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GROUP-SPECIFIC RESOURCE INDICATIONS FOR UPLINK
TRANSMISSIONS

TECHNICAL FIELD

This document is directed generally to wireless communications.

BACKGROUND

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

thereby requiring efficient signaling mechanisms for resource association and identification.

SUMMARY

This document relates to methods, systems, and devices for group-specific resource
indications in mobile communication technology, including 5th Generation (5G) and New Radio
(NR) communication systems.

In one exemplary aspect, a wireless communication method is disclosed. The method
includes determining, by a network node, an association among one set of one or more reference
signals (RSs) and one or more groups, where each of the one or more RSs is associated with a
usage or a time-domain behavior, and transmitting, to the terminal, a signaling message
comprising the association.

In another exemplary aspect, a wireless communication method is disclosed. The
method includes receiving, from a network node, a signaling message comprising an association
between one set of one or more reference signals (RSs) and one or more groups, where each of
the one or more RSs is associated with a usage or a time-domain behavior, and transmitting, by
the terminal and based on the association, the one or more RSs.

In yet another exemplary aspect, a wireless communication method is disclosed. The

method includes determining that a target uplink resource is associated with a reference resource,
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and performing, using the target uplink resource, a transmission.

In yet another exemplary aspect, a wireless communication method is disclosed. The
method includes receiving, from a network node, a message comprising a reference signal (RS)
configuration, wherein one or more target RSs are associated with a spatial granularity, and
transmitting, by the terminal and based on the RS configuration, the one or more RSs.

In yet another exemplary aspect, a wireless communication method is disclosed. The
method includes determining, by the network node, a reference signal (RS) configuration,
wherein the RS configuration comprises an association between one or more target RSs and a
spatial granularity, and transmitting, to a terminal, a message comprising the RS configuration.

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

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

The above and other aspects and their implementations are described in greater detail

in the drawings, the descriptions, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 shows an example of beam measurement and reporting.

FIG. 3 shows an example of resource configuration for uplink (UL) multi-panel
operations for sounding reference signal (SRS) resources.

FIG. 4 shows another example of resource configuration for UL multi-panel
operations for sounding reference signal (SRS) resources.

FIG. 5 shows an exemplary framework for group-specific resource indication for
uplink transmissions.

FIG. 6 shows an example of a quasi-co-spatial relation (QcSR) between one CSI-RS
set and one SRS resource set.

FIG. 7 shows an example of an association between one or more SRS resource IDs
and one codepoint in downlink control information (DCI).

FIG. 8 shows an example of a wireless communication method, in accordance with
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some embodiments of the presently disclosed technology.

FIG. 9 shows another example of a wireless communication method, in accordance
with some embodiments of the presently disclosed technology.

FIG. 10 shows yet another example of a wireless communication method, in
accordance with some embodiments of the presently disclosed technology.

FIG. 11 shows yet another example of a wireless communication method, in
accordance with some embodiments of the presently disclosed technology.

FIG. 12 shows yet another example of a wireless communication method, in
accordance with some embodiments of the presently disclosed technology.

FIG. 13 is a block diagram representation of a portion of an apparatus, in accordance

with some embodiments of the presently disclosed technology.

DETAILED DESCRIPTION

As the use of wide and ultra-wide spectrum resources increase, the considerable
propagation loss induced by the extremely high frequency becomes a noticeable challenge. To
mitigate this issue, antenna array and beam-forming training technologies using massive MIMO,
e.g., up to 1024 antenna element for one node, have been adopted to achieve beam alignment and
obtain sufficiently high antenna gain. To ensure a low implementation cost while still benefiting
from the advantages provided by an antenna array, analog phase shifters have become very
attractive for implementing mmWave beam-forming, wherein the number of phases is finite and
constant modulus constraints are placed on the antenna elements. Given the pre-specified beam
patterns, variable-phase-shift-based beamforming training attempts to identify the best pattern
for subsequent data transmission, e.g., in the one transmission point (TRP) and one-panel cases.

Multi-TRP and multi-panel cases should be considered for beyond 5G gNB (base
station) and the next-generation communications, wherein there are multiple panels for UE in
order to cover whole space for enhancing coverage. In an example, one panel for a TRP and UE
may have two TXRUs, which are associated with cross polarization. Thus, in order to achieve a
high rank or multi-layer transmissions, the TRP and UE should try to use different beams
generated from different panels with objective of sufficiently using capability of each panel,
including its associated TXRUs. FIG. 1 shows an example of beam measurement and reporting

wherein the UE has four side panels, e.g. (Mg, Ng ) = (1, 4); ®mg,ng=90; Q0,1=Q0,0+90;
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00,2=0Q0,0+180; Q0,3=Q0,0+270; (dgH, dgV)=(0,0).

Furthermore, in 5G NR, analog beam-forming was primarily introduced into mobile
communication for guaranteeing the robustness of high frequency communications. For uplink
(UL) transmissions, spatial relation information (e.g., a higher layer parameter denoted
spatialRelationInfo) has been introduced for supporting beam indication for UL control channel,
e.g., physical uplink control channel (PUCCH), and sounding reference signal (SRS). Beam
indication for an UL data channel, e.g., physical uplink shared channel (PUSCH), is achieved
through mapping between one or more SRS resources, which are indicated by a gNB (or base
station, or network node), and ports of the data channel. This implies that the beam configuration
for UL data channel may be derived from the spatial relation information associated with the
SRS resources or ports, accordingly.

