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DEVICE AND METHOD FOR SOUNDING REFERENCE SIGNAL TRIGGERING AND
CONFIGURATION IN A NEW RADIO NETWORK

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority from PCT International Patent
Application Serial No. PCT/CN2018/105276, filed on September 12, 2018 and entitled
"SOUNDING REFERENCE SIGNAL (SRS)TRIGGERING AND CONFIGURATION,” and from U.S.
Provisional Patent Application Serial No. 62/748,054, filed on October 19, 2018 and entitled "
SOUNDING REFERENCE SIGNAL (SRS) TRIGGERING AND CONFIGURATION,” the entire

disclosures of which are incorporated herein by reference.

FIELD
[0002] Various embodiments generally may relate to the field of wireless communications,

and particularly to Sounding Reference Signal (SRS) triggering in New Radio networks.

BACKGROUND
[0003] Current Third Generation Partnership Project (3GPP) New Radio (NR) specifications do
not specifically address issues related to the triggering of aperiodic SRS resource set in the
context of the following: various SRS resource set usages, SRS User Equipment (UE)
configurations, SRS resource indicator (SRI) when a transmit beam from the UE is updated,
and/or SRS resource mapping when Phase Tracking Reference Signal (PT-RS) is not

configured.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] Fig. 1 illustrates a signaling diagram between a New Radio (NR) User Equipment (UE)
and a NR evolved Node B (gNodeB) including SRS signaling and a transmit beam update;
[0005] Fig. 2 illustrates a flow to determining a scheduling offset for aperiodic SRS according
to some embodiments;
[0006] Fig. 3 illustrates a signaling diagram between a NR UE and a gNodeB including SRS
signaling and a transmit beam update according to some embodiments;
[0007] Fig. 4 illustrates a measurement model flow and circuitry for beam measurement
reports by the UE to the gNodeB according to some embodiments;
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[0008] Fig. 5 illustrates a process according to an embodiment;

[0009] Fig. 6 illustrates an architecture of a system of a network according to some
embodiments; and

[0010] Fig. 7 illustrates example interfaces of baseband circuitry according to various

embodiments.

DETAILED DESCRIPTION

[0011] The following detailed description refers to the accompanying drawings. The same
reference numbers may be used in different drawings to identify the same or similar
elements. In the following description, for purposes of explanation and not limitation, specific
details are set forth such as particular structures, architectures, interfaces, techniques, etc. in
order to provide a thorough understanding of the various aspects of various embodiments.
However, it will be apparent to those skilled in the art having the benefit of the present
disclosure that the various aspects of the various embodiments may be practiced in other
examples that depart from these specific details. In certain instances, descriptions of well-
known devices, circuits, and methods are omitted so as not to obscure the description of the
various embodiments with unnecessary detail. For the purposes of the present document,
the phrase “A or B” means (A), (B), or (A and B).

[0012] In Release 15 (Rel-15) new radio (NR) or fifth generation (5G) networks, a Sounding
Reference Signal (SRS) resource set may be configured for different types of usages including,
respectively codebook based transmission, non-codebook based transmission, a transmission
involving antenna switching or a transmission involving beam management. One SRS resource
set may include one or more SRS resources.

[0013] In Rel-15, if an SRS resource set is configured for non-codebook based transmission,
different single layer precoders could be applied to respective SRS resources of the SRS
resource set. There are two options to determine the precoders: (1) the precoder may be
derived based on measurement of a Channel State Information Reference Signal (CSI-RS); and
(2) the precoder may be selected from a User Equipment (UE) without measurement of a
downlink reference signal. A choice as to which of options (1) or (2) above the UE should
select is determined by whether the associated CSI-RS is configured for the SRS resource set

for which precoders are to be determined.
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[0014] Since the complexity as between UEs may be different in the context of using either
ones of option (1) or (2) above, a problem exists with respect to determining how to trigger
an aperiodic SRS resource set for different types of SRS resource set usages.
[0015] In Rel-15, for a SRS resource set for a transmission involving beam management (BM),
information regarding a spatial relationship for the SRS resources of the SRS resource set
could be configured. If the above spatial relationship information is configured, the UE applies
a corresponding transmit (TX) beam for this SRS resource set. If the above spatial relationship
information is not configured, the UE has to select a suitable TX beam, which may require
additional effort on the part of the UE.
[0016] Accordingly, a problem exists with respect to determining how to trigger an aperiodic
SRS resource set for both cases, that is, for a case where a spatial relationship for a SRS
resource set is and for a case where the spatial relationship is not configured.
[0017] In Rel-15, for a SRS resource set for a non-codebook based transmission, a spatial
domain transmission filter (TX beam) for a physical uplink shared channel (PUSCH) is
determined by the UE by decoding an indicated SRS resource indicator (SRI) in a Downlink
Control Information (DCI) from a NR evolved Node B (gNodeB). The spatial domain
transmission filter is indicated in the DCI if a plurality of SRS resources are configured for the
SRS resource set, or if a single SRS resource is configured for the SRS resource set. In
addition, for a non-codebook based transmission, if an associated CSI-RS is configured, the UE
could use the same beam to both transmit the PUSCH and also to receive the associated CSI-
RS. If an associated CSI-RS is not configured for a non-codebook based transmission, the TX
beam for PUSCH is based on the information regarding the spatial relationship for the
indicated SRS resources of the SRS resource set.
[0018] Currently, Rel-15 specifies that the indicated SRl is to be associated with the latest SRS
transmission from the UE before the scheduling DCI that indicates the SRI.
[0019] Referring first to Fig. 1, a signaling diagram 100 is shown depicting a SRS transmission
102 on resource 0 using a TX beam = 0, followed by a downlink beam indication 104 for the
SRS on resource 0 indicating an updated TX beam = 1. The downlink beam indication 104 is
followed by an uplink grant 106 in the form of a DCI. Since, according to Rel-15, the indicated
SRl is to be associated with the latest SRS transmission, in this case, the SRl is to be associated
with SRS on resource 0. However, under the scenario of Fig. 1, a problem arises since the TX
beam for the indicated SRS has been updated from TX beam = 0 to TX beam = 1, but a new
3
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SRS associated with TX beam = 1 has not been transmitted to indicate the TX beam = 1. In
such a case, it is not clear whether the UE should use the new beam to transmit a PUSCH or
the old beam.

[0020] In addition, in Rel-15, for non-codebook based transmissions, when phase tracking
reference signal (PT-RS) is enabled, a PT-RS port index could be configured per SRS resource.
However, it is possible that the PT-RS port index is actually not configured for an indicated
SRS resource, in which case, a problem arises where the UE does not know the PT-RS port
correspondence to respective SRS resources.

[0021] Some embodiments include devices, methods, and systems to trigger and configure
SRS including: (1) aperiodic SRS triggering for non-codebook based transmission; (2)
aperiodic SRS triggering for beam management; (3) PUSCH/physical uplink control channel
(PUCCH)/SRS beam assumption when a SRS spatial relation is updated; and (4) UE
assumptions for a PT-RS port index if a PT-RS port is not configured for an indicated SRS
resource

[0022] Aperiodic SRS triggering

[0023] Because of different UE implementation schemes for different configurations for SRS
for non-codebook transmissions and beam management transmissions, the minimal
scheduling offset between the last symbol of scheduling DCI and the first symbol of aperiodic
SRS may be different. M1 as used herein is to refer to a smaller scheduling offset, and M2 as
used herein is to refer to a larger scheduling offset, where M1 and M2 could be based on N2
defined in Table 1 and Table 2 below for aperiodic SRS triggering.

Table 1: N2 for timing capability 1

Subcarrier PUSCH preparation time N2 [symbols]
spacing
configuration

=

0 10
1 12
2 23
3 36
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Table 2: N2 for PUSCH timing capability 2

Subcarrier PUSCH preparation time N2 [symbols]
spacing

configuration

E

0 5

1 5.5

2 11 for frequency range 1

[0024] In an embodiment, for SRS with usage configured to be non-codebook, the minimal
scheduling offset is determined by whether an associated CSI-RS is configured. If an
associated CSI-RS is configured, the minimum scheduling offset may be M2, such as, for
example, M2=N2+42. If an associated CSI-RS is not configured, the minimum scheduling
offset may be M1, such as, for example, M1=N2.

[0025] In another embodiment, for SRS with usage configured to be beam management, the
minimum scheduling offset may be determined by whether spatial relation information (i.e.
information regarding the spatial relationship for the indicated SRS resources of the SRS
resource set) is configured. If spatial relation information is configured, the minimum
scheduling offset may be M1, such as, for example, M1=N2+14. If spatial relation information
is not configured, the minimal scheduling offset may be M2, such as, for example, M2=N2+42.
[0026] Referring next to Fig. 2, a process 200 is shown for aperiodic SRS scheduling offset
selection. At operation 202, the process includes determining the usage type of the SRS. If
the SRS is determined at 202 to be of the non-codebook transmission type, then, at operation
204, the process includes determining whether an associated CSI-RS has been configured for
the SRS. |If yes, then, at operation 206, the process includes selecting a larger scheduling
offset for the aperiodic SRS, and if no, then, at operation 208, the process includes selecting a
smaller scheduling offset for the aperiodic SRS. If the SRS is determined at operation 202 to
be of the beam management type on the other hand, then, at operation 210, the process
includes determining whether a spatial relationship information has been configured for the

SRS. If yes, then, at operation 212, the process includes selecting a smaller scheduling offset
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for the aperiodic SRS, and if no, then, at operation 214, the process includes selecting a larger
scheduling offset for the aperiodic SRS.
[0027] PUSCH/PUCCH/SRS beam selection when SRS spatial relation information is updated

[0028] In an embodiment, for codebook based or non-codebook based transmissions, the
spatial domain transmission filter (TX beam) for PUSCH may be the same as that
corresponding to the indicated SRS resource, regardless of whether the SRS is actually
transmitted or not. In one example, for the case shown in Fig. 1 described above, UE may use
TX beam 1 to transmit PUSCH.

[0029] In another embodiment, for a codebook based or non-codebook based transmission,
the spatial domain transmission filter (TX beam) for PUSCH may be the same as the spatial
domain transmission filter applied to the latest transmission for the indicated SRS resource,
where the latest transmission for the indicated SRS resource is based on the SRS transmitted
k slots before the scheduling DCI or the scheduled PUSCH, where k may be fixed, e.g. k=0, or
be configured via higher layer signaling.

[0030] In other embodiments, for a spatial relation information update for PUCCH/SRS, for
example, in instances where the TX beam for transmission by the UE has be updated, the
indicated Synchronization Signal Block (SSB)/CSI-RS/SRS (that is, the SSB, CSI-RS/SRS that is
indicated by the gNodeB for the subsequent Tx beam to be used by the UE for uplink
transmission) may be associated with one instance of a SSB/CSI-RS/SRS signal, for example
according to any of the options to be described below and in relation to Fig. 3.

[0031] Referring first to Fig. 3, a signaling diagram 300 is shown in the time domain. Signaling
diagram includes uplink transmissions from a UE to a gNodeB, including transmissions 302,
306, 310, 312, 314, and 316, and downlink transmissions from the gNodeB to the UE,
including transmissions 304. Transmission 302 from the UE includes a SRS transmission on
SRS resource 0 using Tx beam 0. At a later point in time, the UE receives from the gNodeB
and decodes a transmission 304 on resource 1 including a beam indication, for example by
way of a medium access control (MAC) control element (CE), for PUCCH, based on a SRl
indication of 0. For example, the transmission 304 may include one or more indicated SRS for
subsequent Tx beams to be used by the UE for uplink transmission of PUCCH in successive
PUCCH instances. Thereafter, transmission 306 from the UE includes a SRS transmission on
SRS resource 0 using Tx beam 1. Then, at point 308, the UE applies parameters from the MAC
CE in transmission 304. Thereafter, transmission 310 from the UE includes a SRS transmission

6
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on SRS resource 0 using Tx beam 2, and then, at transmission 312, the UE transmits a PUCCH
on resource 0 at an instance 0. Transmission 312 is followed by transmission 314 from the UE
which includes a SRS transmission on SRS resource 0 using Tx beam 3. Then, then, at
transmission 316, the UE transmits a PUCCH on resource 0 at an instance 1. Table 318 in Fig.
3 helps to show various Tx beam indexes for each of PUCCH instance O at transmission 312
and PUCCH instance 1 at transmission 316. The PUCCH transmissions 312 and 316 in diagram
300 may be transmitted based on respective Tx beam indexes based on up to four options as
will be described further below, and as set forth in Table 318.

[0032] According to option 1, a downlink indicated SSB/CSI-RS/SRS in the spatial relation
information (e.g. transmission 304 of Fig. 3) may correspond with the latest time instance k,
e.g. k=0, symbols for a SSB/CSI-RS/SRS transmission before each transmission of PUCCH/SRS.
Referring to Table 318, according to the embodiment of option 1: (1) for PUCCH instance 0,
this means that the Tx Beam index would correspond with the latest time instance of SRS
transmission before the transmission of PUCCH instance 0, which SRS transmission uses Tx
Beam index 2; and (2) for PUCCH instance 1, this means that the Tx Beam index would
correspond with the latest time instance of SRS transmission before the transmission of
PUCCH instance 1, which SRS transmission uses Tx Beam index 3.

