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SYSTEMS AND METHODS FOR USE OF UE LATENCY
REQUIREMENT FOR SYNCHRONIZATION SIGNAL BLOCK
SELECTION

CROSS-REFERENCE TO RELATED APPLICATIONS

8601} The present Application for Patent claims priority to International Application No.
PCT/CN2017/098681, uitled “SYSTEMS AND METHODS FOR USE OF UE
LATENCY REQUIREMENT FOR SYNCHRONIZATION SIGNAL BLOCK
SELECTION,” filed August 23, 2017, which is assigned to the assignec hereof, and

meorporated herein by reference n its entirety.

BACKGROUND

(80027 Aspects of the present disclosure relate generally to wireless communication
networks, and more particularty, to communications between a user equipment {UE) and
one or more base stations.

{0083} Wircless communication networks are widely deployed 1o provide various types
of communication content such as voice, video, packet data, messaging, broadcast, and
so on. These systems may be multipie-access svstems capable of supporting
communication with multiple users by sharing the available system resources {e.g., fime,
frequency, and power). Examples of such multiple-access systems inchide code-division
multiple access (CDMA) svstems, time-division muliiple access (TDMA) systems,
frequency-division multiple access (FDMA) systems, orthogonal frequency-division
multiple access (DFDMAY} systems, and single-carrier frequency division multiple access
{(SC-FDMA) systems.

{6004} These multiple access technologies have been adopted 1 various
telecommunication standards to provide a common protocol that enables different
wireless devices to commumicate on amunicipal, national, regional, and even global level.
For example, a fifth generation {5G) wireless communications technology (which can be
referred to as new radio (NR)) is envisaged to expand and support diverse usage scenarios
and applications with respect to current mobile network gencrations. In an aspect, 5G
communications technology can include: enhanced mobile broadband addressing human-

centric use cases for access to multimedia content, services and data; ultra-reliable-low
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latency communications (URLLC) with certain specifications for latency and reliability;
and massive machine type communications, which can allow a very large number of
connected devices and transmussion of a relatively low volume of non-delay-sensitive
mformation. As the demand for mobile broadband access continues to increase, however,
further improvements 1n NR communications technology and bevond may be desired.

[0¢65] For example, for NR communications technology and beyond, current handover
solutions may not provide a desired level of speed or customization for efficient operation.

Thus, improvements n wireless communication operations may be desired.

SUMMARY

{8606} The following presents a simplified summary of one or more aspects i order to
provide a basic understanding of such aspects. This summary is not an extensive
overview of all contemplated aspects, and 1s intended to neither identify key or entical
clements of all aspects nor delineate the scope of any or all aspects. Iis sole purpose is to
present some concepts of one or more aspects in a simplified form as a prelude to the
more detailed description that 1s presented later.

10007} In an aspect, the present disclosure includes a method of wireless communications
meluding a method of wireless communications. The method includes detecting, by a
user cquipment (UE), a random access procedure trigger.  The method includes
configuring a selection threshold time. The method mncludes selecting a synchronization
signal block having a corresponding uplink resource within the selection threshold time,
wherein the synchronization signal block and corresponding uplink resource satisfy one
or more parameters or conditions.  The method mcludes transmitting a random access
preamble on the corresponding uplink resource.

10008] In ancther aspect, the present disclosore provides a UE including 2 memory and a
processor in communication with the memory. The processor may be configured to
detect, at the UE, a random access procedure trigger. The processor may be configured
to configure a selection threshold time. ¢ processor may be configured to sclect a
synchronization signal block having a corresponding uplink resource within the selection
threshold time from the random access procedure trigger, wherein the synchronization
signal block and corresponding uplink resowrce satisfy one or more paramciers or
conditions. The processor may be configured to transmit a random access preamble on

the corresponding uplink resource.

e
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8609} In another aspect, the present disclosure provides a UE. The UE may include
means for detecting, by the UE, a random access procedure trigger. The UE may inchude
means for configuring a selection threshold time. The UE may include means for
selecting a synchronization signal block having a corresponding uplink resource within
the selection threshold time from the random access procedure tngger, wheremn the
synchronization signal block and corresponding uplink resource satisfy one or more
parameters or conditions. The UE may include means for transmitting a random access
preamble on the corresponding uplink resource.

8618} In another aspect, the present disclosure provides a computer-readable medium
storing computer code executable by a processor for wireless communications. The
computer-readable medium may include one or more codes executable to detect, by a UE,
a random access procedure trigger. The computer-readable medium may mclude one or
more codes executable to configure a selection threshold time. The computer-rcadable
medivm may include one or more codes exccutable to select a synchronization signal
block having a corresponding uplink rescurce within the selection threshold time from
the random access procedure {ngger, wherein the synchronmization signal block and
corresponding uplink rescurce satisfy one or more parameters or conditions. The
computer-readable medium may include one or more codes exccutable o transmit a
random access preamble on the corresponding uplink resource.

[6011] In another aspect, the present disclosure provides a method of wireless
commumnications. The method may mchude transmitting, by a network entity, a
synchronization signal including a phlurality of synchronization signal blocks, each
synchronization signal block having a corresponding uplink resource. The method may
melude determining, by the network entity, a latency requirement of a UE. The method
may meclude determining, based on the latency requirement, a sclection threshold time for
the UK to search to find a synchronization signal block of the transmitted synchronization
signal blocks and the corresponding uplink resource that satisfy one or more parameters
or conditions. The method may include configuring the UE with the selection threshold
time.

[0¢12] In ancther aspect, the present disclosure provides a network entity includiog a
memory and a processor in conmunication with the memory. The processor s configured
to transmit, by the network entity, a synchronization signal including a plurality of

synchronization signal blocks, each synchronization signal block having a corresponding
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uplink resource. The processor is configured to determine, by the network entity, a
latency requirement of a UE. The processor is configured to determine, based on the
latency requirement, a selection threshold time for the UE to scarch to find one
synchronization signal block of the transnutted synchronization signal blocks and the
corresponding uphink resource that satisfv one or more parameters or conditions, The
processor is configured to configure the UE with the selection threshold time.

[0¢13] In ancther aspect, the present disclosure provides a network entity for wireless
communications, including means for transmitting, by the network entity, a
synchronization signal including a plurality of synchronization signal blocks, each
synchronization signal block having a corresponding uplink resource. The network entity
meludes means for determining, by the network entity, a latency requirerment of a UE.
The network entity includes means for determinming, based on the latency requirement, a
selection threshold time for the UE to search to find one synchronization signal block of
the transmitted synchronization signal blocks and the corresponding uplink rescurce that
satisty one or more parameters or conditions. The aetwork entity includes means for
configuring the UE with the selection threshold time.

0614} In another aspect, the present disclosure provides a computer-readable medium
{c.g., a non-transitory computer-readable medium) storing computer code executable by
a processor for wireless conununications. The computer-readable medium may include
code to transmit, by the network entity, a synchronization signal including a plurality of
synchronization signal blocks, cach synchronization signal block having a corresponding
uplink resovrce. The computer-readable medium may include code to determine, by the
network entity, a latency requirement of a UE. The computer-readable medium may
melude code 1o determine, based on the latency reguirement, a selection threshold fime
for the UE to search to find one synchronization signal block of the transmitted
synchronization signal blocks and the corresponding uplink resowrce that satisfy one or
more parameters or conditions. The computer-readable medium may inchude code to
configure the UE with the selection threshold time.

[6615] To the accomplishment of the foregoing and related ends, the one or more aspects
comprise the features heremafter fully described and particularly pointed out in the
claims. The following description and the anncxed drawings set forth in detail certain
tHustrative features of the one or more aspects. These features are mndicative, however,

of but a few of the various ways in which the principles of various aspects may be
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emploved, and this description 1s intended to mclude ali such aspects and thewr

cquivalents.

BRIEF DESCRIPTION OF THE BDRAWINGS
68161 The disclosed aspects will hereinafter be described in conjunction with the
appended drawings, provided to tllustrate and not to himit the disclosed aspects, wherein
like designations denote like elements. and in which:
[86177 FIG. 1 s a schematic diagram of an example wireless communication network
meluding at least one user equipment {UE) having a RACH controller component
configured according to this disclosure to transmit a RACH message using an uphink
resource sciected based on a svichronization signal block.
60181 FIG. 2 15 a conceptual diagram of an example synchronization signal including
multiple synchronization signal blocks.
{6612y FIG. 3 is a message diagram of an example RACH procedure.
86287 FIG. 4 is a conceptual diagram of an example RACH timeline.
8621} FIG. 5 1s a flow diagram of an example method of transmitting 2 RACH message
based on synchronization signal blocks.
[©0622} FHG. 615 a schematic diagram of example components of the UE of FIG. 1.
6023} FIG. 7 1s a schematic diagram of exaraple components of the base station of FIG.
1.
6624 FIG. 8 13 a flow diagram of an example method of receiving a2 RACH message

based on synchronization signal blocks,

DETAILED DESCRIPTION

10023} Various aspects are now described with reference to the drawings. In the
following description, for purposes of explanation, mimerous specific details are set forth
in order to provide a thorough understanding of one or more aspects. It may be evident,
however, that such aspect{(s} may be practiced without these specific details.
Additionally, the term “component”™ as ased herein may be one of the parts that make up
a svstem, may be hardware, firmware, and/or software stored on a computer-readable
medium, and may be divided into other components.

