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UNIFIED UL AND DL BEAM INDICATION

TECHNICAL FIELD
Disclosed are embodiments for beam indication.
5 BACKGROUND

Generally, all terms used herein are {0 be inlerpreted according to their ordinary
meaning in the relevant technical field, unless a different meaning is clearly given
and/or is implied from the context in which it is used. All references to a/an/the
element, apparatus, component, means, step, elc. are 1o be interpreted openty as

16 referring 1o at least one instance of the elemeni, apparatus, component, means,
step, etc., unless explicitly stated otherwise. The steps of any methods disclosed
herein do not have to be performed in the exact order disclosed, unless a siep is
explicitly described as following or preceding another step and/or where it is implicit
that a step must follow or precede another step. Any feature of any of the

15 embodiments disclosed hergin may be applied 10 any other embodiment, wheraver
appropriate. Likewise, any advantage of any of the embodiments may apply to any
other embodiments, and vice versa. Other objectives, features and advantages of
the enclosed embodiments will be apparent from the {ollowing description.

In the 3GPP TSG RAN WG1 #90 Mesting (21st-25th August, 2017) the
20 following agreement #1 was made related to beam indication for the downlink (DL}
data channel PDSCH:

25
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TABLE 1 - Agreement #1

e For the purposes of beam indication for at least NR unicast PDSCH,
support an N-bit indicator field in DCI which provides a reference to a DL
RS which is spatially QCL'd with at least one PDSCH DMRS port group

o Anindicator state is associated with at least one index of a DL RS
{e.g., CRI, SS8B Index) where each index of downlink RS can be
associated with a given DL RS type, e.g., aperiodic CSI-RS, periodic
CSI-RS, semi-persistent CSI-RS, or SSB,

= Note: L1-RSRP reporting on SSB is not yet agreed
= Note: One possibility to determine DL CSI-RS type is through
the resource setting 1D, other options are not precluded

o The value of N is FFS, but is at most [2] bits

o FFS: The case of more than one DMRS port group

o FFS: Whether or not to indicate more than one beam indicator, NR
strive to minimize the indicator overhead

= FFS: Signalling mechanism for the association of a DL RS index (e.g., CR1,
S8B index) to an indicator state, e.g.,

o The association is explicitly signaled to the UE

o The association is implicitly determined by the UE

o Combination of the above is not precluded

e FFS: An indicator state may or may not also include other parameter(s),
e.g., for PDSCH to RE mapping purposes analogous to PQLin LTE, other
QCL parameters

s  FFS: Whether or not an indicator state may be associated with more than
one DL RS index

e FFS: PDCCH beam indication may or may not be based on the beam
indication states for PDSCH

This agreement esiablishes that an N-bit indicator field in DCI provides at least
a spatial QCL reference to a downlink reference signal (DL BS) (either CSI-RS or
55B) to aid in the demodulation of PDSCH. A given value of the indicator is referred
to as an indicator state, and it is associated with an index of the DL RS (CR! or 55B
Index). In this case of CSI-RE, the resource can be periodic, semi-persistent, or
aperiodic. In this agreement, it is for further study (FFS) how the DL RS index is
associated with the indicator state, either through explicit signalling from the gNB to
UE or implicitly detfermined by the UE during measurement.

In the same 3GPP meeting, the agreed N-bit indicator field was extended for

further supporting downlink scheduling operation as follows:
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TABLE 2 - Agreement #2

e Support the QCL indication of DM-RS for PDSCH via DCl signaling:
o The N-bit indicator field in the agreed WF R1-1714885 is extended to
support:
= Hach state refers to one or two RS sets, which indicates a QCL
relationship for one or two DMRS port group (8), respectively
e Fach RS set refers to one or more RS(s} which are
QCLed with DM-RS ports within corresponding DM-
RS group
# Note: The RSs within a RS set may be of different types
e Ifthere are more than one RS per RS set, each of them
may be associated with different QCL parameters, e.g.
one RS may be associated with spatial QCL while
another RS may be associated with other QCL
parameters, etc
# Configuration of RS set for each state can be done via
higher layer signaling
o E.g,RRC/RRC + MAC CE
o FFS the timing when the QCL is applied relative to the time of the
QCL indication

With this extension, each indicator stale is associated with one or fwo RS
sets, where each RS set refers to one or two downlink DMRS port groups,
respectively. This facilitates QCL indication in the case of that multi-TRP operation
(DL CoMP) is configured. Different states may correspond to different TRP pairs
supporting, e.g., non-coherent joint transmission (NC-JT) from a pair of TRPs to the
UE. Indicator states configured with only a single RS set may be used to support
QCL indication either in the case of basic single-TRP operation or in the case of
multi-TRP operation with, e.g., dynamic point selection (DPS).

fn any case, an RS set contains one or more DL BSs. In the case of a single
DL RS, a set contains an index to either a CSI-RS or SSB. In the case of more than
one DL RS, a sel could contain, for example, an index o either CSI-RS or S5B and
a configured TRS. In this case, the PDSCH DMRS could be configured to be QCL
with CSI-RS/SSB with respect to spatial parameters, but QCL with TRS with
respect to non-spatial (ime/frequency) parameters.

SUMMARY

Throughout this disclosure the following generic name for the N-bit indicator is
used: Transmission Configuration Indicator (TCH). According to some




10

CA 03076273 2020-03-18

WO 2019/049096 PCT/IB2018/056888

embodiments, this N-bit indicator may be functionally identical to the QCL
Reference Indicator {QRI) disclosed in U.S. provisional patent application no.
82544534, filed on Aug. 11, 2017.