[0033] According to option 2, the indicated SSB/CSI-RS/SRS in the spatial relation information
(e.g. transmission 304 of Fig. 3) may be associated with the latest time instance k, e.g. k=0,
symbols for a SSB/CSI-RS/SRS transmission before the first transmission of PUCCH/SRS after
the reconfiguration of its spatial relation info. Referring to Table 318, according to the
embodiment of option 2: (1) for PUCCH instance 0, this means that the Tx Beam index would
correspond with the latest time instance of SRS transmission before the first transmission of
PUCCH (at instance 0) but after the reconfiguration of its spatial relation information at point
308, which SRS transmission at 310 uses Tx Beam index 2; and (2) for PUCCH instance 1, this
means that the Tx Beam index would correspond with the latest time instance of SRS
transmission before the before the first transmission of PUCCH (again at instance 0) but after
the reconfiguration of its spatial relation information at point 308, which SRS transmission
uses Tx Beam index 2.

[0034] According to option 3, the indicated SSB/CSI-RS/SRS in the spatial relation information
(e.g. transmission 304 of Fig. 3) may be associated with the instance of SSB/CSI-RS/SRS that is
k, e.g. k=0, symbols before the UE receives the reconfiguration of the spatial relation

7
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information from the gNodeB. Referring to Table 318, according to the embodiment of
option 3: (1) for PUCCH instance 0, this means that the Tx Beam index would correspond
with the instance of SRS transmission before the beam indication at transmission 304, which
SRS transmission at 302 uses Tx Beam index 0; and (2) for PUCCH instance 1, this again means
that the Tx Beam index would correspond with the instance of SRS transmission before the
beam indication at transmission 304, which SRS transmission at 302 uses Tx Beam index O.
[0035] According to option 4, the indicated SSB/CSI-RS/SRS in the spatial relation information
(e.g. transmission 304 of Fig. 3) may be associated with the instance of SSB/CSI-RS/SRS that is
k, e.g. k=0, symbols before the UE applies the configured spatial relation information.
Referring to Table 318, according to the embodiment of option 4: (1) for PUCCH instance 0,
this means that the Tx Beam index would correspond with the instance of SRS transmission
before the point in time 308 at which the UE applies the MAC CE, which SRS transmission at
306 uses Tx Beam index 1; and (2) for PUCCH instance 1, this again means that the Tx Beam
index would correspond with the instance of SRS transmission before the point in time 308 at
which the UE applies the MAC CE, which SRS transmission at 306 uses Tx Beam index 1.

[0036] According to option 5, the UE may not change the spatial domain filter for each
instance of SRS for beam management and/or SSB/CSI-RS with the same ID.

[0037] UE assumption for PT-RS port index

[0038] In an embodiment, for non-codebook based transmission, if PT-RS is enabled, the UE
may expect the PT-RS port index is to be configured for SRS with usage configured to be non-
codebook, or the UE may expect the PT-RS port index is to be configured for indicated SRS
resource(s) in a set with usage configured to be non-codebook.

[0039] In another embodiment, for non-codebook based transmission, if PT-RS is enabled and
PT-RS port index for an indicated SRS resource is not configured, the UE may make any of the
assumptions set forth according to options 1-3 below.

[0040] According to option 1, the UE may not transmit PT-RS.

[0041] According to option 2, the UE may assume the PT-RS port index is based on a default
value, such as a default value of 0.

[0042] According to option 3: the UE may assume only a single PT-RS port is transmitted
when PT-RS is configured.

[0043] Simultaneous transmission for multiple SRS resources
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[0044] In another embodiment, a UE may report the maximum number of SRS resource sets
for beam management it may support for each time domain behavior as a UE capability,
where the time domain behavior indicates whether the SRS is aperiodic, semi-persistent or

periodic. In one example, the UE capability may be reported as follows:

uplinkBeamManagement SEQUENCE {
maxNumberSRS-ResourcePerSet-BM ENUMERATED {n2, n4, n8, n16},
maxNumberSRS-ResourceSet INTEGER (1..8)
maxNumberSRS-ResourceSetPeriodic INTEGER (0..2)
maxNumberSRS-ResourceSetAperiodic INTEGER (0..2)
maxNumberSRS-ResourceSetSemiPersistent INTEGER (0..2)

}
OPTIONAL,

[0045] Further in each SRS resource set or each SRS resource, an ID for simultaneous
transmission, e.g. antenna port(s) group ID, may be indicated according to one embodiment.
In such a case, when SRS resource sets with different time domain behavior are scheduled or
configured in the same symbol, if the antenna port(s) group ID is different, those SRS
resources may be transmitted simultaneously; otherwise, the SRS with highest priority may
be transmitted and the other SRS may be dropped, and the priority may be based on the time
domain behavior, for example with the order of priority decreasing from aperiodic SRS to
semi-persistent SRS and finally to periodic SRS.

[0046] In another embodiment, SRS resources from different SRS resource sets configured
with different usage, e.g. codebook, non-codebook, antenna switching or beam management,
may not be simultaneously transmitted. Thus, only the SRS resources from different SRS
resource sets configured with the same usage may be simultaneously transmitted.

[0047] When callisions happen between SRS resources for different usages with the same
time domain behavior, the SRS with the highest priority may be transmitted and the other
SRS may be dropped. In one example, the dropping rule could be that a priority decreases
from beam management to codebook to non-codebook to antenna switching SRS
transmissions.

[0048] In the event of carrier aggregation, when collision happens between SRS resources,
the dropping rule may be based on component carrier (CC) index and/or SRS usage and/or
time domain behavior for SRS. In one example, the priority may be calculated using

9
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16*x+8*y+z, where x = 1 for PCell and O for SCell; y = 2 for aperiodic SRS, y = 1 for semi-
persistent SRS, y = O for periodic SRS; z = 4 for beam management, z = 3 for codebook, z = 2
for non-codebook, z = 1 for antenna switching. Note that the value of each variable and the
order of x/y/z in the equation may be different in different examples.

[0049] Beam Management

[0050] Beam management refers to a set of layer 1/layer 2 (L1/L2) procedures to acquire and
maintain a set of transmission/reception point(s) (TRP or TRxP to be used interchangeably)
and/or UE beams that may be used for downlink (DL) and uplink (UL) transmission/reception.

The TRP may be used herein to refer to a device with an antenna array (with one or more
antenna elements) available to the network and located at a specific geographical

location. The TRP may include a gNodeB. Beam determination refers to TRP(s) or to the UE’s
ability to select its own Tx/Rx beam(s). Beam measurement refers to TRP or to the UE ability
to measure characteristics of received beamformed signals. Beam reporting refers the UE’s
ability to report information of beamformed signal(s) based on beam measurement. Beam
sweeping refers to operation(s) involving covering a spatial area with beams transmitted
and/or received during a time interval in a predetermined manner.

[0051] Tx/Rx beam correspondence at a TRP holds if at least one of the following conditions
are satisfied: TRP is able to determine a TRP Rx beam for the uplink reception based on the
UE’s downlink measurement on TRP’s one or more Tx beams; and TRP is able to determine a
TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one
or more Rx beams. Tx/Rx beam correspondence at a UE holds if at least one of the following
is satisfied: the UE is able to determine a UE Tx beam for the uplink transmission based on the
UE’s downlink measurement on UE’s one or more Rx beams; the UE is able to determine a UE
Rx beam for the downlink reception based on TRP’s indication based on uplink measurement
on UE’s one or more Tx beams; and Capability indication of the UE beam correspondence
related information to TRP is supported.

[0052] In some embodiments, DL beam management may include procedures P-1, P-2, and P-
3. Thus, a procedure P-1 may be used to enable UE measurement on different TRP Tx beams
to support selection of TRP Tx beams/UE Rx beam(s). For beamforming at TRP at the gNodeB,
procedure P-1 typically includes a intra/inter-TRP Tx beam sweep from a set of different
beams. For beamforming at the UE, procedure P-1 typically includes a UE Rx beam sweep

from a set of different beams.

10
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[0053] Procedure P-2 may be used to enable UE measurement on different TRP Tx beams to
possibly change inter/intra-TRP Tx beam(s). Procedure P-2 may be a special case of procedure
P-1 wherein procedure P-2 is used for a possibly smaller set of beams for beam refinement
than procedure P-1. Procedure P-3 may be used to enable UE measurement on the same TRP
Tx beam to change the UE Rx beam in the case UE uses beamforming. Procedures P-1, P-2,
and P-3 may be used for aperiodic beam reporting.

[0054] UE measurements based on reference signals (RS) for beam management (at least CSI-
RS) may include K beams (where K is a total number of configured beams), and the UE may
report measurement results of N selected Tx beams from a gNodeB (where N may or may not
be a fixed number). The procedure based on RS for mobility purposes may not be precluded.
Beam information that is to be reported may include measurement quantities for the N
beam(s) and information indicating N DL Tx beam(s), if N < K. Other information or data may
be included in or with the beam information. When a UE is configured with K’ >1 non-zero
power (NZP) CSI-RS resources, a UE may report N’ CSI-RS Resource Indicator (CRls).

[0055] The UE may trigger a mechanism to recover from beam failure, which procedure is
referred to a “beam recovery”, “beam failure recovery request procedure”, and/or the like. A
beam failure event may occur when the quality of beam pair link(s) of an associated control
channel falls below a threshold, when a time-out of an associated timer occurs, or the like.
The beam recovery mechanism is triggered when beam failure occurs. The network may
explicitly configure the UE with resources for UL transmission of signals for recovery
purposes. Configurations of resources are supported where the base station (e.g., a TRP or
gNodeB, or the like) is listening from all or partial directions (e.g., a random access region).
The UL transmission/resources to report beam failure may be located in the same time
instance as a Physical Random Access Channel (PRACH) or resources orthogonal to PRACH
resources, or at a time instance (configurable for a UE) different from PRACH. Transmission of
DL a signal may be supported for allowing the UE to monitor the beams for identifying new
potential beams.

[0056] For beam failure recovery, a beam failure may be declared if one, multiple, or all
serving PDCCH beams fail. The beam failure recovery request procedure may be initiated
when a beam failure is declared. For example, the beam failure recovery request procedure

may be used for indicating to a serving gNodeB (or TRP) of a new SSB or CSI-RS when beam
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failure is detected on a serving SSB(s)/CSI-RS(s). A beam failure may be detected by the lower
layers and indicated to a Media Access Control (MAC) entity of the UE.

[0057] Beam management also includes providing or not providing beam-related indications.
When beam-related indication is provided, information pertaining to a UE-side
beamforming/receiving procedure used for CSI-RS-based measurement may be indicated
through Quasi Co-Location to the UE. The same or different beams on the control channel
and the corresponding data channel transmissions may be supported.

[0058] DL beam indications may be based on one or more Transmission Configuration
Indication (TCl) state(s). The TCl state(s) are indicated in a TCl list that is configured by a radio
resource control (RRC) and/or Media Access Control (MAC) Control Element (CE).

[0059] Antenna Port Quasi Co-Location

[0060] The UE may be configured with a list of up to M TCI-State configurations within the
higher layer parameter PDSCH-Config to decode PDSCH according to a detected PDCCH with
DCl intended for the UE and the given serving cell, where M depends on the UE capability.
Each TCl-State contains parameters for configuring a quasi co-location relationship between
one or two downlink reference signals and the DM-RS ports of the PDSCH. The quasi co-
location relationship is configured by the higher layer parameter qcl-Typel for the first DL RS,
and gcl-Type2 for the second DL RS (if s second DL RS is configured). For the case of two DL
RS’, the QCL types may not be the same, regardless of whether the references are to the
same DL RS or different DL RS’. The quasi co-location types corresponding to each DL RS is
given by the higher layer parameter qcl-Type in QCL-Info and may take one of the following
values: QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}; QCL-TypeB:
{Doppler shift, Doppler spread}; QCL-TypeC: {average delay, Doppler shift}; QCL-TypeD:
{Spatial Rx parameter}.

[0061] The UE receives an activation command used to map up to 8 TCl states to the
codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK
corresponding to the PDSCH carrying the activation command is transmitted in slot n, the

indicated mapping between TCl states and codepoints of the DClI field 'Transmission

Configuration Indication' may be applied starting from slot n + BNS;It’fmme’”ﬂ. After the UE

receives the higher layer configuration of TCl states and before reception of the activation

command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-

located with the Synchronization Signal/Physical Broadcast Channel (SS/PBCH) block
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determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable,
also with respect to'QCL-TypeD'.
[0062] If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as
'enabled’ for the control resource set (CORESET) scheduling the PDSCH, the UE may assume
that the TCl field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET.
If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is
scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE
may assume that the TCl state for the PDSCH is identical to the TCl state applied for the
CORESET used for the PDCCH transmission.
[0063] If the tci-PresentIinDCl is set as 'enabled’, when the PDSCH is scheduled by DCI format
1_1, the UE may use the TCl-State according to the value of the 'Transmission Configuration
Indication’ field in the detected PDCCH with DCI for determining PDSCH antenna port quasi
co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-
located with the RS(s) in the TCl state with respect to the QCL type parameter(s) given by the
indicated TCl| state if the time offset between the reception of the DL DCl and the
corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where
the threshold is based on reported UE capability.
[0064] For both of the cases where tci-PresentInDCl is set to 'enabled’ and tci-PresentinDCl is
not configured, if the offset between the reception of the DL DCI and the corresponding
PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the DM-RS
ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCl state with
respect to the QCL parameter(s) used for the PDCCH quasi co-location indication of the
lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of
the serving cell are configured for the UE. If none of the configured TCl states contains 'QCL-
TypeD', the UE may obtain the other QCL assumptions from the indicated TC| states for its
scheduled PDSCH irrespective of the time offset between the reception of the DL DCl and the
corresponding PDSCH.
[0065] For a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher
layer parameter trs-Info, the UE may expect that a TCI-State indicates one of the following
guasi-colocation type(s):

- 'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the
same SS/PBCH block, or

13



WO 2020/056180 PCT/US2019/050878

- 'QCL-TypeC' with an SS/PBCH block and, when applicable,'QCL-TypeD' with a
CSI-RS resource in an non-zero power (NZP) CSI-RS-ResourceSet configured with higher layer
parameter repetition, or

for an aperiodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher
layer parameter trs-Info, the UE may expect that a TCI-State indicates 'QCL-TypeA' with a
periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter
trs-Info and, when applicable,'QCL-TypeD' with the same periodic CSI-RS resource.