Consequently, in order to support multi-beam operation for UL, more than one SRS
resources and UE (or terminal) panel ID associated with the more than one SRS resources should
be used for UL transmission.

FIG. 2 shows an example of a wireless communication system (e.g., an LTE, 5G or
New Radio (NR) cellular network) that includes a BS 220 and one or more user equipment (UE)
211, 212 and 213. In some embodiments, the BS 220 transmits an indication of a mapping (241,
242, 243) to the UEs, which is followed by subsequent communications (231, 232, 233) that use
the specified associations. The UE may be, for example, a smartphone, a tablet, a mobile
computer, a machine to machine (M2M) device, a terminal, a mobile device, an Internet of
Things (IoT) device, and so on.

The present document uses section headings and sub-headings for facilitating easy
understanding and not for limiting the scope of the disclosed techniques and embodiments to
certain sections. Accordingly, embodiments disclosed in different sections can be used with each
other. Furthermore, the present document uses examples from the 3GPP New Radio (NR)
network architecture and 5G protocol only to facilitate understanding and the disclosed
techniques and embodiments may be practiced in other wireless systems that use different
communication protocols than the 3GPP protocols.

Drawbacks of existing implementations

Existing systems suffer from the following drawbacks:

1) In some existing implementations, there is no additional information that can
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provide an indication about UE panels (other than the one higher layer parameter
spatialRelationInfo, which can be used for UL beam indication for SRS or UL control channel
transmission. Taking into account the restrictions introduced by multiple panels, indicating the
combining of multiple UL beams may NOT be allowed. For example, the different resources
associated with different UE panels can be transmitted simultaneously, but the different
resources associated with same UE panel can NOT be transmitted simultaneously.

2) In some existing implementations, for SRS transmissions for UL beam
management, a UE may only support full spatial-domain sweeping or provide an indication for
one exact beam that is the same as the reference beam. But the UE may not support performing
UL beam refinement around (across) one reference beam, e.g., represented by CSI-RS or SRS
which have been measured or transmitted, indicated by gNB. This UL beam refinement may be
crucial for scenarios involving UE mobility or saving the overhead of UL beam training.

3) In some existing implementations, when simultaneously indicating multiple
beams for one UL data transmission, the DCI overhead may be very high. For instance, there
may be 4 SRS resource sets and 32 resources per set (e.g., 4 UE panels, each of which can
generate up to 32 beams), which would require 4*7 bits = 28 bits for 4-layer transmission.

4) In some existing implementations, when deactivating one UE panel, e.g., one
group, for UL transmissions, some candidates for downlink control information (DCI)
codepoints for UL transmission may be out of date. Therefore, some parts of the DCI codepoints
for resource indication for UL transmission may not be necessary in such a case, and some
essential DCI bits are useless.

Nomenclature for embodiments of the disclosed technology

In the drawings, the descriptions, and the claims of this document the following
terminology is adopted. In some embodiments, a “beam” may be interpreted as a reference signal
(RS), a spatial filter or a precoding matrix. For example,

o A “Tx beam” may be a DL/UL reference signal (such as a channel state
information reference signal (CSI-RS), synchronization signal block (SSB) (which is also called
as SS/PBCH), demodulation reference signal (DMRS), sounding reference signal (SRS)), a Tx
spatial filter or a Tx precoding matrix.

o An “Rx beam” may be a spatial filter, an Rx spatial filter or Rx precoding.

o A “beam ID” may be interpreted as a reference signalling index, a spatial filter



CA 03118375 2021-04-30

WO 2020/034443 PCT/CN2018/113834

index or a precoding index.

In some embodiments, the spatial filter may be either a UE-side filter or a gNB-side
filter, and may also be referred to as a spatial-domain filter.

In some embodiments, “spatial relation information” is comprised of one or more
reference RSs, which is used to represent “spatial relation” between targeted “RS or channel”
and the one or more reference RSs, where “spatial relation” means the same beam, same spatial
parameter, or the same spatial domain filter.

In some embodiments, a “quasi-colocation (QCL) state” may include one or more
reference RSs and their corresponding QCL type parameters, where QCL type parameters
include at least one of the following aspect or combination: [1] Doppler spread, [2] Doppler shift,
[3] delay spread, [4] average delay, [5] average gain, and [6] spatial parameter.

In some embodiments, the RS grouping operation may be performed according to the
grouping criteria of “beam grouping” or “antenna group”.

In some embodiments, “group ID” is equivalent to “resource set ID”, “panel ID”,
“sub-array ID”, “antenna group ID” or “beam group ID”.

In some embodiments, a “beam group” may be interpreted as different Tx beams
within one group being simultaneously received or transmitted, but Tx beams between different
groups NOT being simultaneously received or transmitted.

In some embodiments, an “antenna group” may be interpreted as different Tx beams
within one group NOT being simultaneously received or transmitted, but Tx beams between
different groups being simultaneously received or transmitted. Furthermore, an “antenna group”
may refer to up to N different Tx beams within one group being simultaneously received or
transmitted, where N is positive integer, but Tx beams between different groups NOT being
simultaneously received or transmitted.

Embodiments for group-specific resource configuration for UL beam
management and transmission

In order to achieve UL beam measurement and subsequent transmission for control
and data channels, SRS resource configuration for a general case, e.g., multiple panels for one
UE, should be performed. Herein, the panel dedicated information may be distinguished through
a different resource set or setting, e.g., a group-specific approach.