TABLE 3 (below) shows an exemplary set of TCl siales that may be RRC
configured to a UE. With N-bits, up to 2" TCI states may be defined, since only one
set can be selected at a time, some containing a single RS set and others
containing multiple RS sets 10 support muili-TRP operation. In the case of basic
single TRP operation, all TGl states would contain only a single RS set. A default
TC1 state is also shown which may be used, for example, for QCL indication
referring 1o the SSB beam index determined by the UE during initial access. As
agreed previocusly, different TCH states may be used for QCL indication referring 1o
different RS types, i.e., 358, periodic, semi-persistent, or aperiodic CSI-RS. Itisup
to the network implementation to configure the states depending on what mix of DL
HSs are used for beam management.

TABLE 3: TC! states used for QCL indication for PDSCH and PDCCH

TCI State | BG Set(s) Used for Used for
PDCCH QCL | PDSCH QCL
Indication Indication

0 {Setiy} Y Y

{default

siate)

1 {Setlg} Y Y

2 {Setlg} Y Y

3 {Sett;, Set2s) Y

QN"'E {SEH 201 S@tzgwq} Y

Cne of the FFS items in Agreement #1 above is regarding whether or not QCL
indication for PDCCH may be based on the beam indication states for PDSCH. This
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disclosure proposes to unify the GCL indication functionality for PDSCH and PRCCH

as much as possible.
There currently exist certain challenge(s).

One problen is that the ghB needs {o set its analog receive (Rx) beam in
advance of receiving UL signals {(PUSCH, PUCCH, SRS) transmitted from the Uk,
To keep UL beam management under the control of the gNB (agreed in 3GPP), a
method is needed to conirol the direction{s) in which the UE transmits UL signals
such that the received signal(s) af the gNB align with a desired gNB Rx beam
direction.

Another problem is that in some cases a Uk may not have beam
correspondence capability, meaning that is not sufficiently well calibrated in order o
control its Tx beamforming direction for transmitting an UL signal such that it aligns
with the Rx beamforming direction for receiving a DL signal. In this case, a method is
needed for the gNB to effectively control the direction(s) in which the UE transmits
the PUSCH, PUCCH, and SRS such that the received signal(s) at the gNB align with
a desired gNB Rx beam direction.

A further problem is that there is no known way {o perform DL beam
management (selection of DL beams) based on UL RS, such as SRS, This could be
beneficial in a system that is mostly based on channel reciprocity.

Certain aspects of the present disclosure and their embodiments may provide

solutions to these or other challenges.

Some embodiments of this disclosure exiend the DL beam indication
approach in U.S. application no. 62544534 such that UL beam indication may be
included in the same framework {(unified DL and UL beam indication) and may
further solve one or more problems identified above. One step to achieve such
objectives is to allow UL BS as well as DL RS in a TCl state.

For example, the gNB signals the UE with a particular TCI, which is used at
the UE for the purposes of seiting the UE’s beamforming weights (analog or digital)
for the transmission of UL signals (PUSCH, PUSCH, SRS). The benefit of this is
that the received signals af the gNB align with the desired ghB analog Bx beam
directions which simplify gNB receiver processing.
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For the case of Uks with beam correspondence and UL scheduling, the UE
makes use of the one or more DL RSs (e.g., CSI-RS, S5B) that are associated with
the signalled TCHin order 1o adjust iis Tx beamforming weighis for transmitling one
or more of PUSCH, PUCCH, or SRS. Because the UE has performed a
measurement on the one or more DL RSs at a prior point in time, it is aware of
appropriate Rx beamiorming weights associaied with each DL RS. The UE then
adjusts its Tx beamforming weights such that they are reciprocal 1o the Rx
beamforming weights. Reciprocal can mean, for example, that the resulting Tx
beam(s) are aligned with the Rx beam(s) or that reciprocal spatial QCL holds
between the DL RS received at the Uk and the transmitted UL RS from the UE.

For the case of UEs without beam correspondence and UL scheduling, the
UE makes use of one or more UL RSs (e.g., SBS) that are associated with the
signalled TCl in order to adjust its Tx beamforming weights. In one embodiment,
the gNB has performed a measurement on a plurality of SRS resources at a prior
point in time, where each SRS resource is associaled with a different UE Tx beam.
Based on these measurements, the gNB indicates {o the UE one or more preferred
SRS resources, e.q., through signalling of one or more SRS resource indicators
(SRis) that the UE should associale with one or more TCI states. Because the UE
is aware of the Tx beamforming weighis for each SRS that is already associated
with the TCl signalled in the beam indication message, the UE then uses the same
or similar Tx beamforming weights for the transmission of one or more of PUSCH,
PUCCH, and SRS.

For the case of UEs with beam correspondence and DL scheduling, the gNB
makes use of one or more UL R8s {e.g., SRS) iransmitted by the UE that are
associated with the signalled TCH in order {o adjust its gNB Tx beamforming
weights. In one embodiment, the gNB has performed a measurement on a plurality
of SRS resources at a prior point in time, where each SRS resource is associated
with a different Uk Tx beam. Based on these measurements, the gNB indicates o
the Uk one or more preferred SRS resources, e.g., through signalling of one or
more SRS resource indicators (SRis) that the UE should associate with one or
more TCl states. Assuming UL/DL correspondence exisls at the gNB side, the gNB
adjusts its Tx beamforming weighis such that they are reciprocal to the gNB Rx
beamforming weights used 1o receive each SRS that is already associated with the
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signalled TCL Furthermore, because the UE is aware of the UE Tx beamforming

weights for each SRS that is already associated with the TCI signalled in the beam

indication message, the UE then adjusts its Bx beamforming weights such that they

are reciprocal to the Tx beam forming weights for the reception of one or more of
POSCH, PDCCH, 888, TRS, PTRS or CSI-RS.

fn Summary:

&

The UE adjusts its spatial Tx configuration for the transmission of UL
sighals, e.g., PUSCH, PUCCH, SRS, based on RSs that are
associated with a TCI that is signaled to the UE;

The UE adjusts its spatial Rx configuration for the reception of DL
signals, e.g., PDSCH,PDCCH, S8B or CSI-RS, based on previous
transmission of UL RSs {e.g. SRS) that are associated with a TCI
that is signaled io the UE;

TCl can be signaled in DCI containing an UL grant scheduling a
PUSCH transmission; and

The RSs in a RS Set contained in a TCI state may contain UL RSs
{e.g., SRS) in addition to DL RSs (e.g., CSI-RS, §88).

