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SIGNALING OF QUASI-CO-LOCATION INFORMATION IN WIRELESS
SYSTEMS

TECHNICAL FIELD

This document is directed generally to wircless comrunications.

BACKGROUND

Wireless comumunication technologies are moving the world toward an increasingly
connected and networked society. The rapid growth of wireless commuunications and advances in
technology has led to greater demand for capacity and connectivity. Other aspects, such as
energy consurnption, device cost, spectral efficiency, and latency are also iroportant to meeting
the needs of various comyounication sceparios. In comparison with the existing wireless
networks, next generation systems and wireless communication technigues need to provide
sapport for an increased number of users and devices, as well as support for higher data rates,
thereby requiring user equipment to implement efficient methods and iroplementations of

signaling guasi-co-location information.

SUMMARY

This document relates to methods, systems, and devices for generating sequences for
reference sigoals in roobile communication technology, including 5th Generation (5G) and New
Radio (NR) communication systems.

It one exemplary aspect, a wireless commuunication method is disclosed. The mwethod
mncludes transmitting, from a first communication node and to a second communication node, a
signal according to a beam set that comprises a first subset of B beams selected from a pool of
beams, wherein M is positive integer.

In another exemplary aspect, a wireless communication method is disclosed. The
method includes receiving, by a first communication node and from a second communication
node, a signal according to a beam set that comprises a first subset of B beams selected from a
pool of beams, wherein M is positive integer.

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.
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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 is an example of a beam management framework for the multi-panel and
multi-TRP (transmission point) case.

F1G. 2 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. 3 shows an exemplary framework of multi-level beam indication for physical
downlink shared channel (PDSCH) in the multi-panel and multi-TRP case.

FIG. 4 shows an exarmple of beam determination of a multi-slot PDSCH transmission.

FIGS. SA and 5B show examples of pattern indications for downlink (DL} quasi-co-
location (QCL) states of one PDSCH transmission.

FIG. 6 shows an exarople of the determuination of DL reference signals for accessing
radio link quality.

FIG. 7 is a flowchart of an example of a wireless communication method.

FIG. 8 is a flowchart of another example of a wireless communication method.

FIG. 9 1s 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 counsiderable
propagation loss induced by the extremely high frequency becomes a noticeable challenge. To
mitigate this issue, antenna array aond 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 nember of phases is finite and

constant modulus constraints are placed on the antenna elements. Given the pre-specified beam
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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. | shows an example of beam measurement and reporting
wherein the UE has four side paunels.

Furthermore, in 5G NR, analog beam-forming was prirparily introduced into mobile
communication for guaranteeing the robustness of high frequency communications. In order to
guarantee performance, especially for supporting ultra-reliable & low latency cornmunications
(URLLC), one channel transmission should be performed using roore than one Tx-Rx beam pair.
In some embodiments, the following issues should be considered:

o For downlink (DL} and uplink (UL) channel transmission, the sigoaling of
associating more than one Tx bearn should be back-forward compatible for the current
architecture of indicating one Tx beam and flexible for combining any candidate pair, e.g., for
channel tracking.

o Beams may be transmitied simultaneously or transmitted separately in different
time units, like time-division multiplexing (TDM), which depends on the capability of the UE to
support simultaneous transmission and the base station (e.g., gNB, eNB) configuration. For non-
simultaneous transmissions, the time pattern for one set of M Tx beams for UL/DL transmissions
should be considered with N time-unit aggregation, where M and N are positive integers.

© Default beam determination for data channel or radio link monitoring should be
considered for the cases when the control channel is associated with more than one beam.

FI1G. 2 shows an example of a wireless communication system (e.g., an LTE, 3G or
New Radio (NR) cellular network) that includes a BS 120 and one or more user equipment (UE)
111, 112 and 113. 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
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computer, a machine to machine (M2M) device, a terminal, a mobile device, an Internet of
Things (1oT) 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
comnmunication protocols than the 3GPP protocols.

Nomenclature for embodiments of the disclosed technology

In the drawings, the descriptions, and the clairns of this document the following
terminology 13 adopted. In some embodiments, a “beam” may be interpreted as channel property
assumption, quasi-co-location (QCL) state, transmission configuration indicator (TCH state,
spatial relation state {also called as spatial relation information state), a reference signal (RS), a
RS set, a spatial filter or a precoding matrix. For example,

o A “Tx beam” may be a channel property assamption, QCL state, RS set, TCI
state, spatial relation state, 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 (BDMRS), sounding reference signal (SR8)), a Tx spatial filter or a
Tx precoding matrix.