[0066] For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer
parameter trs-Info and without the higher layer parameter repetition, the UE may expect that
a TCI-State indicates one of the following quasi co-location type(s):

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with an SS/PBCH
block, or

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource
in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or

- 'QCL-TypeB' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
with higher layer parameter trs-Info when 'QCL-TypeD' is not applicable.

[0067] For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer
parameter repetition, the UE may expect that a TCI-State indicates one of the following quasi
co-location type(s):

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS
resource, or

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource
in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or

- 'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the
same SS/PBCH block.

[0068] For the DM-RS of PDCCH, the UE may expect that a TCl-State indicates one of the

following quasi co-location type(s):
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- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS
resource, or

- 'QCL-TypeA" with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource
in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
without higher layer parameter trs-Info and without higher layer parameter repetition, when
'QCL-TypeD'is not applicable.

[0069] For the DM-RS of PDSCH, the UE may expect that a TCl-State indicates one of the
following quasi co-location type(s):

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS
resource, or

- 'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource
in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition,or

- QCL-TypeA' with CSI-RS resource in a NZP-CSI-RS-ResourceSet configured
without higher layer parameter trs-Info and without repetition and, when applicable, 'QCL-
TypeD' with the same CSI-RS resource.

[0070] Beam Failure Recovery Request

[0071] A beam failure recovery request could be delivered over dedicated PRACH or PUCCH

resources. For example, a UE may be configured, for a serving cell, with a set 90 of periodic

CSI-RS resource configuration indexes by higher layer parameter Beam-Failure-Detection-RS-

ResourceConfig and with a set 4 of CSI-RS resource configuration indexes and/or SS/PBCH
block indexes by higher layer parameter candidate-Beam-RS-List for radio link quality
measurements on the serving cell. If there is no configuration, the beam failure detection
could be based on CSI-RS or SSB, which is spatially Quasi Co-Located (QCLed) with the PDCCH

Demodulation Reference Signal (DMRS). For example, if the UE is not provided with the

higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines @ to

include SS/PBCH blocks and periodic CSI-RS configurations with same values for higher layer
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parameter TCI-StatesPDCCH as for control resource sets (CORESET) that the UE is configured

for monitoring PDCCH.

[0072] The physical layer of a UE may assess the radio link quality according to a set @ of
resource configurations against a threshold Qout,LR. The threshold Qout,LR may corresponds

to a default value of higher layer parameter RLM-IS-O0S-thresholdConfig and Beam-failure-

candidate-beam-threshold, respectively. For the set ‘70, the UE may assess the radio link
quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are
quasi co-located, with the DM-RS of PDCCH receptions monitored by the UE. The UE may
apply the configured Qin,LR threshold for the periodic CSI-RS resource configurations. The UE
may apply the Qout,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block
transmission power with a value provided by a higher layer parameter Pc_SS.

[0073] If a beam failure indication has been received by a MAC entity from lower layers of a
UE, then the MAC entity may start a beam failure recovery timer
(beamFailureRecoveryTimer) and may initiate a Random Access procedure. If the
beamFailureRecoveryTimer expires, then the MAC entity may indicate a beam failure
recovery request failure to upper layers. If a DL assignment or UL grant has been received
(e.g., on a PDCCH addressed for a cell radio network temporary identifier (C-RNTI)), then the
MAC entity may stop and reset beamFailureRecoveryTimer and consider the beam failure
recovery request procedure to be successfully completed.

[0074] Beam Measurement

[0075] The UE in the RRC_CONNECTED mode is to measure one or multiple beams of a cell,
and the measurement results (e.g., power values) are averaged to derive the cell quality.
[0076] The UE derives cell measurement results by measuring one or multiple beams
associated per cell as configured by the network. For all cell measurement results in
RRC_CONNECTED mode, the UE may apply layer 3 filtering before using the measured results
for evaluation of reporting criteria and measurement reporting. For cell measurements, the
network may configure Reference Signal Received Power (RSRP), Reference Signal Received
Quality (RSRQ), and/or Signal to Interference and Noise Ratio (SINR) as a trigger quantity.
Reporting quantities may be the same as the trigger quantity or combinations of quantities
(e.g., RSRP and RSRQ; RSRP and SINR; RSRQ and SINR; RSRP, RSRQ and SINR).

[0077] The network may also configure the UE to report measurement information per

beam, which may either be measurement results per beam with respective beam identifier(s)
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or only beam identifier(s)). If beam measurement information is configured to be included in
measurement reports, the UE may apply the layer 3 beam filtering. However, the exact layer
1 filtering of beam measurements used to derive cell measurement results is implementation
dependent.

[0078] The UE may be configured to consider a subset of the detected beams, such as the N
best beams above an absolute threshold. Filtering may take place at two different levels
include at the physical layer (PHY) to derive beam quality and then at the RRC level to derive
cell quality from multiple beams. Cell quality from beam measurements may be derived in the
same way for the serving cell{s) and for the non-serving cell(s).

[0079] Measurement reports may contain the measurement results of the X best beams if
the UE is configured to do so by the gNodeB. For channel state estimation purposes, the UE
may be configured to measure CSI-RS resources and estimate a downlink channel state based
on the CSI-RS measurements. The UE may feed the estimated channel state back to the
gNodeB to be used in link adaptation.

[0080] An example measurement model is shown in the illustration of Fig. 4, which is a
schematic illustration of a measurement model flow for measurement reports by the UE to
the gNodeB. In Fig. 4, point A at 402 includes measurements (e.g., beam specific samples)
internal to the PHY for beams from the gNodeB. Layer 1 (L1) filtering at 404 includes internal
layer 1 filtering circuitry for filtering the inputs measured at point A 402. The exact filtering
mechanisms and how the measurements are actually executed at the PHY may be
implementation specific. The measurements (e.g., beam specific measurements) are reported
by the L1 filtering to layer 3 (L3) beam filtering circuitry and the beam consolidation/selection
circuitry at point Al 406.

[0081] The Beam Consolidation/Selection circuitry 410 includes circuitry where beam specific
measurements are consolidated to derive cell quality. For example, if N > 1, else when N =1
the best beam measurement may be selected to derive cell quality. The configuration of the
beam may be provided by RRC signaling. A measurement (e.g., cell quality) derived from the
beam-specific measurements may then be reported at point B 410 to L3 filtering for cell
quality circuitry at 420 after beam consolidation/selection. In some embodiments, the
reporting period at point B 410 may be equal to one measurement period at point Al.

[0082] The L3 filtering for cell quality circuitry 420 may be configured to filter the
measurements provided at point B 419. The configuration of the Layer 3 filters at 420 may be
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provided by the aforementioned RRC signaling or different/separate RRC signaling. In some
embodiments, the filtering reporting period at point C 421 may be equal to one measurement
period at point B 419. A measurement after processing in the layer 3 filter circuitry may be
provided to the evaluation of reporting criteria circuitry 422 at point C 421. In some
embodiments, the reporting rate may be identical to the reporting rate at point B 419. This
measurement input may be used for one or more evaluation of reporting criteria at point C
421.

[0083] Evaluation of reporting criteria circuitry 422 is configured to check whether actual
measurement reporting is necessary at point D 424 . The evaluation may be based on more
than one flow of measurements at reference point C 421. In one example, the evaluation may
involve a comparison between different measurements, such as a measurement provided at
point C and another measurement provided at point C1 also at 421. In embodiments, the UE
may evaluate the reporting criteria at least every time a new measurement result is reported
at point C, C1 421. The reporting criteria configuration is provided by the aforementioned RRC
signaling (UE measurements) or different/separate RRC signaling. After the evaluation,
measurement report information (e.g., as a message) may sent on the radio interface at point
D.

[0084] Referring back to point Al 406, measurements provided at point A1 406 are provided
in the form of K beams 408 to L3 Beam filtering circuitry 412, which is configured to perform
beam filtering of the provided measurements (e.g., beam specific measurements). The
configuration of the beam filters may be provided by the aforementioned RRC signaling or
different/separate RRC signaling. In embodiments, the filtering reporting period at point E
414 may be equal to one measurement period at Al 406. The K beams 408 may correspond
to the measurements on New Radio (NR}-synchronization signal (SS) block (SSB) or Channel
State Information Reference Signal (CSI-RS) resources configured for L3 mobility by a gNodeB
and detected by the UE at L1.

[0085] After processing in the beam filter measurement (e.g., beam-specific measurement) at
412, a measurement is provided to beam selection for reporting circuitry at point E 414. This
measurement is used as an input for selecting the X measurements to be reported. In
embodiments, the reporting rate may be identical to the reporting rate at point A1 406. The
beam selection for beam reporting circuitry 416 may be configured to select the X
measurements from the measurements provided at point E 414. The configuration of this
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module may be provided by the aforementioned RRC signaling or different/separate RRC
signaling. The beam measurement information to be included in a measurement report is
sent or scheduled for transmission on the radio interface at point F 418.

[0086] L1 filtering introduces a certain level of measurement averaging. Exactly how and
when the UE performs the required measurements is implementation specific to the point
that the output at B 419 fulfils the predefined performance requirements. L3 filtering for cell
quality and related parameters do not introduce any delay in the sample availability between
B 419 and C 421. Measurement at point C, C1 421 is the input used in the event evaluation. L3
Beam filtering and related parameters do not introduce any delay in the sample availability
between E 414 and F 418.

[0087] The measurement reports may include a measurement identity of an associated
measurement configuration that triggered the reporting. Cell and beam measurement
quantities to be included in measurement reports may be configured by the network (e.g.,
using RRC signaling); the number of non-serving cells to be reported may be limited through
configuration by the network; cells belonging to a blacklist configured by the network may
not be used in event evaluation and reporting, and conversely when a whitelist is configured
by the network, only the cells belonging to the whitelist may be used in event evaluation and
reporting (by contrast), when a whitelist is configured by the network, only the cells
belonging to the whitelist may be used in event evaluation and reporting; and beam
measurements to be included in measurement reports may be configured by the network
(beam identifier only, measurement result and beam identifier, or no beam reporting).

[0088] Intra-frequency neighbor (cell) measurements include SSB based intra-frequency
measurement(s) and CSI-RS based intra-frequency measurements. SSB based intra-frequency
measurements is/are defined as an SSB based intra-frequency measurement provided the
center frequency of the SSB of the serving cell and the center frequency of the SSB of the
neighbor cell are the same, and the subcarrier spacing of the two SSBs is also the same. CSI-
RS based intra-frequency measurements is/are defined as a CSI-RS based intra-frequency
measurement provided the bandwidth of the CSI-RS resource on the neighbor cell configured
for measurement is within the bandwidth of the CSI-RS resource on the serving cell
configured for measurement, and the subcarrier spacing of the two CSI-RS resources is the

same.

19



WO 2020/056180 PCT/US2019/050878

[0089] Inter-frequency neighbor (cell) measurements include SSB based inter-frequency
measurement(s) and CSI-RS based inter-frequency measurements. SSB based inter-frequency
measurements is/are defined as an SSB based inter-frequency measurement provided the
center frequency of the SSB of the serving cell and the center frequency of the SSB of the
neighbor cell are different, or the subcarrier spacing of the two SSBs is different. For SSB
based measurements, one measurement object corresponds to one SSB and the UE considers
different SSBs as different cells. CSI-RS based inter-frequency measurements are defined as a
CSI-RS based inter-frequency measurement provided the bandwidth of the CSI-RS resource
on the neighbor cell configured for measurement is not within the bandwidth of the CSI-RS
resource on the serving cell configured for measurement, or provided the subcarrier spacing
of the two CSI-RS resources is different.

[0090] Whether a measurement is non-gap-assisted or gap-assisted depends on the
capability of the UE, the active BWP of the UE and the current operating frequency. In non-
gap-assisted scenarios, the UE may carry out such measurements without measurement gaps.
In gap-assisted scenarios, the UE may not be assumed to be able to carry out such
measurements without measurement gaps.