Case 1. In some embodiments, the SRS resource set can be associated with one UE
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panel. From the UE perspective, in the multi-panel case, 0~Npane-1 resource sets containing one
or more SRS resources are configured such that each set corresponds to one panel, e.g., the SRS
resources within the set are generated from its associated panel. In an example, only one SRS
resource from one set can be transmitted simultaneously, and/or different SRS resources from
different sets can be transmitted simultaneously. Furthermore, this case can be used for SRS with
a usage that includes beam management or codebook based transmission.

Case 2. In some embodiments, each of the SRS resources or each subset of the SRS
resources within one SRS resource set can be associated with one UE panel, thereby enabling
multiple sets of SRS resources to be configured. In an example, the SRS resources from one set
can be transmitted simultaneously, but different SRS resources from different sets can NOT be
transmitted simultaneously. In another example, up to X SRS resources from one set can be
transmitted simultaneously, and/or different SRS resources from different sets can NOT be
transmitted simultaneously, where X is a positive integer. Furthermore, the subset of SRS
resources can be derived from one SRS resources; e.g., one subset of the respective X SRS
resources, in an ordered manner, is associated with the UE panel. Furthermore, this case can be
used for SRS with a usage that includes non-codebook based transmission or antenna switching.

In some embodiments, the maximum number of SRS resource sets, the maximum
number of SRS resources per set, and the maximum number of SRS resources to be transmitted
simultaneously may depend on UE capabilities.

One exemplary framework wherein multiple SRS resources are linked through an
identical usage is shown in FIG. 3. As shown therein, the multiple SRS resource sets with the
same usage should be considered together, based on the corresponding grouping criteria.
Furthermore, the linkage can be enhanced according to time-domain behavior level, e.g. periodic
(P), semi-persistent (SP) and aperiodic (AP). In this case, multiple SRS resource sets with the
same usage mode and/or same time-domain behavior should be considered together for one
grouping criteria.

Another exemplary framework where multiple SRS resources are linked through one
SRS resource setting is shown in FIG. 4. Herein, the grouping criteria or time-domain behavior
can be associated with an SRS resource setting level. The grouping criteria is only applied for the
SRS resource set within the one SRS resource setting, and all SRS resources within one setting

should have the same time-domain behavior.
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Embodiments for group-specific resource indication for UL transmission

The framework for group-specific resource indication for UL is shown in FIG. 5. As
shown therein, the SRS configuration is related to the following three cases:

Case 1. In some embodiments, grouping criteria and the corresponding resource
configuration for SRS resource set are used for codebook-based transmission, non-codebook
based transmission, beam management and/or antenna switching, and as described in the
previous section of this document.

Case 2. In some embodiments, the AP/SP/P SRS resource is to be associated with
spatial relation info and group ID. In an example, and for codebook-based or non-codebook
based transmission, the group ID associated with an SRS should be selected from activated
group pools (e.g., in the case of SP/AP-SRS).

1) sp-SRS configuration. Using the MAC-CE, a group ID provided by group-
based reporting or SRS resource set can be associated with spatial relation info. For example,
using the RRC for the group ID pool, and using the RRC for the spatial info relation pool for
each sp-SRS resource per set.

2) p-SRS configuration. One SRS resource is associated with group ID in RRC
level, respectively. Alternatively, the group-ID is contained in spatial relation info. Alternatively,
group-ID is contained outside spatial relation info: e.g., per SRS resource set.

3) ap-SRS configuration. Associating among spatial relation, group-ID and
resource 1D, and where the following two exemplary solutions may be used:

Solution 1. Use one ap-SRS triggering state, wherein (a) one trigger-state
has been associated with group-ID for one set, e.g., for codebook based transmission, or (b) each
SRS resource associated with the one trigger-state has been associated with group-ID, e.g., for
non-codebook based transmission.

Solution 2. Use RRC for associating between ap-SRS resource and group
ID, where group-ID is contained in spatial relation info, or group-ID is contained outside spatial
relation info, e.g., per SRS resource set.

Case 3. In some embodiments, establish a quasi-co-spatial relation (QcSR)
association between reference RS resource (set) and target RS resource (set) or channel. A QcSR
requires that a UE should transmit the target RS resource (set) or channel with the similar

angular of Tx beam or similar correlation of spatial domain as the reference RS (set).
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o The reference RS can be DL RS, like CSI-RS or SSB, or UL RS, like SRS.

o The degree of similarity can be specified through one pre-define threshold for
angular difference or spatial correlation.

o QcSR can be also called as quasi-co-spatial-filter/quasi-co-filter, quasi-co-beam
or quasi-correlation.

In some embodiments, and when the SRS is used for codebook or non-code
transmission, in order to saving DCI overhead and keep the flexibility of beam indication, the
mapping of combining information between multiple SRS resources and only one codepoint in
DCI should be considered.

In some embodiments, and taking into account the coupling between an SRS resource
and UL data channel, the current beam indication for SRS (e.g., for aperiodic and periodic time
behaviors) is only at the RRC level, and is not dynamic. The combining signaling can be
achieved by introducing a new MAC-CE signal. Two exemplary solutions may be used:

Solution 1. Up to X {group ID + Spatial relation info for PUSCH} through one
MAC-CE are to be associated with one codepoint in SRI DCI field, and wherein the spatial
relation info for PUSCH can contain any types of ap, sp or p-SRS for PUSCH transmission.

Solution 2. Combining of up to X {SRS resource ID + SRS resource set ID},
which have the same time-domain behavior, for each of codepoint in DCI. For example, the
PUSCH transmission is determined according to the latest SRS transmission of the indicated
{SRS resource ID + SRS resource set ID} prior to the DCI scheduling PUSCH.