© An “Rx beamy” may be a channel property assumption, QCL state, RS set, TCI
state, spatial relation state, spatial filter, an Rx spatial filter or Rx precoding.

o A “beam I’ may be interpreted as a channel property assumption index, QCL
state index, RS set, TCI state index, spatial relation state index, reference signalling index, a
spatial filter 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” i1s comprised of one or more
reference RSs, which 15 used to represent “spatial relation” between targeted “RS or channel”
and the one or more reference RSs, where “spatial relation” means the same/guasi-co beam,

same spatial parameter, guasi-co spatial domain filter, or the same spatial domain filter.
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In some embodiments, a “quasi-co-location (QCL} state” or “RS set” 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 further embodiments, “QCL state” may be interpreted as “TCI state”.

In some embodiments, link recovery is equivalent to beam recovery.

In some embodiments, “time unit” can be sub-symbol, symbol, slot, sub-frame, frame,
OF {ransmission occasion.

In some embodiment, “search space” can be search space set.

Exemplary embodiments for signaling quasi-co-location (QCL) information

Embodiment  1: Sienaling for combming multiple _beams for one or more

trapsmission configuration indicator {TCI) states, spatial relation states or spatial relation
mformation (SRI)) for one or more transmissions {e.g., PDSCH, PDCCH, PUSCH or PUCCH)
as one beam set, at least one of the following mechanism should be ased:

Option 1. As shown in FIG. 3, a bitmap may be used to activate N beams from
one candidate pool (Step-a), and then the one or more beams may be combined to form a beam
set (Step-b). In an example, the candidate beam pool can be RRC configured, or geuerated
according to one or multiple RS set, e.g., SRS resource set. In another example, the QCL
assumption for CSERS for tracking is determined according to the N beams, when the beam is
TCT state or QCL state. In yet another example, Step-a and Step-b can be carried by one MAC-
CE command, where one bit in the MAC-CE command is used to indicate whether the field
associated with Step-b exists. In yet another example, Step-a and Step-b can be carried by two
separate MAC-CE commands, but the MAC-CE command of Step-b is based on the beams
activated by MAC-CE command of Step-a. In yet another example, at least one codepoint in
step-b is reserved not to be associated with any of N beams, which is to be used for non-
combining any further beam case.

Option 2. A bitmap may be used to activate N beams from one candidate pool
{Step-a), and then one or more explicit ID can be provided from the candidate RRC pool to be
associated with each of the N beams (Step-b). In an example, one of the N beams and iis

associated one or more heam to be indicated by explicit ID is interpreted as one beam set. In
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another example, Step-a and Step-b can be carried by one MAC-CE command, where one bit in
the MAC-CE command is used to indicate whether the field associated with Step-b exists. In yet
another example, Step-a and Step-b are carried by two separate MAC-CE commands, but the
MAC-CE command of Step-b is based on the beams activated by MAC-CE command of Step-a.
Option 3. Combining multiple beams through using explicit ID as one beam set.
Option 4. Multiple {e.g., M} bitmaps may be used, each of which activates Ni
beams from one or multiple candidate beam pools, where 1 =0,1,2, .., M-1 (Step-a), and then
providing one combination of one or more 1D« for one set (Step-b). In an example, in Step-h, the
one or more [Ds can be selected from separate beam pools generated by the M bitmaps,
respectively. In another example, in Step-b, the one or more 1Ds can be selected from any beam
pools generated by the M bitroaps.
In some embodiments, and for a PDSCH transmission, the following three-step
process for the QCL indication shown in FIG. 3 roay be been summarized as follows:
Step-1: Multiple QCL states {or called as TCI states) are configured or re-
configured by RRC signaling.
Step-2: Activate or de-activate QCL states and combing one or more of the
activate QCL states as one set for one DCI codepoint through Step-a and Step-b, respectively.
Step-a: Activate or de-activate QCL states through one bitmap
Step-b: Combining the already activated QCL states in Step-a into oue set,
where, as shown in FHG. 3, one codepoint 117 is reserved not to associated with any of N beams,
which is to be used for non-combining any further beam case. In an example, and for the case of
indicating one of QCL-00 and QCL-01 after Step-b, the DMRS port group 2 can NOT be used.
Step-3: Indicate one QCL state ID, which has been re-numbered after Step-b in
Stage-2, for assisting of PDSCH demodulation.