There are, proposed herein, various embodiments which address one or more

of the issues disclosed herein.

For example, in one aspect there is provided a UE being configured to receive

a message comprising configuration information, Cl, indicating that a reference

signal, RS, is quasi-co-located, QCL, with a transmission, and adjust a spatial Tx

configuration for the transmission based on an RS associated with the received Cl.

In some embodiments, the message is a layer 2 message, MAC-CE message,

RRC message, or BCi message.

in some embodiments, the message is a DOl message and the DO message

comprises the Cl and one of: an UL grant scheduling a PUSCH and a DL grant
scheduling a PDSCH,

In some embodiments, the BS associated with the received Gl is the RS

indicated by the received Cl.
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In some embodiments, the BS associated with the received Clisons of a DL
RS and an UL RS,

In some embodiments, one or more BS sets are associated with the Cl, and the
RS associated with the Clis In at least one of the RS seis associated with the CL

fn some embodiments, the Cl comprises a Transmission Configuration

Indicator, TCl, and the RS set{s) are associated with the TCL

In some embodiments, the UE is configured to adjust the spatial Tx
configuration such that the spatial configuration is reciprocal to a spatial
configuration associated with the RS that is associated with the received ClL

fn some embodiments, the BS associated with the received Cl is a DL RS, and
the UE is configured to adjust the spatial Tx configuration such that it is reciprocal {o
a spatial Rx configuration associated with the DL RS.

In some embodiments, the RS associated with the received Clis an UL RS
included in an RS set associated with the Cl, and the UE is configured to adjust the
spatial Tx configuration such that it is reciprocal to a second spatial Tx configuration
associated with the UL RG.

in some embodiments, the ransmission iz a PUSCH, PUCCH, or SRS

fransmission.

In some embodiments, the received Cl is associated with i) a first RS set
containing a first RS and i) a second RS self containing a second RS, the UE adjusts
a first spatial Tx configuration based on the first BS, the UE adjusts a second spatial
Tx configuration based on the second RS, the UE uses the first spatial Tx
configuration for transmission of PUCCH, and the UE uses the second spatial Tx
configuration for transmission of PUSCH.

In another aspect, the UE is operable 1o receive the Gl and adjust a spatial
receive, Rx, configuration based on an RS associated with the received Cl, wherein
one or more RS sels are associated with the Ci, and the RS associated with the Clis
included in at least one of the BS sels associated with the Cl.

In some embodiments, the message is a DCl message and the received BCI
further comprises a DL grant scheduling a PDSCH.
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in some embodiments, the Gl comprises a Transmission Configuration

indicator, TCl, and the BS sels are associated with the TCL

In some emboediments, the RS associated with the Cl s an UL RS included in
an RS set associated with the Cl, and the UE is configured fo adjust the spatial Rx
configuration such that the spatial Rx configuration is reciprocal to a spatial Tx
configuration associated with the UL RS,

In some embodiments, the UE is configured 1o use the adjusted spatial Rx
configuration to receive one or more of: PDCCH, PDSCH, $88, TRS, PTRS, and
CSERS.

in some embodiments, the transmission is a PDSCH or PDCCH transmission.

Certain embodiments may provide one or more of the following technical
advantage(s). For example, the disclosed unified DL and UL beam indication
approach may offer the following advantages: 1) Highly flexible method for the
network to dynamically select different beams, either from the same or different
TRPs, for the transmission of DL data and conirol signals (PDSCH, PDCCH) and
reception of UL data and conirol signals (PUSCH, PUCCH); 2) Increased system
performance and robusiness, especially for mm-wave operation; 3) Simple and low
overhead DL signalling; and 4) Support of UEs both with and without DL/UL beam

correspondence.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated herein and form part of

the specification, illustrate various embodiments.

FIG. 1, which shows a wirsless nelwork in accordance with some

embodiments.
FIG. 2 illustrates one embodiment of a UE in accordance with various aspects.

FIG. 3 is a schematic block diagram illustrating a virtualization environment

according to some embodiments.

FIG. 4 schematically lllustrates a telecommunication network connected via an

intermediate network to a host computer.
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FIG. § is a generalized block diagram of a host computer communicating via a

base siation with a user equipment over a partially wireless connection.

FIG. 6 is a flowchart Hllustrating a method implemented in a communication
system including a host compuier, a base station and a user equipment.

FIG. 7 is a flowchart Hlustrating a method implemented in a communication

systemn including a host computer, a base station and a user equipment.

FIG. 8 is a flowchart Hlusirating a method implemented in a communication
system including a host compuier, a base station and a user equipment.

FIG. 9 is a flowchart Hlustraiing a method implemented in a communication
system including a host computer, a base station and a user equipment.

FIG. 10 is a flowchart illustrating a method implemented in a communication

system including a host computer, a base station and a user equipment.

