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TRANSMITTING DEVICE AND RECEIVING DEVICE FOR WIRELESS
COMMUNICATIONS

TECHNICAL FIELD

The present invention relates to the field of wireless communications, particularly to V2X
(i.e. Vehicle-to-Vehicle (V2V), vehicle-to-infrastructure and/or vehicle-to-pedestrian)
communications, or to Cellular Intelligent Transport Systems (C-TSI) communications.
The present invention specifically presents a transmitting device for such wireless
communications, a receiving device for such wireless communications, and corresponding

transmitting and receiving methods.

BACKGROUND

There is a need for capable wireless communication systems, especially V2X or C-ITS
communication systems, in order to support e.g. the increasing need for vehicle safety,
traffic management, and different levels of assistance for automated driving. However,

several challenges still need to be addressed to reach this goal, in particular:

1. More sufficient coverage and reliability for V2X communications needs to be
assured, particularly a better communication quality.

2. More efficient multicast transmissions need to be enabled, in order to support e.g.
high-definition map download, software download, traffic information, real-time

position etc.

Conventional V2X in Long Term Evolution (LTE) does not yet adequately address these
challenges. While the conventional V2X provides up to two transmissions for a packet,
including one blind retransmissions to somewhat enhance the coverage or reliability, it has

still the following shortcomings:

1. TIts flexibility and coverage/reliability are not yet sufficient.
2. Communication quality is also not yet good enough, in particular because no

beamforming is yet considered.
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3. No feedback mechanism is provided, but only a blind retransmission. In particular,
conventional LTE V2X (see e.g. TS 36.321) provides multicast transmissions, but
there is no flexible Hybrid Automatic Repeat Request (HARQ) retransmission
supported for this multicast transmission. Further, usually a very conservative
Modulation and Coding Scheme MCS is used. As a consequence, the efficiency is

still too low.

An approach for improving the conventional V2X provides a multicast feedback with a
shared channel. However, neither a beamforming impact and nor an impact on the

increased inter-cell interference are considered by this approach.

Another approach for improving the conventional V2X provides simultanecous NACK
transmissions from more than one receiving node. However, the approach does not
consider the beamforming impact, and also not the impact on the increased inter-cell

interference.

Another approach for improving the conventional V2X provides multicast transmissions
in a local cluster. However, the approach does not consider gNodeB (gNB) or Base Station
(BS) or RSU or UE multicast with beamforming transmission to a destination device, and
also not any operation of relaying beam information and HARQ-ACK or NACK

information.

SUMMARY

In view of the above-mentioned challenges and disadvantages, the present invention aims
to improve conventional wireless communications, particularly conventional V2X and/or
C-ITS. The present invention has the objective to improve these communications
particularly in terms of flexibility, coverage/reliability and efficiency. Furthermore,
beamforming should be considered by the invention. Additionally, a feedback mechanism
should be provided by the invention. To this end, the invention intends providing a
transmitting device and a receiving device for wireless communications, respectively,

which achieve these improvements.
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The objective of the present invention is achieved by the solution provided in the enclosed
independent claims. Advantageous implementations of the present invention are further

defined in the dependent claims.

In particular the present invention proposes multiple transmissions (transmission bundling)
for a packet to be sent from a transmitting device to a receiving device or to a group of
receiving devices. In particular, the multiple transmissions may have more than one QCL
assumptions, and may in this invention be unicast, multicast, broadcast, or groupcast

transmissions.

A first aspect of the present invention provides a transmitting device for wireless
communications, the transmitting device being configured to determine more than one
transmission for transmitting a packet; transmit the packet to a receiving device and/or a

group of receiving devices using the determined transmissions.

The transmitting device can in particular be configured for V2X or C-ITS communications.
For instance, the transmitting device can be (or be implemented in) a BS or a C-ITS
communication system, and may be configured to communicate with a plurality of User

Equipments (UEs) and/or vehicles.

Since according to the transmitting device of the first aspect, multiple transmissions are
determined in advance and are then used for transmitting one and the same packet to the
receiving device and/or group of receiving devices, the coverage and reliability of sending
the packet is significantly enhanced. The device of the first aspect can, for example, send
the multiple transmissions as different beams. Accordingly, beamforming is supported for
improved communication quality. By determining the multiple transmissions beforehand

of transmitting the packet, the coverage and flexibility are further improved.

In an implementation form of the first aspect, each transmission is allocated a resource set,
and a resource set includes at least one time resource, frequency resource, code resource,

and/or spatial resource.
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A resource set can comprise one or more resources. In particular each transmission is
allocated a different resource sct. For instance, each transmission is allocated to a different

spatial resource, in particular a different beam.

As an example, cach transmission may be sent in a different time slot. In particular, in case
of beamforming, each transmission may be a transmission beam that is sent in a different
beam slot. The resource set, e.g. the beam slots, which are used for transmitting the same
packet, can also be referred to as bundled resources, ¢.g. bundled beam slots. An improved

redundancy and block error rate (BLER) are the benefit.

In a further implementation form of the first aspect, the transmitting device is further
configured to determine a number of transmissions, in particular determine the number of
transmissions depending on whether the packet is initially transmitted or retransmitted to

the receiving device and/or group of receiving devices.

This flexible bundling of the transmissions leads to a reduced overhead, and may improve
also the multiplexing gain, since other (not bundled or other bundling) transmissions could

be used for transmitting different packets.

In a further implementation form of the first aspect, the packet is a transmission block,

particularly from a Media Access Control (MAC) layer, and/or a code block.

In a further implementation from the first aspect, each determined transmission is
associated with an antenna port, wherein an antenna port has a determined Quasi Co-
Location (QCL) assumption with respect to a reference antenna port and/or each

determined transmission serves as a reference antenna port.

Thus, each transmission may be represented by a different QCL assumption from the
perspective of the receiving device(s). An antenna port may alternatively serve as a
reference antenna port. This can be used e.g. for the dedicated PHY channel, e.g. Physical

Broadcast Channel (PBCH).
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In a further implementation form of the first aspect, the transmitting device is further
configured to signal information to the receiving device and/or group of receiving devices,
wherein the information includes at least one of: a QCL assumption and/or a spatial

relationship, a number of transmissions, a periodicity of the transmissions.

A QCL assumption may be defined in that two antenna reports are considered to be quasi-
cold located, if the large-scale properties of the channel, over which a symbol on one
antenna port is conveyed, can be inferred from the channel, over which a symbol on the
other antenna port is conveyed. The large-scale properties may include one or more of:
Delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial Rx

parameters.

A spatial relationship can defined between two antenna ports. Usually, a spatial relationship
is used between one Tx antenna port and the reference antenna port. Such spatial
relationship may mean that the transmitting device assumes same Tx beams or the same

Tx beam as Rx beam between two antenna ports.

In further implementation form of the first aspect, the transmitting device is further
configured to signal information to the receiving device and/or group of receiving devices,
wherein the information includes at least one of: an indication whether QCL assumptions
and/or spatial relationship are enabled, an indication whether QCL assumptions are the
same for antenna ports associated with different determined transmission, at least one QCL

assumption, QCL parameter and/or QCL type for the determined transmission.

The transmitting device may use the information, e.g. the QCL assumptions and/or spatial
relationship, for configuring its transmission. In this way, the coverage and efficiency is

further improved.

In a further implementation form of the first aspect, the transmitting device is further
configured to signal information to the receiving device and/or group of receiving devices,
wherein the information includes at least one of: a resource set for more than one

transmission, a resource sct for a control channel of more than one transmission.
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As mentioned above, a resource set can comprise one or more resources, in particular at
least one of a time resource, frequency resource, code resource, and/or spatial resource.

Accordingly, the signaling can also comprise allocation information.

In a further implementation form of the first aspect, the transmitting device is further
configured to signal information to the receiving device and/or group of receiving devices,
wherein the information includes at least one of: an ID or index range of the determined

transmissions; an ID of the receiving device and/or group of receiving devices.

In this way, the reliability of the wireless communications, as well as the coverage and

efficiency are improved.

In a further implementation form of the first aspect, the transmitting device is further
configured to signal information to the receiving device and/or group of receiving devices,
wherein the information includes at least one of: an indication whether a Hybrid Automatic
Repeat Request (HARQ) process is enabled for the determined transmissions; a HARQ

process number and/or maximum HARQ process number for the determined transmissions.

This implementation form enables a feedback mechanism, and leads thus to an

improvement of the efficiency.

In a further implementation form of the first aspect, the transmitting device is further
configured to signal one or more than one resource set to the receiving device and/or group
of receiving devices, wherein the resource set includes at least one of: time resource,

frequency resource, code resource, and/or spatial resource.

In a further implementation form of the first aspect, the transmitting device is further
configured to signal information to the receiving device and/or group of receiving devices,
wherein the information includes at least one of: resource set for more than one

transmission, resource set for control channel of more than one transmission.

