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METHODS AND APPARATUS OF SINGLE COMMON BEAM-BASED
OPERATION

TECHNICAL FIELD
The present application relates to the field of wireless communication.

BACKGROUND

In NR/5G wireless communication systems, support 1s provided for multi-beam operation
on downlink and uplink physical channels and reterence signals. The use case for supporting
multi-beam operation mainly 1s for deployment of high-frequency band systems, where high-
gain analog beamforming 1s used to combat large path loss.

Signaling may be used to indicate the beam for UE’s transmission of physical channels and
reference signals. For example, a beam may be indicated as being used for
PDCCH/PDSCH/CSI-RS/PUSCH/SRS/PUCCH through the framework of TCI-state for
downlink transmission or spatial relation for uplink transmission.

The following publications are herein incorporated by reference in their entirety.

3GPP TS 38.211 V15.5.0: “NR; Physical channels and modulation™

3GPP TS 38.212 V15.5.0: “NR; Multiplexing and channel coding”

3GPP TS 38.213 V15.5.0: “NR; Physical layer procedures for control™

3GPP TS 38.214 V15.5.0: “NR; Physical layer procedures for data”

3GPP TS 38.215 V15.5.0: “NR; Physical layer measurements™

3GPP TS 38.321 V15.5.0: “NR; Medium Access Control (MAC) protocol specification”

3GPP TS 38.331 V15.5.0: “NR; Radio Resource Control (RRC) protocol specification”

SUMMARY

Disclosed herein are apparatus and methods to operate a communication device (UE) 1n a
common beam mode. According to an aspect, the UE may assume that beam characteristics for a
single common beam can be reused by multiple channels and reference signals without the need
for repeated signaling indicating the Tx beam 1n subsequent transmissions, such that network
bandwidth consumption can be reduced and latency can be improved. In some embodiments, the
common beam may be indicated with a TCI-state through a L1 signaling such as DCI signaling.
In some embodiments, the common beam may be indicated with a TCI-state through a MAC CE
message.

In some embodiments, the UE can be configured to operate a common-beam mode. The UE
may be provided with a reference signal 1D and the UE may apply the provided reference signal
ID on the reception of PDCCH, PDSCH, CSI-RS not configured with higher layer parameter
repetition and also on the transmission of PUSCH, PUCCH and SRS not contigured for
beamManagement.

In some embodiments, the UE can be configured to operate a common-beam mode over
multiple serving cells. The UE may be provided with a reference signal ID and the UE may
apply the provided reference signal ID on the reception of PDCCH, PDSCH and CSI not
configured with higher layer parameter repetition 1in any of the serving cells configured 1n the list
of serving cells for common-beam operation, and apply the provided reference signal 1D on the
transmission of PUSCH, PUCCH and SRS not configured for beamManagement in any of the
serving cells configured in the list of serving cells for common-beam operation.

Some embodiments are directed to a method of operating a communication device to
wirelessly communicate with a beam. The method comprises receiving a reference transmission
that provides a reference signal 1D indicative of one or more characteristics of the beam for
multiple uplink channels, downlink channels and reference signals; and configuring, by the
communication device, one or more transmissions subsequent to receiving the reference



10

15

20

25

30

335

40

45

50

WO 2021/121337 PCT/CN2020/137324

transmission based on the one or more characteristics of the beam indicated 1n the reference
signal ID.

Some embodiments are directed to a communication device. The communication device
comprises a recerving unit adapted to receive a reference transmission that provides a reference
signal ID indicative of one or more characteristics of a beam; and a processor adapted to
configure one or more transmissions subsequent to receipt of the reference transmission based on
the one or more characteristics of the beam indicated in the reference signal 1D.

Some embodiments are directed to a communication device. The communication device
comprises a recerving unit configured to receive a wireless signal; at least one processor; and at
least one memory having instructions that, when executed by the at least one processor, cause the
communication device to perform any of the methods disclosed herein.

Some embodiments are directed to at least one non-transitory computer-readable medium.
The computer-readable medium 1s encoded with computer-executable instructions that, when
executed by a processor of a communication device, controls the processor to perform any of the
methods disclosed herein.

In some embodiments, the reference signal 1D may be carried through a TCl-state. The
reference transmission may comprise a DCI signaling.

In some embodiments, the one or more characteristics of the beam may comprise a QCL
value, and preferably a QCL-typeD value.

In some embodiments, configuring the one or more transmissions comprises: assuming the
QCL value for the one or more transmissions. In such embodiments, the one or more
transmissions may be downlink transmissions that comprise one or more of: a PDCCH; a
PDSCH; a CSI-RS resource configured with higher layer parameter trs-info; and a CSI-RS
resource configured without higher layer parameter trs-info and without higher layer parameter
repetition.

In some embodiments, the one or more characteristics of the beam comprises a spatial
domain transmission filter for uplink channels and reference signals. In such embodiments,
configuring the one or more transmissions comprise: assuming the spatial domain transmission
filter for the one or more transmissions. In such embodiments, the one or more transmissions
may be uplink transmissions that comprise one or more of: a PUSCH; a PUCCH; and an SRS
resource that 1s not configured for beamManagement.

In some embodiments, the method may further comprise: receiving a first DCI scheduling a
PDSCH transmission indicating a first TCI-state. In such embodiments, the first DCI may be the
reference transmission and the reference signal 1D 1s carried 1n the first TCI state indicated by a
first TCI-state ID. The method may further comprise: requesting transmission of a HARQ-ACK
for the scheduled PDSCH at slot m. Configuring the one or more transmissions may comprise:
assuming the one or more characteristics of the beam indicated in the first TCI-state for the one
or more transmissions starting from a given time point after sending the HARQ-ACK at slot m.

In some embodiments, the first DCI may indicate slot n, and the method may further
comprise: recerving a second DCI indicating a second TCl-state 1n slot n. In such embodiments,
the second DCI does not schedule PDSCH or PUSCH transmission. The second DCI may be the
reference transmission and the reference signal ID may be a second TCl-state 1D 1ndicating the
second TCl-state.

