 or base station 1814 and mobility
management entities {MMEs).

[6174] In embodiments, the CN 1824 may be a SGC, and the RAN 1806 may be conngcted
with the CN 1824 via an NG interface 1828, In embodiments, the NG interface 1828 may be
split into two parts, an NG user plane (NG-U) interface, which carries traffic data between the
base station 1812 or base station 1814 and a user plane function (UPF), and the S1 control
plane (NG-C) interface, which 1s a signaling interface between the base station 1812 or base
station 1814 and access and mobility management functions {AMFs).

[0175] Generally, an application server 1830 may be an element offering applications that use
internet protocol (IP) bearer resources with the CN 1824 (e.g., packet switched data services).
The application server 1830 can also be configured to support one or more communication
services {e.g., VolP sessions, group communication sessions, etc. ) for the UE 1802 and UE
1804 via the CN 1824, The application server 1830 may communicate with the CN 1824
through an IP communications interface 1832,

[8176] FIG. 19 illustrates a system 1900 for performing signaling 1934 between an SMR 1902
and a base station 1918, according to embodiments disclosed herein. The system 1900 may be a
portion of a wireless communications system as herein described. The base station 1918 may
be, for example, a gNB or an eNB of a wireless communication system.

[8177] The SMR 1902 may include one or more processor(s) 1904. The processor(s) 1904
may execute mstructions such that various operations of the SMR 1902 are performed, as
described herein. The processor{s} 1904 may include one or more baseband processors
implemented using, for example, a central processing unit ({CPU), a digital signal processor
{DD8P), an application specific integrated circuit {ASIC), a controller, a field programmable
gate array (FPGA ) device, another hardware device, a firmware device, or any combination
thereof configured to perform the operations described heremn.

(6178} The SMR 1902 may include a memory 1906, The memory 1906 may be a non-
transitory computer-readable storage medium that stores instructions 1908 {which may 1nclude,
for example, the instructions being executed by the processor(s) 1904). The instructions 1908
may also be referred to as program code or a computer program. The memory 1906 may also

store data used by, and results computed by, the processor(s) 1904.

34



WO 2023/092387 PCT/CN2021/133134

[8179] The SMR 1902 may include one or more transceiver{(s} 1910 that may include radio
frequency (R¥} transmitter and/or receiver circuitry that use the antenna(s) 1912 of the SMR
1902 to facilitate signaling (e.g., the signaling 1934) to and/or from the SMR 1902 with other
devices (e.g., the base station 1918} according to corresponding RATs.

[6188] The SMR 1902 may include one or more antenna(s) 1912 {e.g., one, two, four, or
more). For embodiments with multiple antenna(s) 1912, the SMR 1902 may leverage the spatial
diversity of such multiple antenna(s) 1912 to send and/or receive multiple different data
streams on the same time and frequency resources. This behavior may be referred to as, for
example, multiple input multiple output (MIMO) behavior (referring to the multiple antennas
used at each of a transmitting device and a receiving device that enable this aspect). MIMO
transmissions by the SMR 1902 may be accomplished according to precoding {or digital
beamforming) that 1s applied at the SMR 1902 that multiplexes the data streams across the
antenna(s} 1912 according to known or assumed channel characteristics such that each data
stream is received with an appropriate signal strength relative to other streams and at a desired
focation in the spatial domain (e.g., the location of a receiver associated with that data stream).
Certain embodiments may use single user MIMO (SU-MIMO) methods (where the data streams
are all directed to a single receiver) and/or multi user MIMO (MU-MIMO) methods (where
individoal data streams may be directed to individual {different) receivers 1n different locations
in the spatial domain}.

[018%] In certain embodiments having multiple antennas, the SMR 1902 may implement
analog beamforming techniques, whereby phases of the signals sent by the antenna(s) 1912 are
relatively adjusted such that the (joint} transmission of the antenna(s) 1912 can be directed (this
is sometimes referred to as beam steering).