FIG. 11 Hllustrates a schematic block diagram of an apparatus 1100 ina

wireless network,

FIG. 12 fllustrates a beam management framework according to an

embodiments.
DETAILED DESCRIPTION

Some of the embodiments contemplated herein will now be described more
fully with reference 1o the accompanying drawings. Other embodiments, however,
are contained within the scope of the subject matter disclosed herein, the disclosed
subject matter shouid not be construed as limited 1o only the embodiments set forth
herein; rather, these embodiments are provided by way of exampie t¢ convey the
scope of the subject matter to those skilied in the art. Additional information may
also be found in the document(s) provided in the Appendix.

in ali the below embodiments, it is assumed that for a particular signalled TCH
for beam indication purposes, the UE has already made an association between
the TCl slate and one or more DL{UL) RSs {(contained in one or more RS sels,
respectively) on which the UE and/or gNB has made prior measurement(s).

Application no. 62544534 discloses two methods for making this association,
at least for DL KSs: (1) the gNB explicitly signals the DL RS index{es) associated
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with one or more TCI states and (2} the UE implicitly determines preferred DL RSs
to be associated with g TCI state when aperiodic measurements are iriggered on
one or more sets of DL R&s. In the implicit method, a TClis included in the same
message that triggers the measurement so that the UE knows to which TCl state
the preferred DL R8s should be associated. As disclosed in U.S. application no.
62544534, the DL RSs associated with a TCI state include, but are not limited to,
C&i-RS, SSB. As disclosed herein (Embodiment #4), UL RSs may additionally be
associated with a TCl state, and these include, but are not limited 1o SRS,

Since impliciVexplicit association between DL/UL RSs and TCl siates has
been established at a prior point in time, when the UE receives beam indication
signalling, it is able to use the DL or UL RSs associated with the signalled TCl as
spatial QCL references for adjusting a transmit (Tx) spatial filter/spatial
precoder/beam for transmission of one or more UL signals, e.g., PUSCH, PUCCH,
SKHS. In Embodiment #5 the UL uses the UL RSs associated with the signalied TC!
as a spatial QCL reference for adjusting a receive {Rx) spatial filter/spatial
precoder/beam for reception of one or more DL signals, e.g., PDCCH, PODSCH,
588, TRS, PTRS, or CSI-RS. In what follows, the generic terms “spatial Tx/Rx
configuration” are used o refer 1o a Tx/Rx spatial filler, spatial precoder,

beamforming weights, and/or beam.

Embodiment #1 (Direct UL beam indication for Uks with DL/UL beam
correspondence}

= By DCI, the UE receives TCl plus an UL grant scheduling a PUSCH.

¢ Basedon a DL RS in at least one R& Set associated with the signalled TG,
the Uk adjusts its spatial Tx configuration such that the spatial Tx
configuration is reciprocal to the spatial Rx configuration associated with the
DL RS {i.e., the spatial Rx configuration used to receive the DL RS).

s The UE uses the spatial TX configuration for the purposes of transmitting
one or more of PUCCH, PUSCH, or SRS and associated DMRS when
applicable.

s In the above, “reciprocal” can mean one or more of the following

o A UE Tx beam is orientad in the same direction as an Rx bsam, but
point in opposite ways.

o Poris of an uplink reference signal (PUCCH DMRS, PUSCH DMRS,
SRS) are reciprocally and spatially quasi-co-located (QCL) with the
ports of the DL RS.
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Embodiment #2 (Indirect UL beam indication for Uks with DL/UL beam

correspondence)

By DCI, the UE receives a TCl plus a DL grant scheduling a PDSCH.

At a later time, the UE receives an uplink grant scheduling a PUSCH
{without TCH)

Based ot a DL RS in at least one RS Set associated with the previously
signalled TCH, the UE adjusts its spatial Tx configuration such that it is
reciprocal to the spatial Bx configuration associated with the DL RS.

The UE uses the spatial TX configuration for the purposes of transmitling
one or more of PUCCH, PUSCH, or SRS and associated DMRS when
applicable.

Embodiment #3 (Direct UL beam indication for Uks without DL/UL beam

correspondence)

®

&

]

]

By DCI, the UE receives TCl plus an UL grant scheduling a PUSCH.

Based on an UL BS in at least one RS Set associated with the signalied TCH
the UE adjusts its spatial Tx configuration such that it is substantially similar
io the spatial Tx configuration associated with the UL RS.

The UE uses the spatial Tx configuration for the purposes of transmitting
one or more of PUCCH, PUSCH, or SRS.

Embodiment #4 (Explicit association of SRHS with a TCI state)

The UE receives signalling from the gNB indicating at least one TCHand at
feast one UL RS index for which the Uk shall make an association.

o The UL RS index can be, but is not limited o, an SRS Hesource Index
(SR or an SRS resource 1D,

o The signalling method can be MAC-CE, DCI, or RRC.

Additional Embodiments Extending #1, 2, 0r 3

The Uk may use different spatial TX configurations for the transmission of
PUSCH and PUCCH:

o Example 1: The UE may use a spatial Tx configuration for the
fransmission of PUCCH that is reciprocal to the spatial Rx
configuration associated with the PDCCH DMRS that carries either an
UL or DL grant;
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o Example 2: Hf the signalled TCl corresponds to a TCl state with 2 RS
Sets, a spatial Tx configuration adjusted basedon a DL or UL RS in
one of the RS Sets may be used for transmission of PUCCH and a
different spatial TX configuration adjusted to a DL or UL RS in the
other RS Sef may be used for transmission of PUSCH.

s The Uk may receive signalling of TCl through separate means than DCI, e.g.,
MAC-CE or RRC, for the purposes of adjusting its spatial TX configuration for
the transmission of at least PUCCH.