In some embodiments, the method may further comprise: decoding the second DCI.
Configuring the one or more transmissions may comprise: subsequent to decoding the second
DC, requesting transmission of a HARQ-ACK 1n slot n+n;; subsequent to transmitting the
HARQ-ACK, assuming the one or more characteristics of the beam indicated 1n the second TCI-
state ID for the one or more transmissions starting from a given time point after transmitting the
HARQ-ACK 1n slot n+n;.

In some embodiments, the first DCI may indicate slot n, and the first DCI may be
associated with a first HARQ process number. In such embodiments, the method may further
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comprise: recerving a third DCI scheduling a PUSCH transmission indicating a third TCI-state 1n
slot n. The third DCI may be associated with a second HARQ process number. The method may
further comprise comparing the first and second HARQ process numbers, and upon determining
that the first HARQ process number equals the second HARQ process number, assuming the
retference signal ID 1s the second TCl-state ID indicating the second TCI-state.

In such embodiments, the third DCI may have a toggled NDI value in slot m, and
configuring the one or more transmissions comprises: assuming the one or more characteristics
of the beam indicated 1n the second TCI-state ID for the one or more transmissions starting from
a slot that 1s after slot m.

In some embodiments, the reference transmission comprises a MAC CE message.

In some embodiments, the method may further comprise: at a first time, transmitting a
HARQ-ACK tor a PDSCH carrying the MAC CE message. Configuring the one or more
transmissions comprises: assuming the one or more characteristics of the beam indicated 1n the
reference signal 1D for the one or more transmissions starting from a given time point after
sending the HARQ-ACK.

In some embodiments, the MAC CE message may indicate a TCI-state ID. The reference
signal ID may be the TCI-state 1D.

In some embodiments, the reference signal 1D may be a beam ID.

In some embodiments, the communication device may be configured to operate with a
plurality of serving cells. In such embodiments, configuring the one or more transmissions
comprises: applying the one or more characteristics of the beam on transmission of the one or
more transmissions in one or more of the plurality of serving cells. In such embodiments, the
method may further comprise receiving a list of the plurality of serving cells. The method may
further comprise receiving an identification of a serving cell of the plurality of serving cells; and
determining a list of the plurality of serving cells based on the 1dentification of the serving cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects and embodiments of the disclosure will be described with reference to the
following figures. It should be appreciated that the figures are not necessarily drawn to scale.
Items appearing in multiple figures are indicated by the same reference number 1n all the figures
in which they appear. In the drawings:

FIG. 1 1s a schematic flow diagram 1llustrating an exemplary method of a common-beam
mode operation, in accordance with some embodiments;

FIG. 2 1s a schematic flow diagram 1llustrating an exemplary implementation of the
common beam operation with a MAC CE message, 1in accordance with some embodiments;

FIG. 3 1s a schematic flow diagram 1llustrating yet another exemplary implementation of the
common beam operation with DCI signaling, in accordance with some embodiments;

FIG. 4 1s a schematic flow diagram 1llustrating an exemplary method using a MAC CE
message, according to an embodiment;

FIG. 5 1s a schematic flow diagram 1llustrating a first exemplary method that implements a
second embodiment:

FIG. 6 1s a schematic flow diagram 1llustrating a second exemplary method that implements
the second embodiment;

FIG. 7 1s a schematic flow diagram 1llustrating a third exemplary method that implements
the second embodiment;

FIG. 8 1s a schematic diagram of a mobile communication system to which any of the
device and method disclosed above may be applied.

DETAILED DESCRIPTION
The following 1s a list of abbreviations that may be found throughout the specification
and/or the drawings.
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3GPP 3" Generation Partnership Project
5G 5" Generation
NR New Radio
gNB Next generation NodeB
DL Downlink
UL Uplink
PUSCH Physical Uplink Shared Channel
PUCCH Physical Uplink Control Channel
PDSCH Physical Downlink Shared Channel
PDCCH Physical Downlink Control Channel
SRS Sounding Reference Signal
CS1 Channel state information
CSI-RS Channel state information reference signal
CSI-IM Channel state information-interference measurement
NZP CSI-RS Non-zero-power Channel state information reference signal
RS Reference Signal
CC Control Channel
CORESET Control Resource Set
DCI Downlink control information
TRP Transmission/reception point
ACK Acknowledge
NACK Non-Acknowledge
UCI Uplink control information
RRC Radio Resource Control
HARQ Hybrid Automatic Repeat Request
MAC Media Access Control
CRC Cyclic Redundancy Check
RNTI Radio Network Temporary Identity
RB Resource Block
PRB Physical Resource Block
NW Network
NDI New Data Indicator
RSRP Reference signal received power
L1-RSRP Layer 1 Reference signal received power
TCI Transmission Configuration Indicator
Tx Transmission
Rx Recelve
QCL Quasi co-location
SSB SS/PBCH Block
PBCH Physical broadcast channel
SSS Secondary synchronization signal
CRI CSI-RS resource indicator
SSBRI SS/PBCH block resource indicator
SINR Signal to Interference Noise Ratio
L1-SINR Layer 1 Signal to Interference Noise Ratio
DMRS Demodulation Reference Signal
J\y S, i Number of slots per subframe for subcarrier spacing configuration p

slot
The inventor has recognized that there are shortcomings associated with the current

approaches of indicating beam used for PDCCH/PDSCH/CSI-RS/PUSCH/SRS/PUCCH through
the framework of TCI-state for downlink transmission or spatial relation for uplink transmission.
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In NR release 15 and release 16, for PDCCH and PDSCH, the UE may be configured with
M TCl-states 1n higher layer signaling as the candidate QCL configuration. For each CORESET
for PDCCH transmission, the UE can be configured with one or more TCI-states semi-statically
and 1f more than one TClI-states are configured, one MAC CE command 1s used to activate one
of those TCI-states as the active Tx beam for PDCCH transmission. For PDSCH, one MAC CE
activation command can activate up to 8 TCl-state and each TCI-state 1s mapped to one
codepoint 1n the DCI scheduling PDSCH transmission. Then for each individual PDSCH
transmission, the NW can dynamically indicate one of those up to 8 TCI-states through the
scheduling DCI.