Embodiment 2: Beam pattern indication for DL and UL sisgnals. In some

embodiments, for combining multiple beams (also called as QCL states, TCI states, spatial
relation states or SRIs) for one or more transmission, the one or more {ransmission has af least
one or more of the following features:
Feature I. The multiple beams are transmitted simultaneously.
In some embodiments, one data channel (e.g., PDSCH, or PUSCH) includes more

than one port group, and consequently, one port group is respectively associated with one Tx
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beam (e.g., QCL state, or TCI state). From the perspective of one data channel transmission,
more than one TX beams are transmitted simultaneously.

Feature 2. Each beam from one set of multiple beams are transmitted in an
ordered manner for one transmission, which includes at least one of a control resource set
(CORESET), a PDSCH, a PUSCH, a semi-persistent scheduled (SPS)-PUSCH, a PUCCH, a
semi-persistent (SP) or a periodic PUCCH.

In some embodiments, one set of multiple beams and their corresponding time-
dornain patterns are configured for one transmission. Once the one transmission is initialized, the
beam of the respective time domain units is determined in the aforementioned ordered manner.

In some embodiments, the set {Tx heam-1, Tx beam-2} is configured for one 2-slot
aggregate transmission (e.g., PDSCH, PUSCH and PUCCH). In such a case, Tx beam-1 is used
for the first slot transmission, and Tx beam-2 1s used for the second slot transmussion.

Feature 3. The beam to be used for one transmission {e.g., PDSCH, or PUSCH)
OF One transmission in one given time unit is determined (or selected) from one set according to
the PDCCH or CORESET scheduling the one transmission, the given fime umit of the one
transmission, index of the one transmission occasion, or DMRS port group index.

In some embodiments, one or more slots for the one transmission are grouped into R
sets, where R is positive integer, and each of the R sets is separately associated with one index of
beam in the beam set.

In some embodiments, and as shown in FIG. 4, slot-0 and slot-1 are grouped into one
Set-A and slot-2 and slot-3 are grouped into one Set-B, where Set-A and Set-B are associated
with the second entry and first entry of beam set, respectively. When one channel is scheduled
with one beam set {Beam-7, Beam-9} and transmitted in slot-1 and slot-2, the channel in slot-1
is transmitted through using Beam-9 and the one in slot-2 is transmitted through using Beam-7.

In some embodiments, when N time units or fransmission occasions are associated
with one set of M beams, where N and M are positive integers, the beam {e.g., QCL state, TCI
state, spatial relation state or SRI) of time-unit or transmission occasion index j is determined
according to {N, M and j} or {M and j}. Further j=0 is the first time unit or transmission
occasion to be scheduled, or the first time unit or transmission occasion after or from one given
time, which is determined by resource assignment information for the transmission.

In an example, and in the context of FIG. 5A, beam index x(j)=QCL_State ; (floor
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(/N*M)), where QCL_state; denotes the set of (QCL state to be indicated or configured. As
shown therein, one QCL pattern using the formula is indicated for one PDSCH transmission |,
where the QCL_state; to be indicated is {QCL-1, QCL-6}.

In another example, and in the context of FIG. 5B, beam index x(j)=QCL_State; (j
mod M)}, where (QCL_state; denotes the set of QCL state to be indicated or configured. As
shown therein, one QCL pattern using the formula is indicated for one PDSCH transmission /,
where the (QCL _state; to he indicated is {QCL-1, QCL-6}. Furthermore, one QCL state can be
associated with one or more respective MCSs, which is to keep the performance under one given
transmission beam.

Embodiment 3; Beam determunation for DL control channel and link monitorine. In

some embodiments, and in order to guarantee the robustness of the control channel or its
corresponding data channel, multiple QCL states (e.g., beams or TCI states) can be configured
and/or combined for one CORESET, which is based on MAC-CE signaling.

In some embodiments, the time domain pattern of one CORESET, which is
monitored by one UE, is determined according to the search space set associated with the
CORESET, taking into account that no time-domain information or pararneters are explicitly
configured for the CORESET.

In some embodiments, and from the perspective of UE, at least one of the following
rules about associating the multiple QCL states with time unit, or occasion of roonitoring
PDCCH in the CORESET should be used:

© The multiple QCL states are associated with the respective time unit or
occasion of monitoring PDCCH in an ordered manner. In an example, the occasion of
monitoring PDCCH is determined according to one monitored search space set associated with
the CORESET.

© One search space set can be associated with at least one beam from the multiple
beams. In an example, multiple search space sets can be grouped into N groups of search space
set, each of which is associated with the at least one beam from the multiple beams.