[6182] The SMR 1902 may include one or more interface(s) 1914, The interface(s) 1914 may
be used to provide input to or output from the SMR 1902, For example, an SMR 1902 may
include interface(s) 1914 such as microphones, speakers, a touchscreen, buitons, and the hike in
order to allow for input and/or cutput to the SMR 1902 by a user of the SMR 1902, Other
interfaces of an SMR 1902 may be made up of transmitters, recgivers, and other circuitry {e.g.,
other than the transceiver{s} 1910/antenna(s) 1912 already described) that allow for
communication between the SMR 1902 and other devices and may operate according to known

protocols (e.g., Wi-Fi®, Bluetooth®, and the like).
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[8183] The SMR 1902 may include an SMR controf information moedule 1916, The SMR
control information module 1916 may be implemented via hardware, software, or combinations
thereof. For example, the SMR control information module 1916 may be implemented as a
processor, circuit, and/or instructions 1908 stored in the memory 1906 and executed by the
processor{s) 1904. In some examples, the SMR control information module 1916 may be
integrated within the processor(s) 1904 and/or the transcetver{s) 1910. For example, the SMR
control information module 1916 may be implemented by a combination of software
components {e. g, executed by a DSP or a general processor) and hardware components (e.g.,
fogic gates and circuitry) within the processor(s) 1904 or the transceiver(s) 1910.

[0184] The SMR control information module 1916 may be used for various aspects of the
present disclosure, for example, aspects of FIG. 1 through FIG. 15, The SMR control
information module 1916 may configure the SMR 1902 to receive and implement SMR control
information {including SMR S$B control information and SMR CS8I-RS control information)

from the base station 1918 in the manner described herein.

[8185] The base station 1918 may include one or more processor(s) 1920. The processor(s)
1920 may execute instructions such that various operations of the base station 1918 are
performed, as described herein. The processor(s) 1920 may include one or more baseband
processors implemented using, for example, a CPU, a DSP, an ASIC, a controller, an FPGA
device, another hardware device, a firmware device, or any combination thereof configured to
perform the operations described herein.

[0186] The base station 1918 may include a memory 1922, The memory 1922 may be a non-
transitory computer-readable storage medium that stores instructions 1924 (which may include,
for example, the mmstructions being executed by the processor(s) 1920}, The mstructions 1924
may also be referred to as program code or a computer program. The memory 1922 may also
store data used by, and results computed by, the processor(s) 1920

[8187] The base station 1918 may include one or more transceiver(s} 1926 that may include
RF transmitter and/or receiver circuitry that use the antenna(s) 1928 of the base station 1918 to
facilitate signaling {(e.g., the signaling 1934} to and/or from the base station 1918 with other
devices (e.g., the SMR 1902} according to corresponding RATs.

[6188] The base station 1918 may include one or more antenna(s) 1928 {e.g., one, two, four,
or more}. In embodiments having multiple antenna{s) 1928, the base station 1918 may perform

MIMO, digital beamforming, analog beamforming, beam steering, etc., as has been described.
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{0189} The base station 1918 may include one or more interface(s) 1930. The interface(s)
1930 may be used to provide input to or output from the base station 1918. For example, a base
station 1918 that is a base station may include interface(s) 1930 made up of transmitters,
recetvers, and other circuitry {e.g., other than the transceiver(s) 1926/antenna{s} 1928 already
described) that enables the base station to communicate with other equipment in a core
network, and/or that enables the base station to communicate with external networks,
computers, databases, and the like for purposes of operations, administration, and maintenance

of the base station or other equipment operably connected thereto.

[6190] The base station 1918 may include an SMR control information module 1932, The
SMR control information module 1932 may be implemented via hardware, software, or
combinations thereof For example, the SMR control information module 1932 may be
implemented as a processor, circuit, and/or instructions 1924 stored in the memory 1922 and
executed by the processor(s) 1920. In some examples, the SMR control information module
1932 may be mntegrated within the processor(s) 1920 and/or the transcetver(s) 1926. For
example, the SMR control information module 1932 may be implemented by a combination of
software components {e.g., executed by a DSP or a general processor) and hardware
components {e.g., logic gates and circuitry) within the processor{s) 1920 or the transceiver(s)
1926,

[8191] The SMR control information module 1932 may be used for various aspects of the
present disclosure, for example, aspects of FIG. 1 through FIG. 15, The SMR control
information module 1932 1s configured to generate and transmit SMR countrol information
{including SMR SS8B control information and SMR CSI-RS control information) from the to
the SMR 1902 in the manner described herein.