[0091] UE Sounding Procedure

[0092] The UE may be configured with one or more Sounding Reference Symbol (SRS)
resource sets as configured by the higher layer parameter SRS-ResourceSet. For each SRS
resource set, the UE may be configured with K=1 SRS resources (higher later parameter SRS-
Resource), where the maximum value of K is indicated by [SRS_capability]. The SRS resource
set applicability may be configured by the higher layer parameter SRS-SetUse. When the
higher layer parameter SRS-SetUse is set to 'BeamManagement’, only one SRS resource in
each of multiple SRS sets may be transmitted at a given time instant. The SRS resources in
different SRS resource sets may be transmitted simultaneously.
[0093] For aperiodic SRS at least one state of the DCI field is used to select at least one out of
the configured SRS resource set.
[0094] The following SRS parameters may be semi-statically configurable by higher layer
parameter SRS-Resource.

- srs-Resourceld determines SRS resource configuration identify.

- Number of SRS ports as defined by the higher layer parameter nrofSRS-Ports.
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- Time domain behavior of SRS resource configuration as indicated by the higher
layer parameter SRS- resourceType, which may be periodic, semi-persistent, aperiodic SRS
transmission.

- Slot level periodicity and slot level offset as defined by the higher layer
parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type
periodic or semi-persistent. The UE is to not expect to be configured with SRS resources in the
same SRS resource set SRS-ResourceSet with different slot level periodicities. For an SRS-
ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot
level offset is defined by the higher layer parameter slotOffset.

- Number of OFDM symbols in the SRS resource, starting OFDM symbol of the
SRS resource within a slot including repetition factor R as defined by the higher layer

parameter resourceMapping.

- SRS bandwidth 5% and CSRS, as defined by the higher layer parameter

freqHopping.

- Frequency hopping bandwidth, bh"”, as defined by the higher layer parameter
freqHopping.

- Defining frequency domain position and configurable shift to align SRS
allocation to 4 PRB grid, as defined by the higher layer parameters freqDomainPosition and
fregDomainShift, respectively.

- Cyclic shift, as defined by the higher layer parameter cyclicShift-n2 or
cyclicShift-n4 for transmission comb value 2 and 4, respectively.

- Transmission comb value as defined by the higher layer parameter
transmissionComb.

- Transmission comb offset as defined by the higher layer parameter
combOffset-n2 or combOffset-n4 for transmission comb value 2 or 4, respectively.

- SRS sequence ID as defined by the higher layer parameter sequenceld.

- The configuration of the spatial relation between a reference RS and the target
SRS, where the higher layer parameter spatialRelationinfo, if configured, contains the ID of
the reference RS. The reference RS may be an SS/PBCH block, CSI-RS or an SRS configured on

the same or different component carrier and/or bandwidth part as the target SRS.
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[0095] The UE may be configured by the higher layer parameter resourceMapping in SRS-
Resource with an SRS resource occupying a location within the last 6 symbols of the slot.
[0096] When PUSCH and SRS are transmitted in the same slot, the UE may be configured to
transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.

[0097] For the UE configured with one or more SRS resource configuration(s), and when the
higher layer parameter resourceType in SRS-Resource is set to 'periodic':

- if the UE is configured with the higher layer parameter spatialRelationinfo
containing the ID of a reference 'ssb-Index’, the UE is to transmit the target SRS resource with
the same spatial domain transmission filter used for the reception of the reference SS/PBCH
block, if the higher layer parameter spatialRelationinfo contains the ID of a reference 'csi-RS-
Index', the UE is to transmit the target SRS resource with the same spatial domain
transmission filter used for the reception of the reference periodic CSI-RS or of the reference
semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a
reference 'srs', the UE is to transmit the target SRS resource with the same spatial domain
transmission filter used for the transmission of the reference periodic SRS.

[0098] For the UE configured with one or more SRS resource configuration(s), and when the
higher layer parameter resourceType in SRS-Resource is set to 'semi-persistent':

- when the UE receives an activation command for an SRS resource, and when
the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in

slot n, the corresponding actions and the UE assumptions on SRS transmission corresponding

b p
Nsu frameu+

to the configured SRS resource set is to be applied starting from slot n + 3N,

1. The activation command also contains spatial relation assumptions provided by a list of
references to reference signal IDs, one per element of the activated SRS resource set. Each ID
in the list refers to a reference SS/PBCH block, NZP CSI-RS resource, or SRS resource
configured on the same or different component carrier and/or bandwidth part as the SRS
resource(s) in the SRS resource set.

- if an SRS resource in the activated resource set is configured with the higher
layer parameter spatialRelationlInfo, the UE is to assume that the ID of the reference signal in
the activation command overrides the one configured in spatialRelationInfo.

- when the UE receives a deactivation command for an activated SRS resource
set, and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is

transmitted in slot n, the corresponding actions and UE assumption on cessation of SRS
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transmission corresponding to the deactivated SRS resource set is to apply starting from slot

n + 3NSEBITamet 4 1,

- if the UE is configured with the higher layer parameter spatialRelationinfo
containing the ID of a reference 'ssb-Index’, the UE is to transmit the target SRS resource with
the same spatial domain transmission filter used for the reception of the reference SS/PBCH
block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-
Index', the UE is to transmit the target SRS resource with the same spatial domain
transmission filter used for the reception of the reference periodic CSI-RS or of the reference
semi-persistent CSI-RS, if the higher layer parameter spatialRelationinfo contains the ID of a
reference 'srs', the UE is to transmit the target SRS resource with the same spatial domain
transmission filter used for the transmission of the reference periodic SRS or of the reference
semi-persistent SRS.

[0099] If the UE has an active semi-persistent SRS resource configuration and has not
received a deactivation command, the semi-persistent SRS configuration may be considered
to be active in the UL BWP which is active when SRS resource configuration is activated,
otherwise it may be considered suspended.

[0100] For the UE configured with one or more SRS resource configuration(s), and when the
higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':

- the UE receives a configuration of SRS resource sets,

- the UE receives a downlink DCI, a group common DCl, or an uplink DCI based
command where a codepoint of the DCI may trigger one or more SRS resource set(s). The
minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS
transmission and the first symbol of SRS resource is N2 + 42,

- if the UE is configured with the higher layer parameter spatialRelationinfo
containing the ID of a reference 'ssb-Index’, the UE is to transmit the target SRS resource with
the same spatial domain transmission filter used for the reception of the reference SS/PBCH
block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-
Index’, the UE is to transmit the target SRS resource with the same spatial domain
transmission filter used for the reception of the reference periodic CSI-RS or of the reference
semi-persistent CSI-RS, or of the latest reference aperiodic CSI-RS. If the higher layer
parameter spatialRelationInfo contains the ID of a reference 'srs', the UE is to transmit the

target SRS resource with the same spatial domain transmission filter used for the
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transmission of the reference periodic SRS or of the reference semi-persistent SRS or of the
reference aperiodic SRS.

[0101] The 2-bit SRS request field in DCl format 0_1, 1_1 indicates the triggered SRS resource
set. The 2-bit SRS request field in DCl format 2_3 indicates the triggered SRS resource set.
[0102] For PUCCH formats O and 2, the UE is to not transmit SRS when semi-persistent and
periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or
only L1-RSRP report(s) or if aperiodic SRS is configured and PUCCH consists of beam failure
request. The UE is to not transmit SRS when semi-persistent or periodic SRS is configured or
aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying
HARQ-ACK and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only
the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH is to not be
transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol
with semi-persistent or periodic PUCCH carrying semi-persistent/periodic CSI| report(s) or
semi-persistent/periodic L1-RSRP report(s) only.

[0103] The UE is not expected to be configured with aperiodic SRS and PUCCH formats O or 2
with aperiodic CS| report in the same symbol.

[0104] In case of intra-band carrier aggregation, the UE is not expected to be configured with
SRS and PUSCH/UL DM-RS/UL PT-RS/PUCCH formats 1, 3 or 4 in the same symbol.

[0105] In case of intra-band carrier aggregation, The UE is to not transmit simultaneously SRS
resource(s) and PRACH.

[0106] When the UE is configured with the higher layer parameter usage in SRS-ResourceSet
set to 'antennaSwitching,” and a guard period of Y symbols is configured according to
Subclause 6.2.1.2, the UE is to use the same priority rules as defined above during the guard
period as if SRS was configured.

[0107] UE SRS frequency hopping procedure

N, e .24} adjacent symbols

[0108] The UE may be configured to transmit an SRS resource on
within the last six symbols of a slot, where all antenna ports of the SRS resource are mapped
to each symbol of the resource. For a given SRS resource, the UE is configured with repetition
factor RE{1,2,4} by higher layer parameter resourceMapping in SRS-Resource where R<Ns.

When frequency hopping within an SRS resource in each slot is not configured (R=Ns), all

antenna ports of the SRS resource in each slot are mapped in each of the N symbols to the

24



WO 2020/056180 PCT/US2019/050878

same set of subcarriers in the same set of PRBs. When frequency hopping within as SRS
resource in each slot is configured without repetition (R=1), according to the SRS hopping

b .
CSRSand kv all antenna ports of the SRS resource in each slot are

parameters BSRS,
mapped to different sets of subcarriers in each OFDM symbol, where the same transmission
comb value is assumed for different sets of subcarriers. When both frequency hopping and
repetition within an SRS resource in each slot are configured (Ns=4, R=2), all antenna ports of

the SRS resource in each slot are mapped to the same set of subcarriers within each pair of R

adjacent OFDM symbols, and frequency hopping across the two pairs is according to the SRS

hopping parameters BSRS, Cors and bh””.

[0109] The UE may be configured Vs =204

adjacent symbol aperiodic SRS resource with
intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is

N

sounded with an equal-size subband across “'s symbols when frequency hopping is

configured with R=1. The UE may be configured Ny =4 adjacent symbols aperiodic SRS

resource with intra-slot frequency hopping within a bandwidth part, where the full hopping
bandwidth is sounded with an equal-size subband across two pairs of R adjacent OFDM
symbols, when frequency hopping is configured with R=2. All antenna ports of the SRS
resource may be mapped to the same set of subcarriers within each pair of R adjacent OFDM

symbols of the resource.

[0110] The UE may be configured with Vs =1 symbol periodic or semi-persistent SRS resource
with inter-slot hopping within a bandwidth part, where the SRS resource occupies the same

symbol location in each slot. The UE may be configured Vs =274

symbol periodic or semi-
persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth part, where
the N-symbol SRS resource occupies the same symbol location(s) in each slot. For Ns=4, when
frequency hopping is configured with R=2, intra-slot and inter-slot hopping may be supported
with all antenna ports of the SRS resource mapped to different sets of subcarriers across two
pairs of R adjacent OFDM symbol(s) of the resource in each slot. All antenna ports of the SRS
resource are mapped to the same set of subcarriers within each pair of R adjacent OFDM
symbols of the resource in each slot. For Ns= R, when frequency hopping is configured, inter-

slot frequency hopping is supported with all antenna ports of the SRS resource mapped to the

same set of subcarriers in R adjacent OFDM symbol(s) of the resource in each slot.
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[0111] UE sounding procedure for DL CSI acquisition

[0112] When the UE is configured with the higher layer parameter usage in SRS-ResourceSet
set as 'antennaSwitching', the UE may be configured with one of the following configurations
depending on the indicated UE capability ("1T2R’, '2T4R', '1T4R', '1T4R/2T4R', or 'T=R'):

- up to two SRS resource sets configured with a different value for the higher
layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources
transmitted in different symbols, each SRS resource in a given set consisting of a single SRS
port, and the SRS port of the second resource in the set is associated with a different UE
antenna port than the SRS port of the first resource in the same set, or

- up to two SRS resource sets configured with a different value for the higher
layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two
SRS resources transmitted in different symbols, each SRS resource in a given set consisting of
two SRS ports, and the SRS port pair of the second resource is associated with a different UE
antenna port pair than the SRS port pair of the first resource, or

- zero or one SRS resource set configured with higher layer parameter
resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' with four SRS resources
transmitted in different symbols, each SRS resource in a given set consisting of a single SRS
port, and the SRS port of each resource is associated with a different UE antenna port, and

- zero or two SRS resource sets each configured with higher layer parameter
resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources
transmitted in different symbols of two different slots, and where the SRS port of each SRS
resource in given two sets is associated with a different UE antenna port. The two sets are
each configured with two SRS resources, or one set is configured with one SRS resource and
the other set is configured with three SRS resources. The UE is to expect that the two sets are
both configured with the same values of the higher layer parameters alpha, pO,
pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. The UE is
to expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in
each SRS-ResourceSet are the same, and the value of the higher layer parameter slottOffset
in each SRS-ResourceSet is different. Or,

- up to two SRS resource sets each with one SRS resource, where the number of

SRS ports for each resource is equal to 1, 2, or 4.
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[0113] The UE may be configured with a guard period of Y symbols, in which the UE does not
transmit any other signal, in the case the SRS resources of a set are transmitted in the same
slot. The guard period may be in-between the SRS resources of the set.

[0114] If the indicated UE capability is '1T4R/2T4R,' the UE is to expect to be configured with
the same number of SRS ports, either one or two, for all SRS resources in the SRS resource
set(s).

[0115] If the indicated UE capability is '1T2R', '2T4R', '1T4R', '1T4R/2T4R', the UE is to not
expect to be configured or triggered with more than one SRS resource set in the same slot. If
the indicated UE capability is 'T=R,' the UE is to not expect to be configured or triggered with
more than one SRS resource set in the same symbol. The value of Y is defined by Table
6.2.1.2-1.