The Tx beam information for CSI-RS transmission 1s indicated through a TCI-state
configured or indicated to a CSI-RS resource. For a periodic CSI-RS resource, the TCI-state 1s
configured in RRC semi-statically. For a semi-persistent CSI-RS resource, the TCI-state can be
configured in RRC semi-statically or indicated in the MAC CE message that activates the
transmission of semi-persistent CSI-RS. For an aperiodic CSI-RS resource, the TCI-state 1s
configured to the CSI-RS resource in the configuration of aperiodic CSI-RS trigger state in RRC.
Then the gNB can use physical layer signaling to dynamically trigger the transmission of
aperiodic CSI-RS transmission and also dynamically indicate the Tx beam information.

For SRS transmission, the UE Tx beam 1s configured or indicated through spatial relation
info. For periodic SRS transmission, the spatial relation info 1s configured per SRS resource 1n
RRC semi-statically. For aperiodic SRS transmission, the spatial relation info can be configured
in RRC semi-statically, which 1s one method and another method 1s the NW can use one MAC
CE to update/indicate spatial relation info for a SRS resource, which thus provide more dynamic
spatial relation info updating. For semi-persistent SRS transmission, the spatial relation info can
be included 1n the MAC CE activation command that activates the transmission of semi-
persistent SRS resource.

For PUCCH transmission, the UE Tx beam 1s configured through PUCCH spatial relation
info. The UE 1s provided with one or more than one PUCCH spatial relation info configurations
in RRCH semi-statically. Then for each PUCCH resource, the UE can be indicated with one
PUCCH spatial relation info through a MAC CE activation command.

In NR release 16, to reduce the number of MAC CE messages for indicating TCI-states for
PDCCH and PDSCH, a method of using a single MAC CE message to indicate the same TCI
state ID (1dentification) or same set of TCI state IDs for PDCCH or PDSCH 1n multiple CCs.

The 1inventor has recognized that while signaling to indicate to the Tx beam to use for each
channel allows flexibility to configure different beam conditions for transmission of each
channel, such flexibility 1s at the expense of a large amount of network overhead and lead to
increased latency when there are a large number of channels. For example, a UE may need to
configure more than 100 downlink channels, uplink channels and reference signals. Even though
in practice the downlink and uplink transmission would use the same “best” beam pair link,
current method still uses separate signaling to indicate the Tx beam for downlink and uplink
transmissions. As a consequence, signaling overhead 1s increased and thus latency of beam
switch 1s increased.

Further, 1in current methods the TCI-state for PDCCH and PDSCH 1s configured 1n each CC.
In 1intra-band CA (carrier aggregation) scenario, the system would apply the same Tx beams on
the transmission 1n all the cells, yet the current method requires to configure TCI-states 1in each
cell and 1ndicates the same TClI-state IDs for PDCCH and PDSCH 1n different CCs. Even though
the system can configure same QCL-TypeD reference signal in the TCI states with a same 1D 1n
different CCs by implementation so that same Tx beam(s) 1s applied to the PDCCH and PDSCH
in different CCs, that approach would impose a large limitation on NW 1implementation. When
the Tx beam 1s switched for a different beam for PDCCH and PDSCH due to UE mobility, the
NW would have to re-configure the TCI-states 1n all the CCs, which increases the signaling
overhead and increases the latency too.
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The 1inventor has appreciated and recognized that 1n practice, the Tx beam to a UE may
remain the same for a considerable amount of time, and that the UE can assume that beam
characteristics for a single common beam can be reused by multiple channels without the need
for repeated control signal signaling to tell UE which beam to assume 1n subsequent transmission.
By reusing beam characteristics indicated for one common beam for transmission of multiple
uplink channels, downlink channels, and reference signals, the UE may no longer require the
network to send signaling indicating the Tx beam for such channels and as a result, network
overhead can be reduced and latency can be improved.

Aspects of the present disclosure are directed to a common-beam mode operation.

In some embodiments, a UE can be configured to operate in a common-beam mode. FIG. 1
1s a schematic tlow diagram illustrating an exemplary method 100 of a common-beam mode
operation. In such embodiments, the UE can be provided with a reference signal 1D, for example
by receiving a reference transmission that provides the reference signal ID as shown at block 102
of F1G. 1. The reference signal 1D may indicate one or more characteristics of a common beam
for the UE, and in some embodiments may be a gNB Tx beam ID. The common beam may be a
beam for multiple uplink channels, downlink channels and reference signals.

Still referring to FIG. 1, the UE may at block 104 configure one or more one or more
transmissions subsequent to receiving the reference transmission based on the one or more
characteristics of the beam indicated 1n the reference signal ID.

In some embodiments, the reference signal 1D may indicate beam characteristics that can
comprise a QCL value or the information on UE spatial domain transmission filter, or both. For
example, the UE may assume the reference signal identified by the reference signal 1D provides
QCL-typeD assumption for the reception of one or more of the following downlink
transmissions:

o The PDCCH
® The PDSCH

e The CSI-RS transmission for CSI acquisition

e The CSI-RS resource configured for tracking.

In such embodiments, the UE may alternatively or additionally assume the reference
1dentified by the first reference signal 1D provides spatial relation info such as but not limited to
the information on UE spatial domain transmission filter for the transmission of one or more of
the following uplink transmissions:

e The PUSCH

® The PUCCH

¢ The SRS resource used for codebook-based transmission, the non-codebook-based

transmission and for antenna switching.

As an effect of the embodiments discussed above, as the UE assumes the common beam 1n
transmission of more than one transmission of physical channels and reference signals, the
network may stop sending additional signaling for beam characteristics and network bandwidth
consumption and latency may be improved.