In a further implementation form of the first aspect, the transmitting device is further
configured to receive feedback information, particularly HARQ feedback information

including NACK and/or ACK, from the receiving device and/or group of receiving devices,

6
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respectively, in a determined resource, and determine a retransmission of the packet and/or
a number of transmissions for retransmission of the packet based on the feedback

information.

By implementing the feedback mechanism like this at the transmitting device, the
reliability and efficiency of the wireless communications are improved. The first aspect as
such is particularly combinable with this implementation form in that multiple
transmissions may be determined by the transmitting device for initially transmitting the
packet, and one transmission may be determined by the transmitting device, based on the

feedback information, for retransmitting the packet.

In a further implementation form of the first aspect, the transmitting device is further
configured to share the feedback information and/or a feedback resource with at least one

other transmitting device.

The transmitting device may share one or more feedback resources with at least one other
transmitting device. In this way, the overall reliability and coverage in the network are

improved.

A second aspect of the present invention provides a receiving device for wireless
communications, the receiving device being configured to receive a packet in more than
one transmission from a transmitting device, and combine the transmissions and/or decode

at least one transmission to obtain the packet.

The receiving device may particularly decode a single transmission, in order to attempt to
obtain the packet. If it does not succeed, it may decode multiple transmissions and combine
them to obtain the packet. In other words, the receiving device of the second aspect may

be able to decode at least one transmission to obtain the packet.

Since the receiving device of the second aspect is able to combine the multiple
transmissions of the same packet, in order to obtain the packet, the reliability of obtaining
the correct packet is significantly improved. Furthermore, since each of the multiple
transmissions may be a transmission beam, the receiving device is compatible with

beamforming.
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In an implementation form of the second aspect, each transmission is allocated a resource
set, and a resource set includes at least one time resource, frequency resources code

resource and/or spatial resource.

As mentioned above for the transmitting device of the first aspect, ¢.g. a number of beam

transmissions can be received in different slots.

In a further implementation form of the second aspect, the receiving device is further
configured to send feedback information for the packet to the transmitting device or to
another receiving device in a determined resource, particularly HARQ feedback

information including ACK and/or NACK.

In particular, the receiving device may send to the transmitting device only ACK, only
NACK, or both. For the case of ACK and NACK, different resources may be allocated to
these feedbacks. Further, the receiving device may send to another receiving device only
ACK, only NACK, or ACK and NACK. For the case of ACK and NACK either the same
resource, ¢.g. a receiving device specific feedback resource, or different resources may be
allocated, e.g. a common feedback resource. Accordingly, the receiving device is
configured to implement a feedback mechanism, which significantly improves the

reliability and efficiency of the wireless communication with the transmitting device.

In a further implementation form of the second aspect, the feedback information includes

ACK and NACK, and ACK and NACK are allocated to different resources.

In a further implementation form of the second aspect, the feedback information further
includes at least one of: an ID of the receiving device or an ID of a group of receiving

devices the receiving device belongs to, QCL reference information.

In a further implementation form of the second aspect, the QCL reference information may
correspond to the QCL assumption of one or more than one transmission from the

transmitting device to the receiving device.
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In a further implementation form of the second aspect, the receiving device is further

configured to send the feedback information in more than one transmission.

This improves the reliability of the feedback mechanism.

In a further implementation form of the second aspect, the receiving device is configured
to send the feedback information on a channel and/or resource shared with other receiving

devices to the transmitting device.

This reduces the overhead of the feedback mechanism.

In a further implementation form of the second aspect, the receiving device is further
configured to receive feedback information from at least one other receiving device, and
aggregate and/or concatenate feedback information received from a first other receiving
device with own feedback information and/or with feedback information received from a
second other receiving device, and send the aggregated and/or concatenated feedback

information to the transmitting device or other receiving device.

This allows for an efficient and at the same time low overhead feedback mechanism.

In a further implementation form of the second aspect, the receiving device is further
configured to receive feedback information including NACK or ACK and/or a
corresponding index from at least one other receiving device, and aggregate and/or
concatenate the NACK or ACK and/or the corresponding index and send the aggregated
and/or concatenated feedback information to the transmitting device or other receiving

device.

This allows for an efficient and at the same time low overhead feedback mechanism.

In a further implementation form of the second aspect, the receiving device is further

configured to receive a signaling that indicates whether to send the aggregated and/or

concatenated feedback information to the transmitting device or other receiving device.
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In a further implementation form of the second aspect, the receiving device is further
configured to receive a signaling that indicates whether to make retransmission based on
the feedback information it received and/or excluding the feedback that it send the
corresponding retransmitted packet and/or including the feedback without retransmitting

the corresponding packet.

This improves the efficiency of the feedback mechanism.

In a further implementation form of the second aspect, the receiving device is further
configured to send the feedback information according to a reference timing, wherein the
reference timing includes at least one of: a predefined time resource, a first time resource
that is allocated to the more than one transmission, a time resource wherein the transmitted
channel and/or signal of the time resource is quasi co-located with a channel and/or a signal
identified during initial access and/or after initial access, and/or a time resource allocated

to the last received transmission of the more than one transmission.

Note that a channel and/or a signal identified during initial access and/or after initial access
can comprise at least one of synchronization signal, PBCH, SSB, CSIRS, TRS, PRS,
DMRS.

This further improve the efficiency of the feedback mechanism.

In a further implementation form of the second aspect, the feedback information includes
ACK or NACK or includes ACK and NACK, and the determined resource is a common
preamble sequence, and/or a common Physical Uplink Control Channel, PUCCH, resource,
and/or a common Physical Uplink Shared Channel, PUSCH, resource for the receiving

device and at least one other receiving device.

The common preamble sequence may be a shared preamble sequence. This improves the

efficiency and reduces the overhead of the feedback mechanism.

In a further implementation form of the second aspect, when the feedback information

includes ACK and NACK, the receiving device is configured to transmit the feedback

10
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information in different common preamble sequences, and/or different common PUCCH

resources, and/or different common PUSCH resources.

The term “common” can also be substituted by “shared”.

A third aspect of the present invention provides a transmitting method, in particular for
wireless communications, the transmitting method comprising: determining more than one
transmission for transmitting a packet, and transmitting the packet using the determined

transmissions.

In an implementation form of the third aspect, cach transmission is allocated a resource set,
and a resource set includes at least one time resource, frequency resource, code resource,

and/or spatial resource.

In a further implementation form of the third aspect, the method further comprises
determining a number of transmissions, in particular determine the number of
transmissions depending on whether the packet is initially transmitted or retransmitted to

the receiving device and/or group of receiving devices.

In a further implementation form of the third aspect, the packet is a transmission block,

particularly from a Media Access Control (MAC) layer, and/or a code block.

In a further implementation form of the third aspect, the method further comprises signaling
information to the receiving device and/or group of receiving devices, wherein the
information includes at least one of: a QCL assumption and/or a spatial relationship, a

number of transmissions, a periodicity of the transmissions.

In further implementation form of the third aspect, the method further comprises signaling
information to the receiving device and/or group of receiving devices, wherein the
information includes at least one of: an indication whether QCL assumptions and/or spatial
relationship are enabled, an indication whether QCL assumptions are the same for antenna
ports associated with different determined transmission, QCL assumptions, and/or QCL

parameter, and/or QCL type for the determined transmission.

11
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In a further implementation form of the third aspect, the method further comprises signaling
information to the receiving device and/or group of receiving devices, wherein the
information includes at least one of: a resource set for more than one transmission, a

resource set for a control channel of more than one transmission.

In a further implementation form of the third aspect, the method further comprises signaling
information to the receiving device and/or group of receiving devices, wherein the
information includes at least one of: an ID or index range of the determined transmissions;

an ID of the receiving device and/or group of receiving devices.

In a further implementation form of'the third aspect, the method further comprises signaling
information to the receiving device and/or group of receiving devices, wherein the
information includes at least one of: an indication whether a Hybrid Automatic Repeat
Request, HARQ, process is enabled for the determined transmissions; a HARQ process

number and/or maximum HARQ process number for the determined transmissions.

In a further implementation form of'the third aspect, the method further comprises signaling
one or more than one resource set to the receiving device and/or group of receiving devices,
wherein the resource set includes at least one of: time resource, frequency resource, code

resource, and/or spatial resource.

In a further implementation form of'the third aspect, the method further comprises signaling
information to the receiving device and/or group of receiving devices, wherein the
information includes at least one of: resource set for more than one transmission, resource

set for control channel of more than one transmission.

In a further implementation form of the third aspect, the method further comprises
receiving feedback information, particularly HARQ feedback information including
NACK and/or ACK, from the receiving device and/or group of receiving devices,
respectively, in a determined resource, and determining a retransmission of the packet
and/or a number of transmissions for retransmission of the packet based on the feedback

information.

12
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In a further implementation form of the third aspect, the method further comprises sharing
the feedback information and/or a feedback resource with at least one other transmitting

device.

The method of the third aspect and its implementation forms achieve the same advantages

and effects as the device of the first aspect and its respective implementation forms.