In some embodiments, and for the procedure of link recovery or radio link monitoring,
at least one of the following aspects should be supported:

o The radio link quality according to DL RSs associated with the entry with the

highest or lowest ID or primary entry of the set of multiple beams should be measured.
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o The radio link guality according to DL RSs associated with all entries of the set
of multiple beams should be accessed. For example, if there are two or more RS indexes in the
one QCL state, the RS with QCL-Type-D, e.g., spatial parameter, is used for accessing radio Hnk
guality.

o When the maximum number of QCL states or DL RSs to be monitored 1s T
{e.g.. according to UE capability or predefined threshold), radio link quality is accessed
according to the QCL state with higher priority. The following examples are considered:

In an exarople, the number QCL states are determuned according to all
CORESETs within the cell or BWP.

In another exarple, and on a per CORESET basis, only one QCL state
with lowest or highest 1D, which can be local ID in the CORESET or ID in the candidate pool
for CORESET counfigaration, is selected.

In yet another exarmple, the CORESET with a lower or a higher 1D has
higher priority.

In yet another example, the CORESET with the shorter periodicity of ifs
associated searching space set has higher priority.

In yet another example, only up to S QCL states with lower local IDs are
selected per CORESET in each round, where S is a positive integer. If the number of QCL states
or DL RSs has not been exceeded, the next round is implemented. In the example shown in
FIG. 6, there are three CORESETS and the maximum number of DL R8s to be accessed for radio
fink quality is 3. In a first round, only one RS is selected from the candidate QCL state with
iowest local ID of one CORESET in an order from the lowest CORESET 1D, ie., DL RS-6, DL
RS-1 and DL RS-1. Taking into account the one same DL RS has been selected, in the first
round, DL RS-6 and DL RS-1 is selected in order. In the second round, only one RS is selected
from the rest of (JCL state with lowest local ID of one CORESET in an order from the lowest
CORESET 1D, ie., DL R5-7 and BL R5-2 is selected in order. Finally, since only 3 DL RSs are
to be used for accessing radio quality, DL RS-6, DL RS-1 and DL RS-7 are selected.

In vet another example, lower 1D of QCL state within one BWF or cell has
higher priority.

Embodiment 4: Beam determination for DL data channel with a scheduling offset. In

some embodiments, when muitiple QCL states {e.g., beam or T state} can be configured and/or

G
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combined for one CORESET, one or more (JCL states of the multiple QCL states are determined
as the QCL state for PDSCH with the scheduling offset < threshold.

In some embodiments, the state with a specific ID or primary state of the multiple
(QCL state is used for PDCCH reception in the CORESET. In an example, the other entries or all
entries of the multiple QCL state are used as default QCL assumption for the PDSCH with the
scheduling offset < threshold or scheduled by DCI format 0_0. In another example, the other
entries or all entries of the multiple QCL states are used for the scheduled PDSCH if TCI is not
present in DCL In yet another example, the state with specific 1D can be the state with the lowest
1D, the highest 1D or a specific fD.

In some embodiments, the QCL states of the CORESET that are used for determining
the QCL assuraption of PDSCH with the scheduling offset < threshold, should meet at least one
of the following rules:

o If there is at least one CORESET with configured TCT state with monitored
search space set in the latest slot, the corresponding CORESET should be one of configured with
the TCI state (with the CORESET with TS5 or CORESET#0 being precluded).

o If there is at least one CORESET with a comnon search space to be monitored
in the latest slot, the corresponding CORESET should be one of those configured with common
search space.

o If there is at least one CORESET with a UE specific search space to be
monitored in the latest slot, the corresponding CORESET should be one of those configured with
UE specific search space.

In some embodiments, the QCL states of the CORESET (the CORESET being one
with a monitored search space set in the latest slot) are used for determining the QCL assumption
of PDSCH with the scheduling offset < threshold, should be determined based on at least one of
the following rules:

o CORESET with a TCI state is prioritized over CORESET without a configured
TCT state.

o CORESET excluding CORESET #0 is prioritized over CORESET #0.

o CORESET with a common search space set is prioritized over CORESET with
a UE specific search space set.

o CORESET with a UE specific search space set is prioritized over CORESET

10
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with a common search space set.

Embodiment 5: Beam determination for UL data channel. In some embodiments,

multiple spatial relation states {e.g.. also called as beams, or quasi-co spatial relation states) can
be configured for SPS-PUSCH or PUCCH.

In some embodiments, multiple spatial relation states are associated with a time unit
or transmission occasion of the SPS-PUSCH or PUCCH, in an ordered manner.