In some embodiments, the approach to provide the candidates for combinations of
SRS resources by MAC-CE signaling should meet the UE -capability of simultaneous
transmission or the previous grouping information for the SRS resources.

In some embodiments, and when one UE panel is deactivated, the DCI codepoint
associated with the UE panel should be assumed as out-of-date, e.g., ignored by UE side, and the
length of DCI field after panel deactivating should be reduced accordingly.

In some embodiments, one UL/DL reference RS is associated with K1 groups, and
one UL target RS is associated with the UL/DL RS with respect to K2 groups, where the K2
groups are a subset of the K1 groups, where the indexes of K2 groups are provided for the
association, and where K1 > K2 > 1. Furthermore, the case that there is only one to one mapping,

e.g., KI=K2, is also included as one special case. The UL target RS is transmitted using the
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spatial filters corresponding to the spatial filters in the K2 groups used for reception of the DL
reference RS or transmission of the UL reference RS.

In some embodiments, the indexes of the K2 groups can be provided by RRC, MAC-
CE or DCI signaling. In other embodiments, the one UL target RS is associated with the UL/DL
RS by RRC, and subsequently using MAC-CE or DCI signaling is to activate the K2 groups as
one subgroup from the K1 groups for transmission of the target RS.

Embodiments for semi-periodic-SRS group-specific configurations

In some embodiments, MAC-CE signaling for activating sp-SRS is used for
associating sp-SRS with group ID, e.g., panel, beam group or antenna group ID, besides spatial
relation info. The condition of configuring group ID or whether the group ID is present or not are
determined according to the following cases:

Case 1, which is based on the usage of the contained SRS. In an example, for beam
management or codebook transmission, only one group ID is configured for one SRS set, or the
group ID associated with each of SRS resource within one set is the same. In another example,
for non-codebook transmission or antenna switching, a group ID is configured per SRS resource
within one set.

Case 2, which is based on the type of reference RS. In an example, if the reference RS
is SRS, only spatial relation info is proposed, due to the fact that, for the SRS, UE can derive the
group ID from the reference SRS, which has been configured. In another example, if the
reference RS is DL RS, e.g., SSB or CSI-RS, the group ID should be provided explicitly.

Case 3, which is based on UE capability. In an example, and in the context of antenna
switching, the number of Rx panels to be associated with one TX panel, the number of Tx ports
per Rx port, or the number of Rx antenna ports to be associated with one Tx antenna ports are
UE capability, besides the total number of Tx and Rx antenna ports. For instance, if more than
one Tx port is associated with one Rx port in one antenna group, a group ID (as well as spatial
relation) can be configured per SRS port of each SRS resource within one set.

In some embodiments, the panel or group ID in the MAC-CE signaling is selected
from one RRC pool, entries of which are determined according to UE capability signaling, e.g.,
the number of panel, sub-array, or antenna groups. Furthermore, the group ID is selected from
the pool of group IDs activated by MAC-CE signaling, which is down-selected from the RRC
pool. In addition, the panel or group associated with their ID in the MAC-CE signaling should be
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activated one.

Embodiments for periodic-SRS and aperiodic-SRS group-specific configurations

In some embodiments, one p-SRS or ap-SRS resource may be associated with one
group ID at the RRC level, respectively. For example, there may be support for:

1) a panel/group ID contained in spatial relation info;

2) a panel/group ID contained per resource; or

3) a panel/group ID contained per SRS resource set.

In some embodiments, and for ap-SRS, up to N ap-SRS triggering state is configured
by higher layer parameter, and then MAC-CE signaling is used for down-selecting M states,
which is associated with each codepoint in DCI. Furthermore, the configuration for the ap-SRS
triggering state is determined according to the usage of ap-SRS, the type of reference RS or UE
capability signal, e.g.

o One trigger-state has been associated with group-ID for one set, e.g., SRS for
codebook transmission or for beam management. Alternatively, a list of group ID contained in
trigger state should be the same if they are configured for SRS for codebook transmission or
beam management.

o One trigger-state is associated with one list of group ID, each entry of which is
associated with SRS resource within one set in order, which is associated with the trigger state,
e.g., SRS for non-codebook transmission or for antenna switching.

Embodiments for quasi-co-spatial relation (Qc¢SR) associations between a
reference RS (set) and a target SRS resource (set)

In some embodiments, when a target UL RS or channel is associated with a reference
RS in terms of spatial relation, the target RS should be transmitted by the same spatial domain
filter used for reference RS, irrespective that the reference RS is the uplink or downlink one. In
order to achieve UL beam tracking, one target RS or channel can be QcSR associated with one or
more reference RSs, which means that the beam used for the target RS or channel are very
similar to those used for reference RSs.

In some embodiments, the QcSR association can be defined that, two antenna ports or
RSs are said to be QcSR if the properties of the channel over which a symbol on one antenna
port or RS is conveyed can be inferred from the channel over which a symbol on the other

antenna port or RS is conveyed. In other words, the inference may be based on the correlation
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between the property on the two channels. For example, the property may be a spatial parameter,
an angular difference, a spatial correlation, or a precoding correlation.

In some embodiments, two antennas ports or RSs are said to be QcSR if the angular
difference between boresight of spatial domain filter of one antenna port or RS and the other
antenna port or RS is less than or equal to one threshold.

In some embodiments, two antennas ports or RSs are said to be QcSR if the spatial
correlation between spatial domain filter or pre-coding of one antenna port or RS and the other
antenna port or RS is higher than or equal to one threshold.