86261 The present disclosure generally relates to selection of a synchronization signal

{88) block for a new radio (NR) RACH procedure that may be executedbva UE and a
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base station, resulting in reduced latency for handover procedures that may be more
cfficient than existing RACH procedures and timelines. For example, the configurable
NR RACH procedure may utilize a UE latency requirement to determine a threshold time
for selecting an 58 block. Accordingly, a UE configured with a shott latency requirement
may quickly select any suitable S5 block, while a UE configured with a longer latency
requircment may wait for an 55 block that allows the UE to meet a target RACH RX
power. Further, the present disclosure may include additional features, such as control of
maximum permissible exposure (MPE} to further enhance the disclosed configurable NR
RACH procedure.

{00277 Additional features of the present aspects are described in more detail below with
respect to FIGS. 1-3.

66281 it should be noted that the technigues described herein may be used for various
wireless communication networks such as COMA, TDMA, FDMA, OFDMA, SC-
FDMA, and other systems. The terms “system” and “network” are often used
mterchangeably. A UDMA svstem may implement a radio technology such as
CDMAZ000, Universal Terrestrial Radio Access (UTRA), ete. CDMA2000 covers 15~
2000, 15-95, and I5-856 standards. 1S-2000 Releases 0 and A are commonly referred to
as CDMAZ000 1X, 1X, etc. I5-856 {T1A-R536) is commaonly referred to as CDMAZ000
IxEV-DO, High Rate Packet Data (HRPD), etc. UTRA includes Wideband CDMA
(WCDMA} and other vanants of CDMA. A TDMA svstem may implement a radio
technology such as Global System for Mobile Communications (GSM). An OFDMA
system may implement a radic technology such as Ultra Mobile Broadband (UMB),
Evolved UTRA (E-UTRA), IEEE 802.11 (W1i-Fi), IEEE 802.16 (WiMAX), IEEE 802 .20,
Flash-OFDM™  etc. UTRA and E-UTRA are part of Universal Mobile
Telecommunication System (UMTS). 3GPP Long Term Evolution (ETE) and LTE-
Advanced (LTE-A) are new releases of UMTS that use E-UTRA. UTRA, E-UTRA,
UMTS, LTE, LTE-A, and (G5M are described in documents from an organization named
“3rd Generation Partnership Project” (3GPP). CDMAZ000 and UMB are described in
documents from an organization named “3rd Generation Partnership Project 27 (3GPP2).
The techniques described herein may be used for the systems and radio technologies
mentioned above as well as other systems and radio technologies, including cellular (e.g.,
LTE) communications over a shared radio frequency spectrum band. The description

below, however, describes an LTE/LTE-A svystem for purposes of example, and LTE
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terminology 1s used in much of the description below, although the technigues are
applicable bevond LTE/LTE-A applications {e.g., to 3G nctworks or other next
generation communication systems).

[6028] The following description provides examples, and 1s not himiting of the scope,
apphicability, or examples set forth in the claims. Changes mayv be made in the function
and arrangement of clements discussed without departing from the scope of the
disclosure.  Various examples may omit, substitute, or add various procedures or
components as appropuate. For instance, the methods described may be performed in an
order different from that described, and various steps may be added., omitted, or
combined. Also, features described with respect to some examples may be combined in
other examples.

6063061 Referring to FIG. 1, in accordance with various aspects of the present disclosure,
an example wircless communication network 100 includes at least one UE 110 with a
modem 140 having a random access channel (RACH) controller component 150 that
manages execution of a new radio (NR; also referred to as 5G) RACH procedure 152, in
communication with a base station 103, resulting in selection of one of the 85 blocks 174
for use m the NR RACH procedire 152, For example, NR RACH procedure 152 may
imclhude selecting a selected S8 block 154 from among received 55 blocks 174 that allows
the UE 110 o meet a target RACH RX power. In an aspect, the RACH controller
coraponent 150 may select the selected S5 block 134 based on a UE latency requirement
156. For example, the RACH controller component 150 may configere a selection
threshold time 158 based on the UE latency requirement 156, The RACH controller
component 150 may then select the selected S8 block 154 from among the reccived S8
blocks 174 within the selection threshold time 158, For example, the RACH controller
component 150 may select one of the 55 blocks 174 received during the sclection
threshold time 158 that meets an uplink power constraint 157 and a signal quality
threshold 139 as the selected 88 block 154, The S8 block selection may further be based
on the given use case, or the given deplovment case, as will be discussed below 1n more
detail. Farther, the wireless communication network 100 includes at least one base station
105 with a modem 160 having a RACH component 170 that manages execution of NR
RACH procedure 152, in communication with UE 110, resulting 1n a given one of the one
or more RACH timelines. The RACH component 170, independently or in combination

with RACH controller component 150 of UE 110, may utilize the 85 blocks 174, the
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given use case, or the given deplovment case, as will be discussed below in more detail.
Thus, according to the present disclosure, NR RACH procedure 152 may be executed in
a manner that improves an efficiency of UE 110 in randomly accessing base station 103
and establishing a wireless communication connection.

66311 The wireless communication network 100 may include one or more base stations
103, ong or more UEs 110, and a core network 115, The core network 115 may provide
user authentication, access authorization, tracking, internet protocol (IP) connectivity, and
other access, routing, or mobility functions. The base stations 105 may interface with the
core network 115 through backhaul links 120 {e.g., 51, etc.}. The base stations 105 may
perform radio configuration and scheduling for communication with the UEs 110, or may
operate under the control of a base station controlier (not shown). In various examples,
the base stations 105 may communicate, either directly or imndirectly {e.g., through core
network 1153, with one another over backhaul links 125 {e.g., X1, etc.), which may be
wired or wireless communication finks.

[0¢321 The base stations 105 may wirelessly commumicate with the UEs 110 via one or
more base station antennas. Each of the base stations 105 may provide communication
coverage for a respective geographic coverage area 130, In some examples, base stations
105 may be referred to as a base transceiver station, a radio base station, an access point,
an access node, a radio transceiver, a NodeB, eMNodeB (eNB), gNB, Home NodeB. a
Home eNodeB, a relay, or some other suitable terminology. ¢ geographic coverage
arca 130 for a base station 105 may be divided into sectors or cells making up only a
portion of the coverage area {not shown}. The wircless communication network 100 may
mclude base stations 105 of different types {¢.g., macro basc stations or small cell base
stations, described below). Additionally, the plurality of base stations 105 may operate
according to different ones of a plurality of commaunication technologies {e.g., 5G (New
Radio or “NR™), fourth generation (4GY/LTE, 3G, Wi-Fi, Bluetooth, etc ), and thus there
may be overlapping geographic coverage arcas 130 for different communication
technologies.

06331 In some examples, the wireless commumication network 100 may be or include
one or any combination of communication technologics, including a NR or 3G
technology, a Long Term Evolution {(LTE) or LTE-Advanced (LTE-A) or Mul TEfire
technology, a Wi-Fi technology, a Bluetooth technology, or any other long or short range

wireless commumication technology. In LTE/LTE-A/MoLTEfire networks, the torm
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evolved node B (eNB) may be generallv used to describe the base stations 103, while the
term UE may be generally used to describe the UEs 110, The wircless communication
network 100 may be a heterogeneous technology network m which different types of
eNBs provide coverage for various geographical regions. For example, cach ¢NB orbase
station 105 mav provide communication coverage for a macro cell, a small cell, or other
types of cell. The term “cell” is a 3GPP term that can be used to deseribe a base station,
a carrier of component carrier associated with a base station, or a coverage area {£.g.,
sector, ete.) of a carrier or base station, depending on context,

[8634] A macro cell may generally cover a relatively large geographic area {¢.g., several
kilometers in radius) and may allow unrestricted access by UEs 110 with service
subscriptions with the network provider.