=  The UE may utilize a single received TCI for multiple UL transmissions, for
instance when receiving multiple uplink grants, when PUSCH is scheduled
without receiving any new TCI, or when operating with UL grant free
transmission.

The spatial Rx configuration associated with the DL RS may however have been
updated after the transmission of the TCl in the DL grant and the TCl may thus still
be appropriate for sefting the UE’s spatial Tx configuration for UL transmission.

Embodiment #5 (DL beam indication for gNB/UEs with DL/UL beam
correspondence)

e By DCI, the UE receives TC! plus a DL scheduling assignment of PDSCH.

¢ Based on an UL RS in at least one RS Set associated with the signalled TCH,
the UE adjusts its spatial Rx configuration such that it is reciprocal 1o the
spatial Tx configuration associated with the UL RS,

¢ The UE uses the spatial RX configuration for the purposes of receiving one
or more of PDCCH, PDSCH, S8B, TRS, PTRS or CSI-RS and associated
DMRS when applicable.

e Inthe above, “reciprocal” can mean one or more of the following

o A UE Tx beam is oriented in the same direction as an Bx beam or
vice versa

o Ports of an uplink reference signal (PUCCH DMRS, PUSCH DMRS,
SRS} are reciprocally and spatially quasi-co-located (QCL) with the
poris of the DL RS.

Although the subject matter described herein may be implemented in any
appropriate type of system using any suitable components, the embodiments
disclosed herein are described in relation to a wireless network, such as the example
wireless network illustrated in FIG. 1, which shows a wireless network in accordance

with some embodiments. For simplicity, the wireless network of FIG. 1 only depicts
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network 106, network nodes 160 and 160b, and WDs 110, 110b, and 110c. In
practice, a wireless network may further include any additional elements suitable {0
support communication between wireless devices or between g wireless device and
another communication device, such as a landline telephone, a service provider, or
any other network node or end device. Of the illustrated components, network node
160 and wireless device (WD) 110 are depicted with additional detail. The wireless
network may provide communication and other types of services 1o one or more
wireless devices to facilitate the wireless devices’ access {o and/or use of the

services provided by, or vig, the wireless nelwork.

The wirgless network may comprise and/or interface with any type of
communication, telecommunication, data, celiular, and/or radio network or other
similar type of system. In some embodiments, the wireless network may be
configured to operate according to specific standards or other types of predefined
rules or procedures. Thus, particular embodiments of the wireless network may
implement communication slandards, such as Global System for Mobile
Communications (GSM), Universal Mobile Telecommunications System (UMTS),
Long Term Evolution (LTE), and/or other suitable 23, 3G, 4G, or 5G standards;
wireless local area network (WLAN) standards, such as the IEEE 802.11 standards;
and/or any other appropriate wireless communication standard, such as the
Worldwide Interoperability for Microwave Access (WiMax}, Bluetooth, Z-Wave and/or
ZigBee standards.

Network 106 may comprise one or more backhaul networks, core networks, 1P
networks, public switched telephone networks (PSTNs), packet data networks,
oplical networks, wide-area nelworks (WANs), local area nelworks (LANSs), wireless
local area networks (WELANS), wired networks, wireless networks, metropolifan area

networks, and other networks o enable communicalion betwesn devices.

Network node 160 and WD 110 comprise various components described in
more detail below. These components work together in order {0 provide network
node and/or wireless device functionality, such as providing wireless connections in
a wireless network. In different embodiments, the wireless network may comprise
any number of wired or wireless networks, network nodes, base stations, controllers,

wireless devices, relay stations, and/or any other components or systems that may
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facilitate or participate in the communication of data and/or signals whether via wired

or wireless connections.

As used herein, network node refers to equipment capable, configured,
arranged and/or operable to communicate directly or indirectly with a wirgless device
and/or with other network nodes or equipment in the wireless network o enable
and/or provide wireless access to the wireless device and/or to perform other
functions {e.g., administration) in the wireless network. Examples of network nodes
include, but are not limited to, access points (APs) (e.g., radio access points), base
stations (BSs) (e.g., radio base stations, Node Bs, evolved Node Bs (eNBs) and NR
NodeBs {gNBs)). Base stations may be categorized based on the amount of
coverage they provide {(or, stated differently, their transmit power level) and may then
also be referred to as femio base siations, pico base stations, micro base stations, or
macro base stations. A base station may be a relay node or a relay donor node
controlling a relay. A network node may also include one or more {or all) parts of a
distributed radio base station such as centralized digital units and/or remote radio
units (RRUs), sometimes referred to as Remote Radio Heads {RRHs). Such remote
radio units may or may not be integrated with an antenna as an antenna integrated
radio. Parts of a distributed radio base station may also be referred to as nodes in a
distributed anienna system (DAS). Yet further examples of network nodes include
multi-standard radic (MSR)} equipment such as MSR BSs, network controllers such
as radio network controllers (RNCs) or base station controliers (BSCs), base
transceiver stations (BTSs), fransmission points, fransmission nodes, multi-
cel/multicast coordination entities (MCEs}, core network nodes {(e.g., M5Cs, MMEs},
O&M nodes, 0SS nodes, SON nodes, positioning nodes {(e.g., E-SMLCs), and/or
MDTs. As another example, a network node may be a virtual network node as
described in more detail below. More generally, however, network nodes may
represent any suitable device (or group of devices) capable, configured, arranged,
and/or operable to enable and/or provide a wireless device with access to the
wireless network or {o provide some service to a wirgless device thal has accessed

the wireless network.