A fourth aspect of the present invention provides a receiving method, in particular for
wireless communications, the receiving method comprising: receiving a packet in more
than one transmission, and combining the transmissions and/or decode at least one

transmission to obtain the packet.

In an implementation form of the fourth aspect, each transmission is allocated a resource
set, and a resource set includes at least one time resource, frequency resources code

resource and/or spatial resource.

In a further implementation form of the fourth aspect, the method further comprises sending
feedback information for the packet to a transmitting device or to another receiving device
in a determined resource, particularly HARQ feedback information including ACK and/or

NACK with ACK and NACK.

In a further implementation form of the fourth aspect, the feedback information includes

ACK and NACK, and ACK and NACK are allocated to different resources.

In a further implementation form of the fourth aspect, the feedback information further
includes at least one of: an ID of the receiving device or an ID of a group of receiving

devices the receiving device belongs to, QCL reference information.

In a further implementation form of the fourth aspect, the method further comprises sending

the feedback information in more than one transmission.

In a further implementation form of the fourth aspect, the method further comprises sending
the feedback information on a channel and/or resource shared with other receiving devices

to the transmitting device.

13
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In a further implementation form of the fourth aspect, the method further comprises
receiving feedback information from at least one other receiving device, and aggregating
and/or concatenating feedback information received from a first receiving device with
second feedback information and/or feedback received from a third receiving device, and
sending the aggregated and/or concatenated feedback information to the transmitting

device or other receiving device.

In a further implementation form of the fourth aspect, the method further comprises
receiving feedback information including NACK or ACK and/or a corresponding index
from at least one other receiving device, and aggregating and/or concatenating the NACK
or ACK and/or the corresponding index and sending the aggregated and/or concatenated

feedback information to the transmitting device or other receiving device.

In a further implementation form of the fourth aspect, the method further comprises
receiving a signaling that indicates whether to send the aggregated and/or concatenated

feedback information to the transmitting device or other receiving device.

In a further implementation form of the fourth aspect, the method further comprises sending
the feedback information according to a reference timing, wherein the reference timing
includes at least one of: a predefined time resource, a first time resource that is allocated to
the more than one transmission, a time resource wherein the transmitted channel and/or
signal of the time resource is quasi co-located with a channel and/or a signal identified
during initial access and/or after initial access, , and/or a time resource allocated to the last

received transmission of the more than one transmission.

In a further implementation form of the fourth aspect, the feedback information includes
ACK or NACK or includes ACK and NACK, and the determined resource is a common
preamble sequence, a common Physical Uplink Control Channel, PUCCH, resource, or a
common Physical Uplink Shared Channel, PUSCH, resource for the receiving device and

at least one other receiving device.

In a further implementation form of the fourth aspect, when the feedback information

includes ACK and NACK, the method further comprises transmitting the feedback

14
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information in different common preamble sequences, different common PUCCH

resources, or different common PUSCH resources.

The method of the fourth aspect and its implementation forms achieve all advantages and

effects of the receiving device of the second aspect and its respective implementation forms.

It has to be noted that all devices, elements, units and means described in the present
application could be implemented in the software or hardware elements or any kind of
combination thereof. All steps which are performed by the various entities described in the
present application as well as the functionalities described to be performed by the various
entities are intended to mean that the respective entity is adapted to or configured to
perform the respective steps and functionalities. Even if, in the following description of
specific embodiments, a specific functionality or step to be performed by external entities
is not reflected in the description of a specific detailed element of that entity which
performs that specific step or functionality, it should be clear for a skilled person that these
methods and functionalities can be implemented in respective software or hardware

clements, or any kind of combination thercof.

BRIEF DESCRIPTION OF DRAWINGS

The above described aspects and implementation forms of the present invention will be
explained in the following description of specific embodiments in relation to the enclosed

drawings, in which

FIG. 1 shows a transmitting device according to an embodiment of the present
invention.

FIG. 2 shows a receiving device according to an embodiment of the present
invention.

FIG. 3 shows multiple beam transmissions between a transmitting device

(gNB/RSU/UE) according to an embodiment of the present invention and a

receiving device (UE) according to an embodiment of the present invention.

15
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shows multiple beam transmissions between a transmitting device (UE)
according to an embodiment of the present invention and a receiving device

(UE) according to an embodiment of the present invention.

shows an example of flexible bundling of (multiple) transmissions

depending on whether a packet is initially transmitted or retransmitted.

shows an overview of using more than one transmission with more than one
QCL assumption for the same packet for unicast, broadcast, multicast or
groupcast by a transmitting device according to an embodiment of the

present invention.

shows an exemplary channel design for specifically beam slot bundling

(multiple beam transmissions for the same packet).

shows an exemplary channel design for specifically beam slot bundling

(multiple beam transmissions for the same packet).

shows multiple beam transmissions between a transmitting device
(gNB/RSU/UE) according to an embodiment of the present invention and a

receiving device (UE) according to an embodiment of the present invention.

shows multiple beam transmissions between a transmitting device (UE)
according to an embodiment of the present invention and a receiving device

(UE) according to an embodiment of the present invention.

shows an example of a feedback mechanism from one or more receiving
devices (UEs) according to an embodiment of the present invention to
another receiving device or to a transmitting device (gNB/RSU/UE)

according to embodiments of the present invention.

shows an example of a feedback mechanism from one or more receiving

devices (UEs) according to an embodiment of the present invention to
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another receiving device or to a transmitting device (UE) according to

embodiments of the present invention.

FIG. 10 shows an exemplary overall procedure as carried out by a transmitting

device and a receiving device according to embodiments of the present

invention.

FIG. 11 shows a transmitting method according to an embodiment of the present
invention.

FI1G. 12 shows a receiving method according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a transmitting device 100 according to an embodiment of the present
invention. The transmitting device 100 is in particular configured for wircless
communications, specifically it may be for V2X communications or C-ITS
communications. The transmitting device 100 may be (or may be implemented in) a BS or
another network access node or UE, which is configured to communicate wirelessly with
one or more receiving devices 200, for instance, one or more UEs that may specifically be

located in one or more vehicles.

The transmitting device 100 is configured to determine more than one transmission 101 for
transmitting a packet 102. To this end, the transmitting device 100 may comprise a
processor to carry out the determination of the transmissions 101. The transmitting device
100 is further configured to transmit the packet 102 to a receiving device 200 (as ¢.g. shown
in FIG. 2) and/or to a group of receiving devices 200 by using the determined transmissions
101. To this end, the transmitting device 100 may comprise a transmitter and/or one or
more antennas for transmitting the packet 102 wirelessly. In other words, the transmitting
device 100 may bundle multiple transmissions 101 for sending the packet 102 to the

receiving device(s) 200.
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The packet 102 may specifically be a transmission block, for instance from a MAC layer
and/or a code block (CB). Further, each transmission 101 of the transmitting device 100
may specifically be allocated a certain (different) resource set. Thereby, a resource set may
include at least one time resource, frequency resource, code resource, and/or spatial

resource.

FIG. 2 shows a receiving device 200 according to an embodiment of the present invention.
The receiving device 200 is configured for wireless communications, in particular it may
be for V2X communications. The receiving device 200 may, for instance, be or be included

in a UE, which may specifically be located in a vehicle.

The receiving device 200 is configured to receive a packet 102 in more than one
transmission 101 from a transmitting device 100, which may be the transmitting device
100 shown in FIG. 1. To this end, the receiving device 200 may include a receiver and/or
one or more antennas and/or one or more beams to receive the packet 102 wirelessly. Again,
cach transmission 101 may be allocated a resource set, including e.g. at least one time
resource, frequency resources code resource and/or spatial resource. Further, the receiving
device 200 is configured to combine the transmissions and/or decode at least one
transmission and/or receive the bundled transmissions 101 to obtain the packet 102. To this
end, the receiving device 200 may comprise a processor for carrying out the combining,

for instance, by decoding each transmission 101 and combining the decoding results.

In the following, details of the present invention are now described with respect to the
transmitting device 100 shown in FIG. 1 and the receiving device 200 shown in FIG. 2,

respectively.

At first, details of data transmissions and associated control transmissions are described,
specifically considering beamforming and multiple beam combining and/or multiple beam
transmissions, in order to enhance the coverage/reliability. For V2X communications, the
reliability and/or coverage of specifically the Uu link (i.e. the link between the receiving
device 200 and the transmitting device 100) and/or the sidelink (i.e. between two receiving
devices 200 and/or the link between the receiving device 200 and the transmitting device

100) or both, or unicast or broadcast or multicast or groupcast, can be significantly
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enhanced with using more than one transmission 101 for the same packet 102 — as
described above. That is, the more than one transmissions 101 are sent from the
transmitting device 100 and are received by and combined in the receiving device 200 to

obtain the packet 102.