[8192] FIG. 20 dlustrates a system 2000 for performing signaling 2032 between a wireless
device 2002 and a network device 2016, according to embodiments disclosed herein. The
system 2000 may be a portion of a wireless communications system as herein described. The
wireless device 2002 may be, for example, a UE {(e.g., an SMR-UE or a gNB-UE) of a wireless
communication system. The network device 2016 may be, for example, a base station (e.g., an
eNB or a gNB} or an SMR of a wireless communication system.

[8193] The wireless device 2002 may include one or more processor{s) 2004. The processor(s)
2004 may execute instructions such that various operations of the wireless device 2002 are

performed, as described herein. The processor{s} 2004 may include one or more baseband
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processors implemented using

o0

for example, a central processing unit {CPU}, a digital signal
processor {DSP), an application specific integrated circuit {ASIC), a controller, a field
programmable gate array {(FPGA) device, another hardware device, a firmware device, or any
combination thereof configured to perform the operations described herein.

[6194] The wireless device 2002 may include a memory 2006, The memory 2006 may be a
non-transitory computer-readable storage medium that stores instructions 2008 (which may
include, for example, the instructions being executed by the processor(s) 2004). The
mnstructions 2008 may also be referred to as program code or a computer program. The memory

2006 may also store data used by, and results computed by, the processor{s} 2004.

[6195] The wireless device 2002 may include one or more transceiver(s) 2010 that may
include radio frequency (RF) transmitter and/or recetver circuitry that use the antenna(s) 2012
of the wireless device 2002 to facilitate signaling {e.g., the signaling 2032} to and/or from the
wireless device 2002 with other devices {(e.g., the network device 2016) according to
corresponding RATs.

[8196] The wireless device 2002 may include one or more antenna(s) 2012 (e g., one, two,
four, or more}. In embodiments having multiple antenna(s) 2012, the wireless device 2002 may
perform MIMO, digital beamforming, analog beamforming, beam steering, etc., as has been
described.

[8197] The wireless device 2002 may include one or more interface(s) 2014. The interface(s)
2014 may be used to provide input to or output from the wireless device 2002, For example, a
wireless device 2002 that 1s a UE may include winterface(s) 2014 such as microphones, speakers,
a touchscreen, buttons, and the Iike i order to allow for mmput and/or output to the UE by a user
of the UE. Other mterfaces of such a UE may be made up of made up of transmutters, receivers,
and other circuitry {e.g., other than the transceiver(s) 201 0/antennafs) 2012 already described)
that allow for communication between the UE and other devices and may operate according to
known protocols (e.g., Wi-Fi®, Bluetooth®, and the like),

[0198] The network device 2016 may include one or more processor{s} 2018 The processor(s}
2018 may execute instructions such that various operations of the network device 2016 are
performed, as described herein. The processor{s} 2018 may include one or more baseband
processors implemented using, for example, a CPU, a DSP, an ASIC, a controller, an FPGA
device, another hardware device, a firmware device, or any combination thereof configured to

perform the operations described herein.
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[8199] The network device 2016 may include a memory 2020, The memory 2020 may be a
non-transitory computer-readable storage medium that stores instructions 2022 {(which may
mnclude, for example, the instructions being executed by the processor(s) 2018}, The
instructions 2022 may also be referred to as program code or a computer program. The memory
2020 may also store data used by, and results computed by, the processor{s) 2018.

[0206] The network device 2016 may include one or more transceiver(s) 2024 that may
include RF transmitter and/or receiver circuitry that use the antenna(s) 2026 of the network
device 2016 to facilitate signaling (e.g., the signaling 2032} to and/or from the network device
2016 with other devices (e.g., the wireless device 2002) according to corresponding RATs.
[620%] The network device 2016 may include one or more antenna{s} 2026 (e.g., one, two,
four, or more). In embodiments having multiple antenna(s) 2026, the network device 2016 may
perform MIMO, digital beamforming, analog beamforming, beam steering, etc., as has been
described.

[8202] The network device 2016 may nclude one or more interface(s) 2028. The interface(s)
2028 may be used to provide input to or output from the network device 2016, For example, a
network device 2016 that 15 a base station may i1nclude interface(s) 2028 made up of
transmitters, recetvers, and other circuitry {e.g., other than the transceiver(s) 2024/antenna(s)
2026 already described) that enables the base station to communicate with other equipment in a
core network, and/or that enables the base sfation to communicate with external networks,
computers, databases, and the like for purposes of operations, administration, and maintenance
of the base station or other equipment operably connected thersto.