[0116] Table SRS-1: The minimum guard period between two SRS resources of an SRS

resource set for antenna switching

H Af =2#-15[kHz] | Y [symbol]
0 15 1
1 30 1
2 60 1
3 120 2

[0117] UE sounding procedure between component carriers

[0118] For a carrier of a serving cell with slot formats comprised of DL and UL symbols not
configured for PUSCH/PUCCH transmission the UE is to not transmit SRS whenever SRS
transmission (including any interruption due to uplink or downlink RF retuning time as
defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL) on the carrier
of the serving cell and PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI
and/or PRACH happen to overlap in the same symbol and that may result in uplink
transmissions beyond the UE's indicated uplink carrier aggregation capability included in the
SRS_capability.

[0119] For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not
configured for PUSCH/PUCCH transmission, the UE is to not transmit a periodic/semi-
persistent type 0 SRS whenever periodic/semi-persistent SRS transmission (including any

interruption due to uplink or downlink RF retuning time as defined by higher layer parameters
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rf-RetuningTimeUL and rf-RetuningTimeDL) on the carrier of the serving cell and PUSCH
transmission carrying aperiodic CSI happen to overlap in the same symbol and that may result
in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability
included in the SRS capability.
[0120] For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not
configured for PUSCH/PUCCH transmission, the UE is to drop PUCCH/PUSCH transmission
carrying periodic CSI comprising only Channel Quality Indicator (CQl)/Precoding Matrix
Indicator (PMI), and/or SRS transmission on another serving cell configured for PUSCH/PUCCH
transmission whenever the transmission and SRS transmission (including any interruption due
to uplink or downlink RF retuning time as defined by higher layer parameters rf-
RetuningTimeUL and rf-RetuningTimeDL) on the serving cell happen to overlap in the same
symbol and that may result in uplink transmissions beyond the UE's indicated uplink carrier
aggregation capability included in the SRS_capability.
[0121] For a carrier of a serving cell with slot formats comprised of DL and UL symbols not
configured for PUSCH/PUCCH transmission, the UE is to drop PUSCH transmission carrying
aperiodic CSI comprising only CQI/PMI whenever the transmission and aperiodic SRS
transmission (including any interruption due to uplink or downlink RF retuning time) as
defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL) on the carrier
of the serving cell happen to overlap in the same symbol and that may result in uplink
transmissions beyond the UE's indicated uplink carrier aggregation capability included in the
SRS_capability.
[0122] For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with
higher layer parameter srs-TPC-PDCCH-Group set to 'typeA', and given by SRS-
CarrierSwitching, without PUSCH/PUCCH transmission, the order of the triggered SRS
transmission on the serving cells follow the order of the serving cells in the indicated set of
serving cells configured by higher layers, where the UE in each serving cell transmits the
configured one or two SRS resource set(s) with higher layer parameter SRS-SetUse set to
'antenna switching' and higher layer parameter resourceType in SRS-ResourceSet set to
'aperiodic'.
[0123] For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with
higher layer parameter srs-TPC-PDCCH-Group (with TPC referring to Transmitter Power
Control) set to 'typeB' without PUSCH/PUCCH transmission, the order of the triggered SRS
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transmission on the serving cells follow the order of the serving cells with aperiodic SRS
triggered in the DCI, and the UE in each serving cell transmits the configured one or two SRS
resource set(s) with higher layer parameter SRS-SetUse set to 'antenna switching' and higher
layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'.
[0124] The UE may be configured with SRS resource(s) on a carrier ¢l with slot formats
comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For
carrier cl1, the UE is configured with higher layer parameter srs-SwitchFromServCellindex and
srs-SwitchFromCarrier the switching from carrier ¢2 which is configured for PUSCH/PUCCH
transmission. During SRS transmission on carrier ¢l (including any interruption due to uplink
or downlink RF retuning time as defined by higher layer parameters rf-RetuningTimeUL and
rf-RetuningTimeDL), the UE temporarily suspends the uplink transmission on carrier c2.
[0125] If the UE is not configured for PUSCH/PUCCH transmission on carrier c1 with slot
formats comprised of DL and UL symbols, and if the UE is not capable of simultaneous
reception and transmission on carrier ¢l and serving cell c2, the UE is not expected to be
configured or indicated with SRS resource(s) such that SRS transmission on carrier cl
(including any interruption due to uplink or downlink RF retuning time as defined by higher
layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL) would collide with the REs
corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control
resource set indicated by [SystemInformationBlockType0] or [SystemInformationBlockTypel]
on serving cell c2.
[0126] For n-th {n > 1) aperiodic SRS transmission on a cell ¢, upon detection of a positive SRS
request on a grant, the UE is to commence this SRS transmission on the configured symbol
and slot provided

- it is no earlier than the summation of

- the maximum time duration between the two durations spanned by N OFDM
symbols of the numerology of cell c and the cell carrying the grant respectively, and

- the UL or DL RF retuning time as defined by higher layer parameters rf-
RetuningTimeUL and rf-RetuningTimeDL,

- it does not collide with any previous SRS transmissions, or interruption due to

UL or DL RF retuning time.
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otherwise, n-th SRS transmission is dropped, where N is the reported capability as the
minimum time interval in unit of symbols, between the DCI triggering and aperiodic SRS
transmission.
[0127] In case of inter-band carrier aggregation, the UE may simultaneously transmit SRS and
PUCCH/PUSCH across component carriers in different bands subject to the UE's capability.
[0128] In case of inter-band carrier aggregation, the UE may simultaneously transmit PRACH
and SRS/PUCCH/PUSCH across component carriers in different bands subject to UE's
capability.
[0129] Referring to Fig. 5, a process 500 according to one embodiment includes at operation
502, encoding a SRS signal for transmission to the gNodeB including information on the
aperiodic SRS resource set, the SRS signal to be on a transmit (TX) beam that is based on the
configuration information; and at operation 504, encoding a SRS signal for transmission to the
gNodeB including information on the aperiodic SRS resource set, the SRS signal to be on a
transmit (TX) beam that is based on the configuration information.
[0130] Fig. 6 illustrates an architecture of a system 600 of a network according to some
embodiments. The system 600 is shown to include a user equipment (UE) 601 and a UE 602.
The UEs 601 and 602 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.
[0131] The UEs 601 and 602 may be configured to connect, e.g., communicatively couple,
with a radio access network (RAN) 610. The UEs 601 and 602 utilize connections 603 and 604,
respectively, each of which comprises a physical communications interface or layer (discussed
in further detail below); in this example, the connections 603 and 604 are illustrated as an air
interface to enable communicative coupling and may be consistent with cellular
communications protocols.
[0132] In this embodiment, the UEs 601 and 602 may further directly exchange
communication data via a ProSe interface 605. The ProSe interface 605 may alternatively be
referred to as a sidelink interface comprising one or more logical channels, including but not
limited to a Physical Sidelink Control Channel (PSCCH), a Physical Sidelink Shared Channel
(PSSCH), a Physical Sidelink Discovery Channel (PSDCH), and a Physical Sidelink Broadcast
Channel (PSBCH).
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[0133] The UE 602 is shown to be configured to access an access point (AP) 606 via
connection 607. The connection 607 may comprise a local wireless connection, such as a
connection consistent with any IEEE 802.11 protocol, wherein the AP 606 would comprise a
wireless fidelity (WiFi®) router. In this example, the AP 606 is shown to be connected to the
Internet without connecting to the core network of the wireless system (described in further
detail below).

[0134] The RAN 610 may include one or more access nodes that enable the connections 603
and 604. These access nodes (ANs) may be referred to as base stations (BSs), NodeBs,
evolved NodeBs (eNBs), next Generation or New Radio evolved NodeBs (gNodeB), RAN
nodes, and so forth, and may comprise ground stations (e.g., terrestrial access points) or
satellite stations providing coverage within a geographic area (e.g., a cell). The RAN 610 may
include one or more RAN nodes for providing macrocells, e.g., macro RAN node 611, and one
or more RAN nodes for providing femtocells or picocells (e.g., cells having smaller coverage
areas, smaller user capacity, or higher bandwidth compared to macrocells), e.g., low power
(LP) RAN node 612.

[0135] According to some embodiments, the UEs 601 and 602 may be configured to
communicate using Orthogonal Frequency-Division Multiplexing (OFDM) communication
signals with each other or with any of the RAN nodes 611 and 612 over a multicarrier
communication channel in accordance 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 is not limited in this respect. The
OFDM signals may comprise a plurality of orthogonal subcarriers.

[0136] The RAN 610 is shown to be communicatively coupled to a core network (CN) 620 —
via an S1 interface 613. In embodiments, the CN 620 may be an evolved packet core (EPC)
network, a NextGen Packet Core (NPC) network, or some other type of CN. In this
embodiment the S1 interface 613 is split into two parts: the S1-U interface 614, which carries
traffic data between the RAN nodes 611 and 612 and the serving gateway (5-GW) 622, and
the S1-mobility management entity (MME) interface 615, which is a signalling interface
between the RAN nodes 611 and 612 and MMEs 621.
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[0137] The CN 620 includes network elements. The term “network element” may describe a
physical or virtualized equipment used to provide wired or wireless communication network
services. In this embodiment, the CN 620 comprises, as network elements, the MMEs 621,
the S-GW 622, the Packet Data Network (PDN) Gateway (P-GW) 623, and a home subscriber
server (HSS) 624. The MMEs 621 may be similar in function to the control plane of legacy
Serving General Packet Radio Service (GPRS) Support Nodes (SGSN).

[0138] The components of Fig. 6, such as the UEs and gNodeB'’s of Fig. 6, may be used in any
of the embodiments described herein.

[0139] Fig. 7 illustrates example interfaces of baseband circuitry according to various
embodiments. The baseband circuitry 700 may be included in a UE or gNodeB, for example, in
UE or gNodeB of Fig. 6, and may comprise processors 738-742 and a memory 744 utilized by
said processors. Each of the processors 738-732 may include a memory interface, 704A-704E,
respectively, to send/receive data to/from the memory 744. Baseband circuitry 700 may also
include an audio digital signal processor (Audio DSP) 743.

[0140] The baseband circuitry 700 may further include one or more interfaces to
communicatively couple to other circuitries/devices, such as a memory interface 712 (e.g., an
interface to send/receive data to/from memory external to the baseband circuitry 700), an
application circuitry interface 714 (e.g., an interface to send/receive data to/from an
application circuitry), an RF circuitry interface 716 (e.g., an interface to send/receive data
to/from an RF circuitry), a wireless hardware connectivity interface 718 (e.g., an interface to
send/receive data to/from Near Field Communication (NFC) components, Bluetooth®
components (e.g., Bluetooth® Low Energy), Wi-Fi® components, and other communication
components), and a power management interface 720 (e.g., an interface to send/receive
power or control signals to/from a power management integrated circuit (PMIC).

[0141] The examples set forth herein are illustrative and not exhaustive.

[0142] Example 1 includes a device of a New Radio (NR) User Equipment (UE), the device
including a Radio Frequency (RF) interface, and processing circuitry coupled to the RF
interface, the processing circuitry to: decode configuration information from a NR evolved
Node B (gNodeB) regarding a spatial relationship for Sounding Reference Signal (SRS)
resources of an aperiodic SRS resource set; and encode a SRS signal for transmission by way
of the RF interface to the gNodeB including information on the aperiodic SRS resource set,
the SRS signal to be on a transmit (TX) beam that is based on the configuration information.
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[0143] Example 2 includes the subject matter of Example 1, and optionally, wherein the
aperiodic SRS resource set is for a non-codebook based transmission, and wherein a minimal
scheduling offset between a last symbol of a scheduling downlink control information (DCl)
and a first symbol of the SRS signal is equal to a scheduling offset M2 if an Channel State
Information (CSI) Reference Signal (CSI-RS) is configured for the UE, and is equal to a
scheduling offset M1 if the CSI-RS is not configured for the UE, wherein M2 is larger than M1.
[0144] Example 3 includes the subject matter of Example 1, and optionally, wherein the
aperiodic SRS resource set is for beam management, and wherein a minimal scheduling offset
between a last symbol of a downlink control information (DCI) scheduling the SRS signal and a
first symbol of the SRS signal is equal to a scheduling offset M1 if spatial relationship
information is configured for the UE, and is equal to a scheduling offset M2 if the spatial

relationship information is not configured for the UE, wherein M1 is smaller than M2.