FIG. 2 1s a schematic flow diagram 1llustrating an exemplary implementation method 200 of
the common beam operation with a MAC CE message. In some embodiments, a first reference
signal ID may be indicated in a MAC CE message. In such embodiments, when the UE receives
MAC CE carrying the first reference signal ID as shown in block 202 in FIG. 2, the UE may
begin to apply the indicated first reference signal on downlink transmission and uplink
transmission. The UE may at block 204 begin to apply the indicated first reference signal starting
from a given time point after the UE transmits the HARQ-ACK for the PDSCH carrying the
MAC CE message indicating the first reference signal 1D, for example starting from the first slot
after k = 3 ms, although aspects of the present disclosure are not so limited and 1t should be
appreciated that any suitable time point after transmission of the HARQ-ACK may be used.
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FIG. 3 1s a schematic flow diagram 1illustrating yet another exemplary implementation
method 300 of the common beam operation with DCI signaling. In some embodiments, the first
reference signal ID may be indicated 1n a DCI signaling. The DCI can be a DCI scheduling a
PDSCH transmission, a DCI scheduling a PUSCH transmission, or a DCI without scheduling a
PDSCH or PUSCH. In such embodiments, when the UE receives DCI indicating the first
reference signal ID at block 302 1n FIG. 3, the UE may at block 304 begin to apply the indicated
first reference signal on downlink transmission and uplink transmission starting from a given
time point after the UE sends the positive acknowledge to the PDSCH scheduled by the DCI, or
to the DCI or after UE receive DCI scheduling new uplink transmission for the same HARQ
process number 1f the DCI schedules PUSCH transmission. The given time point may be for
example starting from the first slot after k ms, although aspects of the present disclosure are not
so limited and it should be appreciated that any suitable time point may be used.

FIG. 4 1s a schematic flow diagram 1llustrating an exemplary method 400 using a MAC CE
message, 1n accordance with a first embodiment. According to the first embodiment in which a
UE 1s configured to operate in a common beam mode, the UE may receive a MAC CE message
that provides the UE with a TCI-state (block 402 in FIG. 4). In such an embodiment, the UE may
assume at block 404 one or more of the following: the indicated TCI-state provides quasi co-
location information of the DM-RS antenna ports for PDCCH reception of CORESETSs that are
dedicatedly configured (block 406), quasi co-location information of the DM-RS antenna ports
for PDSCH reception (block 408), and quasi co-location information for reception of CSI-RS
resource configured with higher layer parameter trs-info and CSI-RS resource not configured
with higher layer parameter trs-info or repetition (block 410).

Still referring to FIG. 4. In such an embodiment, the UE may assume to transmit the
dedicated PUCCH resource with the same spatial domain transmission filter used for reception
or transmission of the QCL-tyepD reference signal configured in the indicated TCI-state (block
412). The UE may assume to transmit the PUSCH with the same spatial domain transmission
filter used for reception or transmission of the QCL-tyepD reference signal configured in the
indicated TClI-state (block 414). The UE may assume to transmit an SRS resource configured for
codebook-based, non-codebook-based or antenna switching with the same spatial domain
transmission filter used for reception or transmission of the QCL-tyepD reference signal
configured in the indicated TCI-state (block 416).

According to a second embodiment that configures a UE to operate in a common beam
mode, the UE may be provided with a TClI-state through a L1 signaling such as DCI signaling. In
such an embodiment, The DCI can be a DCI scheduling a PDSCH transmission. The DCI can be
a DCI scheduling a PUSCH transmission. The DCI can be a dedicated DCI indicating a TCI-
state providing common beam for downlink and uplink transmission.

FIG. 5 1s a schematic flow diagram illustrating a first exemplary method 500 that
implements the second embodiment. FIG. 5 shows that at block 502, the UE 1s provided with a
first DL-related DCI (for example a DCI scheduling a PDSCH transmission) which may indicate
a first TCl-state 1D for downlink and uplink transmission in slot n. At block 504, the UE sends
the HARQ-ACK for the scheduled PDSCH at slot m. At block 506, the UE may assume the first
TCl-state indicated 1n the first DCI should be applied starting from the first slot after k
millisecond after slot m. The UE may assume the DM-RS antenna ports associated with PDCCH,
the DM-RS antenna ports associated with PDSCH, CSI-RS resource configured with higher
layer parameter trs-info, and CSI-RS resource not configured with higher layer parameter trs-
info or repetition are quasi co-located with the reference signal configured 1n the first TCI-state
with respect to corresponding QCL type. The UE may assume to transmit PUSCH, PUCCH and
SRS not configured with usage set to beamManagement with the same spatial domain
transmission filter used for reception or transmission of the QCL-typeD reference signal
configured 1n the first TCI-state.
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FIG. 6 1s a schematic flow diagram 1llustrating a second exemplary method 600 that
implements the second embodiment. In method 600, certain act 1s similar to that in method 500
as shown 1n FIG. 5, and 1s marked with the same reference numerals.

In this second example, a second DC that 1s a dedicated or separate DCI may indicate a
second TCl-state 1D at slot n at block 604. The second DCI does not schedule PDSCH or
PUSCH transmission. At block 607, the UE can be requested to send a HARQ-ACK 1n a
PUCCH resource at slot n+n; 1f the UE decodes the second DCI correctly at block 606. When
the HARQ-ACK corresponding to the second DCI carrying the second TCl-state 1s transmitted
in slot n+n;, the UE shall assume the second TClI-state should be applied on

PDCCH/PDSCH/CSI-RS reception and on PUSCH/PUCCH/SRS transmission starting from a

given time point after transmitting the HARQ-ACK 1n slot n+n; (block 608). As a non-limiting
Nsub frame,

ot , where

example, the given time point may be the first slot that 1s aftern +n; + P X

Pcanbe 1. 2, 3 or 4.