FIG. 3 shows an example, in which the same packet 102 is transmitted in multiple
transmissions 101 — here specifically beam transmissions 101 — from a transmitting device
100 (which is here a gNB or Remote Switching Unit (RSU) and/or a UE e.g. located in a
leading vehicle) to a receiving device 200 (which is here a UE located in a vehicle) or to a
group of receiving devices 200 (multiple UEs). Especially for the groupcast or multicast or
broadcast scenario, the multiple beam transmissions 101 can be received by one receiving
device 200 or by each receiving device 200 in one group, and the combining of the
transmissions 101 can be conducted accordingly. Thus, the received power or signal-to-
noise and interference ratio in the receiving device 200 will be improved. As a consequence,

the coverage and reliability are enhanced.

FIG. 3A shows an example, in which the same packet 102 is transmitted in multiple
transmissions 101 — here specifically beam transmissions 101 — from a transmitting device
100 (which is here a UE e.g. located in a leading vehicle) to a receiving device 200 (which
is here a UE located in a vehicle) or to a group of receiving devices 200 (multiple UEs).
Especially for the groupcast or multicast or broadcast scenario, the multiple beam
transmissions 101 can be received by one receiving device 200 or by each receiving device
200 in one group, and the combining of the transmissions 101 can be conducted
accordingly. Thus, the received power or signal-to-noise and interference ratio in the
receiving device 200 will be improved. As a consequence, the coverage and reliability are

enhanced. Note RN means relay node in the figure.

FIG. 4 shows that the number of the multiple (bundled) transmissions 101 that are sent
from the transmitting device 100 to the receiving device 200 or group of receiving devices
200, may be flexibly configured at the transmitting device 100. For example, as shown in
FIG. 4, for initially transmitting a packet 102 and for retransmitting a packet 102,
respectively, different numbers of transmissions 101 may be used. This may also depend
on the configuration of the device 100. In the shown example, four different transmissions

101 are used for initially transmitting the packet 102, while only one transmission 101 is
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used for retransmitting the same packet 102. Notably, retransmitting the packet 102 can be
triggered by a feedback from the receiving device 200 to the transmitting device 100. A
suitable feedback mechanism is described further below. The scheme of FIG. 4 may
specifically be referred to as “flexible bundling” of multiple transmissions 101, for example,

of beam transmissions 101.

From a standard perspective, e.g. new radio (NR), there are two types of physical layer
(PHY) transmissions, namely, physical channel and physical signal. Physical channel
corresponds to a set of resource elements carrying information originating from higher
layers e.g. Physical Downlink Control Channel (PDCCH), Physical Downlink Share
Channel (PDSCH), Physical Broadcast Channel (PBCH), Physical Uplink Shared Channel
(PUSCH), Physical Uplink Control Channel (PUCCH), Physical Random Access Channel
(PRACH) etc. Physical signal corresponds to a set of resource elements used by the
physical layer, but not carry information originating from higher layers e.g. Demodulation
Reference Signal (DMRS), Channel State Information Reference Signal (CSIRS), Phase
Tracking Reference Signal (PT-RS), Sounding Reference Signal (SRS) etc.

Most of the channels and signals are transmitted by a corresponding antenna port. Antenna
ports are defined for both Downlink (DL) and Uplink (UL) e.g. DMRS of PDSCH, DMRS
of PDCCH, CSIRS, PT-RS for PDSCH, Synchronization Signal (SS)/PBCH block, DMRS
of PUSCH, PT-RS for PUSCH, DMRS of PUCCH, PRACH, SRS etc.

Without loss of generality, when another link is introduced e.g. a sidelink between the
receiving device 200 and another receiving device 200, the corresponding data channels
can be extended e.g. to Physical Sidelink Shared Channel, Physical Sidelink Control
Channel, Physical Sidelink Broadcast Channel, Physical Sidelink Discovery Channel,
Sidelink DMRS, Sidelink SS etc.

The multiple transmission 101 sent from the transmitting device 100 to the receiving device
200 can be represented by different QCL assumptions at the receiving side (i.e. from the
perspective of the receiving device 200) and/or by different spatial relationship at the

transmitting side (i.e. from the perspective of the transmitting device 100).
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A QCL assumption is defined in NR as follows: Two antenna ports are said to be quasi co-
located, if the large-scale properties of the channel, over which a symbol on one antenna
port is conveyed, can be inferred from the channel, over which a symbol on the other
antenna port is conveyed. The large-scale properties include one or more of: Delay spread,
Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters.
Notably, in some cases an antenna port may not be mentioned in the description of quasi
co-location assumption. For example, the receiving device 200 (UE) may assume PDSCH
DMRS and SS/PBCH blocks to be quasi co-located with respect to Doppler shift, Doppler
spread, average delay, delay spread, and spatial Rx. The transmitting devices 100
mentioned can be gNB, BS, relay, RSU, UE, vehicle etc.

Further, there may be different QCL assumptions between two antenna ports from the side
of the receiving device 200, namely: type A (Doppler shift, Doppler spread, average delay,
delay spread); type B: (Doppler shift, Doppler spread); type C (average delay, Doppler
shift); type D (spatial Rx). Usually type D QCL assumption means the receiver at the
receiving device 200 assumes the same Rx beam between two antenna ports or two

transmissions 101.

For the multiple transmissions 101 sent at the transmitting device 100, a spatial relationship
can be defined between two antenna ports. Usually a spatial relationship is used between
one Tx antenna port e.g. PUCCH or SRS and the reference RS antenna port e.g. SSB
(SS/PBCH block) or CSIRS or SRS. In other word, such kind of spatial relationship means
the transmitting device 100 assumes: same Tx beam or same Tx beam as Rx beam between

two antenna ports.

In an example of the above, a receiving device 200 (also referred to as “UE A”), which
receives more than one transmission 101 of one packet 102 from a transmitting device 100
is considered, i.e. the transmitting device 100 (also referred to as “node A”) transmits more
than one transmission 101 of one packet 102. This packet 102 can be a transmission block
(TB) from a MAC layer or a code block (CB). The associated RS antenna ports of the more
than one transmission 101 may have their respective QCL assumptions with respect to SSB
or DMRS of PBCH or CSIRS or TRS or PT-RS. The associated RS antenna ports may
include the antenna port of DMRS of PDSCH and/or antenna port of DMRS of PDCCH.
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The more than one transmission 101 can be more than one transmission in a time domain,
frequency domain, code domain, space domain or a combination of part or all of them.
Each transmission unit (i.e. time domain or frequency domain or code domain or space
domain or any combination of them) in the bundling or repetition of the transmission 101
of the packet 102 can be called bundling unit or repetition unit. Without loss of generality

the term “bundling” will be used in the following.

The more than one transmission 101 of the packet 102 in the time domain can be called
slot bundling, mini-slot bundling, Transmission Time Interval (TTI) bundling, sub-slot
bundling, or short TTI bundling. In the frequency domain, the more than one transmission
101 can be in one or more than one of: bandwidth part, resource block, resource block
group, component carrier. In the code domain, the more than one transmission 101 can be
in different sequences. In the space domain, the more than one transmission 101 can be in
different beams or equivalently have different QCL assumptions. When multiple beams
are transmitted in different time units, this can also be called multi-beam time unit bundling,
multi-beam slot bundling, multi-beam mini-slot bundling, multi-beam TTI bundling, multi-

beam sub-slot bundling, or multi-beam short TTI bundling.

For a physical channel transmission, one embodiment may specifically be a PDCCH
scheduled PDSCH. There can be one PDCCH scheduling more than one PDSCH
transmissions or each PDCCH schedules one PDSCH transmission. The more than one

transmission 101 can be for PDSCH or both PDCCH and PDSCH.

FIG. 5 shows an overview, according to which more than one transmission 101 with more
than one QCL assumptions for the same packet 102 can be used for at least one of unicast,
broadcast, multicast, and/or groupcast transmission. Further, the more than one
transmission 101 with more than one QCL assumptions for the same packet 102 can be

signaled to the receiving device 200, or can be predefined for the receiving device 200.

Signaling may be received by the receiving device 200 specifically on the configuration of
the more than one transmission 101 for the same packet 102. The signaling information
may include one or more of: ON or OFF of more than one transmission 101 of the same
packet 102, the number of the transmissions 101, a periodicity of the bundling

transmissions 101, Enable or Disable of QCL assumptions of the more than one
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transmission 101, same or respective QCL assumptions for the DMRS antenna port of more
than one PDCCH, same or respective QCL assumptions for the DMRS antenna port of
more than one PDSCH, identification of the more than one transmission 101, index of each
of the more than one transmission 101, identity of the receiving device 200, identity of a
group of the receiving device 200, a HARQ process, and a redundancy version (the same
HARQ process can be configured for the more than one transmission 101 for the same

packet 102).

When the QCL assumptions for the DMRS antenna port of more than one PDCCH is
explicitly signaled to the receiving device 200, each DMRS antenna port of one PDCCH
corresponding to one reference signal/channel e.g. SSB or RS for the QCL assumption.
They can be separately indicated or jointly indicated. The separate indication can be in a
different information element (IE) in the Radio Resource Control (RRC) signaling or MAC
Control Element (CE), and the joint indication can be in the same IE in the RRC signaling
or MAC CE. Notably, more than one SSB or RS or both may be measured and reported to
reflect the respective received strength. Alternatively the strength of more than one SSB or
RS or both or a DL channel condition may be reflected by PRACH or SRS from the

receiving device 200.