[66351 A small cell may include a relative lower transmit-powered base station, as
corapared with a macro cell, that mav operate in the same or different frequency bands
{e.g., licensed, unlicensed, ete.) as macro cells. Small cells may include pico cells, femto
cells, and micro cells according to varicus examples. A pico cell, for example, may cover
a small geographic arca and may allow unrestricted access by UEs 110 with service
subscriptions with the network provider. A femto cell may also cover a small geographic
area {¢.g., a home) and may provide restricted access and/or unrestricted access by UEs
110 baving an association with the femto cell {¢.g.. in the restricted access case, UEs 110
n a closed subscriber group (CSG) of the base station 105, which may include UEs 110
for users in the home, and the hike). An eNB for a macro cell may be referred to as a
macro eNB. An cNB for a small cell may be referred to as a small cell eNB, a pico eNB,
a ferato ¢NB, or a home eNB. An ¢NB may support one or multiple {c.g., two, three,
four, and the like) cells (e.g., component carriers).

10036} The communication networks that may accommodate some of the various
disclosed examples may be packet-based networks that operate according to a layered
protocol stack and data m the user plane may be based on the IP. A user plane protocol
stack (e.g., packet data convergence protocol (PDCP), radio link control (RLC), MAC,
gtc.), may perform packet segmentation and reassembly to commumicate over logical
channels. For example, a MAC layer mav perform priority bandling and multiplexing of
logical channels mto transport channels. The MAC layer may also use hybrid automatic
repeat/request (HARGQ) to provide retransmission at the MAC layer to improve link

efficiency. In the control plane, the RRC protocol layer may provide establishment,



WO 2019/037568 PCT/CN2018/097074

configuration, and maintenance of an RRC connection between a UE 110 and the base
stations 105, The RREC protocol layer may also be used for core network 115 support of
radio bearers for the user plane data. At the physical (PHY) laver, the transport channels
may be mapped to physical chamels.

6037} The UEs 110 may be dispersed throughout the wireless communication network
100, and each UE 110 may be stationary or mobile. A UE 110 may also mclude or be
referred to by those skilled i the art as a mobile station, a subscriber station, a mobile
uiut, a subscniber unit, a wireless unif, a remote wut, a mobile device, a wircless device,
awireless commumnications device, a remote device, a mobile subscriber station, an access
teroinal, a mobile terminal, a wireless terminal, a remote terminal, a handset, auser agent,
a mobile client, a client, or some cther suitable terminclogy. A UE 110 may be a cellular
phone, a smart phone, a personal digital assistant (PDA), a wireless modem, a wireless
communication device, a handheld device, a tablet computer, a laptop computer, a
cordless phone, a smart watch, a wireless local loop (WLL) station, an entertainment
device, a vehicular component, a customer premises equipment (CPE), or any device
capable of communicating in wireless communication network 160, Additionally, a UE
110 may be Internet of Things (foT) and/or maching-to-machine (M2M) tvpe of device,
¢.g., a low power, low data rate (relative to a wireless phong, for example) type of device,
that may i some aspects communicate infrequently with wircless conmmunication
network 100 or other UEs. A UE 110 may be able to commumicate with various types of
base stations 105 and network equipment imchiding macro ¢eNBs, small cell eNBs, macro
gNBs, small cell gNBs, relay base stations. and the like.

(86387 The UE 110 may be configured to establish one or more wireless communication
Iinks 135 with one or more base stations 105, The wireless communication binks 133
shown in wireless commumnication network 100 may carry uplink (UL) transmissions from
a UE 110 tc a base station 103, or downlink (DL} transmissions, from a base station 103
to a UE 110, The downlink transmissions may also be called forward link transmissions
while the uplink transmissions may also be called reverse link transmissions. Each
wireless communication link 135 may include one or more carriers, where each camier
may be a signal made up of multiple sub-carriers {e.g., wavetorm signals of different
frequencies) modulated according to the vanous radio technologies described above.
Each modulated signal may be sent on a different sub-carmer and may carry control

mformation (¢.g., reference signals, control channels, ¢tc.}, overhead mformation, user

10
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data, etc. In an aspect, the wireless commumnication links 135 may transmit bidirectional
communications using frequency division duplex {(FDD) (e.g.. using paired spectrnum
resources) or time division duplex (TDD) operation {e.g.. using vapaired spectrum
resources). Frame structures may be defined for FDD (e.g., frame structure type 1) and
TDD {c.g., frame structure type 2). Morcover, in some aspecis, the wireless
communication binks 135 may represent one or more broadcast channels,

[0¢391 In some aspects of the wireless communication network 100, base stations 105 or
UEs 110 may include multiple antennas for emploving antenna diversity schemes to
mprove communication quality and reliability between base stations 105 and UEs 110
Additionally or altematively, base stations 105 or UEs 110 may employ multiple mput
multiple cutput (MIMO) techniques that may take advantage of molti-path environments
to transmit multiple spatial layers carrving the same or different coded data.

6064061 The wireless commumication network 100 may support operation on multiple cells
or carriers, a feature which may be referred to as carrier aggregation (CA) or multi-carrier
operation. A carrier may also be referred to as a component carrer {CC), a layer, a
channel, etc. The terms “carrier,” “component carner,” “cell,” and “channe!” may be
ssed mterchangeably heremn. A UE 110 may be configured with maltiple downlink CCs
and one or more uplink CCs for carrier aggregation. Carrier aggregation may be used
with both FDD and TDD component carriers. The base stations 105 and UEs 110 may
use spectrum upto Y MHz (e.g., Y =5, 10, 13, or 20 MHz) bandwidth per carner allocate
i a carrier aggregation of up to a total of Yx MHz (x = number of component carriers)
used for transmission in cach direction. The carners may or may not be adjacent to cach
other. Allocation of carriers may be asymmetric with respect to DL and UL {c.g., more
or less carriers may be allocated for DL than for UL). The component carriers may
mehide a primary component carrier and one or more secondary component carriers. A
primary component carder may be referred to as a pamary cell (PCell) and a secondary
component carrier may be referred to as a secondary cell (8Cell).

606411 The wireless communication network 100 may further include base stations 105
operating according to Wi-Fi technology, e.g., Wi-Fi access points, in communication
with UEs 110 operating according to Wi-Fi technology. ¢.g., Wi-Fi stations {(§TAs) via
communication links in an unlicensed frequency spectram {e.g., 5 GHz) When

communicating n an unlicensed frequency spectrum, the STAs and AP may perform a
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clear channel assessment (CCA) or lfisten before talk (LBT) procedure prior to
communicating in order to determine whether the chanuel is available.

{0042} Additionally, one or more of base stations 105 and/or UEs 110 may operate
according to a NR or 3G technology referred to as millimeter wave (mmW or mmwave)
technology. For example, mmW technology includes transmissions in mmW frequencies
and/or near mmW frequencies.  Extremely high frequency (EHF) is part of the radis
frequency (RF) in the electromagnetic spectrem. EHFE has a range of 30 GHz to 300 GHz
and a wavelength between 1 millimeter and 10 nullimeters. Radio waves in this band
may be referred to as a mullimeter wave., Near mmW may extend down to a frequency of
3 GHz with a wavelength of 100 millimeters. For example, the super high frequency
{SHF) band extends between 3 GHz and 30 GHz, and may also be referred to as
centimeter wave., Commumications using the mmW and/or near mmW radio frequency
band has extremely high path loss and a short range. As such, base stations 103 and/or
UEs 110 operating according to the mmW technology may utilize beamforming in their
transmissions to compensate for the extremely high path loss and short range.

8043} Refernng to FIG. 2, a base station 105 may transmit a synchronization signal 210
{or synchromzation signal burst series) for UEs to perform cell detection and
measurement.  For certain frequency bands {e.g., > 6GHz or mmWave), the
synchronization signal 210 may be transmitted in the form of a sweeping beam. The
sweeping beam may iclude a periodic svnchronmization signal burst 220 of
synchronization signal blocks (8§ blocks) 230, For example, the S5-burst 220 may
mclude L 85 blocks 230. In an example, the number of 55-blocks L may be 64. The §5-
burst 220 may bave a duration 232 and a periodicity 234, The S5 blocks 230 may include
an NR primary synchronization signal (NR-PSS), an NR sccondary synchronization
signal (NR-S88}, and an NR Physical broadeast channel (NR-PBCH}. The $5-barst 220
composes multiple S5 blocks 230 to enable repetitive transmissiong of 58-blocks
different directions for multi-beam configurations. A SS-burst set includes nwltiple §8-
bursts to complete the beam sweeping of a coverage arca. For multi-beam configuration,
it should be possible to tranamit 55-blocks from the same beam multiple times within one
S5-burst. The number of 85-bursts within a SS-burst set and the number of S8-blocks
within a $S-burst may be determined based on the deplovment scenario and operating
frequency band. For example, the number of 5S8-blocks within a SS-burst i the

deployment scenario of beam sweeping in multi-beam configuration may be determined
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by the number of beams and the DL/GP/UL configuration. In order to complete beam-
sweeping the coverage area. cach beam may have at least one S5-block transmuission over
the sweeping interval. The number of §5-bursts within a S8-burst set and 55-blocks
within a S5-burst may be flexibly determined in the deployment.