In an example, one new SRS resource as a target RS is configured with one reference
RS, e.g., one SRS resource, in terms of QcSR, which implies that the spatial domain filter of the
new SRS resource may be determined according to the reference RS, and the UE does not need
to use the exact same spatial relation filter as the reference RS. Furthermore, one new SRS
resource set can be configured with one reference RS, e.g., DL or UL RS, in terms of QcSR. In
such a case, UE can generate the multiple spatial domain filters associated respective SRS
resources around that associated the reference RS.

In another example, one SRS resource set containing N, e.g., N=4, resources have
resource-wise QcSR properties with one CSI-RS resource set containing M, e.g., M=2, resource
as shown in FIG. 6. Furthermore, N=MK and N, M and K are positive integers, where one
resource of the CSI-RS set and respective K resources of the SRS set, in an ordered manner,
meets the requirement of the QcSR property.

In some embodiments, a target RS can be associated with information about spatial
granularity, which is equivalent to the level of beam-forming gain, antenna gain, beam pattern,
beam-width or number of beams with the same or similar beam-width or beam pattern.

In an example, a UE supports 3 level of spatial granularity: a first level with one
beam with a beam-width of 60 degrees, a second level with one beam with a beam-width of
30 degrees, and a third level with one beam with a beam-width of 15 degrees. For initial beam
management and coarse beam searching, a gNB may configure some RSs with the first
granularity level, which can accelerate the progress of beam sweeping but with low accuracy.
After determining one Tx and Rx beam pair with the first level granularity, the gNB can
configure some other RSs with second level granularity for beam refinement, and which are

associated with the searched Tx and Rx beam pair with the first level of granularity. Through this
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association with searched the beam pair (at the first granularity level), some unnecessary beam
sweeping, like whole-space beam sweeping, under the second level granularity, e.g., some
narrower beams, can be avoided. After the second beam training, a subsequent narrower and
better antenna gain beam pair, which points to each other, may be found accordingly. Similarly,
gNB can configure some other RSs with third level granularity for further beam refinement over
those with second level granularity.

In some embodiments, the spatial granularity may be determined by the capability of
the UE, which can report its spatial granularity, when required. In an example, the spatial
granularity may be one of the following: a number or a maximum number of spatial granularity
levels, a maximum number of resources for a first granularity level, a maximum number of
resources per set for a second granularity level, or a maximum number of resource sets for a third
granularity level.

Embodiments for SRS indication for PUSCH transmission with group
information considerations

In some embodiments, and to save DCI overhead in the case of sufficient flexibility,
new MAC-CE signaling is introduced for the combining of one or more ap/sp/p-SRS resource
IDs (and/or its associated SRS resource set ID) for one codepoint in DCI, as shown in FIG. 7.

In some embodiments, all resources associated with one codepoint or all codepoint
should be kept in the same time domain behavior. In other embodiments, the indicated SRS is the
latest SRS transmission of the ap/sp/p-SRS resource IDs (or its associated SRS resource set ID)
prior to the DCI scheduling PUSCH. In yet other embodiments, combination by MAC-CE
signaling is provided according to the capability of simultaneous transmission.

In some embodiments, when one UE panel is deactivated, the DCI codepoint
associated with the UE panel should be assumed as out-of-date, e.g., ignored by UE side, and the
length of DCI field after panel deactivating should be reduced accordingly.

Exemplary methods for the disclosed technology

The methods and examples of the disclosed technology provided below explain
general concepts, and are not meant to be interpreted as limiting. In an example, unless explicitly
indicated to the contrary, the various features described in these examples may be combined.

FIG. 8 shows an example of a wireless communication method 800 for group-specific

resource indications. The method 800 includes, at step 810, determining an association among
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one set of one or more reference signals, which are associated with a usage or a time-domain
behavior, and one or more groups. An example of the association structure, based on a usage or
time-domain behavior, in shown in FIGS. 3 and 4.

The method 800 includes, at step 820, transmitting a signaling message comprising
the association.

In some embodiments, one RS of the one or more RSs is associated with one or more
spatial relation information, and where each of the one or more spatial relation information
contains one or more reference RSs.

In some embodiments, the association between the one set of one or more RSs and
the one or more groups is based on at least one of the usage of the one or more RSs, a type of one
or more reference RSs, or one or more terminal capability signals. In an example, and in the case
that the association between the one set of one or more RSs and the one or more groups is based
on the usage of the one or more RSs, at least one of the following criteria is met:

o when the usage is beam management or the codebook-based transmission, and
only one group is configured for the one set of the one or more RSs;

o when the usage is beam management or the codebook-based transmission, and
the one group is configured for each RS of the one set, and each of the one or more RSs in the
one set belong to a same group;

o when the usage is non-codebook based transmission, and one group is
configured per RS of the one set; or

o when the usage is antenna switching, and one group is configured per RS of the
one set or one group is configured per port or port group of one RS.

In another example, the one or more terminal capability signals includes at least one
of a number of receiver panels or antenna groups to be associated with one transmitter panel or
antenna group, a number of transmitter ports per receiver port, a number of receiver antenna
ports to be associated with one transmitter antenna port, a total number of transmitter antenna
ports, a total number of receiver antenna ports, a number of receiver panels or antenna groups, a
maximum number of spatial domain filters to be transmitted simultaneously, a maximum number
of spatial domain filters to be received simultaneously, or a number of transmitter panels or
antenna groups.