Alternatively, if no independent QCL assumption indication or just one QCL assumption
indication of DMRS of more than one PDCCH or PDSCH is signaled, the DMRS antenna
port of more than one PDCCH or PDSCH transmission may be assumed to have the same

QCL assumption.

Further details on the signaling design to the receiving device 200, specifically of PDCCH

and or PDSCH beamforming and QCL assumption, are now described.

In particular, in a first exemplary embodiment, with broadcast/multicast/groupcast PDCCH
and/or PDSCH beamforming and QCL assumption, further details of the signaling can
specific to the receiving device 200 (“UE specific signaling”) and group specific signaling

or group specific signaling:
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1. UE specific signaling or group specific higher layer signaling (RRC signaling, MAC

CE signaling or combination of them) may indicate one or more than one of the

following:

o Bundling or not (i.e. multiple transmissions 101 for a packet 102 or not).

o Bundling size (i.c. the number of transmissions 101 for a packet 102).

. Bundling size set {1, 2, ..., M}.

o The resource for the more than one transmission 101, which may include one or more

than one of:

The resource set for a control channel.

o Casel: The same control resource set (CORESET) configuration for
more than one transmission 101.

o Case2: Different CORESET configurations for the more than one
transmissions 101. E.g. frequency offset between or among different
CORESETs are configured

. A time unit or time duration is indicated, or consecutive time units are
configured. The time units or duration can be downlink or uplink or side
link or flexible.

The periodicity of transmissions e.g. including

o One or more than one periodicity of the bundling transmissions 101.

The resource set for the more than one transmission 101 e.g. including:

o The (time) slots or time units for bundling, e.g. beam slots.

Predefined consecutive DL/UL slots used for bundling.

o PDCCH DMRS QCL assumption (or predefine it) e.g.:

According to selected SSB for initial access of each receiving device 200 (UE)
or the CRI or SSB each UE report or the more than one SSB or CRI configured
by the transmitting device 100 (gNB or RSU or UE).

Alternatively, whether DMRS of PDSCH has same QCL assumption with
DMRS of PDCCH.

o A bundling/group information including one or more than one of:

An identification range (max value can be the beam number) - (1, 2...K).
DMRS scrambling identity (ID) for a control channel e.g. group PDCCH or a
group data channel.

CRC scrambling ID for a control channel e.g. group PDCCH or group data

channel.
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. A bundling/Group ID or index.

2. A group specific Downlink Control Information (DCI) may indicate one or more than
one of the following for PDSCH:

o A “No bundling” or “bundling size” indication from the higher layer configured set.
. 0 Bit for bundling in DCI, when bundling is not configured via higher layer

signaling.

o A bundling identification indication from the higher layer configured set.

o A scrambling ID of PDSCH DMRS.

o MCS.

o A Redundancy version.

o A HARQ process number.

Notably, when a bundling identification is configured, a receiving device 200 only

combines PDSCH with the same bundling identification.

Several alternative examples are given below for PDCCH DMRS QCL assumption in the
bundling:

o Alternative 1: Each receiving device 200 assumes QCL assumption of DMRS of

PDCCH with the configured QCL set in order.

. one bundling size {3}; {SSB 1,SSB 2,SSB 3} or {CRI 1,CRI 2,CRI 3}:

. Receiving device 200 in each group or each transmission 101 (beam) has the
assumption: DMRS of PDCCHI1 1 assumes QCL with SSB 1, DMRS of
PDCCHI 2 assume QCL with SSB 2, DMRS of PDCCHI1 3 assume QCL
with SSB 3.

. Alternative 2: Each receiving device 200 assumes 1% PDCCH(DMRS) in the
bundling has QCL with the selected SSB for initial access or previously configured
CRI, 2™ PDCCH follows in the configured set, until to the bundling size.
. Example: more than one bundling size: bundling size set {1,2}; QCL reference

set {SSB1,2}, {SSB2,3}, {SSB3} or {CRI1,CRI2}, {CRI2,CRI3}, {CRI3}:
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Receiving device 200 finds its own QCL reference set according to its
SSB selected for initial access or previously configured CRI. And its SSB
is the first one in the QCL reference set.

For receiving device 200 group 1 in transmission beam 1: DMRS of
PDCCHI 1 assumes QCL with SSB 1, DMRS of PDCCHI1 2 assume
QCL with SSB 2, bundling size 2.

For receiving device 200 group 2 in transmission beam 2: DMRS of
PDCCH2 1 assume QCL with SSB 2, DMRS of PDCCH 2 2 assume
QCL with SSB 3, bundling size 2;

For receiving device 200 in transmission beam 3: DMRS of PDCCH3 1
assume QCL with SSB 3, bundling size 1.

. Alternative 3: Each receiving device 200 assumes 1% PDCCH(DMRS) in the

bundling has QCL with the selected SSB for initial access or previously configured
CRI. If no, its SSB or CRI in the first position in the QCL set, assume the QCL set

including the selected SSB for initial access or previously configured CRI

. Example: one bundling size {2}; {SSB1,SSB2}, {SSB2,SSB3}:

For receiving device 200 group 1 in transmission beam 1: DMRS of
PDCCHI1 1 assume QCL with SSB 1, DMRS of PDCCHI1 2 assume
QCL with SSB 2;
For receiving device 200 group 2 in transmission beam 2: DMRS of
PDCCH2 1 assume QCL with SSB 2, DMRS of PDCCH 2 2 assume
QCL with SSB 3;
For receiving device 200 group 3 in transmission beam 3: DMRS of
PDCCH3 1 assume QCL with SSB 2, DMRS of PDCCH3 2 assume
QCL with SSB 3.

o Alternative 4: Each receiving device 200 assumes QCL assumption of DMRS of
PDCCH with the configured QCL set and the bundling identification (BD) in order.

Different bundling identification (BD) in high layer signaling or DCI can be used to

separate different bundling group. And the groupcast transmission BD can be

configured with UE specific signaling.
. Example: bundling size {2,3}; {SSB1,2,3}, {SSB4,5}:
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The beam slot transmission for beam 1, 2, 3 are bundled with one BD;
the beam slot transmission for beam 4 and 5 are bundled with another
BD. For initial access: receiving device 200 group 1 to 5 or transmission
beam 1 to 5 correspond to —SSBI to 5 respectively. Equivalently,
receiving devices 200 in group 1 to 5 or transmission beams 1 to 5 are
configured with CRI1~CRIS5 respectively.

For receiving device 200 group 1 in transmission beam 1: DMRS of
PDCCHI 1 assume QCL with SSB 1, DMRS of PDCCHI1 2 assume
QCL w. SSB 2, DMRS of PDCCH1_3 assume QCL w. SSB 3

For receiving device 200 group 2 in transmission beam 2: DMRS of
PDCCH2 1 assume QCL w. SSB 1, DMRS of PDCCH 2_2 assume QCL
w. SSB 2, DMRS of PDCCH2_3 assume QCL w. SSB 3

For receiving device 200 group 3 in transmission beam 3: PDCCH3 1
QCLed w. SSB 1, PDCCH3 2 QCLed w. SSB 2, PDCCH3 3 QCLed w.
SSB 3

For receiving device 200 group 4 in transmission beam4: PDCCH4 1
QCLed w. SSB 4, PDCCH4 2 QCLed w. SSB 5

For receiving device 200 group 5 in transmission beam 5: PDCCHS5 1

QCLed w. SSB 4, PDCCH5 2 QCLed w. SSB 5

In an exemplary second embodiment, on unicast PDCCH and PDSCH beamforming and

QCL assumption, further detail of the signaling can be UE specific higher layer signaling

or UE specific DCI or a combination of high layer signaling and DCI:

1. UE specific higher layer signaling may indicate one or more than one of the following:

o Bundling or not.

o The bundling size.

o The bundling size set e.g. {1, 2, ..., M}.

. The resource for the more than one transmission 101, which may include one or more

than one of:

The resource set for control channel

E.g. the CORESET for a control channel of more than one transmission

101. The CORESETs can be configured or consecutive time units
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configured. Frequency offset between or among different CORESETs
can be configured
. The periodicity of transmissions e.g. including
o One or more than one periodicity of the bundling transmissions 101.
. The resource set for the more than one transmission 101 e.g. including:
o The (time) slots or time units for bundling, e.g. beam slots.

o E.g. the configured slots or time units or the
configured consecutive slots or time units for
bundling

. Predefine consecutive DL/UL slots used for bundling.

Max HARQ process number for the bundling

QCL signaling on PDCCH for the bundling slot

= QCL set for PDCCH {SSB index 1,...,SSB index N} or {CRII, ...,CRIN},
N>=1
o 1* PDCCH quasi co-located (QCLed) with the SSB associated with

preamble e.g. SSB index 1
. Or PDSCH has same QCL assumption with PDCCH or not

A UE specific DCI may indicate one or more than one of the following for PDSCH:

A bundling size e.g.