FIG. 7 1s a schematic flow diagram 1llustrating a third exemplary method 700 that
implements the second embodiment. In method 700, certain acts are similar to those shown 1n
FIGs. 5 and 6, and are marked with the same reference numerals.

In this third example of the second embodiment, a third DCI scheduling a PUSCH
transmission may indicate a third TCl-state for downlink and uplink transmission in slot n, as
shown 1n block 706 of FIG. 7. When the UE receives another DCI scheduling PUSCH
transmission and determines the DCI has a same HARQ process number as for the transmission
of the PUSCH scheduled by the first DCI (block 708) and having a toggled NDI field value in
slot m, the UE shall assume the second TClI-state should be applied on PDCCH/PDSCH/CSI-RS

reception and on PUSCH/PUCCH/SRS transmission starting from a given time point after slot m
(block 710). As a non-limiting example, the given time point may be the first slot that 1s after

m-+ P X N;;;?fmme'”, where Pcan be 1, 2, 3 or 4.

Some aspects of the present disclosure are directed to a scenario where multiple serving
cells are available to the UE, such as 1n a carrier aggregation scenario. Embodiments for such
aspects are discussed below.

According to an aspect, a UE can be configured to operate in a common-beam mode on
multiple serving cells. The UE can be provided with a list of serving cells and provided with a
first reference signal resource Id (or a gNB Tx beam Id). The UE shall apply the first reference
signal resource on the reception of PDCCH, PDSCH, CSI-RS for tracking or CSI acquisition in
any serving cell configured 1n the list and the UE shall apply the first reference signal resource
on the transmission of PUSCH, PUCCH and SRS not for uplink beam sweeping in any serving
cell configured 1n the list. The UE can be provided with a list of serving cell Ids for the common-
beam mode operation and the UE can be provided with a CSI-RS resource Id, SS/PBCH block
index or a SRS resource index to provide QCL-typeD configuration for PDSCH transmission,
PDCCH transmission and CSI-RS resource not for beam management in any of the serving cells
configured 1n the list and to provide spatial relation info configuration for PUSCH transmission,
PUCCH transmission and SRS resource not for beam management in any of the serving cells
configured 1n the list. The first reference signal resource Id can be signaled via a separate or
dedicated L1/L2 signaling. Since it 1s L1/L2 signaling, the system can indicate and switch the
reference signal resource 1d used for Tx beam for downlink and uplink transmission in those
serving cells configured 1n the list dynamically.

In some embodiments, a UE may be provided with a first list of serving cell for common-
beam operation. The UE may receive an MAC CE command carrying a TCI-state that provides
QCL configuration for reception of PDCCH/PDSCH/CSI-RS not for beam management in any
of the serving cell configured and spatial relation info for transmission of PUSCH, PUCCH and
SRS not for beam management in any of the serving cell configured 1n the first list. In one
example, the MAC CE may carry one ID of a cell list for common-beam operation. In one
example, the MAC CE may carry one ID of a serving cell and the UE may determine the list of
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serving cells based on the indicated serving cell 1D carried in the MAC CE. In one example, the
UE may determine the list of serving cell for common-beam operation according to the serving
cell on which the MAC CE 1s received. When the HARQ-ACK corresponding to the PDSCH
carrying the MAC CE message carrying the TCI-state for common-beam operation for the first
list of serving cells 1s 1n slot n, the UE may assume that the TClI-state indicated in the MAC CE
should be applied to reception of PDSCH, PDCCH and CSI-RS resource not configured for
beam management (for example, not configured with higher layer parameter repetition) in any of
the serving cells configured in the first list and the UE may assume the QCL-typeD RS
configured in the TCI-state indicated in the MAC CE should be applied to transmit PUSCH,
PUCCH and SRS not configured with usage of beamManagement in any of the serving cells
configured 1n the first list.

In some embodiments, a UE may be provided with a first list of serving cell for common-
beam operation. The UE may receive an L1 signaling, for example a DCI command carrying a
TClI-state that provides QCL configuration for reception of PDCCH/PDSCH/CSI-RS not for
beam management 1n any of the serving cell configured, and spatial relation 1nfo for transmission
of PUSCH, PUCCH and SRS not for beam management 1n any of the serving cell configured 1n
the first list. In one example, the DCI may carry one ID of a cell list for common-beam
operation. In one example, the DCI may carry one ID of a serving cell and the UE may
determine the list of serving cells based on the indicated serving cell 1d carried in the DCI. In one
example, the UE can determine the list of serving cell for common-beam operation according to
the serving cell on which the DCI 1s received. In one example, the DCI can be a DCI scheduling
a PDSCH transmission. When the HARQ-ACK corresponding to the PDSCH carrying the MAC
CE message carrying the TCl-state for common-beam operation for the first list of serving cells
1s 1n slot n, the UE may assume that the TCI-state indicated in the DCI should be applied to
reception of PDSCH, PDCCH and CSI-RS resource not configured for beam management (1.e.,
not configured with higher layer parameter repetition) in any of the serving cells configured 1n
the first list and the UE may assume the QCL-typeD RS configured in the TCI-state indicated 1n
the DCI should be applied to transmit PUSCH, PUCCH and SRS not configured with usage of
beamManagement 1n any of the serving cells configured in the first list.

In another example, the DCI may be a separate/dedicated DCI to indicate one TClI-state for
those serving cells configured 1n the list and the UE shall send a HARQ-ACK 1f the UE detects
the DCI correctly. When the HARQ-ACK corresponding to the DCI carrying the TClI-state for
common-beam operation for the first list of serving cells 1n slot n, the UE may assume that the
TClI-state indicated in the DCI should be applied to reception of PDSCH, PDCCH and CSI-RS
resource not configured for beam management (for example, not configured with higher layer
parameter repetition) 1n any of the serving cells configured 1n the first list and the UE shall
assume the QCL-typeD RS configured in the TCI-state indicated in the DCI should be applied to
transmit PUSCH, PUCCH and SRS not configured with usage of beamManagement in any of the
serving cells configured 1n the first list.