[8203] The network device 2016 may include an SMR control information module 2030, The
SMR control information module 2030 may be implemented via hardware, software, or
combinations thereof. For example, the SMR control information module 2030 may be
implemented as a processor, circuit, and/or instructions 2022 stored in the memory 2020 and
executed by the processor(s) 2018, In some examples, the SMR control mformation module
2030 may be integrated within the processor{s} 2018 and/or the transceiver{s} 2024. For
example, the SMR control information module 2030 may be implemented by a combination of
software components (e.g., executed by a DSP or a general processor) and hardware
components {(e.g., logic gates and circuitry) within the processor(s) 2018 or the transceiver(s)

2024,
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18204] The SMR control information module 2030 may be used for various aspects of the
present disclosure, for example, aspects of FIG. 1 through FIG. 15 For a network device 2016
that is an SMR, the SMR control information module 2030 15 configured to receive and
implement SMR control information (inchuding SMR 5S8B control information and SMR CSI-
RS control information) from a base station in the manner described herein {e.g., to control an
SMR SSB beam sweep or an SMR CSI-RS beam sweep used by a wireless device 2002 in the
case that the wireless device 2002 1s an SMR-UFE). For a network device 2016 that 1s a base
station, the SMR control information module 2030 is configured to generate and send SMR
control information (including SMR S5B control information and SMR CSI-RS control
information) to an SMR in the manner described herein, while maintaining 1ts connection with
the wireless device 2002 in the case that the wireless device 2002 is a connected gNB-UE.
[8205] For one or more embodiments, at least one of the components set forth in one or more
of the preceding figures may be configured to perform one or more operations, techniques,
processes, and/or methods as set forth heremn. For example, a baseband processor as described
herein in connection with one or more of the preceding figures may be configured to operate in
accordance with one or more of the examples set forth herein. For another example, circuitry
associated with a UE, base station, network element, ete. as described above in connection with
one or more of the preceding figures may be configured to operate in accordance with one or
more of the examples set forth herein.

182867 Any of the above described emmbodiments may be combined with any other
embodiment {or combination of embodiments}, unless explicitly stated otherwise. The
foregomg description of one or more tmplementations provides tllustration and description, but
is not mtended to be exhaustive or to limit the scope of embodiments to the precise form
disclosed. Modifications and varnations are possible in Light of the above teachings or may be
acquired from practice of various embodiments.

[6207] Embodiments and implementations of the systems and methods described herein may
include various operations, which may be embodied in machine-executable instructions to be
executed by a computer system. A computer system may include one or more general-purpose
or special-purpose computers {or other electronic devices}. The computer system may include
hardware components that include specific logic for performing the operations or may include a

combination of hardware, software, and/or firmware.
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16208] It should be recognized that the systems described herein include descriptions of
specific embodiments. These embodiments can be combined into single systems, partially
combined into other systems, split into multiple systems or divided or combined in other ways.
In addition, 1t 1s contemplated that parameters, attributes, aspects, etc. of one embodiment can
be used in another embodiment. The parameters, attributes, aspects, etc. are merely described
in one or more embodiments for clarity, and it 1s recognized that the parameters, attributes,
aspects, etc. can be combined with or substituted for parameters, attributes, aspects, etc. of

another embodiment unless specifically disclaimed herein.

[6209] It is well understood that the use of personally identifiable information should follow
privacy policies and practices that are generally recognized as meeting or exceeding

industry or governmental requirements for maintaining the privacy of users. In particular,
personally wdentifiable information data should be managed and handled so as to minimize risks
of unintentional or unauthorized access or use, and the nature of authorized use should

be clearly indicated to users.