In FIG. 1, network node 1680 includes processing circuitry 170, device readable
medium 180, interface 180, auxiliary equipment 184, power source 186, power
circuitry 187, and antenna 162. Although network node 160 illusirated in the
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example wireless network of FIG. 1 may represent a device that includes the
ilustrated combination of hardware components, other embodiments may comprise
network nodes with different combinations of components. 1t is 1o be understood that
a network node comprises any suitable combination of hardware and/or software
needed to perform the tasks, features, functions and methods disclosed herein.
Moreover, while the components of network node 160 are depicted as single boxes
located within a larger box, or nested within multiple boxes, in practice, a network
node may comprise muitiple different physical components that make up a single
iliusirated component {(e.q., device readable medium 180 may comprise mulliple
separate hard drives as well as multiple BAM modules).

Similarly, network node 160 may be composed of multiple physically separate
components {e.g., a NodeB component and a RNC component, or a BTS component
and a BSC component, efc.), which may each have their own respective
components. In certain scenarios in which network node 160 comprises multiple
separate components (e.¢g., BTS and BSC components), one or more of the
separate components may be shared among several network nodes. For example,
a single RNC may control mutltiple NodeB's. In such a scenario, each unigue NodeB
and RNC pair, may in some instances be considered a single separate network
node. In some embodiments, network node 160 may be configured to support
multiple radic access techneologies (RATs). In such embodiments, some
componenis may be duplicated (e.g., separaie device readable medium 180 for the
different RATs) and some components may be reused {e.q., the same antenna 162
may be shared by the RATs). Network node 160 may also include multiple sets of
the various illustrated components for different wirsless technologies integrated into
network node 160, such as, for example, GSM, WCDMA, LTE, NR, WiFi, or
Bluetooth wireless technologies. These wireless technologies may be integrated into
the same or different chip or set of chips and other components within network node
160.

Processing circuitry 170 is configured to perform any determining, calculating,
or similar operations (e.g., certain obtaining operations) described herein as being
provided by a nelwork node. These operations performed by processing circuitry
170 may include processing information obtained by processing circuitry 170 by, for

example, converting the obtained information into other information, comparing the
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obtained information or converted information to information stored in the network
node, and/or performing one or more operations based on the obtained information

or converted information, and as a resuli of said processing making a determination.

Processing circuitry 170 may comprise a combination of one or more of a
microprocessor, controlier, microcontroller, central processing unif, digital signal
processor, application-specific integrated circuit, field programmable gate array, or
any cther suitable computing device, resource, or combination of hardware, software
and/or encoded logic operable 1o provide, either alone or in conjunclion with other
network node 180 components, such as device readable medium 180, network node
160 functionality. For example, processing circuitry 170 may execute instructions
stored in device readable medium 180 or in memory within processing circuitry 170.
Such functionality may include providing any of the various wireless features,
functions, or benefits discussed herein. In some emboediments, processing circuilry

170 may include a system on a chip {SOC).

In some embodiments, processing circuitry 170 may include one or more of
radio frequency (RF) transceiver circuitry 172 and baseband processing circuilry
174. In some embodiments, radio frequency (RF) transceiver circuitry 172 and
baseband processing circuitry 174 may be on separate chips {or sets of chips),
boards, or units, such as radio units and digital units. In alternative embodiments,
part or all of RF transceiver circuilry 172 and baseband processing circuitry 174 may
be on the same chip or set of chips, boards, or uniis

In certain embodiments, some or all of the functionality described herein as
being provided by a network node, base station, eNB or other such network device
may be performed by processing circuitry 170 executing instructions stored on
device readable medium 180 or memory within processing circuitry 176, In
alternative embodiments, some or all of the funclionality may be provided by
processing circuitry 170 without executing insiructions stored on a separate or
discrete device readable medium, such as in a hard-wired manner. In any of those
embodiments, whether executing instructions stored on a device readable storage
medium or not, processing circuilry 170 can be configured to perform the described
functionality. The benefits provided by such functionality are not limited to
processing circuitry 170 alone or to other components of network node 160, but are
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enjoyed by network node 160 as a whole, and/or by end users and the wireless
network generally.

Device readable medium 180 may comprise any form of volatiie or non-volatiie
compuler readable memory including, without limitation, persistent storage, solid-
state memory, remotely mounted memaory, magnetic media, optical media, random
access memaory (RAM), read-only memory (ROM), mass storage media {for
example, a hard disk}, removable storage media (for example, a flash drive, a
Compact Disk {CD) or a Digital Video Disk (DVD)), and/or any other volatile or non-
volatile, non-transitory device readable and/or computer-executable memory devices
that store information, data, and/or instructions that may be used by processing
circuitry 170, Device readable medium 180 may store any suitable instructions, data
or information, including a computer program, software, an application including one
or more of logic, rules, code, tables, etc. and/or other instructions capable of being
executed by processing circuitry 170 and, utilized by network node 160. Device
readable medium 180 may be used to store any calculations made by processing
circuitry 170 and/or any data received via interface 180. In some embodiments,
processing circuitry 170 and device readable medium 180 may be considered to be
integrated.