. An indication from the set configured by higher layer signaling

. 0 Bit for bundling in DCI when bundling is not configured via higher layer
signaling

The Bundling slot.

The QCL assumption for the PDSCH DMRS in the bundling transmission

The Scrambling ID of PDSCH DMRS

The HARQ process number.

MCS

QCL assumptions for more than one PDSCH DMRS in the bundling transmission

101.

The scrambling ID for more than one PDSCH DMRS in the bundling transmission

101.

The redundancy version for more than one PDSCH in the bundling transmission 101.
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o MCS for more than one PDSCH in the bundling transmission 101.

Notably, for the above two exemplary embodiments, for bundling transmission PDSCH
indication, there can be two cases. One is a separate PDCCH or a separate DCI, each
indicating one or more than one of: QCL assumption (or assume same QCL with its
respective PDCCH), bundling slot, scrambling ID, redundancy version, allocation, HARQ
process number. Another one is one DCI or one PDCCH indicate one or more than one of
each bundling unit: QCL assumption, bundling slot, scrambling ID, redundancy version,

allocation.

For a PDCCH resource configuration (as exemplarily shown in FIG. 6), one case is that
cach of the more than one PDCCH transmission 101 corresponds to one CORESET
(control resource set) configuration. And each CORESET configuration includes one or
more ofi CORESET ID, frequency domain resource, time duration in symbols,
transmission configuration indicator (TCI) states, PDCCH DMRS scrambling ID, search
space etc. The same scrambling ID can be used for the DMRS of more than one PDCCH
transmission 101. And such same scrambling ID can serve for indicating the same packet
102 transmission 101 and can serve as a combination indication. Notably, a subset of the
TCI states defined in TCI-States used for providing QCL relationships between the DL
RS(s) in one RS Set e.g. (TCI-RS-Set) and the PDCCH DMRS ports.

As shown in FIG. 6, for unicast or multicast/group cast DCI transmitted by PDCCH, the
content can include one of more of MCS, HARQ ACK/NACK resource allocation (RA),
HARQ process, redundancy version, unicast or multicast/group cast indication,

multicast/group cast identification.

Another case is that more than one PDCCH transmission 101 corresponds to one
CORESET configuration. The CORESET configuration includes one or more of:
CORESET ID, frequency domain resource of more than one PDCCH, time duration in
symbols of more than one PDCCH, transmission configuration indicator (TCI) states of

more than one PDCCH DMRS, PDCCH DMRS scrambling ID of more than one PDCCH.

Notably, when the multiple transmissions 101 have different control channel QCL

assumptions based on one or more than one CORESET configuration, each transmission
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101 can also have one or more than one control channel QCL assumption based on one or

more than one CORESET configuration.

Note, each search space may correspond to one or more than one configured CORESET

for PDCCH search or vice versa.

For physical channel transmission (as exemplarily shown in FIG. 7), another embodiment
is dedicated PHY broadcast/multicast/groupcast channel. The more than one transmission
101 can be for the dedicated PHY channel e.g. PBCH or Physical Broadcast Multicast
Channel (PBMCH). UE A received the configuration of the dedicated PHY channel, the
configuration information includes one or more of frequency resource, time resource, RB
or PRB resource, periodicity, MCS, QCL assumption of DMRS of dedicated channel, QCL
assumption of dedicated channel, bundling size, bundling identification. The signaling can
be PBCH, RRC signaling, MAC CE signaling, PDCCH signaling or the combination more

than one of them.

FIG. 7 shows the dedicated channel-PBMCH transmission carrying the same packet 102
in more than one slot with more than one QCL assumption. Alternatively, the dedicated
PHY channel with more than one transmission 101 can be the channel serving as reference
QCL assumption ¢.g. PBCH. The receiving device 200 can make multiple transmission
101 combination based on the received information that are for the same packet 102. Such

combination can be done without HARQ feedback from transmitting device 100.

Next, a feedback mechanism carried out by the receiving device 200 or another UE is
described, in particular a feedback for more than one transmission 101, a feedback
transmission with beamforming, and a feedback overhead reduction for groupcast

communication.

When a receiving device 200 (also referred to as “UE A”) receives the more than one
transmission 101 of one packet 101 from a transmitting device (gNB and/or RSU and/or
UE B), it may feedback ACK or NACK or both ACK and NACK information to the
transmitting device 100 or UE B. Alternatively only ACK or only NACK or both ACK and
NACK can be configured for feedback. The feedback information ACK or NACK or both
ACK and NACK can be carried by PUCCH, PUSCH or RACH resources or more than one
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of their combinations. Further the feedback information can also include the beam or QCL
reference information e¢.g. SSB or CRI, or UE identification information together with
ACK or NACK or both ACK and NACK. Based on the feedback information, the
transmitting device 100 or UE B can retransmit the data (packet 102) or make link

adaptation for the transmission with efficiency improved.

Note, the QCL reference information may correspond to the QCL assumption of one or
more than one transmission from the transmitting device to the receiving device e.g. QCL

assumption parameter or type with SSB or CRI.

When there is more than one transmission 101 for one receiving device 200 for the same
packet 102, the feedback transmission can be in one beam or in multiple beams. In other
words, the feedback channel or DMRS of the feedback channel has one spatial relation
with reference RS SSB or CSIRS or SRS, or more than one spatial relation with reference

RS SSB or CSIRS or SRS.

The receiving device 200 can receive the signaling indicating one spatial relation or more
than one spatial relation with the reference RS. Further the number of transmissions for the

same feedback information can be indicated.

Alternatively, the receiving device 200 can assume that the feedback transmission has the
spatial relation with SSB/PBCH selected by the receiving device 200 for PRACH
association and transmission, if not configured. When there is more than one feedback
transmission for the feedback information, if one spatial relation configured or assumed,
the spatial relation of the first feedback transmission is assumed. In this way signaling can

be reduced.

Notably, each feedback transmission or feedback resource of the feedback transmission for
the same feedback content may correspond to one or more than one transmission 101 from

the transmitting device 100 with different QCL assumptions.

In order to reduce the feedback overhead for group communication, a shared channel can
be configured for each transmission 101 or each QCL assumption or each spatial relation.

For the shared channel, the same feedback information in the same resource is transmitted
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from more than one receiving device 200. The resource can be configured as time resource
or frequency resource or sequence. Further the shared resource can be PUCCH resource or
PRACH resource or PUSCH resource. According to the previous discussion, the shared
resource can be transmitted with one spatial relation or more than one spatial relation
assumption. When both ACK and NACK are supported, separate resources for ACK and
NACK feedback may be configured. Such a separation can prevent the collision of ACK

and NACK from different receiving devices 200 in the same resource.

The feedback information and the resource or the shared channel carrying the feedback
information can be exchanged between different transmitting devices 100. As the shared
channel may carry the feedback information from more than one receiving device 200, the
received power on the transmitting device 100 side may be high, which may cause
interference to neighboring cells or transmitting devices 100. Through the shared channel
related information exchanging among cells or transmitting devices 100, the neighboring

cell or transmitting device 100 can decode and cancel such kind of interference.

An example is shown in FIG. 8. When a receiving device 200 (UE) receives data from a
transmitting device 100 (gNB or RSU and/or UE) via more than one transmission 101 (here
beams), it can feedback ACK or NACK in the shared channel. The shared channel can be
transmitted in one beam transmission or multiple beams. In other word, the shared channel
is transmitted according to one spatial relation or more than one spatial relation with the

configured reference RS.

An example is shown in FIG. 8A. When a receiving device 200 (UE) receives data from a
transmitting device 100 (UE e.g. leading UE) via more than one transmission 101 (here
beams), it can feedback ACK or NACK in the shared channel. The shared channel can be
transmitted in one beam transmission or multiple beams. In other word, the shared channel
is transmitted according to one spatial relation or more than one spatial relation with the

configured reference RS. Note RN means relay node in the figure.

The feedback spatial relation assumption and the shared channel were discussed before.
On the feedback timing, especially for the HARQ-ACK/NACK, there are two options for
UE group specific or UE specific reference time slot(or time unit) + time offset for HARQ
feedback
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. Option 1: A reference slot is the slot that has a QCL assumption with SSB used for

initial access or during initial access or configured CRI or after initial access.

o Option 2: A reference slot is the last slot in the bundling.

The Option 1 UE group specific or UE specific reference time for feedback is helpful for
carly feedback and early retransmission. Option 2 has the benefit of simplicity if the last

slot is not signaled.

Another exemplary embodiment may include that the feedback information can be received
by the receiving device 200 (UE A) from another receiving device 200 (UE B). UE B can
make the retransmission when it receives NACK. Alternatively, UE B can aggregate or
concatenate the feedback information and send to the transmitting device 100 (node A)

according to configuration or when UE B does not correctly receive data from node A.