[6044] Referring additionally to FIG. 3 and Table 1 {below), during operation, UE 110
may execute an implementation of NR RACH procedure 152 of the present disclosure,
according to a 4-step NR RACH message flow 300, due to one the occurrence of ong or
more RACH tngger events 310, Swuitable examples of RACH trigger event 310 may
meclude, but are not limited to: (1) an imitial access from RRC IDLE o
RRC CONNECTED ACTIVE; (i) downlink (DL} data arrival during RRC IDLE or
RRC CONNECTED INACTIVE, @iy UL data arrival durmg RRC IDLE or
RRC CONNECTED INACTIVE; (iv) a handover during the connecied mode of
operation; and (v} a connection re-establishment {e.g., a beam failure recovery
procedure}..

[0¢457 NR RACH procedure 152 may be associated with a contention based random
access, or with a contention-free random access. In an mmplementation, a contention
based NR RACH procedure 132 corresponds to the following RACH trigger events 310
an initial access from RRC IDLE to RRC CONNECTED ACTIVE; UL data arrival
doring RRC IDLE or RRC CONNECTED INACTIVE: and, a conncction re-
establishment. In an mmplementation, a contention-free NR RACH procedure 152
corrgsponds to the following RACH tngger events 310: downlink (BL) data arrival during
RRC IDLE or RRC CONNECTED INACTIVE: and, a handover dunng the connected
mode of operation.

86461 On the occurrence of any of the above RACH trigger events 310, the exccution of
NR RACH procedare 152 may inclade the 4-step NR RACH message flow 300 {sce FIG.
3 and Table 1}, where the UE 110 exchanges messages with one or more base stations

105 to gain access to a wireless network and cstablish a wireless communication

connection.
PHY Channel Message | Message content
PRACH Msg | RACH Preamble
PDCCH/PDSCH | Msg 2 Detected RACH preamble 1D, TA, TC-RNTI,
backott indicator, UL/DL grants

13
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PUSCH Msg 3 RRC Comnection request {or scheduling request
and tracking arca update)

PDCCH/PDSCH | Msg 4 Contention resolition message

Table 1: NR RACH precedure 152, including Messages and Message Content

transmitted over corresponding Physical (PHY) channel(s}.

{00477 At 301, for example, UE 110 may transmit g first message (Msg 1), which may
be referred to as a random access request message, to one or more base stations 105 viaa
physical channel, such as a physical random access channel (PRACH). For example, Msg
1 may mchide one or more of a RACH preamble and a resource requirement,

[6648] At 302, one of more of the base stations 105 may respond to Msg | by transmitting
a sccond message (Msg 2), which may be referred to as a random access response {RAR)
message, over a physical downlink control channel {(¢.g., PBCCH) and/or a physical
downlink shared chamnmel {c.g., PDSCH). For example, Msg 2 may inclede one or more
of a detected preamble identifier (ID), atiming advance {TA) value, atemporary cell radio
network temporary idendifier (FC-RNTH, a backoff indicator, an UL grant, and a DL
grant.

00491 At 303, in response to receiving Msg 2, UE 110 transmits a third message (Msg
3}, which may be an RRC connection request or a scheduling request, via a physical
uplink channel (¢.g.. PUSCH) based on the UL grant provided in Msg 2. In an aspect,
Msg 3 may include a tracking area update (TAU}, such as on a periodic basis or if UE
110 moves outside of one or more tracking areas {TAs} initially provided to UE 110ina
tracking arga identifier (TAQ) list. Also, in some cases, Msg 3 may include a connection
establishment cause indicator, which identifies a reason why UE 110 is requesting to
connect to the network.

{86387 At 304, in responsc to receiving Msg 3, base station 105 may transmit a fourth
message {(Msg 4), which may be referred to as a contention resolution message, to UE
110 via a physical downlink control channel (e g., PDCCH) and/or a physical downlink
shared chammel {e.g., PDSCH). For example, Msg 4 may mclude a cell radio network
temporary entifier (C-BNT for UE 110 o use in subsequent conymunications.

[6051] In the above description, a collision scenario was not discussed but a collision

between two or more UEs 110 requesting access can occur.  For instance, two or more
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UEs 110 may send Msg | having a same RACH preamble, since the number of RACH
preambles may be hmited and may be randomly selected by each UE in a contention
based NR RACH procedure 152, As such, cach UE will receive the same temporary -
RNTI and the same UL grant, and thus each UE may send a similar Msg 3. In this case,
base station 103 may resolve the collision 1n one or more ways: (i) both Msg 3 may
mterfere with cach other, and so base station 105 may not send Msg 4, thus each UE will
retransmit Msg 1; (i1} base station 105 may suceessfully decode only one Msg 3 and send
an ACK message to that UE; and (i) base station 105 may successfully decode both Msg
3s, and then send a Misg 4 having a contention resolution identifier {e.g., an identifier tied
to ong of the UEs) to both UEs, and each UE receives the Msg 4, decades it and
determines of thev are the correct UE by successfully matching or identifving the
contention resolution wdentifier. It should be noted that such a problem may not occur in
a contention-free NR RACH procedure 152, as in this case, base station 1035 will inform
UE 110 of which RACH preambile {o use.

[0¢521 The UE 110 may select physical random access channel {(PRACH) resources for
the Msgl transmission based on the SS blocks 174, The selection of the best SS block
{c.g., selected SS block 154} during Msgl transmission allows gNB to find the set of
appropriate directions to transmut CSI-RS for the UE. For example, the best S8 block
may be the 85 block 174 received with the highest signal strength or highest signal quality.
However, network 100 can also obtain the strongest S8 block index of the UE 110 by
configaring the UE 110 to convey this information explicitly through Msg3 of contention
based random access and imphicitly through Msgl of contention-free random access in
dedicated time/frequency regions.  The wireless comprunication network 100 can use
this mformation to determine appropriate C5I-RS divections for the UE 110,

86331 From the perspective of a UE 110, the flesubility of selecting a suitable S5 block
to transmit Msgl achieves two benefits: 1} RACH latency reduction and 2} maximum
permissible exposure (MPE) regulation. First, NR has defined up to 64 88 blocks within
an S8 burst set in over-6 GHz, Aliocating consecutive RACH resources corresponding to
these 64 S8 blocks will block DL transmission for a long time. Hence, the RACH
resources corresponding to these 64 S5 blocks would be distributed over time in different
RACH configurations. If the UE 110 has the flexibility to select a suttable 88 block to
transmiit Msgl, the UE 110 can select the carliest RACH resource that allows the UE 110

to meet the target RACH received power at the base station. NR is already considening
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‘zero latency handover’ to speed up the handover process for a UE. Hence, the flexability
to select a suitable 55 block to reduce RACH latency i3 a factor for the handover latency
of'the UE 110. Therefore, suitable 55 block based Msg1 transmission allows the UE 110
to reduce RACH latency.

[6034] Seccond, regulatory agencies such as the Federal Communications Commission
(FCC) may mpose MPE related regulation, which may prevent a UE 110 1o transmit
towards a particular direction. In other words, a beam could be strongest in DL but may
not be suitable in UL because the direction of the beam may be undesirable due to various
regulations. Thus, MPE regulations may prevent the UE 110 from selecting the strongest
SS block during Msgl transmission if a transmission direction corresponding to the
strongest 55 block of the UE 110 is limited by regulation. Henee, if the UE 110 is forced
to select the strongest SS block during Msgl transmission, the UE 110 may not be allowed
to transmit RACH according to FCC regulations. In contrast, if the UE 110 has the
flexability to select a suitable SS block for Msgl transmission, UE 110 can select a
direction that is pernussible by regulation.

86357 Whether a UE 110 can meet the required RACH received power depends both on
hink gain of the selected S8 block 154 and the maximum transmission {TX) power of the
UE 118, Hence, the wircless communication network 100 may use the maximmum
transmission or reception power of the UE fo set up a threshold, in teoms of link gain, to
select an 85 block. For example, the UE 110 may be configured to select an 8§ block for
RACH transmission if the corresponding RSRP exceeds a threshold. As another example,
the UE may be configured to select an 85 block for RACH transmission if the
corresponding PRACH transmit power is below a threshold.  However, in some
scenarios, network 100 1s not aware of the masimum TX power of the UE 110 during
Msgl transmission of initial access and may be unable to setap these parameters properly.
Therefore, network 100 may not be aware of the maxumum TX power of the UE 110
during Msgl transmission of initial access and may not be able to properly setup a
threshold, in terms of link gain, to select an 55 block. Thus, i some aspects, the UE 110
may select an §S block for a RACH procedure 152 with minimal or reduced network
parameter configuration compared to later communications.