Interface 190 is used in the wired or wireless communication of signalling
and/or data between network node 160, network 106, and/or WDs 110, As
iflustrated, interface 190 comprises port{si/terminal{s) 194 to send and receive data,
for example to and from network 106 over a wired connection. interface 190 aiso
includes radio front end circuitry 192 that may be coupled 1o, or in certain
embodiments a part of, antenna 162. Radio front end circuitry 192 comprises filiers
198 and amplifiers 186. Radio front end circuitry 192 may be connected o antenna
162 and processing circuitry 170. Radio front end circuitry may be configured to
condition signals communicaled between antenna 162 and processing circuiiry 170.
Radio front end circuitry 192 may receive digital data that is to be sent out fo other
network nodes or WDs via a wireless connection. Radio front end circuitry 192 may
convert the digital data into a radio signal having the appropriate channel and
bandwidth parameters using a combination of fillers 198 and/or amplifiers 196. The
radio signal may then be transmitied via antenna 162. Similarly, when receiving

data, antenna 162 may collect radio signais which are then converied into digital
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data by radio front end circuitry 192. The digital data may be passed {o processing
circuitry 170. In other embodiments, the interface may comprise different

componenis and/or different combinations of components.

In certain alternative embodimenis, nelwork node 1680 may not include separate
radio front end circuitry 192, instead, processing circuitry 170 may comprise radio
front end circuitry and may be connected o antenna 162 without separate radio front
end circuitry 192. Similarly, in some embodiments, all or some of RF transceiver
circuitry 172 may be considered a part of interface 190. In stili cther embodiments,
interface 190 may include one or more ports or terminals 194, radio front end
circuitry 192, and RF transceiver circuitry 172, as part of a radio unit (not shown),
and interface 190 may communicate with baseband processing circuitry 174, which

is part of a digital unit (not shown).

Antenna 162 may include one or more antennas, or antenna arrays, configured
to send and/or receive wireless signals. Anlenna 162 may be coupled to radio front
end circuitry 120 and may be any type of anienna capabie of fransmitting and
receiving data and/or signals wirelessly. In some embodiments, antenna 162 may
comprise one or more omni-directional, sector or panel antennas operable 1o
transmit/receive radio signals between, for example, 2 GHz and 66 GHz. An omni-
directional antenna may be used to ransmit/receive radio signals in any direction, a
sector antenna may be used to transmil/receive radio signais from devices within a
particular area, and a panel antenna may be a line of sight antenna used to
transmit/receive radio signals in a relatively straight line. In some insiances, the use
of more than one antenna may be referred o as MIMO. In certain embodiments,
antenna 162 may be separale from network node 160 and may be conneclable 1o
network node 160 through an interface or port.

Antenna 162, interface 190, and/or processing circuitry 170 may be configured
to perform any receiving operations and/or certain obtaining operations described
herein as being performed by a network node. Any information, data and/or signals
may be received from a wireless device, another network node and/or any other
networl equipment. Similarly, antenna 162, interface 180, and/or processing
circuitry 170 may be configured to perform any transmitting operations described
herein as being performed by a network node. Any information, data and/or signals
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may be fransmitied to a wireless device, another network node and/or any other

network equipment.

Power circuitry 187 may comprise, or be coupled 1o, power management
circuitry and is configured o supply the components of network node 160 with power
for performing the functionality described herein. Power circuitry 187 may receive
power from power source 188. Power source 186 and/or power circuitry 187 may be
configured to provide power to the various components of network node 160 in a
form suitable for the respective components {e.g., at a voltage and current level
needed for each respective component). Power source 186 may either be included
in, or external to, power circuitry 187 and/or network node 160. For exampie,
network node 180 may be connectable to an external power source {e.g., an
electricity outlet) via an input circuitry or interface such as an electrical cable,
whereby the external power source supplies power {o power circuitry 187. As a
further exampie, power source 186 may comprise a source of power in the form of a
batlery or batiery pack which is connecied o, or integrated in, power circuitry 187.
The battery may provide backup power should the external power source fail. Other
types of power sources, such as photovoltaic devices, may also be used.

Alternative embodiments of network node 160 may include additional
components beyond those shown in FIG. 1 that may be responsible for providing
certain aspects of the network node’s functionality, including any of the funclionality
described herein and/or any functionality necessary io support the subject maiter
described herein. For example, network node 160 may include user interface
equipment 1o allow input of information into network node 160 and to allow output of
information from network node 160. This may allow & user to perform diagnostic,

maintenance, repair, and other administrative functions for neiwork node 160.

As used herein, wireless device (WD) refers to a device capable, configured,
arranged and/or operable to communicaie wirelessly with network nodes and/or
other wirgless devices. Unless otherwise noted, the term WD may be used
interchangeably herein with user equipment (UE). Communicaling wirelessly may
involve transmitting and/or receiving wireless signals using eleciromagnetic waves,
radio waves, infrared waves, and/or other types of signals suitable for conveying
information through air. In some embodiments, a WD may be configured to transmit

and/or receive information without direct human interaction. For instance, a WD may
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be designed to transmit information 1o a network on a predetermined schedule, when
triggered by an internal or exiernal event, or in response to requests from the
network. Examples of a WD include, but are not limited 1o, a smart phone, a mobile
phone, a cell phone, a voice over 1P {(VoIP) phone, a wireless local 10op phone, a
deskiop computer, a personal digital assistant (PDA}, a wireless cameras, a gaming
console or device, a music storage device, a playback appliance, a wearabile
terminal device, a wireless endpoint, a mobile station, a tablet, a laptop, a lapiop-
embedded squipment (LEE), a laptop-mounted equipment (LME), a smart device, a
wireless customer-premise equipment (CPE). a vehicle-mounted wireless terminal
device, efc.. A WD may support device-to-device (D2D) communication, for example
by implementing a 3GPP standard for sidelink communication, vehicle-to-vehicle
(V2V), vehicle-to-infrastructure (V21), vehicle-to-everything (V2X) and may in this
case be referred o as a D2D communication device. As yet another specific
example, in an internet of Things (IoT) scenario, a WD may represent a machine or
other device that performs monitering and/or measurements, and transmils the
results of such moniioring and/or measuremenis o another WD and/or a network
node. The WD may in this case be a machine-to-machine (M2M) device, which may
in a 3GPP context be referred to as an MTC device. As one particular example, the
WD may be a UE implementing the 3GPP narrow band internet of things (NB-loT)
standard. Particular examples of such machines or devices are sensors, metering
devices such as power meters, industrial machinery, or home or personal appliances
(e.g. refrigerators, televisions, elc.) personal wearables (e.g., walches, fitness
trackers, eic.}). In other scenarios, a WD may represent a vehicle or other equipment
that is capable of monitoring and/or reporting on its operational status or other
functions associated with its operation. A WD as described above may represent the
endpoint of a wireless conneclion, in which case the device may be referred fo as a
wireless terminal. Furthermore, a WD as described above may be mobile, in which

case it may also be referred to as a mobile device or a mobile terminal.