In some embodiments, the association between the one set of one or more RSs and
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the one or more groups is based on the one or more reference RSs, and each of the one or more
reference RSs is associated with the one or more groups. In an example, one RS of the one or
more RSs is associated with at least one reference RS of the one or more the reference RSs, and
the one RS and the at least one reference RS are both associated with at least one same group of
the one or more groups. In another example, one RS of the one or more RSs is associated with at
least one reference RS of the one or more the reference RSs, and the one RS is associated with
subset of groups associated with the at least one reference RS. In another example, the indexes of
the subset of groups may be communicated by radio resource control (RRC), medium access
control (MAC) control element (CE) message or downlink control information (DCI).

FIG. 9 shows an example of a wireless communication method 900 for group-specific
resource indications. This example includes some features and/or components that are similar to
those shown in FIG. 8, and described above. At least some of these features and/or components
may not be separately described in this section.

The method 900 includes, at step 910, receiving a signaling message comprising an
association between one set of one or more reference signals, which are associated with a usage
or a time-domain behavior, and one or more groups.

The method 900 includes, at step 920, transmitting, by the terminal and based on the
association, the one or more reference signals.

In the context of methods 800 and 900, some embodiments may be implemented in a
variety of configurations. In an example, at least one of the one or more groups includes at least
one of a resource, a port group, a resource set, a panel, a sub-array, a spatial filter, a spatial filter
group, an antenna group or a beam group. In another example, the usage includes beam
management, antenna switching, non-codebook based transmission, or codebook-based
transmission. In yet other examples, a type of the time-domain behavior is periodic, semi-
periodic or aperiodic. In yet other examples, one RS comprises an SRS.

In some embodiments, the one or more groups are selected from one set of groups,
and wherein the one set of groups is configured by radio resource control (RRC).

In some embodiments described by methods 800 and 900, the RS and signaling
message may be selected in various configurations. In an example, each RS of the one set of one
or more RSs is a semi-persistent sounding reference signal (SRS), and the signaling message is a

medium access control (MAC) control element (CE) message. In another example, each RS of
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the one set of one or more RSs is a periodic SRS, and the signaling message is a radio resource
control (RRC) message. In yet another example, each RS of the one set of one or more RSs is an
aperiodic SRS, and the signaling message is a radio resource control (RRC) message or a
medium access control (MAC) control element (CE) message.

In yet another example, each RS of the one set of one or more RSs is an aperiodic
SRS, and the association comprises at least one triggering state. In this case, the at least one
triggering state may include a single triggering state that is associated with one or more SRS.
Alternatively, the at least one triggering state may include a plurality of second-type triggering
states, where one of the plurality of second-type triggering states is associated with one SRS.

In some embodiments described by methods 800 and 900, a medium access control
(MAC) control element (CE) signaling jointly encodes identifications of the one or more RSs for
one codepoint in a downlink control information (DCI), and as shown, for example, in FIG. 7. In
an example, the identifications of the one or more RSs for the one codepoint are jointly encoded
based on one simultaneous transmission rule or one grouping criteria for one or more sets of the
one or more RSs. In another example, the usage is for the codebook-based transmission, and
wherein the one or more RSs to be jointly encoded for the one codepoint is selected from
different sets. In yet another example, the usage is for the non-codebook based transmission, and
wherein the one or more RSs to be jointly encoded for the one codepoint is selected from a same
set. In yet another example, the one or more RSs to be jointly encoded for the one codepoint or
all codepoints comprise a same type of time domain behavior. In yet another example, one group
of the one or more groups is deactivated, and wherein the one codepoint in the DCI associated
with the one group is ignored or withdrawn. In yet another example, one group of the one or
more groups is deactivated, and wherein codepoints in the DCI not associated with the one group
or the codepoints in the DCI associated with activated groups are re-numbered.

FIG. 10 shows an example of a wireless communication method 1000 for group-
specific resource indications. The method 1000 includes, at step 1010, determining that a target
uplink resource is associated with a reference resource.

The method 1000 includes, at step 1020, performing, using the target uplink resource,
a transmission.

In some embodiments, a difference between transmission beam angles associated

with the target uplink resource and the reference resource is less than or equal to a first threshold.
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In some embodiments, a property of a first channel over which a symbol on the target
uplink resource is communicated is correlated with the property of a second channel over which
a symbol on the reference resource is communicated. In an example, the property is transmission
beam angle. In another example, the property is spatial-domain correlation. In yet another
example, the property is precoding correlation.

In some embodiments, a correlation between spatial domain filters or precoding
metrics associated with the target uplink resource and the reference resource is greater than or
equal to a first threshold.

In the method 1000, a first set of N target uplink resources may be resource-wise
associated with a second set of M reference RSs, wherein N and M are positive integers. In an
example, N=MK and K is a positive integer, and one resource of the second set of M reference
RSs is associated, in an ordered manner, with a corresponding K resources of the first set of N
target uplink resources.

FIG. 11 shows an example of a wireless communication method 1100 for group-
specific resource indications. The method 1100 includes, at step 1110, receiving a message
comprising a reference signal (RS) configuration.

The method 1100 includes, at step 1120, transmitting, based on the RS configuration,
one or more RSs that are associated with a spatial granularity.

FIG. 12 shows an example of a wireless communication method 1200 for group-
specific resource indications. This example includes some features and/or components that are
similar to those shown in FIG. 11, and described above. At least some of these features and/or
components may not be separately described in this section.

The method 1200 includes, at step 1210, determining a reference signal (RS)
configuration comprising an association between one or more target RSs and a spatial granularity.

The method 1200 includes, at step 1220, transmitting, to a terminal, a message
comprising the RS configuration.