[6216] Although the foregoing has been described in some detad for purposes of clanty, i
will be apparent that certain changes and modifications may be made without departing from
the principles thereof. Tt should be noted that there are many alternative ways of implementing
both the processes and apparatuses described herein. Accordingly, the present embodiments are
to be considered dlustrative and not restrictive, and the description is not to be hmited to the
details given herein, but may be modified within the scope and equivalents of the appended

claims.
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CLAIMS

1. A method of a smart repeater (SMR}, comprising:

reporting, to a base station, SMR capability information;

receiving, {rom the base station, SMR control information corresponding to the SMR
capability information, the SMR control information comprising a first portion configuring a
syachronization signal block (S8B) burst set for an SMR SS8B beam sweep and a second
portion configuring a channel state information reference signal (CSI-RS) resource set for an
SMR (CSI-RS beam sweep; and

performing, based on the SMR control information, at least one of the SMR S5B beam
sweep using SSBs of the SSB burst set and the SMR CSI-RS beam sweep using CSI-RS

resources of the CSI-RS resource set.

2. The method of claim 1, wherein at least one of the first portion and the second portion s
received in high-layver signaling on an physical downlink shared channel (PDBSCH) for the

SMR.

3. The method of claim 1, wherein a first one of the first portion and the second portion is
received in downlink control information (DCI) of a first DCI format having cyclic redundancy
check (CRC) bits scrambled by a first radio network temporary identifier (RNTT) that identifies

that the first DCI format includes the first one of the first portion and the second portion.

4. The method of claim 3, wherein the first RNTI of the first DCI format 1s different than a
second RNTI of a second DCI format used by the base station corresponding to a second one of

the first portion and the second portion.

5. The method of claim 3, wherein the DCI comprises a one-bit 1dentifier that indicates that the

DT includes the first ong of the first portion and the second portion.

6. The method of claim 3, wherein the DCI is received in a first search space set that identifies

the first one of the first portion and the second portion.

7. The method of claim 3, further comprising performing PDCCH monitoring for the DCI
according to a control resource set (CORESET) configuration that includes:

a number of consecutive symbols for a CORESET;
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a set of resource blocks (RBs) for the CORESET,
control channel element {CCE) to resource element group (REG) mapping parameters
for the CORESET,; and

an antenna port quasi co-location (QCL) parameter for the CORESET.

8. The method of claim 7, wherein the number of consecutive symbols is a value of two or

three that 1s one of pre-configured to the SMR and pre-defined for the SMR.

9. The method of claim 7, wherein the number of consecutive symbols for the CORESET is one

of seven symbols and fourteen symbols.

10. The method of claim 7, wherein one of the CCE to REG mapping parameters s pre-defined

to indicate for a use of non-interleaved CCE to REG mapping.

11. The method of claim 7, wherein the antenna port QCL parameter 1s pre-defined to indicate

that a most recent SSB 1s a QCL source.

12. The method of claim 3, further comprising performing PDCCH monttoring for the DCI
according to a search space set configuration that includes:

a PDCCH monitoring periodicity;

a PDCCH monitoring offset; and

a number of PDCCH candidates per control chanunel element (CCE} aggregation level

{AL).

13. The method of claim 12, wherein the PDCCH monttoring periodicity 1s a value of 20

milliseconds that 15 one of pre-configured to the SMR and pre-defined for the SMR.

14. The method of claim 12, wherein the search space set configuration further defines thata
PDCCH monitoring occaston for the DCT 1s limited to a first two or first three symbols of a

slot.

15. The method of claim 12, wherein the number of PDCCH candidates per CCE AL 15 a value

of one or two that ts one of pre-configured to the SMR and pre-defined for the SMR.

16. The method of ¢laim 1, wheremn:
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the performing, based on the SMR control information, one of the SMR SSB beam
sweep and the SMR CK5I-RS beam sweep comprises performing the SMR SS5B beam sweep
based on the first portion; and

the method further comprises receiving, from the base station, based on the first portion,
the SSB burst set for the SMR S5B beam sweep, wherein the SMR 55B beam sweep occurs

within a period of an SMR SSB burst periodicity.

[U—y
~}

. The method of claim 16, wherein the first portion indicates the SMR S8B burst periodicity.

1&. The method of claim 16, wherein:
the first portion includes an offset value; and

the 58B burst set 1s received within the period according to the offset value.
19. The method of claim 18, wherein the offset value is given in units of half radio frames.

20. The method of claim 18, wherein the offset value 15 given in units of a fength of a

maximum number of SSBs that are supported when using a current subcarrier spacing.

21. The method of claim 16, wherem:

the first portion comprises a bitmap indicating one or more SSB positions within the
period, each of the one or more SSB positions corresponding to one of the one or more S5Bs of
the SSB burst set; and

the one or more SSBs are received within the period during the one or more SSB

positions.