In some embodiments, the spatial relation(s) or spatial filter(s) of PUSCH
transmission scheduled by DCI format 1_0 is determined according to all spatial relation states
or all spatial relation states excluding one specific states of PUCCH. In an example, the PUCCH
is the PUCCH resource with the lowest or highest resoarce 1D within the bandwidth part (BWP)
or cell. In another example, the PUCCH resources are from one PUCCH resource set, which is
associated with one CORESET group, time-unit group, transmission occasion group, or DMRS
port group. In yet another example, the PUCCH is the PUCCH resource associated with the DCI
format 1_0 or associated with one search space or CORESET of the DCI format 1_0. In vet
another example, the specific state can be one state with lowest ID, highest ID or specific ID. In
yet another example, the DCI format 1_0 is one default DCI format for scheduling PUSCH.

Exemplary methods for the disclosed technology

Embodiments of the disclosed technology advantageously result in ultra-reliable and
low latency communications in existing and emerging cellular communication systems.

FIG. 7 shows an example of a wireless communication method 700 for signaling
QCL information. The method 700 includes, at step 710, transmitting, {from a first
communication node and to a second communication node, a signal according to a beam set that
comprises a first subset of B beams selected from a pool of beams, wherein B is positive integer.
In some embodiments, a beam of the beam set comprises one or more channel property
assumptions, one or more reference signals (RSs), one or more RS sets, one or more spatial
relation states, one or more QCL states, one or more TCI states, one or more spatial domain
filters or one or more pre-coding filters.

In some embodiments, and in the context of method 700, performing a PUSCH
transmission is according to one or more beams of the beam set of a PUCCH resource. In an
example, the PUCCH resource comprises a lowest or a highest resource D within a bandwidth

part (BWP) or a cell. In another example, the PUCCH resource is from a PUCCH resource set
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that is associated with one CORESET group or one resource element group. In yet another
example, the PUSCH transmission is scheduled by one DCI format 1_0. In vet another example,
the PUCCH resource is associated with the DCI format 1_0 or associated with one search space
or CORESET of the DCI format 1 0.

FIG. 8 shows an example of another wireless comumunication method 800 for
signaling QCL information. This example includes some features and/or steps that are similar to
those shown in FIG. 7, and described above. At least some of these features and/or steps may not
be separately described in this section.

The method 800 includes, at step 810, receiving, by a first communication node and
from a second conumunication node, a signal according to a beam set that comprises a first subset
of B bearns selected frorm a pool of beams, wherein B is positive integer.

In some embodiments, the methods 700 and 800 may further include the steps of
selecting, based on a bitmap, a second subset of beams from the pool of bearns, and combining
one or more of the second subset of beams to generate the first subset of B beams.

In some embodiments, the methods 700 and 800 may further include the steps of
selecting, based oun a bitmap, a second subset of beams from the pool of beams, corubining the
one or more of the second subset of bearns and the first subset of B beams to generate the beam
set, and determining a QCL assuraption of a CSI-RS resource for tracking according to the one
or more beams from the second subset of beams.

In some embodiments, the selecting and combining are based on a medium access
control (MAC) control elerent (CE) command. In an example, one or more fields related to the
combining are determined based on values of flag fields in the MAC CE command. In an
example, one codepoint of a command related to the combining is reserved as blank or not
associated with any one beam of the one or more of the second subset of beams.

In some embodiments, the selecting is based on a first medium access control (MAC)
control element (CE) command, the combining is based on a second MAC CE command
different from the first MAC CE command, and the second MAC CE command is based on the
one or more of the second subset of beams selected by the first MAC CE command. In an
example, one codepoint of a command related to the combining is reserved as blank or not
associated with any one beam of the one or more of the second subset of beams or any one beam

of the pool of beams.
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In some embodiments, and in the context of methods 700 and 800, each beam of the
beam set may be selected from a pool of beams based on an explicit identification of the each
beam. In other embodiments, the beam set comprises M beams, one beam of the beam set is
associated with E respective resource elements of the signal in order, the signal comprises Ex3
resource elements, and £ and M are positive integers. In yet other embodiments, resource
elements of the signal are grouped into § sets that are associated with the beam set, and § and M
are positive integers. In an example, one or more beams associated with a j-th set of the § sets
are determined according to at least one or more of j, M and §. In another example, the j-th set of
the § sets is associated with a floor(j /N x M )-th beam of the beam set, where floor(x) is a
function that returns a greatest integer that is less than a real nurnber x. In yet another example,
the j-th set of the § sets is associated with a (j % M )-th bearn of the beam set, where % is a
modulo function.