[8036] In an aspect, the present disclosure provides for the UE 110 selecting, during
handover scenarios, the strongest 55 block with respect to the selected RX beam of the

UE 110, whose RACH resource falls within a selection threshold time 158 (e 2., X ms)}
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from the first available RACH resource after UE 110 receives the handover command or
other RACH trigger ¢vent 310, The UE 110 has the full flexibility to select the RX beam.
Ifthere 1s no S8 block 174, whose RACH resource occurs within the threshold time period
from the first available RACH resource after UE 110 recerves the handover command
that allows UE 110 to meet target RACH RX power, UE 110 has the flexability to select
any S8 block that allows UE 110 to meet RACH target RX power with the maximuom TX
power of the UE 110. For example, the UE 110 may determine a required RACH RX
power and S8 block transmit power from the 85 block. The UE 110 may determine a
path loss associated with the SS block {e.g., signaled SSB transmif power — measured
SSB receive power). The UE may determing a corresponding RACH transmit power
based on a reverse hink gaim assumption. The UE may select an 55 block 1if the
corresponding RACH transmit power is less than or equal to the maximum TX power of
the UE.

[0¢571 Inan aspect, the value of the selection threshold time 158 depends on a UE latency
requirement 156 of the UE 110. The UE latency requirement 156 can be configured by
the network. In an aspect, the network 100 13 aware of UE’s DL traffic status and may
select a latency requirement 156 based on the DL traffic status. The UE 110 can also
request the value of the selection threshold time 1528 from the network based on an UL
traffic status of the UE 110. For example, if the UE 110 has a very low latency
requirement for UL traffic, selection threshold time 158 can be set to 6 ms and UE 110
has the flexibility to select any suitable S8 block. ¥ the UE 110 has no latency
requirement, sclection threshold time 158 can be equal to a duration where the base station
1035 performs a full TX beam sweep (¢.g., duration 232). Accordingly, the UE 110 may
recerve the full set of RACH resources in 85 blocks 174 and the UE 110 may select the
strongest SS block to transmit Msgl.

#6358} Referring additionally to FIG. 4, a RACH timeline 400 may begin at a trigger
event 410 {¢.g., a handover command)}. Uphlink resources 420 may be associated with
respective uphink regions spaced over time. For example, the base station 105 may
perform a receive beam sweep receiving different beams over the duration of the sweep.
Each uphnk resource 420 may correspond to a respective 55 block 230. The UE 110 may
be configured with a threshold time 430, 432 as the selection threshold time 158, Inan
aspect, the threshold time 430 may be measured from the trigger event 410, In some

aspects, however, no uplink resource 420 within the threshold time 430 may satisty a UE
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power constraint. In an alternative aspect, the threshold time 432 may be measured from
a first uplink resource 420-a that satisfies the UE uplink power constraint 157
Accordingly, the threshold time 432 may include at least one uplink resource 420
satisfyving the UE uplink power constraint 157,

60581 The RACH controller component 150 may determine a downlink signal quality
of each 58 block 230 corresponding to the uplink resources 420. For example, the RACH
controller component 150 may measure a reference signal such as a cell-specific refercnce
signal of the $8-block and deternmine a signal metric such as a reference signal received
power (RSRP), reference signal received guahty (RSRQ), or signal-to-noise ratio (SNR).
An 85 block 230 and corresponding uplink resource 420 may be acceptable for
transmitting an uplink RACH Msgl if the uplink resource 420 satisfies a UE power
constraint such as an uplink power constraint 157, For example, the UE 110 may be
allowed by MPE regulations or other constraints o transmut on the uplink resource 420
with sufficient power to meet a target RACH Rx power. In contrast, an S8 block 230 and
corrgspondimg uplink resource 420 mav be blocked if MPE regulations or other
constraints prevent the UE 110 from transmutting on the uplink resource 420 with
sufficient power to meet the target RACH Rx power. In an aspect, the UE 110 may not
measure a signal quality of an 58-block corresponding to a blocked uplink resource 420,
An 88 block 230 and corresponding uplink resource 420 may be considerced suitable when
a signal quality of the 55 block 230 satisfics a threshold determined by the network. A
best 55 block 230 and corresponding uplink resource 420 may be the 88 block 230 among
the $8-burst 220 having the highest signal quality.

80681 The duration of the threshold time 430, 432 may provide flexible balance between
UE latency and Msgl guality, which may affect base station performance {e.g., CSI-RS
selection}. In the illustrated example, the threshold time 430, 432 may include uphnk
resources 420-a, 420-b, 420-¢, and 420-d. The uplink resource 420-a may satisfy the
uplink power constraint 157, but may not satisfy a network selected signal guality
threshold 159, The uplink resource 420-b may satisfy the uplink power constraint 157
and the network selected signal guality threshold 159, The uplink resource 420-¢ may
satisty the uplink power constraint 157 and the network selected signal quality threshold
159, The uplink resource 420-d may be blocked by an MPE requirement and no signal
quality mav be measured. The RACH controller component 130 may sclect uplink

resource 420-b for transmitting the Msgl because uplink resource 420-b is the first uphink
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resource 420 within the threshold time 430, 432 that satisfies the network selected signal
guality threshold.

[¢061] As an altermative example, if the threshold time 434 were set to zero {measured
from a first uplink resource 420-a that satisties the uplink power constraint 157), only the
uplink resource 420-a would fall within the threshold time 434, Accordingly, the RACH
controller component 150 may select uplink resource 420-a for transmitting the Msgl as
the only available uplink resource 420. With the threshold time 430 set to §, the threshold
tme 430 may not include any acceptable uplink resources 420, so a threshold time of 0
may not be configured when the threshold time 430 1s measured from the trigger event
410.

[©062] In ancther example, if the threshold time 430, 432 were longer or unlimited {(not
shown), the RACH controller component 130 may consider uplink resources 420-a, 420-
b, 420-c, 420-d, 420-¢, 420-f, and 420-g. RACH controller component 150 may select
the uplink resource 420-¢ having the best downlimk signal quality. It should be
appreciated, however, that the Msel would be transmitted with greater latency than when
the uplink resource 420-b is selected.

18063} Referring to FIG. 5, for example, a method 500 of wireless communication in
operating UE 110 according to the above-descnbed aspects to transmit 2 RACH message
ncludes one or more ofthe above-defined actions.

[6064] For example, at block 510, method 300 includes detecting, by a user equipment
(UE)}, a random access procedure trigger. For instance, in an aspect, UE 110 may execute
RACH controller component 150 (o a random aceess procedure trigger, as described
herein. For example, the random access procedure trigger may be one of a handover
command, an imitial access, an idle state change, or a connection re-establishment.

8063} Atblock 520, method 500 mcludes configuring a selection threshold time. . Inan
aspect, for example, UE 110 may execute RACH controller component 150 to configure
the selection threshold time 158, In an aspect, the selection threshold time may be based
at least i part on a UE latency requirement 156 of the UE 110, For example, block 522
may mchide receiving the selection threshold time from a serving base station based on
the latency requirement of the UE 110 for downlink traffic. In an aspect, RACH
controller component 150 may receive the selection threshold time 158 from a serving
base station 105 based on the latency requirement 156 of the UE 110 for downlink traffic.

As another example, block 524 may include requesting a selection threshold time from a
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serving base station based on the latency requirement of the UE for uplink traffic. In an
aspect, RACH controller component 150 may request a sclection threshold time from the
serving base station 105 based on the latency requirement 156 of the UE for uplink traffic.
In another example, block 326 may include receiving a set of selection threshold times
corresponding to different traffic types from the serving base station. In an aspect, RACH
controtler component 150 may receive a set of selection threshold times corresponding to
different traffic types from a serving base station 105, The RACH controller component
150 may determine a traffic type of current uplink traffic. The RACH controller
component 150 may contigure the selection threshold time 158 of the set of sclection
threshold times corresponding to the traffic type of the current uplink traffic,

8866} At block 330, the method 500 mcludes selecting a synchronization signal block
having a corresponding uplink resource within the selection threshold time from the
random access procedure trigger. The synchronization signal block and corresponding
uplink resource satisty ong or more parameters or conditions. For instance, in an aspect,
UE 110 may execute RACH controller component 150 to select a synchronization signal
block 174 having a corresponding uplink resource 420 within the threshold time 430, 432
The RACH controller component 150 may determine whether the synchronization signal
block and corresponding uplink resource satisfy one or more parameters or conditions.
For example, block 532 may melude determining that the synchronization signal block
having the comresponding uplink resource satisfies a UE uplink power constraint 137, As
another example, block 334 may include determining that the corresponding uplink
resource is not subject to a maximum pernussible exposure requirement.  As another
example block 536 mav include determining that the synchronization signal block having
the corresponding uplink resource satisfies a downlink signal quality threshold 159, The
RACH controller component 150 may implement a combination of the above constraints.
in an aspect, the RACH controller component 150 may select a synchronization signal
block satisfyving a network constraint and a UE constraint.  For example, the network
constraint may be a downlink signal quality threshold 159 and the UE constraint may be
a UE uplink power constraint 157 or a random aceess channel delay threshold.