[0145] Example 4 includes the subject matter of Example 1, and optionally, wherein the
processing circuitry is to further encode for transmission to the gNodeB a physical uplink
shared channel (PUSCH), wherein a spatial domain transmission filter of the PUSCH
corresponds to a spatial domain transmission filter of an indicated SRS resource indicated to
the UE by the gNodeB regardless of whether a SRS signal corresponding to the indicated SRS
resource is transmitted by the UE.
[0146] Example 5 includes the subject matter of Example 1, and optionally, wherein the
processing circuitry is to further encode for transmission to the gNodeB a physical uplink
shared channel (PUSCH), wherein a spatial domain transmission filter of the PUSCH
corresponds to a spatial domain transmission filter applied to a latest SRS signal associated
with an indicated SRS resource indicated to the UE by the gNodeB, wherein the latest SRS
signal is transmitted k slots before a scheduling DCI or a scheduled PUSCH.
[0147] Example 6 includes the subject matter of Example 1, and optionally, wherein the
processing circuitry is to decode a TX beam update signal from the gNodeB including
information to update a TX beam for a physical uplink control channel (PUCCH) or a SRS
(PUCCH/SRS) from the UE to the gNodeB, the TX beam update signal including an indicated
Synchronization Signal Block (SSB)/Channel State Information Reference Signal(CSI-RS)/SRS,
the signal further being associated with one instance of a SSB/CSI-RS/SRS signal from the UE
to the gNodeB.
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[0148] Example 7 includes the subject matter of Example 6, and optionally, wherein the TX
beam update signal is associated with one of: a latest time instance k symbols before each
transmission of the PUCCH/SRS; a latest time instance k symbols befare a first transmission
of PUCCH/SRS after the UE reconfigures to update the Tx beam based on the signal; an
instance of a SSB/CSI-RS/SRS signal k symbols before the UE receives the signal; or an
instance of a SSB/CSI-RS/SRS signal k symbols before the UE applies the update.

[0149] Example 8 includes the subject matter of Example 6, and optionally, wherein the
processing circuitry is to maintain a Tx beam for at least one of each instance of a SRS signal
for beam management, or a SSB/CSI-RS transmission with a same identification (ID).

[0150] Example 9 includes the subject matter of Example 1, and optionally, wherein if the UE
is enabled for a phase-tracking reference signal (PT-RS) processing, the processing circuitry is
to expect a PT-RS port index to be configured for at least one of non-codebook SRS signals, or
one or more indicated SRS resources in a set configured for non-codebook.

[0151] Example 10 includes the subject matter of Example 9, and optionally, wherein if the
UE is enabled for a phase-tracking reference signal (PT-RS) processing, and if a PT-RS port
index is not configured at the UE, the processing circuitry is to one of: refrain from encoding
for transmission a PT-RS signal; assume a default value for the PT-RS port index; or encode
for transmission based on a single PT-RS port.

[0152] Example 11 includes the subject matter of Example 1, and optionally, wherein the
processing circuitry is to encode for transmission a UE capability signal including information
on a maximum number of SRS resource sets for beam management supported by the UE for
at least one time domain behavior of the UE, wherein the at least one time domain behavior
corresponds to at least one of aperiodic SRS resource sets, semi-persistent SRS resource sets
or periodic SRS resource sets.

[0153] Example 12 includes the subject matter of Example 11, and optionally, wherein the UE
capability signal further includes information regarding an identification (ID) for simultaneous
transmission for each resource set of the SRS resource sets or for each SRS resource of the
SRS resource sets.

[0154] Example 13 includes the subject matter of Example 12, and optionally, wherein, if IDs
of respective ones of the SRS resources sets are different with respect to one another and if
SRS resource sets with different time domain behaviors with respect to one another are
configured for transmission in a same symbol, the processing circuitry is to encode SRS signals
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for simultaneous transmission to the gNodeB in the SRS resource sets with the different time
domain behaviors with respect to one another and configured for transmission in the same
symbol.

[0155] Example 14 includes the subject matter of Example 12, and optionally, wherein, if IDs
of respective ones of the SRS resource sets are identical to one another and if SRS resource
sets with different time domain behaviors with respect to one another are configured for
transmission in a same symbol, the processing circuitry is to encode for transmission a SRS
signal with a highest priority SRS resource set of the SRS resource sets and to drop
transmission of other SRS resource sets of the SRS resource sets, wherein a priority of a SRS
resource set of the SRS resource sets is based on its time domain behavior.

[0156] Example 15 includes the subject matter of Example 12, and optionally, wherein the
method further includes maintaining a Tx beam for at least one of each instance of a SRS
signal for beam management, or a SSB/CSI-RS transmission with a same identification (ID).
[0157] Example 16 includes the subject matter of Example 11, and optionally, wherein in a
collision between SRS resource sets with different usages and a same time domain behavior,
the processing circuitry is to encode for transmission a SRS signal with a highest priority SRS
resource set of the SRS resource sets and to drop transmission of other SRS resource sets of
the SRS resource sets, wherein a priority of a SRS resource set of the SRS resource sets is
based on its usage.

[0158] Example 17 includes the subject matter of Example 11, and optionally, wherein in a
collision between SRS resource sets with different usages and a same time domain behavior
within aggregated component carriers, the processing circuitry is to encode for transmission a
SRS signal with a highest priority SRS resource set of the SRS resource sets and to drop
transmission of other SRS resource sets of the SRS resource sets, wherein a dropping rule for
a dropping of the transmission of the other SRS resource sets is based on at least one of
component carrier index, SRS usage or time domain behavior.

[0159] Example 18 includes the subject matter of Example 1, and optionally, wherein: if the
UE is configured with a higher layer parameter tci-PresentInDCl set at “enabled” for a control
resource set (CORESET) scheduling a physical downlink shared channel (PDSCH), where “TCI”
refers to Transmission Configuration Indication and “DCI” refers to downlink control
information, the processing circuitry is to decode a TCl field in a DCl format 1_1 of a physical
downlink control channel (PDCCH) transmitted on the CORESET to determine a TC| state of
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the PDSCH; and if the UE is not configured with a higher layer parameter tci-PresentInDCI, or
if a PDSCH is scheduled by a DCI format 1_0 for determining a PDSCH antenna port quasi co-
location, the processing circuitry is to determine a TCl state for a PDSCH scheduled by the DCI
format 1_0 to be identical to a TCI state applied for a CORESET used for a PDCCH carrying the
DCl format 1_0.

[0160] Example 19 includes the subject matter of Example 1, and optionally, wherein the
processing circuitry is to encode a beam failure recovery request signal in one of a physical
random access channel (PRACH) or a physical uplink control channel (PUCCH) for transmission
to the gNodeB, the beam failure recovery request signal being based on radio link quality

measurements on a serving cell, the measurements based on a configuration of the UE for

the serving cell with at least one of: a set 9° of periodic Channel State Information Reference

Signal (CSI-RS) resource configuration indexes for configuration of the UE by higher layer

parameter “Beam-Failure-Detection-RS-ResourceConfig;” or a set @\ of at least one of CSI-RS
resource configuration indexes or Synchronization Signal/Physical Broadcast Channel
(SS/PBCH) block indexes for configuration of the UE by higher layer parameter “candidate-
Beam-RS-List.”

[0161] Example 20 includes the subject matter of Example 19, and optionally, wherein the
processing circuitry is to encode a beam failure recovery request signal in one of a physical
random access channel (PRACH) or a physical uplink control channel (PUCCH) for transmission
to the gNodeB, the beam failure recovery request signal being based on radio link quality
measurements on a serving cell, the measurements based on a CSI-RS signal or
Synchronization Signal Block (SSB) signal from the gNodeB which is spatially Quasi Co-Located
(QCLed) with a Demodulation Reference Signal (DMRS) of a physical downlink control channel
(PDCCH) .

[0162] Example 21 includes the subject matter of Example 1, and optionally, further including
a front end module coupled to the RF interface.

[0163] Example 22 includes the subject matter of Example 21, and optionally, further
including one or more antennas coupled to the front end module.

[0164] Example 23 includes a method to be performed at a device of a New Radio (NR) User
Equipment (UE), the method including: decoding configuration information from a NR

evolved Node B (gNodeB) regarding a spatial relationship for Sounding Reference Signal (SRS)
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resources of an aperiodic SRS resource set; and encoding a SRS signal for transmission to the
gNodeB including information on the aperiodic SRS resource set, the SRS signal to be on a
transmit (TX) beam that is based on the configuration information.
[0165] Example 24 includes the subject matter of Example 23, and optionally, wherein the
aperiodic SRS resource set is for a non-codebook based transmission, and wherein a minimal
scheduling offset between a last symbol of a scheduling downlink control information (DCl)
and a first symbol of the SRS signal is equal to a scheduling offset M2 if an Channel State
Information (CSI) Reference Signal (CSI-RS) is configured for the UE, and is equal to a
scheduling offset M1 if the CSI-RS is not configured for the UE, wherein M2 is larger than M1.
[0166] Example 25 includes the subject matter of Example 23, and optionally, wherein the
aperiodic SRS resource set is for beam management, and wherein a minimal scheduling offset
between a last symbol of a downlink control information (DCI) scheduling the SRS signal and a
first symbol of the SRS signal is equal to a scheduling offset M1 if spatial relationship
information is configured for the UE, and is equal to a scheduling offset M2 if the spatial
relationship information is not configured for the UE, wherein M1 is smaller than M2.
[0167] Example 26 includes the subject matter of Example 23, and optionally, wherein the
method further includes encoding for transmission to the gNodeB a physical uplink shared
channel (PUSCH), wherein a spatial domain transmission filter of the PUSCH corresponds to a
spatial domain transmission filter of an indicated SRS resource indicated to the UE by the
gNodeB regardless of whether a SRS signal corresponding to the indicated SRS resource is
transmitted by the UE.
[0168] Example 27 includes the subject matter of Example 23, and optionally, wherein the
method further includes encoding for transmission to the gNodeB a physical uplink shared
channel (PUSCH), wherein a spatial domain transmission filter of the PUSCH corresponds to a
spatial domain transmission filter applied to a latest SRS signal associated with an indicated
SRS resource indicated to the UE by the gNodeB, wherein the latest SRS signal is transmitted k
slots before a scheduling DCl or a scheduled PUSCH.
[0169] Example 28 includes the subject matter of Example 23, and optionally, wherein the
method further includes decoding a TX beam update signal from the gNodeB including
information to update a TX beam for a physical uplink control channel (PUCCH) or a SRS
(PUCCH/SRS) from the UE to the gNodeB, the TX beam update signal including an indicated
Synchronization Signal Block (SSB)/Channel State Information Reference Signal(CSI-RS)/SRS,
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the signal further being associated with one instance of a SSB/CSI-RS/SRS signal from the UE
to the gNodeB.

[0170] Example 29 includes the subject matter of Example 28, and optionally, wherein the TX
beam update signal is associated with one of: a latest time instance k symbols before each
transmission of the PUCCH/SRS; a latest time instance k symbols before a first transmission
of PUCCH/SRS after the UE reconfigures to update the Tx beam based on the signal; an
instance of a SSB/CSI-RS/SRS signal k symbols before the UE receives the signal; or an
instance of a SSB/CSI-RS/SRS signal k symbols before the UE applies the update.

[0171] Example 30 includes the subject matter of Example 28, and optionally, wherein the
method further includes maintaining a Tx beam for at least one of each instance of a SRS
signal for beam management, or a SSB/CSI-RS transmission with a same identification (ID).
[0172] Example 31 includes the subject matter of Example 23, and optionally, wherein if the
UE is enabled for a phase-tracking reference signal (PT-RS) processing, the method further
includes expecting a PT-RS port index to be configured for at least one of non-codebook SRS
signals, or one or more indicated SRS resources in a set configured for non-codebook.

[0173] Example 32 includes the subject matter of Example 31, and optionally, wherein if the
UE is enabled for a phase-tracking reference signal (PT-RS) processing, and if a PT-RS port
index is not configured at the UE, the method further includes one of: refraining from
encoding for transmission a PT-RS signal; assuming a default value for the PT-RS port index;
or encoding for transmission based on a single PT-RS port.

[0174] Example 33 includes the subject matter of Example 23, and optionally, wherein the
method further includes encoding for transmission a UE capability signal including
information on a maximum number of SRS resource sets for beam management supported by
the UE for at least one time domain behavior of the UE, wherein the at least one time domain
behavior corresponds to at least one of aperiodic SRS resource sets, semi-persistent SRS
resource sets or periodic SRS resource sets.

[0175] Example 34 includes the subject matter of Example 33, and optionally, wherein the UE
capability signal further includes information regarding an identification (ID) for simultaneous
transmission for each resource set of the SRS resource sets or for each SRS resource of the
SRS resource sets.