In some embodiments, the bearn set comprises M beams, the beam set 1s associated
with N resource elements of the signal, where M and N are positive integers. In an example, one
or more beams associated with a j-th resource element of the N resource elements are determined
according to at least one or more of j,  and N. In another example, the j-th resource element of
the N resource elements is associated with a floor{ j /N = M )}-th beam of the beam set, where
floor(x) 1s a function that returns a greatest integer that is less than a real number x. In vet another
example, the j-th resource element of the N resource elements is associated with a { j % M )-th
beam of the beam set, where % is a modulo function.

In some erobodiments, the signal is a control resource set (CORESET), a physical
downlink shared channel (PDSCH), a physical downlink control channel (PDCCH), a physical
uplink shared channel (PUSCH) or a physical uplink control channel (PUCCH).

In some embodiments, a resource element of the signal is a transmission occasion, a
reference signal {RS) port, an RS port group, an RS resource, an RS resource set, a search space,
a time unit, or a frequency resource.

In some embodiments, the beam set is determined based on a physical downlink
conirol channel (PDCCH) scheduling the signal, a control resource set (CORESET) scheduling
the signal, an index of at least one time unit of the signal, an index of at least one resource
element of the signal, or an index of demodulation reference signal (BMRS) port group.

In some embodiments, the method 800 further includes the steps of performing a

i3



WO 2020/034569 PCT/CN2019/071151

recovery or monitoring process according to one or more CORESETS, wherein each of the one
or more CORESETSs is associated with its corresponding beam set. In an example, the method
800 further includes measuring a radio link quality according to one beam of the beam set,
wherein the one beam comprises a highest index or the one beam comprises a lowest index or the
one beam is a primary entry of the beam set. In another example, the method 800 further
includes measuring a radio link quality according to each beam of one or more beam sets of the
one or more CORESETSs. In yet another example, measuring a radio link quality according to
one or more beams of bearn sets of the one or more CORESETs and maximurn number of beams
to be measured, wherein (a) per CORESET, only one beam with a lowest or highest beam ID is
selected for determining a radio link guality, wherein the lowest or highest beam 1D is a local 1D
in the associated CORESET or an ID in the pool of beams, (b one CORESET with a lower or
higher CORESET ID has higher priority, or (¢} one CORESET with a search space with a
shorter periodicity has higher priority.

In some embodiments, and in the context of method 800, performing a PDSCH
reception with a scheduling offset less than a threshold is according to at least one bearn of one
CORESET with a configured TCI state with a monitored search space set in a latest slot. In other
ernbodiments, performing a PDSCH reception with a scheduling offset less than a threshold is
according to at least one beam of one CORESET configured with a common search space to be
monitored in a latest slot. In yet other embodiments, performing a PDSCH reception with a
scheduling offset less than a threshold is according to at least one beam of one CORESET
configured with a UE specific search space to be mwonitored in a latest slot. In vet other
embodiments, performing a PDSCH reception with a scheduling offset less than a threshold is
according to at least one beam of one CORESET, and wherein the performing is determined
based on at least one of the following rules: (i) a CORESET with a TCI state is prioritized over
another CORESET without a configured TCI state, (i1} a CORESET excluding CORESET #0 is
prioritized over CORESET #0, (i11) a CORESET with a common search space set is prioritized
over another CORESET with a UE specific search space, or (iv) a CORESET with a UE specific
search space set is prioritized over another CORESET with a common search space.

In some embodiments, the pool of beams is configured using radio resource control
(RRC) messages. In other embodiments, the pool of beams is based on one or more resource

signal {RS) resources or RS resource sets. For example, the one or more RS resource sets
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comprises a sounding reference signal (SRS) resource set.

Implementations for the disclosed technology

FIG. 2 is a block diagram representation of a portion of an apparatus, in accordance
with some embodiments of the presently disclosed technology. An apparatus 905, such as a base
station or a wireless device (or UE), can include processor electronics 910 such as a
microprocessor that implements one or more of the technigues presented in this document. The
apparatus 905 can include transceiver electronics 915 to send and/or receive wireless signals
OVer one or more communication interfaces such as antenna(s) 920. The apparatus 903 can
include other communication interfaces for transmitting and receiving data. Apparatus 905 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 910 can include at
least a portion of the transceiver electromics 915. In some embodiments, at least some of the
disclosed technigues, modales or functions are iroplernented using the apparatus 905.