22. The method of claim 16, wherem:
the first portion comprises a first system information block (SIB) that differs from a
second SIB transmitted by the base station by indicating SSB positions within the period; and

the S5Bs of the SSB burst set use the S5B positions during the SMR S5B beam sweep.

23. The method of ¢laim 1, wherein:
the performing, based on the SMR control information, one of the SMR SSB beam
sweep and the SMR CSI-RS beam sweep comprises performing the SMR CS81-RS beam sweep

based on the second portion; and
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the method further comprises identifying, based on the second portion, one or more
symbols of one or more contiguous slots within a pertod of an SMR CS1-RS periodicity to use

to perform the SMR CSI-RS beam sweep.

24 The method of claim 23, wherein the second portion further comprises a start and length
indicator (SLIV) indicating the one or more symbols used to perform the SMR CSI-RS beam

sweep.

25. The method of claim 24, wherein the one or more symbols used to perform the SMR CSI-

RS beam sweep are contiguous within the one or more contiguous slots.

26. The method of claim 24, wherein the one or more symbols used to perform the SMR CSI-
RS beam sweep comprises a plurality of symbols that are not contiguous in time within the one

or more contiguous slots by a fixed gap.

27. The method of claim 23, wherein the second portion further comprises a bitmap having a
bit for all the symbols of the one or more contiguous slots, the bitmap indicating the one or
more symbols used to perform the SMR CS51-RS beam sweep from among all the symbols of

the one or more contiguous slots.

28 The method of claim 23, wherein the second portion:

further indicates a number of the one or more contiguous slots; and

further comprises a bitmap having a number of bits equal to a number of symbols in a
slot, the bitmap indicating the symbols, for each of the one or more contiguous slots, that

comprise the one or more symbols used to perform the SMR CSI-RS beam sweep.

29. The method of claim 23, wherein:
the second portion further indicates a number of the one or more contiguous slots; and
the one or more symbols used to perform the SMR CSI-RE beam sweep includes all

symbols of the one or more contiguous siots.

30. The method of claim 1, further comprising:
recetving, from the base station, paging DCI indicating that the SMR control

mformation is updated versus prior SMR control information previously provided to the SMR.
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31. The method of claim 30, wherein the paging DCI 1s of DCI Format 10 having a short
message field that is used to indicate that the SMR control information 1s updated by using a

reserved bit of the short message field.

32. The method of claim 30, wherein the paging DCI is of DCI Format 10 with cyclic
redundancy check {CRC) bits scrambled by a paging radio network temporary identifier (P-
RNTI}, and that indicates that the SMR control information is updated using a reserved bit of
DI Format 1 0.

33. The method of claim 30, wherein the paging DCI is of DCI Format 10 and indicates that
the SMR control information i1s updated because it 1s scrambled by a dedicated radio network
temporary identifier (RNT1) that i1s allocated to indicate that the SMR control information 1s

updated.

34. The method of claim 30, wherein the paging DCI indicates that the SMR control
information is updated because 1t is received in a dedicated search space set that 1s allocated for

indicating that the SMR control information is updated.

35. The method of claim 1, wherein the SMR capability information comprises one or more of;
a device type parameter;
one of a maximum number of uplink beams parameter and a maximum number of
downlink beams parameter; and

a maximum {ransmission power parameter.

36. The method of claim 35, wherein the device type parameter indicates to the base station

that the SMR s capable of performing SMR functionality.

37. The method of claim 35, wherein the maximum transmission power parameter indicates a

power class of the SMR.

38. A method of a base station, comprising:

recetving, from an SMR, SMR capability information; and

sending, to the SMR, SMR control information corresponding to the SMR capability
mformation, the SMR control information comprising a first portion configuring a

synchronization signal block (S8B) burst set for an SMR SSB beam sweep that uses S8Bs of
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the SSB burst set and a second portion configuring a channel state information reference signal
{CSI-RS) resource set for an SMR CSI-RS beam sweep that uses USI-RS resources of the CSI-

RS resource set.

39. The method of claim 38, wherein at least one of the first portion and the second portion is

sent in high-faver signaling on an physical downlink shared channel (PDSCH) for the SMR.