FIG. 8 1s a schematic diagram of a mobile communication system 1000 to which any of the
device and method disclosed above may be applied. In a mobile communication system, a UE
such as a communication device may establish a link with a network element such as a cellular
base station referred to as eNB for LTE, or gNB for 5G. The UE may communicate with the
network element by transmitting or receiving voice, data and/or control signals. In FIG. 1,
mobile communication system 1000 includes UE 10 in connection 20 with network elements 30,
in accordance with some embodiments. UE 10 may be fixed, or mobile, and may be referred to
as a mobile communication device, a mobile device, a user terminal, a wireless device, a
smartphone, or other terminologies. UE 10 has one or more processors 14 and one or more
memories 14. The at least one memories 16 are configured to store executable instructions or
codes that, when executed by the at least one processors 14, cause the UE 10 to perform one or
more methods as described throughout the present application. The at least one memories 16 are
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also configured to store data to be transmitted to or received from the network element. The
network element 30 1s generally a fixed station and may be a gNB, or an eNB. Network element
30 may be referred to as a base station, a cellular base station, an access point, a cell, etc.
Although two network elements 30 are shown connected with the UE 10, 1t should be
appreciated that aspects of the present application are not limited to the scenarios 1llustrated 1n
FIG. 1. Network element 30 may send one or more beams 22, and connection 20 may be
established via the one or more beams 22.

Having thus described several aspects of at least one embodiment of this invention, it 1s to
be appreciated that various alterations, modifications, and improvements will readily occur to
those skilled 1n the art.

Such alterations, modifications, and improvements are intended to be part of this disclosure,
and are intended to be within the spirit and scope of the invention. Further, though advantages of
the present invention are indicated, 1t should be appreciated that not every embodiment of the
technology described herein will include every described advantage. Some embodiments may
not implement any features described as advantageous herein and 1in some 1nstances one or more
of the described features may be implemented to achieve further embodiments. Accordingly, the
foregoing description and drawings are by way of example only.

Various aspects of the present invention may be used alone, in combination, or in a variety
of arrangements not specifically discussed in the embodiments described in the foregoing and 1s
therefore not limited 1n 1ts application to the details and arrangement of components set forth 1n
the foregoing description or illustrated in the drawings. For example, aspects described in one
embodiment may be combined 1in any manner with aspects described in other embodiments.

Also, the invention may be embodied as a method, of which an example has been provided.
The acts performed as part of the method may be ordered in any suitable way. Accordingly,
embodiments may be constructed 1in which acts are performed in an order different than
illustrated, which may include performing some acts simultaneously, even though shown as
sequential acts 1n 1llustrative embodiments.

Such alterations, modifications, and improvements are intended to be part of this disclosure,
and are intended to be within the spirit and scope of the invention. Further, though advantages of
the present invention are indicated, 1t should be appreciated that not every embodiment of the
invention will include every described advantage. Some embodiments may not implement any
features described as advantageous herein and 1in some instances. Accordingly, the foregoing
description and drawings are by way of example only.

Use of ordinal terms such as “first,” “second,” “‘third,” etc., 1in the claims to modify a claim
element does not by itself connote any priority, precedence, or order of one claim element over
another or the temporal order in which acts of a method are performed, but are used merely as
labels to distinguish one claim element having a certain name from another element having a
same name (but for use of the ordinal term) to distinguish the claim elements.

Also, the phraseology and terminology used herein 1s for the purpose of description and
should not be regarded as limiting. The use of “including,” “comprising,” or “having,”
“containing,” “involving,” and variations thereof herein, 1s meant to encompass the items listed
thereafter and equivalents thereof as well as additional 1tems.
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CLAIMS

1. A method of operating a communication device to wirelessly communicate with a beam,
the method comprising:

receiving a reference transmission that provides a reference signal 1D indicative of one or
more characteristics of the beam for multiple uplink channels, downlink channels and reference
signals;

configuring, by the communication device, one or more transmissions subsequent to
recerving the reference transmission based on the one or more characteristics of the beam
indicated 1n the reference signal 1D.

2. The method of claim 1, wherein the reference signal 1D 1s carried through a TCI-state.
3. The method of claim 2, wherein the reference transmission comprises a DCI signaling.

4. The method of claim 2, wherein the one or more characteristics of the beam comprises a
QCL value, and preferably a QCL-typeD value.

>. The method of claim 4, wherein configuring the one or more transmissions comprises:

assuming the QCL value for the one or more transmissions, wherein

the one or more transmissions are downlink transmissions that comprise one or more of:

a PDCCH;

a PDSCH;

a CSI-RS resource configured with higher layer parameter trs-info; and

a CSI-RS resource configured without higher layer parameter trs-info and without higher
layer parameter repetition.

6. The method of claim 2, wherein the one or more characteristics of the beam comprises a
spatial domain transmission filter for uplink channels and reference signals.

7. The method of claim 6, wherein configuring the one or more transmissions COmprises:
assuming the spatial domain transmission filter for the one or more transmissions, wherein

the one or more transmissions are uplink transmissions that comprise one or more of:
a PUSCH;

a PUCCH; and
an SRS resource that 1s not configured for beamManagement.

8. The method of claim 3, further comprising:
receiving a first DCI scheduling a PDSCH transmission indicating a first TCI-state.

9. The method of claim 8, wherein the first DCI 1s the reference transmission and the

reference signal 1D 1s carried 1n the first TCI-state indicated by a first TCl-state 1D.

10. The method of claim 9, further comprising:

requesting transmission of a HARQ-ACK for the scheduled PDSCH at slot m; and wherein
configuring the one or more transmissions COMprises:

assuming the one or more characteristics of the beam indicated in the first TCI-state for the

50

one or more transmissions starting from a given time point after sending the HARQ-ACK at slot
m.