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” 1s 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 Unly 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-execufable instructions, associated data structures, and
program modules represent examples of program code for executing steps of the methods
disclosed herein. The particular sequence of such executable instructions or associated data
structures represents examples of corresponding acts for implementing the functions described in

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

Only a few implementations and examples are described and other implementations,
enhancements and variations can be made based on what is described and iHustrated in this

disclosure.
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CLAIMS

1. A method for wireless communication, comprising:

transmitting, from a first communication node and to a second communication node, a
signal according to a beam set,
wherein the beam set comprises a first subset of 8 beams, wherein each of the first subset

is selected from a pool of beams, and wherein 8 is positive integer.

2. A method for wireless communication, comprising:

receiving, by a first communication node and from a second communication node, a
signal according to a beam set,

wherein the beam set comprises a first subset of 8 beams, wherein each of the first subset

is selected from a pool of beams, and wherein B is positive integer.

3. The method of claim 1 or 2, wherein a beam of the beam set comprises one or more
channel property assamptions, one or more reference signals (RSs), one or more RS sets, one or
more spatial relation states, one or more quasi-co-location (QCL) states, onme or more
transmission configuration indicator (TCI) states, one or more spatial domain filters or one or

more pre-coding filters.

4. The method of claim 1 or 2, further comprising:
selecting, based on a bitmap, a secoud subset of beams from the pool of beams; and
combining one or more of the second subset of beams to generate the first subset of B

beams.

j1

The method of claim 1 or 2, further comprising:
selecting, based on a bitmap, a second subset of beams from the pool of beams; and
combining the one or more of the second subset of beams and the first subset of B beams

to generate the beam set.

b. The method of claim 4 or 5, further comprising:

U
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determining a QCL assumption of a CSI-RS resource for tracking according to the one or
more beams from the second subset of beams.
7. The method of claim 4 or 5, wherein the selecting and combining are based on a medium

access control {MAC) control element (CE) command.

8. The method of claim 7, wherein one or more fields related to the combining are

determined based on values of flag fields in the MAC CE command.

9. The method of claim 4 or 5, wherein the selecting i3 based on a first medium access
control (MAC) control element (CE) command, wherein the combining is based on a second
MAC CE command different from the first MAC CE command, and wherein the second MAC
CE command is based on the one or more of the second subset of beams selected by the first

MAC CE comrnand.

10. The method of claim 4, wherein one codepoint of a command related to the combining 1s
reserved as blank or not associated with any one beam of the one or more of the secound subset of

beams.

1. The method of claim 5, wherein one codepoint of a command related to the combining is
reserved as blank or not associated with any one beam of the one or more of the second subset of

beams or any one beam of the pool of beams.

12. The method of claim | or 2, wherein each beam of the beam set is selected from a pool of

beams based on an explicit identification of the each beam.
13. The method of claim 1 or 2, wherein the beam set comprises M beams, wherein one beam

of the beam set is associated with E respective resource elements of the signal in order, wherein

the signal comprises ExM resource elements, and wherein £ and M are positive integers.
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14. The method of claim 1 or 2, wherein the beam set comprises M beams, wherein resource
elements of the signal are grouped into S sets that are associated with the beam set, and wherein

S and M are positive integers.

¥

15. The method of claim 14, wherein one or more beams associated with a j-th set of the

sets are determined according to at least one or more of j, M and S.

16. The method of claim 15, wherein the j-th set of the § sets is associated with ¢

o

floor( j /N x M )-th beam of the beam set, and wherein floor(x) is a function that retumns a

greatest integer that is less than a real number x.

17. The method of claim 135, wherein the j-th set of the § sets 15 associated with a (j % M »-th

beam of the beam set, and wherein % is a modulo function.

18. The method of claim 14, wherein one beam of the beam set is associated with £
respective sets of the S sets in order, wherein the § is equal to Ex34, and wherein I is positive

integer.

18, The method of claim 1 or 2, wherein the beam set comprises M beams, wherein the beam
set is associated with N resource elements of the signal, and wherein M and N are positive

integers.

24 The method of claim 19, wherein one or more beams associated with a j-th resource
element of the N resource elements are determined according to at least one or more of j, M and

N.
21 The method of claim 19, wherein the j-th resource element of the N resource elements is

associated with a floor( j /N x M )-th beam of the beam set, and wherein floor{x) is a function

that returns a greatest integer that is less than a real number x.
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22. The method of claim 19, wherein the j-th resource element of the N resource elements is

associated with a (j % M )-th beam of the beam set, and wherein % is a modulo function.

23. The method of any of claims | to 22, wherein the signal is a control resource set
(CORESET), a physical downlink shared channel (PDSCH), a physical downlink control
channel (PDCCH), a physical uplink shared channel (PUSCH) or a physical uplink control
channel (PUCCH).