[0¢67] At block 540, the method 500 includes transmitting 3 random access preamble on
the corresponding uplink resource. In an aspect, for example, the UE 110 may execuie
RACH controlier component 150 to transmit a random access preamble 301 on the

corresponding uplink resource. In an aspect, a transmit power for the random aceess
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preamble may be based on a downlink signal quality of the selected 88 block 154, In
another aspect, the transmit power for the random access preamble 301 may be less than
or equal to a maximum transmit power of the UE 110.

[6068] Referring to FIG. 6, one example of an implementation of UE 110 may mnclade a
variety of components, some of which have already been described above, but including
components such as one or more processors 612 and memory 616 and transceiver 602 in
communication via one or more buses 644, which may operate in conjunction with
modem 140 and RACH controller component 150 to enable one or more of the functions
described herem related to transmitting a RACH Msgl.  Further, the one or more
processors 612, modem 614, memory 616, transceiver 602, RF front end 688 and one or
more antennas 686, may be configured to support voice and/or data calls (simultaneously
or non~-simultancousty} in one or more radio access technologies.

[6068] In an aspect, the one or more processors 612 can include a modem 614 that uses
one or more modem processors. The vanous functions related to RACH controller
component 150 may be included in modem 140 and/or processors 612 and, in an aspect,
can be exccuted by a single processor, while in other aspects, different ones of the
functions may be executed by a combination of two or more different processors. For
example, in an aspect, the one or more processors 612 may include any one or any
combination of a modem processor, or a baseband processor, or a digital signal processor,
of a {ransmit Processor, OF a receiver processor, OF a fransceiver processor associated with
transceiver 602, In other aspects, some of the features of the one or more processors 612
and/or modem 140 associated with RACH controller component 150 may be performed
by transceiver 602,

(86781 Also, memory 616 may be configured to store data used herein and/or local
versions of applications 675 or RACH controller component 150 and/or one or more of
its subcomponents being cxecuted by at least one processor 612, Memory 616 can include
any type of computer-readable medium usable by a computer or at least one processor
612, such as random access memory (RAM), read onlv memory (ROM), tapes, magnetic
discs, optical discs, volatile memory, non-volatile memory, and any combination thereof.
In an aspect, for example, memory 616 may be a non-transitory computer-readable
storage medium that stores one or more computer-cxecutable codes defining RACH

controller component 130 and/or one or more of its subcomponents, and/or data
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associated therewith, when UE 110 s operating at least one processor 612 1o exccute
RACH controller component 150 and/or one or more of its subcomponents.

[©671} Transceiver 602 may include at least one receiver 606 and at least one transmitter
608, Receiver 606 may include hardware, firmware, and/or software code executable by
a processor for receiving data, the code comprising instructions and being stored n a
memory {¢.g., computer-readable medium}. Receiver 606 may be, for example, a radio
frequency (R¥F) receiver. In an aspect, receiver 606 may receive signals transmitted by at
least one base station 103, Additionally, receiver 606 may process such received signals,
and also may obtain measurements of the signals, such as, but not limited 1o, Ec/lo, SNR,
RSRP, RSSI etc. Transmitter 608 may melude hardware, firmware, and/or software code
executable by a processor for transmitting data, the code comprising instructions and
being stored 1in a memory (e.g., computer-readable medium). A suitable example of
transmitter 608 may including, but is not limited to, an RF transmitter.

[0¢721 Moreover, in an aspect, UE 110 may mclude RF front end 688, which may operate
i communication with one or more antennas 565 and transceiver 602 for receiving and
transmitting radio transmassions, for example, wircless communications transmitted by at
least one base station 105 or wireless transmissions transmitted by UE 110, RF front end
688 may be connected to one or more antennas 665 and can include one or more low-
noise amplifiers (ENAs) 690, one or more switches 692, one or more power amplifiers
{PAs} 698, and one or more filters 696 for transmitiing and receiving RF signals.

[8¢731 In an aspect, LNA 690 can amphify a received signal at a desired output level. In
an aspect, each LNA 690 mav have a specified minimum and maximum gain values. In
an aspect, RF front end 688 may use one or more switches 692 to select a particular LNA
690 and 1ts specified gain value based on a desired gan value for a particular application.
10074} Further, for example, one or more PA(s) 698 may be used by RF front end 688 to
amplify a signal for an RF cufput at a desired output power level. In an aspect, each PA
698 may have specificd nuntmuom and maximum gain values. fn an aspect, RF front end
688 may use one or more switches 692 {0 select a partcular PA 698 and its specified gain
value based on a desired gain valoe for a particular application,

[0¢751 Alsc, for example, ong or more filters 696 can be used by RF front end 688 to
filter a received signal to obtaim an input RF signal. Similarty, 1o an aspect, for example,
arespective filter 696 can be used to filter an output from a respective PA 698 to produce

an output signal for transmission. In an aspect, cach filter 696 can be connected to a
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specific LNA 690 and/or PA 698, In an aspect, RF front end 688 can use one or more
switches 692 to sclect a transmit or receive path using a specified filter 696, LNA 650,
and/or PA 6938, based on a configuration as specified by transceiver 602 and/or processor
612.

[6676] As such, transceiver 602 may be configured to transmit and receive wireless
sigials through one or more antennas 665 via RF front end 688, In an aspect, transceiver
may be tuned to operate at specified frequencies such that UE 110 can communicate with,
for example, one or more base stations 1035 or one or more cells associated with one or
more base stations 105, In an aspect, for example, modem 140 can configure transceiver
602 1 operate at a specified frequency and power level based on the UE configuration of
the UE 110 and the communication protocol used by modem 140,

[66771 In an aspect, modem 140 can be a multiband-multimode modem, which can
process digital data and communicate with transceiver 602 such that the digital data is
sent and received using transceiver 602, In an aspect, modem 140 can be multiband and
be configured to support multiple frequency bands for a specific communications
protocol. In an aspect, modem 140 can be multimode and be configured to support
multiple operating networks and communications protocols. In an aspect, modem 140
can coutrol one or more components of UE 110 (e.g., RF front end 688, transceiver 602}
to enable transmission and/or reception of signals from the network based on a specified
modem configuration. In an aspect, the modem contfiguration can be based on the mode
of the modem and the frequency band in use. In ancther aspect, the modem configuration
can be based on UE configuration information associated with UE 110 as provided by the
network during cell sclection and/or cell resclection.

8678} Refornng to FIG. 7, one example of an implementation of base station 105 may
mehide a variety of components, some of which have already been descenibed above, but
mcluding components such as one or more processors 712 and memory 716 and
transceiver 702 in communication via one or motc buses 744, which may operate n
conjunction with modem 160 and RACH component 170 to enable one or more of the
functions described herein related to configuring a UE 110 for transmitting a RACH
Msgl and/or receiving the RACH Msgl.

[0679] The transceiver 702, receiver 706, transmitter 708, one or more processors 712,
memory 716, applications 775, buses 744, RF front end 788, LNAs 790, switches 792,

filters 796, PAs 798, and one or more antennas 765 may be the same as or similar to the
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corresponding components of UE 110, as described above, but configured or otherwise
programmed for base station operations as opposed to UE operations.

{0080} Reforring to FIG. 8, for example, a method 800 of wireless communication in
operating a network entity, such as a base station 105 according to the above-described
aspects to configure a UE 110 for transmitting a RACH Msg i and/or to receive the RACH
Msg1 from the UE 110.

[0¢817 At block 810, the method 800 may include transmitting, by a network entity, a
synchronization signal including a plurality of synchronization signal blocks (e.g., 88
block 174). Each synchronization signal block may have a comresponding uplink
resource. In anaspect, for example, the RACH component 170 may transmit the 58 signal
172 including the 8§ block 174, For iustance, cach S5 block 174 may have a
corresponding uplink resource 420,

606821 At block 820, the method 800 may include determiming, by the network entity, a
latency requirement of a user equipment (UE). In an aspect, for example, the base station
105 may exccute the RACH component 170 to determine the UE latency requirement 156
fora UE 110, Forexample, in block 822, the block 820 may include receiving a message
mdicating a traffic status of the UE and determuning the latency requirement based on the
traffic status. In an aspect, the RACH component 170 may receive the message mndicating
the traftic status of the UE 110 and determimne the latency requirement 156 based on the
traffic status. For exampie, a UE with a uplink traffic to {ransmit may have a relatively
fow latency requirement 156 compared to a UE with no uplink traffic to transmit. As
ancther example, at block 824, the block 820 may include determining the latency
requirement of the UE based on a traffic type of the UE. In an aspect, the RACH
component 170 may determine the latency requirement 136 of the UE 110 based on the
traffic type. The traffic type may be based on known downlink traffic for the UE ora
type of conngction for the UE.