[0176] Example 35 includes the subject matter of Example 34, and optionally, wherein, if IDs
of respective ones of the SRS resources sets are different with respect to one another and if
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SRS resource sets with different time domain behaviors with respect to one another are
configured for transmission in a same symbol, the method further includes encoding SRS
signals for simultaneous transmission to the gNodeB in the SRS resource sets with the
different time domain behaviors with respect to one another and configured for transmission
in the same symbol.
[0177] Example 36 includes the subject matter of Example 34, and optionally, wherein, if IDs
of respective ones of the SRS resource sets are identical to one another and if SRS resource
sets with different time domain behaviors with respect to one another are configured for
transmission in a same symbol, the method further includes encoding for transmission a SRS
signal with a highest priority SRS resource set of the SRS resource sets and dropping
transmission of other SRS resource sets of the SRS resource sets, wherein a priority of a SRS
resource set of the SRS resource sets is based on its time domain behavior..
[0178] Example 37 includes the subject matter of Example 34, and optionally, wherein the
method further includes encoding for simultaneous transmission SRS signals only in SRS
resources from different ones of the SRS resource sets that are configured with identical
usages with respect to one another.
[0179] Example 38 includes the subject matter of Example 33, and optionally, wherein in a
collision between SRS resource sets with different usages and a same time domain behavior,
the method further includes encoding for transmission a SRS signal with a highest priority SRS
resource set of the SRS resource sets and dropping transmission of other SRS resource sets of
the SRS resource sets, wherein a priority of a SRS resource set of the SRS resource sets is
based on its usage.
[0180] Example 39 includes the subject matter of Example 33, and optionally, wherein in a
collision between SRS resource sets with different usages and a same time domain behavior
within aggregated component carriers, the method further includes encoding for
transmission a SRS signal with a highest priority SRS resource set of the SRS resource sets and
dropping transmission of other SRS resource sets of the SRS resource sets, wherein a
dropping rule for a dropping of the transmission of the other SRS resource sets is based on at
least one of component carrier index, SRS usage or time domain behavior.
[0181] Example 40 includes the subject matter of Example 23, and optionally, wherein: if the
UE is configured with a higher layer parameter tci-PresentInDCI set at “enabled” for a control
resource set (CORESET) scheduling a physical downlink shared channel (PDSCH), where “TCI”
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refers to Transmission Configuration Indication and “DCI” refers to downlink control
information, the method further includes decoding a TCl field in a DCI format 1 _1 of a
physical downlink control channel (PDCCH) transmitted on the CORESET to determine a TCI
state of the PDSCH; and if the UE is not configured with a higher layer parameter tci-
PresentInDCI, or if a PDSCH is scheduled by a DCI format 1_0 for determining a PDSCH
antenna port quasi co-location, the method further includes determining a TCl state for a
PDSCH scheduled by the DCI format 1_0 to be identical to a TCl state applied for a CORESET
used for a PDCCH carrying the DCl format 1_0.

[0182] Example 41 includes the subject matter of Example 23, and optionally, wherein the
method further includes encoding a beam failure recovery request signal in one of a physical
random access channel (PRACH) or a physical uplink control channel (PUCCH) for transmission
to the gNodeB, the beam failure recovery request signal being based on radio link quality

measurements on a serving cell, the measurements based on a configuration of the UE for

the serving cell with at least one of: a set % of periodic Channel State Information Reference

Signal (CSI-RS) resource configuration indexes for configuration of the UE by higher layer

parameter “Beam-Failure-Detection-RS-ResourceConfig;” or a set %\ of at least one of CSI-RS
resource configuration indexes or Synchronization Signal/Physical Broadcast Channel
(SS/PBCH) block indexes for configuration of the UE by higher layer parameter “candidate-
Beam-RS-List.”

[0183] Example 42 includes the subject matter of Example 41, and optionally, wherein the
method further includes encoding a beam failure recovery request signal in one of a physical
random access channel (PRACH) or a physical uplink control channel (PUCCH) for transmission
to the gNodeB, the beam failure recovery request signal being based on radio link quality
measurements on a serving cell, the measurements based on a CSI-RS signal or
Synchronization Signal Block (SSB) signal from the gNodeB which is spatially Quasi Co-Located
(QCLed) with a Demodulation Reference Signal (DMRS) of a physical downlink control channel
(PDCCH) .

[0184] Example 43 includes a device of a New Radio (NR) User Equipment (UE), the device
including: means for decoding configuration information from a NR evolved Node B (gNodeB)
regarding a spatial relationship for Sounding Reference Signal (SRS) resources of an aperiodic

SRS resource set; and means for encoding a SRS signal for transmission by way of the RF
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interface to the gNodeB including information on the aperiodic SRS resource set, the SRS
signal to be on a transmit (TX) beam that is based on the configuration information.

[0185] Fxample 44 includes the subject matter of Example 43, and optionally, wherein the
aperiodic SRS resource set is for a non-codebook based transmission, and wherein a minimal
scheduling offset between a last symbol of a scheduling downlink control information (DCl)
and a first symbol of the SRS signal is equal to a scheduling offset M2 if an Channel State
Information (CSI) Reference Signal (CSI-RS) is configured for the UE, and is equal to a
scheduling offset M1 if the CSI-RS is not configured for the UE, wherein M2 is larger than M1.

[0186] Example 45 includes the subject matter of Example 43, and optionally, wherein the
aperiodic SRS resource set is for beam management, and wherein a minimal scheduling offset
between a last symbol of a downlink control information (DCI) scheduling the SRS signal and a
first symbol of the SRS signal is equal to a scheduling offset M1 if spatial relationship
information is configured for the UE, and is equal to a scheduling offset M2 if the spatial
relationship information is not configured for the UE, wherein M1 is smaller than M2.

[0187] Example 46 includes the subject matter of Example 43, and optionally, further
including means for encoding for transmission to the gNodeB a physical uplink shared channel
(PUSCH), wherein a spatial domain transmission filter of the PUSCH corresponds to a spatial
domain transmission filter of an indicated SRS resource indicated to the UE by the gNodeB
regardless of whether a SRS signal corresponding to the indicated SRS resource is transmitted
by the UE.

[0188] Example 47 includes the subject matter of Example 43, and optionally, further
including means for encoding for transmission to the gNodeB a physical uplink shared channel
(PUSCH), wherein a spatial domain transmission filter of the PUSCH corresponds to a spatial
domain transmission filter applied to a latest SRS signal associated with an indicated SRS
resource indicated to the UE by the gNodeB, wherein the latest SRS signal is transmitted k
slots before a scheduling DCl or a scheduled PUSCH.

[0189] Example 48 includes the subject matter of Example 43, and optionally, further
including means for decoding a TX beam update signal from the gNodeB including
information to update a TX beam for a physical uplink control channel (PUCCH) or a SRS
(PUCCH/SRS) from the UE to the gNodeB, the TX beam update signal including an indicated
Synchronization Signal Block (SSB)/Channel State Information Reference Signal(CSI-RS)/SRS,
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the signal further being associated with one instance of a SSB/CSI-RS/SRS signal from the UE
to the gNodeB.

[0190] Example 49 includes the subject matter of Example 48, and optionally, wherein the TX
beam update signal is associated with one of: a latest time instance k symbols before each
transmission of the PUCCH/SRS; a latest time instance k symbols before a first transmission
of PUCCH/SRS after the UE reconfigures to update the Tx beam based on the signal; an
instance of a SSB/CSI-RS/SRS signal k symbols before the UE receives the signal; or an
instance of a SSB/CSI-RS/SRS signal k symbols before the UE applies the update.

[0191] Example 50 includes the subject matter of Example 48, and optionally, wherein the
processing circuitry is to maintain a Tx beam for at least one of each instance of a SRS signal
for beam management, or a SSB/CSI-RS transmission with a same identification (ID).

[0192] Example 51 includes the subject matter of Example 43, and optionally, further
including means for, if the UE is enabled for a phase-tracking reference signal (PT-RS)
processing, expecting a PT-RS port index to be configured for at least one of non-codebook
SRS signals, or one or more indicated SRS resources in a set configured for non-codebook.
[0193] Example 52 includes the subject matter of Example 51, and optionally, further
including means for, if the UE is enabled for a phase-tracking reference signal (PT-RS)
processing, and if a PT-RS port index is not configured at the UE, one of: refraining from
encoding for transmission a PT-RS signal; assuming a default value for the PT-RS port index;
or encoding for transmission based on a single PT-RS port.

[0194] Example 53 includes the subject matter of Example 43, and optionally, wherein the
processing circuitry is to encode for transmission a UE capability signal including information
on a maximum number of SRS resource sets for beam management supported by the UE for
at least one time domain behavior of the UE, wherein the at least one time domain behavior
corresponds to at least one of aperiodic SRS resource sets, semi-persistent SRS resource sets
or periodic SRS resource sets.

[0195] Example 54 includes the subject matter of Example 53, and optionally, wherein the UE
capability signal further includes information regarding an identification (ID) for simultaneous
transmission for each resource set of the SRS resource sets or for each SRS resource of the
SRS resource sets.

[0196] Example 55 includes the subject matter of Example 54, and optionally, further
including means for, if IDs of respective ones of the SRS resources sets are different with
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respect to one another and if SRS resource sets with different time domain behaviors with
respect to one another are configured for transmission in a same symbol, encoding SRS
signals for simultaneous transmission to the gNodeB in the SRS resource sets with the
different time domain behaviors with respect to one another and configured for transmission
in the same symbol.

[0197] Example 56 includes the subject matter of Example 54, and optionally, further
including means for, if IDs of respective ones of the SRS resource sets are identical to one
another and if SRS resource sets with different time domain behaviors with respect to one
another are configured for transmission in a same symbol, encoding for transmission a SRS
signal with a highest priority SRS resource set of the SRS resource sets and to drop
transmission of other SRS resource sets of the SRS resource sets, wherein a priority of a SRS
resource set of the SRS resource sets is based on its time domain behavior.

[0198] Example 57 includes the subject matter of Example 54, and optionally, further
including means for encoding for simultaneous transmission SRS signals only in SRS resources
from different ones of the SRS resource sets that are configured with identical usages with
respect to one another.

[0199] Example 58 includes the subject matter of Example 53, and optionally, further
including means for, in a collision between SRS resource sets with different usages and a
same time domain behavior, encoding for transmission a SRS signal with a highest priority SRS
resource set of the SRS resource sets and for dropping transmission of other SRS resource
sets of the SRS resource sets, wherein a priority of a SRS resource set of the SRS resource sets
is based on its usage.

[0200] Example 59 includes the subject matter of Example 53, and optionally, further
including means for, in a collision between SRS resource sets with different usages and a
same time domain behavior within aggregated component carriers, encoding for transmission
a SRS signal with a highest priority SRS resource set of the SRS resource sets and dropping
transmission of other SRS resource sets of the SRS resource sets, wherein a dropping rule for
a dropping of the transmission of the other SRS resource sets is based on at least one of
component carrier index, SRS usage or time domain behavior.

[0201] Example 60 includes the subject matter of Example 43, and optionally, further
including: means for, if the UE is configured with a higher layer parameter tci-PresentinDCI
set at “enabled” for a control resource set (CORESET) scheduling a physical downlink shared
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channel (PDSCH), where “TCl” refers to Transmission Configuration Indication and “DCl”
refers to downlink control information, decoding a TCl field in a DCI format 1_1 of a physical
downlink control channel (PDCCH) transmitted on the CORESET to determine a TC| state of
the PDSCH; and means for, if the UE is not configured with a higher layer parameter tci-
PresentInDCI, or if a PDSCH is scheduled by a DCl format 1_0 for determining a PDSCH
antenna port quasi co-location, determining a TCl state for a PDSCH scheduled by the DCI
format 1_0 to be identical to a TCl state applied for a CORESET used for a PDCCH carrying the
DCl format 1_0.

[0202] Example 61 includes the subject matter of Example 43, and optionally, further
including means for encoding a beam failure recovery request signal in one of a physical
random access channel (PRACH) or a physical uplink control channel (PUCCH) for transmission
to the gNodeB, the beam failure recovery request signal being based on radio link quality

measurements on a serving cell, the measurements based on a configuration of the UE for

the serving cell with at least one of: a set % of periodic Channel State Information Reference

Signal (CSI-RS) resource configuration indexes for configuration of the UE by higher layer

parameter “Beam-Failure-Detection-RS-ResourceConfig;” or a set % of at least one of CSI-RS
resource configuration indexes or Synchronization Signal/Physical Broadcast Channel
(SS/PBCH) block indexes for configuration of the UE by higher layer parameter “candidate-
Beam-RS-List.”

[0203] Example 62 includes the subject matter of Example 61, and optionally, further
including means for encoding a beam failure recovery request signal in one of a physical
random access channel (PRACH) or a physical uplink control channel (PUCCH) for transmission
to the gNodeB, the beam failure recovery request signal being based on radio link quality
measurements on a serving cell, the measurements based on a CSI-RS signal or
Synchronization Signal Block (SSB) signal from the gNodeB which is spatially Quasi Co-Located
(QCLed) with a Demodulation Reference Signal (DMRS) of a physical downlink control channel
(PDCCH) .

[0204] Example 63 includes device of a New Radio (NR) evolved Node B (gNodeB), the device
including a Radio Frequency (RF) interface, and processing circuitry coupled to the RF
interface, the processing circuitry to: encode for transmission by way of the RF interface to a

NR User Equipment (UE) configuration information regarding a spatial relationship for
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Sounding Reference Signal (SRS) resources of an aperiodic SRS resource set; and decode a SRS
signal from the UE including information on the aperiodic SRS resource set, the SRS signal to
be on a transmit (TX) beam that is based on the configuration information.

[0205] Example 64 includes the subject matter of Example 63, and optionally, wherein the
processing circuitry is to encode a TX beam update signal for transmission to the UE including
information to update a TX beam for a physical uplink control channel (PUCCH) or a SRS
(PUCCH/SRS) from the UE to the gNodeB, the TX beam update signal including an indicated
Synchronization Signal Block (SSB)/Channel State Information Reference Signal(CSI-RS)/SRS,
the signal further being associated with one instance of a SSB/CSI-RS/SRS signal from the UE
to the gNodeB.

[0206] Example 65 includes the subject matter of Example 64, and optionally, wherein the TX
beam update signal is associated with one of: a latest time instance k symbols before each
transmission of the PUCCH/SRS; a latest time instance k symbols before a first transmission
of PUCCH/SRS after the UE reconfigures to update the Tx beam based on the signal; an
instance of a SSB/CSI-RS/SRS signal k symbols before the UE receives the signal; or an
instance of a SSB/CSI-RS/SRS signal k symbols before the UE applies the update.