11. The method of claim 8, wherein the first DCI indicates slot n, and the method further
COMPI1Ses:
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receiving a second DCI indicating a second TCI-state in slot n, wherein the second DCI
does not schedule PDSCH or PUSCH transmission, and wherein

the second DCI 1s the reference transmission and the reference signal 1D 1s a second TCIl-
state ID 1ndicating the second TCl-state.

12. The method of claim 11, further comprising:

decoding the second DCI, and wherein configuring the one or more transmissions
COMPprises:

subsequent to decoding the second DCI, requesting transmission of a HARQ-ACK 1n slot
n+ni;

subsequent to transmitting the HARQ-ACK, assuming the one or more characteristics of the
beam indicated 1n the second TClI-state 1D for the one or more transmissions starting from a
given time point after transmitting the HARQ-ACK 1n slot n+n;.

13. The method of claims 11, wherein the first DCI 1s associated with a first HARQ process
number and the method further comprises:

receiving a third DCI scheduling a PUSCH transmission indicating a third TCI-state 1n slot
n, the third DCI associated with a second HARQ process number;

comparing the first and second HARQ process numbers, and

upon determining that the first HARQ process number equals the second HARQ process

number, assuming the reference signal 1D 1s the second TCI-state 1D 1ndicating the second TCIl-
state.

14. The method of claim 13, wherein the third DCI has a toggled NDI value 1n slot m, and
wherein configuring the one or more transmissions comprises:

assuming the one or more characteristics of the beam indicated in the second TClI-state 1D
for the one or more transmissions starting from a slot that 1s after slot m.

15. The method of claim 1, wherein the reference transmission comprises a MAC CE
message.

16. The method of claim 15, further comprising:

at a first time, transmitting a HARQ-ACK for a PDSCH carrying the MAC CE message,
wherein configuring the one or more transmissions COmprises:

assuming the one or more characteristics of the beam indicated in the reference signal 1D
for the one or more transmissions starting from a given time point after sending the HARQ-ACK.

17. The method of claim 15, wherein the MAC CE message indicates a TCl-state 1D,
wherein the reference signal ID 1s the TCl-state 1D.

18. The method of claim 1, wherein the reference signal 1D 1s a beam ID.

19. The method of any of claims 1-18, wherein the communication device 1s configured to
operate with a plurality of serving cells, wherein configuring the one or more transmissions
COMPI1Sses:

applying the one or more characteristics of the beam on transmission of the one or more
transmissions 1n one or more of the plurality of serving cells.

20. The method of claim 19, further comprising receiving a list of the plurality of serving
cells.
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21. The method of claim 20, further comprising:
receiving an 1dentification of a serving cell of the plurality of serving cells; and

determining a list of the plurality of serving cells based on the 1dentification of the serving
cell.

22. A communication device, comprising:

a rece1ving unit adapted to receive a reference transmission that provides a reference signal
ID indicative of one or more characteristics of a beam;

a processor adapted to configure one or more transmissions subsequent to receipt of the
reference transmission based on the one or more characteristics of the beam indicated in the
reference signal 1D.

23. The communication device of claim 22, wherein the reference signal 1D 1s carried
through a TCI-state.

24. The communication device of claim 23, wherein the reference transmission comprises a
DCI signaling.

25. The communication device of claim 23, wherein the one or more characteristics of the
beam comprises a QCL value, and preferably a QCL-typeD value.

26. The communication device of claim 23, wherein the one or more characteristics of the
beam comprises a spatial domain transmission filter for uplink channels and reference signals.

2'7. The communication device of claim 22, wherein the receiving unit 1s further adapted to:
receive a first DCI scheduling a PDSCH transmission indicating a first TCI-state.

28. The communication device of claim 27, wherein the first DCI 1s the reference
transmission and the reference signal ID 1s carried 1n the first TCI state indicated by a first TCI-
state 1D.

29. The communication device of claim 28, wherein the processor 1s further adapted to:
request transmission of a HARQ-ACK for the scheduled PDSCH at slot m; and wherein
configure the one or more transSmissions COMprises:

assume the one or more characteristics of the beam indicated 1n the first TCI-state for the

one or more transmissions starting from a given time point after sending the HARQ-ACK at slot
m.

30. The communication device of claim 27, wherein the first DCI indicates slot n, and the
recerving unit 1s further adapted to:

receive a second DCI indicating a second TCIl-state 1n slot n, wherein the second DCI does
not schedule PDSCH or PUSCH transmission, and wherein

the second DCI 1s the reference transmission and the reference signal 1D 1s a second TCI-
state ID 1ndicating the second TCl-state.

31. The communication device of claim 30, wherein the processor 1s turther adapted to:

decode the second DCI;
subsequent to decoding the second DCI, request transmission of a HARQ-ACK 1n slot
n+n 1: and
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subsequent to transmitting the HARQ-ACK, assume the one or more characteristics of the
beam indicated 1n the second TClI-state 1D for the one or more transmissions starting from a
given time point after transmitting the HARQ-ACK 1n slot n+n_1 .

32. The communication device of claims 30, wherein the first DCI 1s associated with a first
HARQ process number and the receiving unit 1s further adapted to:

receive a third DCI scheduling a PUSCH transmission indicating a third TCI-state 1n slot n,
the third DCI associated with a second HARQ process number, wherein the processor 1s further
adapted to:

compare the first and second HARQ process numbers, and

upon a determination that the first HARQ process number equals the second HARQ process

number, assume the reference signal 1D 1s the second TCI-state ID 1ndicating the second TCI-
state.

33. The communication device of claim 32, wherein the third DCI has a toggled NDI value
in slot m, and wherein the processor 1s further adapted to:

assume the one or more characteristics of the beam indicated in the second TCI-state ID for
the one or more transmissions starting from a slot that 1s after slot m.

34. A communication device, comprising:
a rece1ving unit configured to receive a wireless signal;
at least one processor;

at least one memory having instructions that, when executed by the at least one processor,
cause the communication device to perform any of methods 1-21.