The feedback transmission configuration for UE B reception can include one or more of:
the feedback timing, the resources for the feedback, the feedback associated data’s HARQ

process, the feedback associated data’s redundancy version etc.

The feedback information or content can include one or more of: ACK or NACK or both
ACK and NACK, the data/packet DMRS antenna port associated QCL reference
information e.g. QCL assumption with SSB or CRI, the associated UE identification
information, UE’s RNTI, the timing it received the packet/data, the resources it received

the packet/data.

As one example, FIG. 9 shows a cross link transmission. A transmitting device 100 (gNB
or RSU) transmits group information to more than one receiving device 200 (UEs e.g. UE
A and UE B) and/or a transmitting device 100(UEs e.g. UE B) transmits group information
to more than one receiving device. UE A and UE B belong to the same group. UE B is the
selected/configured UE responsible for communication with gNB or RSU representing the
group. UE B can be selected as the leading UE e.g. due to its better channel condition with
gNB or RSU in the group. The same packet 102 is transmitted in different transmissions
101 (here beams) to UE A and UE B, respectively. And/or the same packet 102 is
transmitted from UE B in different transmissions 101 (here beams) to UE A. UE A can
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feedback ACK or NACK or both ACK and NACK to UE B. Such a kind of feedback 900
and the resources for the feedback 900 can be configured by gNB or RSU or UE B. When
UE B gets the feedback information 900 from UE A, it can retransmit the packet 102 when
NACK is received from UE A. Alternatively UE B can concatenate or aggregate the
feedback information 900 from different UE to gNB or RSU according to configuration or
when UE B does not correctly receive data from node A, and can send the feedback
information 900 in one or more transmissions 901 to the gNB or RSU. Accordingly, the

gNB or RSU can make their retransmission.

As one example, FIG. 9A shows a cross link transmission. A transmitting device 100 (UE
B) transmits group information to more than one receiving device 200 (UEs e.g. UE A).
UE A and UE B belong to the same group. UE B is the selected/configured UE responsible
for communication with gNB or RSU representing the group. UE B can be selected as the
leading UE e.g. due to its better channel condition with gNB or RSU in the group. The
same packet 102 is transmitted from UE B in different transmissions 101 (here beams) to
UE A. UE A can feedback ACK or NACK or both ACK and NACK to UE B. Such a kind
of feedback 900 and the resources for the feedback 900 can be configured by gNB or RSU
or UE B. When UE B gets the feedback information 900 from UE A, it can retransmit the
packet 102 when NACK is received from UE A. Alternatively UE B can concatenate or
aggregate the feedback information 900 from different UE to gNB or RSU according to
configuration or when UE B does not correctly receive data from node A, and can send the
feedback information 900 in one or more transmissions 901 to the gNB or RSU.
Accordingly, the gNB or RSU can make their retransmission. Note RN means relay node
in the figure. The link between gNB/RSU/RN and UE B(or leading UE, leading vehicle)
can be Uu link/sidelink/backhaul link.

Next, the overall procedure of the invention as implemented by the transmitting device 100

and the receiving device 200 is described.

FIG. 10 shows an overall all procedure including the transmission and feedback part
implemented by the transmitting device 100 and the receiving device 200, respectively.
Note that as discussed above, some components can be independent or optional in the
whole procedure. For example, multiple beam transmissions 101 or multiple QCL

assumptions and the bundling can be optional. Unicast transmission or multicast or
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groupcast or even broadcast transmission can all be one option. For the feedback 900, it
can have one spatial relation assumption or multiple spatial relation assumptions. Also for

the feedback 900, there can be shared channel feedback or cross link feedback.

FIG. 11 shows a transmitting method 1100 according to an embodiment of the present
invention, in particular for wireless communications. The transmitting method 1100 may
be carried out by the transmitting device 100 as shown in FIG. 1. The transmitting method
1100 comprises: determining 1101 more than one transmission 101 for transmitting a

packet 102, and transmitting 1102 the packet 102 using the determined transmissions 101.

FIG. 12 shows a receiving method 1200 according to an embodiment of the present
invention, in particular for wireless communications. The receiving method 1200 may be
carried out by the receiving device 200 shown in FIG. 2. The receiving method 1200
comprises a step 1201 of receiving a packet in more than one transmission 101, and a step

1202 of combining the transmissions 101 to obtain the packet 102.

The present invention has been described in conjunction with various embodiments as
examples as well as implementations. However, other variations can be understood and
effected by those persons skilled in the art and practicing the claimed invention, from the
studies of the drawings, this disclosure and the independent claims. In the claims as well
as in the description the word “comprising” does not exclude other elements or steps and
the indefinite article “a” or “an” does not exclude a plurality. A single element or other unit
may fulfill the functions of several entities or items recited in the claims. The mere fact that

certain measures are recited in the mutual different dependent claims does not indicate that

a combination of these measures cannot be used in an advantageous implementation.
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Claims

1. Transmitting device (100) for wireless communications, the transmitting device
(100) being configured to
determine more than one transmission (101) for transmitting a packet (102);
transmit the packet (102) to a receiving device (200) and/or a group of receiving

devices (200) using the determined transmissions (101).

2. Transmitting device (100) according to claim 1, wherein each transmission (101) is
allocated a resource set, and
a resource set includes at least one time resource, frequency resource, code

resource, and/or spatial resource.

3. Transmitting device (100) according to claim 1 or 2, further configured to
determine a number of transmissions (101), in particular determine the number of
transmissions depending on whether the packet (102) is initially transmitted or

retransmitted to the receiving device (200) and/or group of receiving devices (200).

4. Transmitting device (100) according to one of the claims 1 to 3, wherein
the packet (102) is a transmission block, particularly from a Media Access Control,

MAC, layer, and/or a code block.

5. Transmitting device (100) according to one of the claims 1 to 4, wherein

cach determined transmission (102) is associated with an antenna port,

wherein an antenna port has a determined Quasi Co-Location, QCL, assumption
with respect to a reference antenna port and/or each determined transmission serves as a

reference antenna port

6. Transmitting (100) device according to one of the claims 1 to 5, further configured
to

signal information to the receiving device (200) and/or group of receiving devices
(200),

wherein the information includes at least one of:

- a QCL assumption and/or a spatial relationship,
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- anumber of transmissions (101),

- aperiodicity of the transmissions (101).

7. Transmitting device (100) according to claim 5 or 6, further configured to
signal information to the receiving device (200) and/or group of receiving devices
(200),
wherein the information includes at least one of:
- an indication whether QCL assumptions and/or spatial relationship are
enabled,
- an indication whether QCL assumptions are the same for antenna ports
associated with different determined transmission (101),
- at least one QCL assumption, QCL parameter and/or QCL type for the

determined transmission (101).

8. Transmitting device (100) according to one of the claims 1 to 7, further configured
to
signal information to the receiving device (200) and/or group of receiving devices
(200),
wherein the information includes at least one of:
- aresource set for more than one transmission,

- aresource set for a control channel of more than one transmission.

9. Transmitting device (100) according to one of the claims 1 to 8, further configured
to
signal information to the receiving device (200) and/or group of receiving devices
(200),
wherein the information includes at least one of:
- an ID or index range of the determined transmissions (101);
- an ID of the receiving device (200) and/or group of receiving devices

(200).
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10.  Transmitting device (100) according to one of the claims 1 to 9, further configured

to
signal information to the receiving device (200) and/or group of receiving devices
(200),
wherein the information includes at least one of:
- an indication whether a Hybrid Automatic Repeat Request, HARQ,
process is enabled for the determined transmissions (101);
- a HARQ process number and/or maximum HARQ process number for
the determined transmissions (101).
11.  Transmitting device (100) according to one of the claims 1 to 10, further configured
to

receive feedback information, particularly HARQ feedback information including
NACK and/or ACK , from the receiving device (200) and/or group of receiving devices
(200), respectively, in a determined resource, and

determine a retransmission of the packet (102) and/or a number of transmissions

for retransmission of the packet (102) based on the feedback information.

12.  Transmitting device (100) according to claim 11, further configured to
share the feedback information and/or a feedback resource with at least one other

transmitting device.

13.  Receiving device (200) for wireless communications, the receiving device (200)
being configured to

receive a packet (102) in more than one transmission (101) from a transmitting
device (100), and

combine the transmissions (101) and/or decode at least one transmission to obtain

the packet (102).

14.  Receiving device (200) according to claim 13, wherein each transmission (101) is
allocated a resource set, and
aresource set includes at least one time resource, frequency resources code resource

and/or spatial resource.
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15.  Receiving device (200) according to claim 13 or 14, further configured to
send feedback information (900) for the packet (102) to the transmitting device
(100) or to another receiving device in a determined resource, particularly feedback

information including ACK and/or NACK

16.  Receiving device (200) according to claim 15, wherein
the feedback information includes ACK and NACK, and wherein ACK and NACK

are allocated to different resources.