[0207] Example 66 includes the subject matter of Example 63, and optionally, wherein the
processing circuitry is to decode from the UE a UE capability signal including information on a
maximum number of SRS resource sets for beam management supported by the UE for at
least one time domain behavior of the UE, wherein the at least one time domain behavior
corresponds to at least one of aperiodic SRS resource sets, semi-persistent SRS resource sets
or periodic SRS resource sets.

[0208] Example 67 includes the subject matter of Example 66, and optionally, wherein the UE
capability signal further includes information regarding an identification (ID) for simultaneous
transmission for each resource set of the SRS resource sets or for each SRS resource of the
SRS resource sets.

[0209] Example 68 includes the subject matter of Example 63, and optionally, wherein the
processing circuitry is to decode a beam failure recovery request signal in one of a physical
random access channel (PRACH) or a physical uplink control channel (PUCCH), the beam
failure recovery request signal being based on radio link quality measurements on a serving
cell, the measurements based on a configuration of the UE for the serving cell with at least

one of: a set 9 of periodic Channel State Information Reference Signal (CSI-RS) resource
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configuration indexes for configuration of the UE by higher layer parameter “Beam-Failure-

Detection-RS-ResourceConfig;” or a set % of at least one of CSI-RS resource configuration
indexes or Synchronization Signal/Physical Broadcast Channel (SS/PBCH) block indexes for
configuration of the UE by higher layer parameter “candidate-Beam-RS-List.”

[0210] Example 69 includes the subject matter of Example 68, and optionally, wherein the
processing circuitry is to decode a beam failure recovery request signal in one of a physical
random access channel (PRACH) or a physical uplink control channel (PUCCH), the beam
failure recovery request signal being based on radio link quality measurements on a serving
cell, the measurements based on a CSI-RS signal or Synchronization Signal Block (SSB) signal
from the gNodeB which is spatially Quasi Co-Located (QCLed) with a Demodulation Reference
Signal (DMRS) of a physical downlink control channel (PDCCH) .

[0211] Example 70 includes a method to be performed at a device of a New Radio (NR)
evolved Node B, the method including performing the functionalities of the processing
circuitry of any one of Examples 63-69.

[0212] Example 71 includes an apparatus comprising means for causing a wireless
communication device to perform the method of any one of Examples 23-42 and 70.

[0213] Example 72 includes a machine-readable medium including code which, when
executed, is to cause a machine to perform the method of any one of Examples 23-42 and 70.
[0214] Example 73 includes a product comprising one or more tangible computer-readable
non-transitory storage media comprising computer-executable instructions operable to,
when executed by at least one computer processor, enable the at least one computer
processor to perform the method of any one of claims 23-42 and 70.

[0215] Example 74 includes an apparatus comprising means for causing a wireless
communication device to perform the method of any one of claims 23-42 and 70.

[0216] Example 75 may include a signal as described in or related to any of the examples
above, or portions or parts thereof.

[0217] Example 76 may include a signal in a wireless network as shown and described herein.
[0218] Example 77 may include a method of communicating in a wireless network as shown
and described herein.

[0219] Example 78 may include a system for providing wireless communication as shown and

described herein.
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[0220] Any of the above-described examples may be combined with any other example (or
combination of examples), unless explicitly stated otherwise. The foregoing description of
one or more implementations provides illustration and description, but is not intended to be

exhaustive or to limit the scope of embodiments to the precise form disclosed.
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What is Claimed is:

1. A device of a New Radio (NR) User Equipment (UE), the device including a Radio
Frequency (RF) interface, and processing circuitry coupled to the RF interface, the processing
circuitry to:

decode configuration information from a NR evolved Node B (gNodeB) regarding a
spatial relationship for Sounding Reference Signal (SRS) resources of an aperiodic SRS
resource set; and

encode a SRS signal for transmission to the gNodeB including information on the
aperiodic SRS resource set, the SRS signal to be on a transmit (TX) beam that is based on the

configuration information.

2. The device of claim 1, wherein the aperiodic SRS resource set is for a non-codebook
based transmission, and a minimal scheduling offset between a last symbol of a scheduling
downlink control information (DCI) and a first symbol of the SRS signal is equal to a scheduling
offset M2 if an Channel State Information (CSI) Reference Signal (CSI-RS) is configured for the
UE, and is equal to a scheduling offset M1 if the CSI-RS is not configured for the UE, wherein
M2 is larger than M1; and

3. The device of claim 1, the aperiodic SRS resource set is for beam management, and
wherein a minimal scheduling offset between a last symbol of a downlink control information
(DCI) scheduling the SRS signal and a first symbol of the SRS signal is equal to a scheduling
offset M1 if spatial relationship information is configured for the UE, and is equal to a
scheduling offset M2 if the spatial relationship information is not configured for the UE,

wherein M1 is smaller than M2.

4, The device of claim 1, wherein the processing circuitry is to decode a TX beam update
signal from the gNodeB including information to update a TX beam for a physical uplink
control channel (PUCCH) or a SRS (PUCCH/SRS) from the UE to the gNodeB, the TX beam
update signal including an indicated Synchronization Signal Block (SSB)/Channel State
Information Reference Signal(CSI-RS)/SRS, the signal further being associated with one

instance of a SSB/CSI-RS/SRS signal from the UE to the gNodeB.
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5. The device of claim 4, wherein the TX beam update signal is associated with one of:

a latest time instance k symbols before each transmission of the PUCCH/SRS;

a latest time instance k symbols before a first transmission of PUCCH/SRS after the UE
is reconfigured to update the Tx beam based on the signal;

an instance of a SSB/CSI-RS/SRS signal k symbols before the UE receives the signal; or

an instance of a SSB/CSI-RS/SRS signal k symbols before the UE applies the update.

6. The device of claim 1, wherein if the UE is enabled for a phase-tracking reference
signal (PT-RS) processing, the processing circuitry is to expect a PT-RS port index to be
configured for at least one of non-codebook SRS signals, or one or more indicated SRS

resources in a set configured for non-codebook.

7. The device of claim 1, wherein the processing circuitry is to encode for transmission a
UE capability signal including information on a maximum number of SRS resource sets for
beam management supported by the UE for at least one time domain behavior of the UE,
wherein the at least one time domain behavior corresponds to at least one of aperiodic SRS

resource sets, semi-persistent SRS resource sets or periodic SRS resource sets.

8. The device of claim 1, wherein:

if the UE is configured with a higher layer parameter tci-PresentIinDCl set at “enabled”
for a control resource set (CORESET) scheduling a physical downlink shared channel (PDSCH),
where “TCI” refers to Transmission Configuration Indication and “DCl” refers to downlink
control information, the processing circuitry is to decode a TCl field in a DCl format 1_1 of a
physical downlink control channel (PDCCH) transmitted on the CORESET to determine a TCI
state of the PDSCH; and

if the UE is not configured with a higher layer parameter tci-PresentInDCI, or if a
PDSCH is scheduled by a DCI format 1_0 for determining a PDSCH antenna port quasi co-
location, the processing circuitry is to determine a TCl state for a PDSCH scheduled by the DCl
format 1_0 to be identical to a TCl state applied for a CORESET used for a PDCCH carrying the
DCl format 1_0.
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9. The device of claim 1, wherein the processing circuitry is to encode a beam failure
recovery request signal in one of a physical random access channel (PRACH) or a physical
uplink control channel (PUCCH) for transmission to the gNodeB, the beam failure recovery
request signal being based on radio link quality measurements on a serving cell, the

measurements based on a configuration of the UE for the serving cell with at least one of:

a set 9 of periodic Channel State Information Reference Signal (CSI-RS) resource
configuration indexes for configuration of the UE by higher layer parameter “Beam-Failure-

Detection-RS-ResourceConfig;” or

a set % of at least one of CSI-RS resource configuration indexes or Synchronization
Signal/Physical Broadcast Channel (SS/PBCH) block indexes for configuration of the UE by

higher layer parameter “candidate-Beam-RS-List.”

10. The device of any one of claims 1-9, further including a front end module coupled to

the RF interface.

11. The device of claim 10, further including one or more antennas coupled to the front

end module.

12. A method to be performed at a device of a New Radio (NR) User Equipment (UE), the
method including:

decoding configuration information from a NR evolved Node B (gNodeB) regarding a
spatial relationship for Sounding Reference Signal (SRS) resources of an aperiodic SRS
resource set; and

encoding a SRS signal for transmission to the gNodeB including information on the
aperiodic SRS resource set, the SRS signal to be on a transmit (TX) beam that is based on the

configuration information.

13. The method of claim 12, wherein the aperiodic SRS resource set is for a non-codebook
based transmission, and wherein a minimal scheduling offset between a last symbol of a
scheduling downlink control information (DCl) and a first symbol of the SRS signal is equal to a

scheduling offset M2 if an Channel State Information (CSI) Reference Signal (CSI-RS) is
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configured for the UE, and is equal to a scheduling offset M1 if the CSI-RS is not configured for
the UE, wherein M2 is larger than M1.

14. The method of claim 12, wherein the aperiodic SRS resource set is for beam
management, and wherein a minimal scheduling offset between a last symbol of a downlink
control information (DCI) scheduling the SRS signal and a first symbol of the SRS signal is
equal to a scheduling offset M1 if spatial relationship information is configured for the UE,
and is equal to a scheduling offset M2 if the spatial relationship information is not configured

for the UE, wherein M1 is smaller than M2.

15. The method of claim 12, wherein the method further includes encoding for
transmission to the gNodeB a physical uplink shared channel (PUSCH), wherein a spatial
domain transmission filter of the PUSCH corresponds to a spatial domain transmission filter of
an indicated SRS resource indicated to the UE by the gNodeB regardless of whether a SRS

signal corresponding to the indicated SRS resource is transmitted by the UE.

16. The method of claim 12, wherein the method further includes encoding for
transmission to the gNodeB a physical uplink shared channel (PUSCH), wherein a spatial
domain transmission filter of the PUSCH corresponds to a spatial domain transmission filter
applied to a latest SRS signal associated with an indicated SRS resource indicated to the UE by
the gNodeB, wherein the latest SRS signal is transmitted k slots before a scheduling DCl or a

scheduled PUSCH.

17. The method of claim 12, wherein:

the method further includes decoding a TX beam update signal from the gNodeB
including information to update a TX beam for a physical uplink control channel (PUCCH) or a
SRS (PUCCH/SRS) from the UE to the gNodeB, the TX beam update signal including an
indicated Synchronization Signal Block (SSB)/Channel State Information Reference Signal(CSI-
RS)/SRS, the signal further being associated with one instance of a SSB/CSI-RS/SRS signal from
the UE to the gNodeB; and

the TX beam update signal is associated with one of:

a latest time instance k symbals before each transmission of the PUCCH/SRS;
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a latest time instance k symbols before a first transmission of PUCCH/SRS after
the UE is reconfigured to update the Tx beam based on the signal;

an instance of a SSB/CSI-RS/SRS signal k symbols before the UE receives the
signal; or

an instance of a SSB/CSI-RS/SRS signal k symbols before the UE applies the

update.

18. The method of claim 12, wherein the method further includes maintaining a Tx beam
for at least one of each instance of a SRS signal for beam management, or a SSB/CSI-RS

transmission with a same identification (ID).

19. The method of claim 12, wherein if the UE is enabled for a phase-tracking reference
signal (PT-RS) processing, the method further includes expecting a PT-RS port index to be
configured for at least one of non-codebook SRS signals, or one or more indicated SRS

resources in a set configured for non-codebook.

20. The method of claim 19, wherein if the UE is enabled for a phase-tracking reference
signal (PT-RS) processing, and if a PT-RS port index is not configured at the UE, the method
further includes one of:

refraining from encoding for transmission a PT-RS signal;

assuming a default value for the PT-RS port index; or

encoding for transmission based on a single PT-RS port.

21. The method of claim 12, wherein the method further includes encoding for
transmission a UE capability signal including information on a maximum number of SRS
resource sets for beam management supported by the UE for at least one time domain
behavior of the UE, wherein the at least one time domain behavior corresponds to at least
one of aperiodic SRS resource sets, semi-persistent SRS resource sets or periodic SRS resource

sets.
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22. The method of claim 21, wherein the UE capability signal further includes information
regarding an identification (ID) for simultaneous transmission for each resource set of the SRS

resource sets or for each SRS resource of the SRS resource sets.

23. A device of a New Radio (NR) User Equipment (UE), the device including:

means for decoding configuration information from a NR evolved Node B (gNodeB)
regarding a spatial relationship for Sounding Reference Signal (SRS) resources of an aperiodic
SRS resource set; and

means for encoding a SRS signal for transmission to the gNodeB including information
on the aperiodic SRS resource set, the SRS signal to be on a transmit (TX) beam that is based

on the configuration information.

24, The device of claim 23, wherein the aperiodic SRS resource set is for a non-codebook
based transmission, and wherein a minimal scheduling offset between a last symbol of a
scheduling downlink control information (DCl) and a first symbol of the SRS signal is equal to a
scheduling offset M2 if an Channel State Information (CSI) Reference Signal (CSI-RS) is
configured for the UE, and is equal to a scheduling offset M1 if the CSI-RS is not configured for
the UE, wherein M2 is larger than M1.

25. A machine-readable medium including code which, when executed, is to cause a

machine to perform the method of any one of claims 12-21.
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