40. The method of claim 38, wherein a first one of the first portion and the second portion 18
sent in downlink control information (BCI) of a first DCI format having cyclic redundancy
check (CRC) bits scrambled by a first radio network temporary identifier (RN'T1} that identifies

that the first DCI format includes the first one of the first portion and the second portion.

41. The method of claim 40, wherein the first RNTI of the first DCI format i different than a
second RNTI of a second DCI format used by the base station corresponding to a second one of

the first portion and the second portion.

42. The method of claim 40, wherein the DCI comprises a one-bit identifier that indicates that

the BCT includes the first one of the first portion and the second portion.

43. The method of claim 40, wherein the BCI 15 sent in a first search space set that identifies

the first one of the first portion and the second portion.

44 The method of claim 40, wherein the DBCT 1s sent according to a control resource set
{CORESET) configuration that defines:

a number of consecutive symbols for a CORESET,

a set of resource blocks (RBs) for the CORESET,

control channel element (CCE} to resource element group (REG) mapping parameters
for the CORESET: and

an antenna port quasi co-location {QCL} parameter for the CORESET.

45 The method of claim 44, wherein the number of consecutive symbols is a value of two or

three that 1s one of pre-configured to the base station and pre-defined for the base station.

46. The method of claim 44, wherein the number of consecutive symbols for the CORESET 15

one of seven symbols and fourteen symbols.
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47 The method of claim 44, wherein one of the CCE to REG mapping parameters 1s pre-

defined to indicate for a use of non-interleaved CCE to REG mapping.

48. The method of claim 44, wherein the antenna port QCL parameter 1s pre-defined to indicate

that a most recent SSB is a QCL source.

49 The method of claim 40, wherein the DBCT 1s sent according to a search space set
configuration that defines:

a PDCCH monitoring periodicity;

a PDCCH monitoring offset; and

a number of PDCCH candidates per control channel element (CCE) aggregation level

{AL).

50. The method of claim 49, wherein the PBCUH monitoring periodicity is a value of 20
milliseconds that is one of pre-configured to the base station and pre-defined for the base

station.

51. The method of claim 49, wherein the search space set configuration further defines that a
PDCCH monitoring occasion for the DCI is himited to a first two or first three symbols of a

slot.

52. The method of claim 49, wherein the number of PDCCH candidates per CCE AL 15 a value
of one or two that is one of pre-configured to the base station and pre-defined for the base

station.

53. The method of claim 38, further comprising sending, to the SMR, based on the first portion,
the SSB burst set for the SMR S5B beam sweep, wherein the SMR 5SB beam sweep occurs
within a period of an SMR S8B burst periodicity.

54. The method of claim 53, wherein the first portion indicates the SMR SSB burst periodicity.

55. The method of claim 53, wherein:
the first portion includes an offset value; and

the SSB burst set 1s sent within the period according to the offset value,

56. The method of claim 55, wherein the offset value 13 given 1n units of half radio frames.
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57. The method of claim 55, wherein the offset value 1s given in units of a length of a

maximum number of SSBs that are supported when using a current subcarrier spacing.

58. The method of claim 53, wherein:
the first portion comprises a bitmap indicating one or more SSB positions within the

period, each of the one or more SSB positions corresponding to one of the one or more SSBs of

the SSB bursi set; and
the one or more SSBs are sent within the period during the one or more SSB positions.
59. The method of claim 53, wherein:
the first portion comprises a first system information block (SIB) that differs from a
second SIB transmitted by the base station by indicating SSB positions within the period; and
the S5Bs of the SSB burst set use the S5B positions during the SMR S5B beam sweep.

60. The method of claim 38, wherein the second portion identifies one or more symbols of one
or more contiguous slots within a period of an SMR CSI-RS periodicity to use to perform the

SMR CSI-RS beam sweep.
61. The method of claim 60, wherein the second portion further comprises a stast and length

indicator (SLIV) indicating the one or more symbols used to perform the SMR (SI-RS beam

sweep.
62. The method of claim 61, wherein the one or more symbols used to perform the SMR CSi-

RS beam sweep are contiguous within the one or more contiguous slots.
63. The method of claim 61, wherein the one or more symbols used to perform the SMR C581-

RS beam sweep comprises a plurality of symbols that are not contiguous tn time within the one

or more contiguous slots by a fixed gap.
64. The method of claim 60, wherein the second portion further comprises a bitmap having a

bit for all the symbols of the one or more contiguous slots, the bitmap indicating the one or

more symbols used to perform the SMR CSI-RS beam sweep from among all the symbols of

the one or more contiguous slots.