17.  Receiving device (200) according to claim 15 or 16, wherein
the feedback information (900) further includes at least one of:
- an ID of the receiving device (200) or an ID of a group of receiving
devices (200) the receiving device (200) belongs to,

- QCL reference information.

18.  Receiving device (200) according to one of the claims 15 to 17, further configured
to

send the feedback information in more than one transmission (901).

19.  Receiving device (200) according to one of the claims 15 to 18, configured to
send the feedback information (900) on a channel and/or resource shared with other

receiving devices (200) to the transmitting device (100).

20.  Receiving device (200) according to one of the claims 15 to 19, further configured
to

receive feedback information (900) from at least one other receiving device (200),
and

aggregate and/or concatenate feedback information (900) received from a first other
receiving device (200) with own feedback information (900) and/or with feedback
information (900) received from a second other receiving device (200),

and send the aggregated and/or concatenated feedback information (900) to the

transmitting device (100) or other receiving device (200).
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21.  Receiving device (200) according to one of the claims 15 to 20, configured to
receive feedback information (900) including NACK or ACK and/or a
corresponding index from at least one other receiving device (200), and
aggregate and/or concatenate the NACK or ACK and/or the corresponding index
and send the aggregated and/or concatenated feedback information (900) to the

transmitting device (100) or other receiving device (200).

22.  Receiving device (200) according to claim 20 or 21, configured to
receive a signaling that indicates whether to send the aggregated and/or
concatenated feedback information (900) to the transmitting device (100) or other receiving

device (200).

23.  Receiving device (200) according to one of the claims 15 to 22, configured to
send the feedback information (900) according to a reference timing,
wherein the reference timing includes at least one of:

- apredefined time resource, a first time resource that is allocated to the
more than one transmission (901), a time resource wherein the
transmitted channel and/or signal of the time resource is quasi co-
located with a channel and/or a signal identified during initial access
and/or after initial access, and/or a time resource allocated to the last

received transmission of the more than one transmission (901).

24.  Receiving device (200) according to one of the claims 15 to 23, wherein

the feedback information (900) includes ACK or NACK or includes ACK and
NACK, and

the determined resource is a common preamble sequence, and/or a common
Physical Uplink Control Channel, PUCCH, resource, and/or a common Physical Uplink
Shared Channel, PUSCH, resource for the receiving device (200) and at least one other

receiving device (200).

25.  Receiving device (200) according to claim 24, wherein, when the feedback
information (900) includes ACK and NACK, the receiving device (200) is configured to
transmit the feedback information (900) in different common preamble sequences,

and/or different common PUCCH resources, and/or different common PUSCH resources.
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26.  Transmitting method (1100), in particular for wireless communications, the
transmitting method (1100) comprising

determining (1101) more than one transmission (101) for transmitting a packet
(102), and

transmitting (1102) the packet (102) using the determined transmissions (101).

27.  Receiving method (1200), in particular for wireless communications, the receiving
method (1200) comprising
receiving (1201) a packet in more than one transmission (101), and

combining (1202) the transmissions (101) to obtain the packet (102).

41



WO 2019/201459

1/12
S
o
S\
/\/§
y 24y 4
o
\ / —

()
O/\/
—_

PCT/EP2018/076006

FIG. 1



WO 2019/201459 PCT/EP2018/076006

2/12

102

FIG. 2

102
-
--:.---
1
(_)
2

101

¢

101




WO 2019/201459 PCT/EP2018/076006

3/12

FIG. 3




PCT/EP2018/076006

WO 2019/201459

321yaA Sulpeay

V¢ "OId

0 weag



PCT/EP2018/076006

WO 2019/201459

4/12

v "OId

¥oeqpaa) |

:.‘ 1

W —

101



PCT/EP2018/076006

WO 2019/201459

5/12

SO

SHINGQ HOSOd SYING HDD(d jo uoiduwnsse 100 SYNG HDSAd 'SHING HODAd jo uondwnsse 100
"Buljpung s HOSOd PRNpayds HIDOd peseqdnoig ‘Buypung yim HI50d PRINPAYPSs HIDAd 2ypads In

uos s su el sead noJ8 1senny,/15e0peosg UDISSRUSUEI] 15 EJ0IN

132oed 2wes o} suoi1dUNSSe T BU0 UBLY SI0W UL IM SUSISSILUSUERL] 3UD URYL 310w
10 Buppung PR Y YIM U SSHUSUR L] Wweag 2jdiy nial




PCT/EP2018/076006

WO 2019/201459

6/12

-

t slojsureag

¢ S10]S"

weag

9 "OId

i

S10]s mrea




PCT/EP2018/076006

7/12

WO 2019/201459

L O

 slojswiesy ¢ slojs ey ¢ slolswesyg '

A




WO 2019/201459 PCT/EP2018/076006

8/12

FIG. 8




WO 2019/201459

NB/RSU/RN

i S

\

()

ing UE

d

o7

200

PCT/EP2018/076006

FIG. 8A



PCT/EP2018/076006

WO 2019/201459

9/12

006

6 "OIA

006

%ﬁ ﬂﬁmﬁ _



PCT/EP2018/076006

WO 2019/201459

Aull [neyydeq/HSule

a

V6 "Old

1S/NN

NY/NSH/ANS

(%)

EN

01

AUl|SPiS



PCT/EP2018/076006

WO 2019/201459

10/12

01 “OIA

NSH/HNE 01 ucpEEwWIop] yorgpas) 320531 7§ JUILO2
pUBAIO) JD UOISSILUS URILS oussapRu YBiy
yewt 3 paunByuo)d uo Sujeuss jaosa g
}oegpasy
I paun8yuod o3 yegpaad 10y jpeaseys paeyg

uoiiejal jegeds pueSupul] WAL yoegpaay

uopiejas jepeds

pue- Supug ypegpaad

SHINLQ [puuey pajeipsp SHING HDSAd “SHNG .
3 Jo uojdwinsse 100 HD2Qd Jo uondwnsse 10D EM%MMQ .“%m%_ mw_mcumuc
‘jauueya 1seadnold fisenniw "HISOd pajnpayas 1ISad nmirm:um 1090d
Jiseapeciq AHd S1e2pag HDOQd paseq dnaig
F Y

uossrusue 13 3sexdnoas fise sy ny

UOSSIUSURL) ISEd UM

A

1ayoed awes 104 suoRdunsse 1O AUC UBLE SJOW Yl SUCISSILUSUEI 3U0 UBYL 3.0W
10 Bupung SjgIxa}) Ylim UDISSIUS e I weaq Sjdiyny




PCT/EP2018/076006

WO 2019/201459

11/12

IR

"SUOISSIWISUL) ot
paurwIdep Ayl  Suisn  Joyoed oyl Jrwsueip, ad
I0T1
"19y2ed e 3uiiwsuedy ~
JO} UOISSIWISUBI]l 3UO UBYyl BJOoW  BUIWIIIRJ

0011



PCT/EP2018/076006

WO 2019/201459

12/12

[ABNIK|

c0cl

"1oy0ed oY) urelqo 03 SUOISSIUSURT) ) uIquo)) N/

10¢I

"UOISSIWISURI] BUO UBY] 3J0W Ul 13¥0ed B BAIRI9Y [~/

00cI



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/076006

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4L1/18
ADD.

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

B. FIELDS SEARCHED

HO4L

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

20 May 2003 (2003-05-20)

figures 3,5-6

column 8, Tine 51 - column 12, Tine 11

_/__

X US 6 567 388 Bl (TOMCIK JAMES [US] ET AL) 1-27

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

9 January 2019

Date of mailing of the international search report

17/01/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Borges, Pedro

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/076006
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A NOKIA ET AL: "Summary of QCL", 1-27

3GPP DRAFT; R1-1803328-ATHENS-SUMMARY OF
QCL, 3RD GENERATION PARTNERSHIP PROJECT
(3GPP), MOBILE COMPETENCE CENTRE ; 650,
ROUTE DES LUCIOLES ; F-06921
SOPHIA-ANTIPOLIS CEDEX ; FRANCE

vol. RAN WGl, no. Athens, Greece; 20180226
- 20180302

28 February 2018 (2018-02-28),
XP051398516,

Retrieved from the Internet:
URL:http://www.3gpp.org/ftp/tsg%5Fran/WG1%
5FRL1/TSGR1%5F92/Docs/

[retrieved on 2018-02-28]

the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2018/076006
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6567388 Bl 20-05-2003 AT 368976 T 15-08-2007
AT 529964 T 15-11-2011
AU 3392100 A 21-09-2000
CN 1349694 A 15-05-2002
DE 60035773 T2 30-04-2008
EP 1157497 A2 28-11-2001
EP 1833189 A2 12-09-2007
ES 2372309 T3 18-01-2012
HK 1043895 Al 20-05-2005
US 6567388 B1 20-05-2003
WO 0052873 A2 08-09-2000

Form PCT/ISA/210 (patent family annex) (April 2005)




	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 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - wo-search-report
	Page 60 - wo-search-report
	Page 61 - wo-search-report