35. At least one non-transitory computer-readable medium encoded with computer-

executable instructions that, when executed by a processor of a communication device, controls
the processor to perform any of methods 1-21.

14



WO 2021/121337 PCT/CN2020/137324

100

102

Receive a reference transmission that provides

a reference signal 1D

104

Configure one or more one or more
transmissions subsequent to receiving the
reference transmission based on the one or
more characteristics of the beam indicated in the
reference signal ID

1/8



WO 2021/121337 PCT/CN2020/137324

200

.

202

Receive a MAC CE carrying a first reference

signal |D

204

Begin to apply an indicated first reference signal
on downlink transmission and uplink
transmission

FIG. 2

2/8



WO 2021/121337 PCT/CN2020/137324

300

.

302

Receive a DCI indicating a first reference signal

D

304

Begin to apply an indicated first reference signal

on downlink transmission and uplink
transmission

FIG. 3

3/8



WO 2021/121337 PCT/CN2020/137324

400

.

402

Receive a MAC CE message that provides the

UE with a TCl-state

Assume one or more of:

406 412

404

the indicated TCl-state provides

quasi co-location information of the
DM-RS antenna ports for PDCCH

to transmit the dedicated PUCCH
resource with the same spatial
domain transmission filter used for
reception or transmission of the
QCL-tyepD reference signal

408 configured in the indicated TCI-
state

reception of CORESETSs that are
dedicatedly configured

quasi co-location information of the
DM-RS antenna ports for PDSCH

reception to transmit the PUSCH with the

same spatial domain transmission
filter used for reception or
transmission of the QCL-tyepD
reference signal configured in the
indicated TCl-state

quasi co-location information for

reception of CSI-RS resource
configured with higher layer
parameter trs-info and CSI-RS
resource not configured with higher
layer parameter trs-info or
repetition /

410

416

to transmit an SRS resource
configured for codebook-based,
non-codebook-based or antenna
switching with the same spatial
domain transmission filter used for
reception or transmission of the

QCL-tyepD reference signal
configured in the indicated TClI-
state

4/8

414



WO 2021/121337 PCT/CN2020/137324

500

502

Receive a first DL-related DCI indicating a first

TCl-state D for downlink and uplink
transmission in slot n

Send the HARQ-ACK for the
scheduled PDSCH at slot m

506

504

Assume the first TCl-state
indicated in the first DCI should be

applied starting from the first slot
after k millisecond after slot m

FIG. 5

5/8



WO 2021/121337

600

.

502

Receive a first DL-related DCI indicating a first

TCl-state D for downlink and uplink
transmission in slot n

604

Receive a second DCI that is a dedicated or
separate DCI that may indicate a second TCl-

state ID at slot n

606

Second DCI
decoded correctly?

Yes 607

Send a HARQ-ACK in a
PUCCH resource at slot n+n1

Assume the second TCl-state
should be applied on PDCCH/
PDSCH/CSI-RS reception and on
PUSCH/PUCCH/SRS transmission
starting from a given time point
after transmitting the HARQ-ACK
In slot n+n;

608

FIG. 6

6/8

PCT/CN2020/137324



WO 2021/121337 PCT/CN2020/137324

700

\\ 502

Receive a first DL-related DCI indicating a first

TCl-state D for downlink and uplink
transmission in slot n

604
Receive a second DCI that is a dedicated or
separate DCI that may indicate a second TCl-
state ID at slot n
706

Receive a third DCI scheduling a PUSCH
transmission that may indicate at block 706 a
third TCI-state for downlink and uplink
transmission in slot n

Are HARQ process numbers the same for
transmission of the PUSCH scheduled by the
first DC| and the second DCI?

710

Yes

Assume the second TCl-state should be applied
on PDCCH/PDSCH/CSI-RS reception and on

PUSCH/PUCCH/SRS transmission starting from
a given time point after slot m

FIG. 7

7/8



WO 2021/121337

Receiving Unit

Processor

10

1000
¥

FIG. 8

8/8

PCT/CN2020/137324
30
Network element
30
Network element




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2020/137324

A. CLASSIFICATION OF SUBJECT MATTER
HO4W 72/04(2009.01)1; HO4B 7/08(2006.01 )

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W, HO4B, HO4L

Documentation searched other than minimum documentation to the extent that such documents are included 1n the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPLEPODOC,CNKI,CNPAT,3GPP: TCI, state, common, beam, indicat+, QCL, reused, same, RS, ID, DCI, DL, UL,
PDSCH, PDCCH, PUSCH, PUCCH, SRS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X ERICSSON. "On beam indication, measurement, and reporting” 1-35
RI-1718433, 3GPP TSG-RAN WGI #90bis, 13 October 2017 (2017-10-13),

sections 2-3

X ERICSSON. "On common beam for PDSCH and PDCCH" 1-35
R1-1718746, 3GPP TSG-RAN WGI #90bis, 13 October 2017 (2017-10-13),

sections 1-2

A INTEL CORPORATION. "Discussion on Beam Management” 1-33
RI1-1717368, 3GPP TSG-RAN WGI #90bis, 13 October 2017 (2017-10-13),

the whole document

A WO 2019195528 A1 (IDAC HOLDINGS, INC.) 10 October 2019 (2019-10-10) 1-35
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “1> later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“E» earlier application or patent but published on or after the international <X document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step

“L” document which may throw doubts on priority claim(s) or which 1s when the document 1s taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (3.5 specified) | o considered to involve an inventive step when the document 1is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled 1n the art

“p» document published prior to the international filing date but later than .. & document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

04 March 2021 17 March 2021

Name and mailing address of the ISA/CN Authorized officer

National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing [ LP;

n
100088 sl
China

Facsimile No. (86-10)62019451 Telephone No. 53961602
Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2020/137324
Patent document Publication date Patent family member(s) Publication date
cited 1n search report (day/month/year) Y (day/month/year)
WO 2019195528 Al 10 October 2019 CN 112166563 A 01 January 2021

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report