24. The method of any of claims 1 to 22, wherein a resource element of the signal is a
transmission occasion, a reference sigonal (RS) port, an RS port group, an RS resource, an RS

resource set, a search space, a time unit, or a frequency resource.

25, The method of claim 1 or 2, wherein the beam set is determined based on a physical
downlivk control channel (PDCCH) scheduling the signal, a control resource set (CORESET)
scheduling the signal, an index of at least one time vnit of the signal, an index of at least one

resource elernent of the signal, or an index of demodulation reference signal (DMRS) port group.

26. The method of claim 2, further comprising:
performing a recovery or monitoring process according to one or more CORESETS,

wherein each of the one or more CORESETS is associated with its corresponding beam set.

27. The method of claim 26, wherein performing the recovery or monitoring process
comprises:

measuring a radio link quality according to one beam of the beam set, wherein the one
beam comprises a highest index or the one beam comprises a lowest index or the one beam is a

primary entry of the beam set.

28. The method of claim 26, wherein performing the recovery or monitoring process
COmprises:
measuring a radio link guality according to each beam of one or more beam sets of the

one or more CORESETs.
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29. The method of claim 26, wherein performing the recovery or monitoring process
COmprises:
measuring a radio link quality according to one or more beams of beam sets of the one or

more CORESETs and maximum number of beams to be measured,

30. The method of 29, wherein, per CORESET, only one beam with a lowest or highest beam
1D is selected for determining a radio link quality, wherein the lowest or highest beam ID is a

focal ID in the associated CORESET or an 1D in the pool of beams.

3L The method of claim 29, wherein one CORESET with a lower or higher CORESET 1D

has higher priority.

32. The method of clairn 29, wherein one CORESET with a search space with a shorter

periodicity has higher priority.

33. The method of claim 2, wherein performing a PDSCH reception with a scheduling offset
less than a threshold is according to at least one beam of one CORESET with a configured TCY

state with a mounitored search space set in a latest slot.

34. The method of claim 2, wherein performing a PDSCH reception with a scheduling offset
less than a threshold is according to at least one beam of one CORESET configured with a

common search space to be monitored in a latest slot.

35. The method of claim 2, wherein performing a PDSCH reception with a scheduling offset
less than a threshold is according to at least one beam of one CORESET configured with a UE

specific search space to be monitored in a latest slot.
36. The method of claim 2, wherein performing a PDSCH reception with a scheduling offset

less than a threshold is according to at least one beam of one CORESET, and wherein the

performing is determined based on at least one of the following rules:
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{iy a CORESET with a TCI state is prioritized over another CORESET without a
contigured TCI state,

(it) a CORESET excluding CORESET #0 is prioritized over CORESET #0,

{(it1) a CORESET with a common search space set is prioritized over another CORESET
with a UE specific search space, or

(iv)y a CORESET with a UE specific search space set is prioritized over another

CORESET with a common search space.

37. The method of claim 1, wherein performing a PUSCH transmission is according to one or

more beams of the beam set of a PUCCH resource.

38. The method of claim 37, wheremn the PUCCH resource comprises a lowest or a highest

resource 1D within a bandwidth part (BWP) or a cell.

39. The method of claim 38, wherein the PUCCH resource is from a PUCCH resource set

that is associated with one CORESET group or one resource elemeunt group.

40. The method of claim 37, wherein the PUSCH transmission is scheduled by one DCI

format § 0.

41. The method of claim 40, wherein the PUCCH resource 18 associated with the DCI format

18 or associated with one search space or CORESET of the DCI format 1_0.

42. The method of any of claims | to 33, wherein the pool of beams is configured using radio

resource control {RRC) messages.

43. The method of any of claims | to 33, wherein the pool of beams is based on one or more

resource signal (RS) resources or RS resource sets.

44. The method of claim 43, wherein the one or more RS resource sets comprises a sounding

reference signal (SRS) resource set.

22
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45. The method of any of claims | to 44, wherein the first communication node is a wireless

device, and wherein the second communication node is a network node.

46. The method of claim 2, wherein performing a PDSCH transmission with a scheduling
offset less than a threshold is according to at least one beam of one CORESET with a configured

TCT state with a monitored search space set in a latest slot.

47. The method of any of claims 1, 2, 3, 4, 13 or 46, wherein the first communication node is

a network node, and wherein the second communication node is a wireless device.

48, 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 of

claims 1 to 47.

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

method recited in any of claims 1 to 47,
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