In the context of methods 1100 and 1200, the spatial granularity may be a spatial
granularity level, a beam-forming gain, an antenna gain, a beam pattern, a reference RS, a
reference RS set, a number or a maximum number of resources, a beam-width, or a transmission
beam angle. And the message including the RS configuration is determined based on one or

more capability signaling of spatial granularity that includes at least one of a number or a
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maximum number of spatial granularity levels, a maximum number of resources for a first
granularity level, a maximum number of resources per set for a second granularity level, or a
maximum number of resource sets for a third granularity level. In an example, a spatial domain
filter of a target RS of the one or more target RSs is correlated with a spatial domain filter of the
reference RS set or a spatial domain filter of one RS of the reference RS set.

Implementations for the disclosed technology

FIG. 13 is a block diagram representation of a portion of an apparatus, in accordance
with some embodiments of the presently disclosed technology. An apparatus 1305, such as a
base station or a wireless device (or UE), can include processor electronics 1310 such as a
microprocessor that implements one or more of the techniques presented in this document. The
apparatus 1305 can include transceiver electronics 1315 to send and/or receive wireless signals
over one or more communication interfaces such as antenna(s) 1320. The apparatus 1305 can
include other communication interfaces for transmitting and receiving data. Apparatus 1305 can
include one or more memories (not explicitly shown) configured to store information such as
data and/or instructions. In some implementations, the processor electronics 1310 can include at
least a portion of the transceiver electronics 1315. In some embodiments, at least some of the
disclosed techniques, modules or functions are implemented using the apparatus 1305.

It is intended that the specification, together with the drawings, be considered
exemplary only, where exemplary means an example and, unless otherwise stated, does not
imply an ideal or a preferred embodiment. As used herein, the use of “or” is intended to include
“and/or”, unless the context clearly indicates otherwise.

Some of the embodiments described herein are described in the general context of
methods or processes, which may be implemented in one embodiment by a computer program
product, embodied in a computer-readable medium, including computer-executable instructions,
such as program code, executed by computers in networked environments. A computer-readable
medium may include removable and non-removable storage devices including, but not limited to,
Read Only Memory (ROM), Random Access Memory (RAM), compact discs (CDs), digital
versatile discs (DVD), etc. Therefore, the computer-readable media can include a non-transitory
storage media. Generally, program modules may include routines, programs, objects,
components, data structures, etc. that perform particular tasks or implement particular abstract

data types. Computer- or processor-executable instructions, associated data structures, and

18



CA 03118375 2021-04-30

WO 2020/034443 PCT/CN2018/113834

program modules represent examples of program code for executing steps of the methods
disclosed herein. The particular sequence of such executable instructions or associated data
structures represents examples of corresponding acts for implementing the functions described in
such steps or processes.

Some of the disclosed embodiments can be implemented as devices or modules using
hardware circuits, software, or combinations thereof. For example, a hardware circuit
implementation can include discrete analog and/or digital components that are, for example,
integrated as part of a printed circuit board. Alternatively, or additionally, the disclosed
components or modules can be implemented as an Application Specific Integrated Circuit (ASIC)
and/or as a Field Programmable Gate Array (FPGA) device. Some implementations may
additionally or alternatively include a digital signal processor (DSP) that is a specialized
microprocessor with an architecture optimized for the operational needs of digital signal
processing associated with the disclosed functionalities of this application. Similarly, the various
components or sub-components within each module may be implemented in software, hardware
or firmware. The connectivity between the modules and/or components within the modules may
be provided using any one of the connectivity methods and media that is known in the art,
including, but not limited to, communications over the Internet, wired, or wireless networks
using the appropriate protocols.

While this document contains many specifics, these should not be construed as
limitations on the scope of an invention that is claimed or of what may be claimed, but rather as
descriptions of features specific to particular embodiments. Certain features that are described in
this document in the context of separate embodiments can also be implemented in combination
in a single embodiment. Conversely, various features that are described in the context of a single
embodiment can also be implemented in multiple embodiments separately or in any suitable sub-
combination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or a variation of a sub-combination. Similarly, while
operations are depicted in the drawings in a particular order, this should not be understood as
requiring that such operations be performed in the particular order shown or in sequential order,

or that all illustrated operations be performed, to achieve desirable results.
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Only a few implementations and examples are described and other implementations,
enhancements and variations can be made based on what is described and illustrated in this

disclosure.
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CLAIMS

1. A method for wireless communication, comprising:
transmitting, by a base station to a user terminal, a signaling message comprising

a reference signal configuration information based on an association between one set of one or
more reference signals, RSs, and one or more groups that are grouped according to a usage of
each of the one or more RSs that is one of beam management, antenna switching, non-codebook
based transmission, or codebook based transmission,

wherein each of the one or more groups has an identification, ID, which is indicated by
the signaling message and the ID is associated with one RS of the one set or all RSs of the set
based on at least one of the usage and a time-domain behavior that refers to whether the some of

the one or more RSs are periodic, semi-periodic or aperiodic.

2. A method for wireless communication, comprising:

receiving, by a user terminal from a base station, a signaling message comprising a
reference signal configuration information based on an association between one set of one or
more reference signals, RSs, and one or more groups that are groups according to a usage of each
of the one or more RSs that is one of beam management, antenna switching, non-codebook based
transmission, or codebook-based transmission; and

transmitting, by the user terminal and based on the association, the one or more RSs,

wherein each of the one or more groups has an identification, ID, which is indicated by
the signaling message and the ID is associated with one RS of the one set or all RSs of the set
based on at least one of the usage and a time-domain behavior that refers to whether the some of

the one or more RSs are periodic, semi-periodic or aperiodic.