65. The method of claim 60, wherein the second portion:
further indicates a number of the one or more contiguous slots; and

49



WO 2023/092387 PCT/CN2021/133134

further comprises a bitmap having a number of bits equal to a number of symbols ina
siot, the bitmap indicating the symbols, for each of the one or more contiguous slots, that

comprise the one or more symbols used to perform the SMR CSI-RS beam sweep.

66. The method of claim 60, wherein:
the second portion further indicates a number of the one or more contiguous slots; and
the one or more symbols used to perform the SMR CSI-RS beam sweep includes ali

symbols of the one or more contiguous slots.

67. The method of claim 38, further comprising sending, to the SMR, paging DCI indicating
that the SMR control information is updated versus prior SMR control information previously

provided to the SMR.

68. The method of claim 67, wherein the paging DCI s of BCI Format 1 0 having a short
message field that is used to indicate that the SMR control information 1s updated by using a

reserved bit of the short message field.

69. The method of claim 67, wherein the paging DCI is of DU Format 10 with cyclic
redundancy check {CRC) bits scrambled by a paging radio network temporary identifier (P-
RNTI}, and that indicates that the SMR control information is updated using a reserved bit of

DI Format 1 0.

70. The method of claim 67, wherein the paging DCI is of DCI Format 10 and indicates that
the SMR control information i1s updated because it 1s scrambled by a dedicated radio network
temporary identifier (RNT1) that i1s allocated to indicate that the SMR control information 1s

updated.

71. The method of claim 67, wherein the paging D{1 indicates that the SMR control
information is updated because 1t is sent in a dedicated search space set that 1s allocated for

indicating that the SMR control information is updated.

72. The method of claim 38, wherein the SMR capability information comprises one or more
of:

a device type parameter;
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one of a maximum number of uplink beams parameter and a maximum number of
downlink beams parameter; and

a maximum {ransmission power parameter.

73. The method of claim 72, wherein the device type parameter indicates to the base station

that the SMR s capable of performing SMR functionality.

74. The method of claim 72, wherein the maximum transmission power parameter indicates a

power class of the SMR.

75, A computer program product comprising instructions which, when executed by a processor,

implement steps of the method according to any one of claim 1 to claim 74,

76. An apparatus comprising means to implement steps of the method according to any one of

claim 1 to ¢claim 74.
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/ 1600

REPORTING, TO A BASE STATION, SMR CAPABILITY INFORMATION

¢ 1604
RECEIVING, FROM THE BASE STATION, SMR CONTROL INFORMATION
CORRESPONDING TO THE SMR CAPABILITY INFORMATION, THE SMR CONTROL
INFORMATION COMPRISING A HRST PORTION CONFIGURING AN SSB BURST
SETFOR AN SMR SSB BEAM SWEEP AND A SECOND PORTION CONFIGURING
A CSI-RS RESOURCE SET FOR AN SMR C51-RS BEAM SWEEP

PERFORMING, BASED ON THE SMKR CONTROL INFORMATION, AT LEAST ONE f
OF THE SMR SSB BEAM SWEEP USING SSBS OF THE SSB BURST SET AND THE
SMR (SRS BEAM SWEEP USING C51-RS RESOURCES OF THE CSIRS
RESOURCE SET

FIG. 16
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/ 1700

RECEVING, FROM AN SMR, SMR CAPABILITY INFORMATION

i 1704

SENDING, TO THE SMR, SMR CONTROL INFORMATION CORRESPONDING TO f
THE SMR CAPABILITY INFORMATION, THE SMR CONTROL INFORMATION
COMPRISING A FIRST PORTION CONFIGURING AN S5B8 BURST SET FOR AN
SMEK SSB BEAM SWEEP THAT USES SSBS OF THE S5B BURST SETAND A
SECOND PORTION CONFIGURING A C5FRS RESOURCE SET FOR AN SMR CSI-RS
BEAM SWEEP THAT USES (51-RS RESOURCES OF THE (SRS RESOURCE SET

FiG. 17
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