[6083] At block 830, the method 800 may include determining, based on the latency
requirement, a selection threshold time for the UE to search to find a synchronization
signal block of the transmutted synchronization signal blocks and the corresponding
uplink resource that satisfy one or more parameters or conditions. In an aspect, for
example, the RACH component 170 mayv determine, based on the latency reguirement

156, a threshold time 430, 432 for the UE 110 to search to find a synchronization signal
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block 174 of the transmatted synchronization signal blocks and the corresponding uplink
resource 420 that satisfy one or more parameters or conditions.

{0084} At block 840, the method 800 may include configuring the UE with the selected
threshold time. In an aspect, for example, the RACH component 170 may configure the
UE 110 with the threshold time 430, 432, For example, the RACH component 170 may
signal the selected threshold time to the UE 110,

{0851 At block 850, the method 800 may include receiving a random access preamble
on the corresponding uplink resource. In an aspect, for example, the RACH component
170 may receive the random access preambie 301 on the corresponding uphink resource
420. For mstance, the RACH component 170 may utilize receiver 706 to moniior each
of the uplink resources having a S5 block daring the threshold time for the random access
preamble, since the base station 105 does not know which uplink resource will be selected
by the UE 110,

[6¢8s] The above detatled description set forth above in connection with the appended
drawings describes examples and does not represent the only examples that may be
mplemented or that are withun the scope of the claims. The term “example,” when used
i this description, means “serving as an example, mstance, or llustration,” and not
“preferred” or “advantageous over other examples.” The detailed description includes
specific details for the purpose of providing an understanding of the described techniques.
These techmiques, however, may be practiced without these specific details. In some
mstances, well-known structures and apparatuses are shown in block diagram form i
order to avoid obscuring the concepts of the described examples.

(8087 Information and signals may be represented using any of a varicty of different
technologies and technigques. For example, data, instructions, commands, mformation,
signals, bits, symbols, and chips that may be referenced throughout the above descenption
may be represented by voltages, currents, electromagnetic waves, magnetic figlds or
particles, optical fields or particles, computer-excecutable code or instructions stored ona
corputer-readable medium, or any combination thereof.

00881 The various dlustrative blocks and components described in connection with the
disclosure herein may be implemented or performed with a speciallyv-programmed device,
such as but not limited to a processor, a digital signal processor (DSP), an ASIC, a FPGA
or other programmable logic device, a discrete gate or transistor logic, a discrete hardware

component, or any combination thereof designed to perform the functions described
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herein. A specially-programmed processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontrolier,
or statc machine. A specially-programmed processor may also be implemented as a
combination of computing devices, e.g., a combination of a DSP and a microprocessor,
multiple microprocessors, one or moTe MICTOProcessors in conjunction with a DSP core,
or any other such configuration.

[0¢891 The functions described herein may be mmplemented in hardware, software
executed by a processor, fumware, or any combination thereof. If implemented in
software executed by a processor, the functions may be stored on or transmitted over as
ong or more instructions or code on a non-transitory computer-readable medivm. Other
examples and implementations are within the scope and spint of the disclosure and
appended claims. For example, due to the nature of software, functions described above
can be implemented using software executed by a specially programmed processor,
hardware, firmware, hardwiring, or combinations of any of these. Features implementing
functions may also be physically located at various positions, including being distributed
such that portions of functions are implemented at different physical locations. Also, as
used herem, including in the claims, “or” as used in a list of items prefaced by “at least
ong of” indicates a disjunctive list such that, for example, a list of “at least one of A, B,
orC"means AorBorCorABor ACorBCor ABC (e, A and B and ().

60901 Computer-readable media includes both computer storage media  and
communication media including any medium that facilitates transfer of a computer
program from one place to another. A storage medium may be any available medium that
can be accessed by a gencral purpose or special purpose computer. By way of example,
and not limitation, computer-readable media can comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medivm that can be used 1o carry or store desired program code
means in the form of instructions or data structures and that can be accessed by a general-
purpose or special-purpose computer, or a general-purpose or special-purpose processor.
Also, any commection is properly termed a compuier-readable medimm. For example, if
the software is transmitted from a website, server, or other remote source using a coaxial
cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wueless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic

cable, twisted pair, DSE, or wircless technologies such as infrared, radio, and microwave
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are included in the definttion of medium. Dhisk and disc, as used herein, include compact
disc {CD}. laser disc, optical disc, digital versatiie disc (DVD), floppy disk and Blu-ray
disc where disks usually reproduce data magnetically, while disce reproduce data
optically with lasers. Combinations of the above are also included within the scope of
compuier-readable media.

{6691} The previous description of the disclosure is provided to enable a person skilled
mn the art to make or use the disclosure. Various modifications to the disclosure will be
readily apparent to those skilled 1n the art, and the common principles defined hercin may
be apphied to other variations without departing from the spirit or scope of the disclosure.
Furthermore, although elements of the described aspects and/or embodiments may be
described or ¢laimed in the singular, the plural is contemplated unless limitation to the
singular 15 exphicitly stated.  Additionally, all or a portion of any aspect and/or
embodiment may be utilized with all or a portion of any other aspect and/or embodiment,
unless stated otherwise. Thus, the disclosure is not to be himited to the examples and
designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herem.
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CLAIMS

WHAT IS CLAIMED I5:

I. A method of wireless communications, comprising;

detecting, by a user equipment (UE), a random access procedure trigger;

configuring a selection threshold time;

selecting a synchronization signal block having a corresponding uplink resource
within the selection threshold time from the random access procedure trigger, wherein the
synchronization signal block and the corresponding uplink resource satisty one or more
parameters or conditions; and

transmitting a random access preamble on the corresponding uplink resource.

2. The method of ¢laim 1, wherein the random access procedure trigger is
one of a handover command, an mitial access, an idle state change, a connection re-

establishment, or a beam failure recovery.

3. The method of claim 1, wherein the selection threshold time is based at

least in part on a latency requirernent of the UE.

4. The method of claim 3, wherein configunng the selection threshold time
comprises receiving the selection threshold time from a serving base station based on the

latency requirement of the UE for downlink traffic.

5. The method of claim 3, wherein configuring the selection threshold time
comprises requesting the selection threshold time from a serving base station based on

the latency requirement of the UE for uplink traffic.
6. The method of claim 1, wherein selecting the synchronization signal block

comprises determinming that the synchronization signal block having the corresponding

uplink resource satisfies a UE uplink power constraint.

28



WO 2019/037568 PCT/CN2018/097074

7. The method of claim 1, wherein selecting the synchronization signal block
comprises determining that the synchronization signal block having the corresponding

uplink resource satisfies a downlink signal quality threshold.

8. The method of claim 1, wherein selecting the synchronization signal block
comprises determining that the corresponding uplink resource is not subject to a

maxinwm permissible exposure requirement.

9. The method of claim 1, wherein transmitting the random access preamble
on the corresponding uplink resource comprises transmitting the random access preamble

within a maximum transmit power.

10 The method of claim 1, wherem the selection threshold time 1s greater than
or equal to a duration of a basc station receive beam sweep, and wherein the
synchronization signal block has a highest signal quality among received synchronization

signaj blocks.

11, The method of claim 1, wherein configuring the selection threshold time
COMPTISSS:

receiving a set of selection threshold times corresponding to different raffic types
from a serving base station;

determining a traffic type of current uplink traffic:

configuring the selection threshold time of the sot of sclection threshold times

corresponding to the traffic tvpe of the current uplink traffic.

12. The method of ¢laim 1, wherein the one or more parameters or conditions

include a network constraint and a UE constraint.
13, The method of claim 12, wherein the network constraint 18 a downlink

signal guality and the UE constraint is a UE uplink power or a random access channel

delay threshold.
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14, The method of claim 1, wheremn the random access preamble on the

corresponding uplink resource is for a contention-free random access procedure.

5. A user equipment (UE), comprising:

a memory; and

a processor in cominunication with the memory, wherein the processor is
configured to:

detect, at the UE, a random access procedure trigger;

configure a selection threshold time;

select a synchronization signal block having a corresponding uplink resource
within the selection threshold time from the random access procedure trigger, wherein the
synchronization signal block and the corresponding uplink resource satisfv one or more
parameters or conditions; and

transmit a random access preamble on the corresponding uplink rescurce.

16, The user equipment of claim 15, wherein the random access procedure
trigger 1s one of a handover command, an initial access, an 1dle state change, a connection

re-gstablishment, or a beam faihure recovery.

17 The user equipment of claim 15, wherein the selection threshold time 1s

based at least in part on a latency requirement of the UE.