3. The method of claim 1 or 2, wherein one RS of the one or more RSs is associated with
one or more spatial relation information, wherein each of the one or more spatial relation

information contains one or more reference RSs.
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4, The method of claim 1 or 2, wherein at least one of the one or more groups comprises at
least one of a resource, a port group, a resource set, a panel, a sub-array, a spatial filter, a spatial

filter group, an antenna group or a beam group.

5. The method of claim 1 or 2, wherein the one RS comprises a sounding reference signal
(SRS).
6. The method of any one of claims 1 to 5, wherein the association between the one set of

one or more RSs and the one or more groups is based on at least one of the usage of the one or
more RSs, a type of one or more reference RSs, or one or more capability signals of the user

terminal,

7. The method of any one of claims 1 to 5, wherein the one or more groups are grouped
based on at least one of a plurality of criteria such that :

when the usage is the beam management or the codebook-based transmission, only one
group is configured for the one set of the one or more RSs;

when the usage is the beam management or the codebook-based transmission, the one
group is configured for each RS of the one set, and each of the one or more RSs in the one set
belong to a same group;

when the usage is the non-codebook based transmission, one group is configured per RS
of the one set; or

when the usage is the antenna switching, one group is configured per RS of the one set or

one group is configured per port or port group of one RS.

8. The method of claim 3, wherein the association between the one set of one or more RSs
and the one or more groups is based on the one or more reference RSs, and wherein each of the

one or more reference RSs is associated with the one or more groups.
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9. The method of claim &, wherein one RS of the one or more RSs is associated with at least
one reference RS of the one or more the reference RSs, and wherein the one RS and the at least

one reference RS are both associated with at least one same group of the one or more groups.

10. The method of claim 8, wherein one RS of the one or more RSs is associated with at least
one reference RS of the one or more the reference RSs, and wherein the one RS is associated

with subset of groups associated with the at least one reference RS.

11.  The method of claim 10, wherein indexes of the subset of groups are communicated by
radio resource control (RRC), medium access control (MAC) control element (CE) message or

downlink control information (DCI).

12. The method of claim 6, wherein the one or more capability signals of the user terminal
comprise at least one of

a number of receiver panels or antenna groups to be associated with one transmitter panel
or antenna group,

a number of transmitter ports per receiver port,

anumber of receiver antenna ports to be associated with one transmitter antenna port,

a total number of transmitter antenna ports,

a total number of receiver antenna ports,

anumber of receiver panels or antenna groups,

a maximum number of spatial domain filters to be transmitted simultaneously,

a maximum number of spatial domain filters to be received simultaneously, or

anumber of transmitter panels or antenna groups.

13.  The method of claim 1 or 2, wherein the one or more groups are selected from one set of

groups, and wherein the one set of groups is configured by radio resource control (RRC).
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14.  The method of any one of claims 1 to 6, wherein each RS of the one set of one or more
RSs is a semi-persistent sounding reference signal (SRS), and wherein the signaling message is a

medium access control (MAC) control element (CE) message.

15.  The method of any one of claims 1 to 6, wherein each RS of the one set of one or more
RSs is a periodic SRS, and wherein the signaling message is a radio resource control (RRC)

message.

16.  The method of any one of claims 1 to 6, wherein each RS of the one set of one or more
RSs is an aperiodic SRS, and wherein the signaling message is a radio resource control (RRC)

message or a medium access control (MAC) control element (CE) message.

17.  The method of any one of claims 1 to 6, wherein each RS of the one set of one or more

RSs is an aperiodic SRS, and wherein the association comprises at least one triggering state.

18.  The method of claim 17, wherein the at least one triggering state comprises a single

triggering state that is associated with one or more SRS.

19.  The method of claim 17, wherein the at least one triggering state comprises a plurality of
second-type triggering states, and wherein one of the plurality of second-type triggering states is

associated with one SRS.

20.  The method of any one of claims 1 to 6, wherein a medium access control (MAC) control
element (CE) signaling jointly encodes identifications of the one or more RSs for one codepoint
in a downlink control information (DCI).

21.  The method of claim 20, wherein the identifications of the one or more RSs for the one

codepoint are jointly encoded based on one simultaneous transmission rule or one grouping

criteria for one or more sets of the one or more RSs.
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22. The method of claim 20, wherein the usage is for the codebook-based transmission, and
wherein the one or more RSs to be jointly encoded for the one codepoint is selected from

different sets.

23.  The method of claim 20, wherein the usage is for the non-codebook based transmission,
and wherein the one or more RSs to be jointly encoded for the one codepoint is selected from a

same set.

24.  The method of claim 20, wherein the one or more RSs to be jointly encoded for the one

codepoint or all codepoints comprise a same type of time domain behavior.

25.  The method of claim 20, wherein one group of the one or more groups is deactivated, and

wherein the one codepoint in the DCI associated with the one group is ignored or withdrawn.

26.  The method of claim 20, wherein one group of the one or more groups is deactivated, and
wherein codepoints in the DCI not associated with the one group or the codepoints in the DCI

associated with activated groups are re-numbered.

27. A wireless communications apparatus comprising a processor and a memory, wherein the
processor is configured to read code from the memory and implement a method recited in any
one of claims 1 to 26.

28. A computer program product comprising a computer-readable program medium code

stored thereupon, the code, when executed by a processor, causing the processor to implement a

method recited in any one of claims 1 to 26.
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