8. The user equipment of claim 17, wherein the processor 1s configured to
receive the selection threshold time from a serving base station based on the latency

requirement of the UE for downlink traffic.

19, The user equipment of claim 17, wherein the processor is configured to
request the selection threshold time from a serving base station based on the latency

requirement of the UE for uphink traffic.

20.  The user equipment of claim 15, wherein the processor is configured to
determine that the synchronization signal block having the corresponding uplink resource

satisfics a UE uplink power constraint.
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21, The user equipment of claim 15, wherein the processor is configured to
determine that the synchronization signal block having the corresponding uplink resource

satisfies a downlink signal quality threshold.

22, The user equipment of claim 15, wherein the processor is configured to
determine that the corresponding uplink resouree 1s not subject to a maximum permissible

eXposure requirement.

23.  The user equipment of claim 15, wherein the processor is configured to

transmit the random access preamble withio 8 maximum transmit power.

24 The user equipment of claim 15, wherem the selection threshold time 1s
greater than or equal to a duration of a base station receive beam sweep, and wherein the
synchronization signal block has a highest signal quality among received synchronization

signaj blocks.

25, The user equipment of claim 15, wherein the processor is configured to:

eceive a set of sclection threshold times corresponding to different traffic types
from a serving base station;

determine a traffic type of current uplink traffic;

configure the selection threshold time of the set of selection threshold times

corresponding to the traffic type of the current uplink traffic.

26. The aser equipment of claim 15, wherein the one or more parameters or

conditions include a network constraint and a UE constramt.

27, The uvser equipment of claim 26, whercin the network constraint 1s a
downlink signal quality and the UE constraint is a UE uplink power or a random access

channel delay threshold,

28, The user equipment of claim 13, wherein the random access preamble on

the corresponding uplink resource is for a contention-free randorm access procedurs.
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29, A user equipment {UE), comprising:

means for detecting, by the UE, a random access procedure trigger,;

means for configuring a selection threshold time;

means for selecting a synchronization signal block having a corresponding uphink
resource within the selection threshold time from the random access procedure trigger,
wherein the synchronization signal block and the corresponding uplink resource satisfy
one or more parameters or conditions; and

means for transmitting a random access preamble on the corresponding uplink

FesouUred.

30, A compuier-readable medium storing computer code executable by a
processor for wircless communications, comprising one or more codes executable to:

detect, by a user equipment (UE}, a random access procedure trigger;

configure a selection threshold time;

select a synchronization signal block having a corresponding uplink resource
within the selection threshold time from the random access procedure trigger, whergin the
synchronization signal block and the corresponding uplink resource satisfv one or more
parameters or conditions; and

transmif a random access preamble on the corresponding uphink resource.

31, A method of wireless communications, comprising:

transmitting, by a network entity, a synchronization signal including a plurality of
synchronization signal blocks, each svnchronization signal block having a corresponding
aplink resource;

determining, by the network entity, a latency requirement of a user equipment
(UE).

determining, based on the latency requirement, a selection threshold time for the
UE to search to find one synchronization signal block of the transmitted synchronization
sigial blocks and the corresponding uplink resource that satisfy one or more parameters
or conditions; and

configuring the UE with the selection threshold time.
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32, The method of claim 31, wherem determining the latency requirement of
the UE comprises receiving a message indicating a traffic status of the UE and

determining the latency requirement based on the traffic status.

33 The method of claim 31, wherein determining the latency requirement of
the UE comprises determining the latency requirement of the UE based on a traffic type

of downlink traffic for the UE.

34, The method of claim 31, wherein determining the selection threshold time

is based on the latency requirement of the UE for downlink traffic.

35, The method of claim 31, wherein determining the selection threshold time
comprises receiving a request for the selection threshold time from the UE based on the

latency requirement of the UE for uplink traffic.

36. The method of claim 31, wherem the selection threshold time is greater
than or equal to a duration of a base station receive beam sweep, and wherein the one or
more parameters or conditions includes the synchronization signal block having a highest

signal guality among the plurality of synchronization signal blocks recetved at the UE.

37 The method of claim 31, wherein configuring the selection threshold time
comprises transmitting a set of selection threshold times corresponding to different traffic

types from the network entity.

38. The method of claim 31, wherein the one or more parameters or conditions

melude a network constraint and a UE constraint.

39 The method of claim 38, wherein the network constraint 1s a downlink
signal quality and the UE constramt is a UE uplink power or a random access channel

delay threshold.

40. The method of claim 31, further comprising receiving a random access

preamble from the UE on the corresponding uplink resource.
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41, The method of clamm 40, wherein the random access preamble on the

corresponding uplink resource is for a contention-free random access procedure.

42, A network entity comprising:

a memory; and

a processor in cominunication with the memory, wherein the processor is
contigured to

transmit, by the network entity, a synchronization signal including a plurality of
synchronization signal blocks, each synchronization signal block having a corresponding
uplink resource;

determine, by the network entity, a latency requirement of a user equipment (UE);

determine, based on the latency requirement, a selection threshold time for the UE
to search to find one synchronization signal block of the transmitted synchronization
sigial blocks and the corresponding uplink resource that satisfy one or more parameters
or conditions; and

configure the UE with the selection threshold time.

43, The network entity of claim 42, wherein the processor s configured to
receive a message indicating a traffic status of the UE and determine the latency

requirement based on the traffic statas.

44, The network entitv of claim 42, wherein the processor is configured to
determine the lateney requirement of the UE based on a traffic tvpe of downlink traffic

for the UE.

45.  The network entity of claim 42, wherein the processor is configured to
determine the selection threshold time based on the latency requirement of the UK for

downlink traffic.

46, The network entity of claim 42, wherein the processor is configured to
receive a request for the selection threshold time from the UE based on the latency

requirement of the UE for uplink traffic.
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47, The network entity of claim 42, wherein the selection threshold time is
greater than or equal to a duration of a base station receive beam sweep, and wherein the
one or more parameters or conditions includes the synchronization signal block having a
highest signal quality among the plurality of synchronization signal blocks received at the

UE.

48. The network entity of claim 42, wherein the processor s configured to
transmit a set of selection threshold times corresponding to different traffic types from

the network entity.

49, The network entity of claim 42, wherein the one or more pamameters or

conditions include a network constraint and a UE constraint.

50.  The network emtity of claim 49, wherein the network constraint is a
downlink signal quality and the UE constraint is a UE uplink power or a random access

channel delay threshold.

51, The network entity of claim 42, wherein the processor is configured to

receive a random access preamble from the UE on the corresponding uplink resource.

52.  'The network entity of claim 51, wherein the random access preamble on

the corresponding uplink resource is for a contention-free random access procedure.

53, Anetwork entity for wireless communications, comprising:

means for transmitting, by the network cntity, a synchronization signal including
a plurality of synchronization signal blocks, cach synchronization signal block having a
corresponding uplink resource;

means for determining, by the network entity, a latency requirement of a user
equipment {UE);

means for determining, based on the latency requirement, a selection threshold

time for the UE to scarch to find one synchronization signal block of the transmitted
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synchronization signal blocks and the corresponding uplink resource that satisfy one or
more parameters or conditions; and

means for configuring the UE with the sclection threshold time.

54.  The network entity of claim 33, wherein the means for deternuning the
latency requireraent of the UE is configured to receive a message indicating a traffic status

of the UE and determining the latency requirement based on the traffic status.

35, The network entity of claim 53, wherein the means for determining the
latency requirement of the UE 1s configured to determine the latency requirement of the

UE based on a traffic type of downlink traffic for the UE.

56. The network entity of claim 33, wherein the means for deternuining the
selection threshold time is configured to receive a request for the selection threshold time

from the UE based on the latency requirement of the UE for uplink traffic.

57.  The network entity of claim 53, wherein the selection threshold time is
greater than or equal to a duration of a base station receive beam sweep, and wherein the
one or maore parameters or conditions includes the synchronization signal block having a
highest signal quality among the plurality of synchronization signal blocks received at the

UE.

58, The network entity of claim 53, wherein the means for configuring the UE
with the selection threshold time 15 configured to transmit a set of selection threshold

times corresponding to different traffic types from the network entity.

59, The network entity of claim 53, further comprising means for receiving a

random access preambie from the UE on the corresponding uplink resource.

60. A computer-readable medium storing computer code executable by a
processor of anetwork entity for wireless commumications, comprising one or more codes

executable to:
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transmit, by the network entity, a synchronization signal mcluding a plurality of
synchronization signal blocks, each synchronization signal block having a corresponding
uplink resource;

determine, by the network entity, a latency requirement of a user equipment (UE);

determine, based on the latency requirement, a selection threshold time for the UE
to search to find one synchronization signal block of the transmitted synchronization
sigial blocks and the corresponding uplink resource that satisfy one or more parameters
or conditions; and

configure the UE with the selection threshold time.
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