As illustrated, wireless device 110 includes antenna 111, inferface 114,
processing circuitry 120, device readable medium 130, user interface equipment
132, auxiliary eguipment 134, power source 136 and power circuitry 137. WD 110
may include multiple sets of one or more of the iHlustrated components for different
wireless technologies supported by WD 110, such as, for example, GSM, WCDMA,
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LTE, NR, Wik, WiMAX, or Bluetooth wirsless technologies, just to mention a few.
These wireless technologies may be integrated into the same or different chips or set
of chips as other components within WD 110,

Artenna 111 may include one or more antennas or antenna arrays, configured
to send and/or receive wireless signals, and is connected to interface 114. in certain
alternative embodiments, antenna 111 may be separate from WD 110 and be
connectable to WD 110 through an interface or port. Antenna 111, interface 114,
and/or processing circuitry 120 may be configured to perform any receiving or
transmitting operations described herein as being performed by a WD, Any
information, data and/or signals may be received from a network node and/or
ancther WD. In some embodiments, radio front end circuilry and/or antenna 111

may be considered an inlerface.

As illustrated, interface 114 comprises radio front end circuitry 112 and antenna
111. Radio front end circuitry 112 comprise one or more filters 118 and amplifiers
116. Radio front end circuitry 114 is connected to antenna 111 and processing
circuitry 120, and is configured to condition signals communicated between antenna
111 and processing circuitry 120. Radio front end circuitry 112 may be coupled to or
a part of antenna 111, In some embodiments, WD 110 may not include separate
radio front end circuitry 112; rather, processing circuitry 120 may comprise radio
front end circuitry and may be connected to antenna 111, Similarly, in some
embodiments, some or ail of RF transceiver circuitry 122 may be considered a part
of interface 114. Radio front end circuitry 112 may receive digital data that is to be
sent out to other network nodes or WDs vig a wireless connection. Radio front end
circuitry 112 may convert the digital data into a radio signal having the appropriate
channel and bandwidth parameters using a combination of filters 118 and/or
amplifiers 118. The radio signal may then be transmitted via antenna 111. Similarly,
when receiving data, antenna 111 may collect radio signals which are then
converted into digital data by radio front end circuitry 112, The digital data may be
passed to processing circuilry 120, In other embodiments, the interface may

comprise different components and/or different combinations of components.

Processing circuitry 120 may comprise a combination of one or more of a
ricroprocessor, controlier, microcontroller, central processing unit, digital signal

processor, application-specific integrated circuit, field programmable gate array, or
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any cther suitable computing device, resource, or combination of hardware,
software, and/or encoded logic operable to provide, either alone or in conjunction
with other WD 110 components, such as device readable medium 130, WD 110
functionality. Such funclionality may include providing any of the various wireless
features or benefits discussed herein. For example, processing circuitry 120 may
execuie instructions stored in device readable medium 130 or in memory within

processing circuitry 120 to provide the functionality disclosed herein.

As illustrated, processing circuitry 120 includes one or more of RF transceiver
circuitry 122, baseband processing circuitry 124, and application processing circuitry
126. In other embodiments, the processing circuitry may comprise different
components and/or different combinations of components. in certain embodiments
processing circuitry 120 of WD 110 may comprise a SOC. In some embodiments,
RF transceiver circuitry 122, baseband processing circuitry 124, and application
processing circuitry 126 may be on separate chips or sets of chips. In alternative
embodiments, part or all of baseband processing circuitry 124 and application
processing circuitry 126 may be combined into one chip or set of chips, and RF
transceiver circuitry 122 may be on a separate chip or set of chips. In still alternative
embodiments, part or all of RF transceiver circuilry 122 and baseband processing
circuitry 124 may be on the same chip or set of chips, and application processing
circuitry 126 may be on a separate chip or set of chips. In yet other alternative
embodiments, part or all of RF transceiver circuitry 122, baseband processing
circuitry 124, and application processing circuitry 126 may be combined in the same
chip or set of chips. In some embodiments, RF transceiver circuitry 122 may be a
part of interface 114. RF fransceiver circuitry 122 may condition RF signals for
processing circuitry 120.

in certain embodiments, some or all of the functionality described herein as
being performed by a WD may be provided by processing circuilry 120 executing
instructions stored on device readable medium 130, which in certain embodiments
may be a computer-readable storage medium. In alternative embodiments, some or
all of the functionality may be provided by processing circuitry 120 without executing
insiructions siored on a separate or discrete device readable storage medium, such
as in a hard-wired manner. In any of those particular embodiments, whether

execuling instructions stored on a device readable storage medium or not,
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processing circuitry 120 can be configured to perform the described functionality.
The benefits provided by such funclionality are not limited to processing circuitry 120
alone or to other components of WD 110, but are enjoyed by WD 110 as a whole,
and/or by end users and the wireless network generally.

Processing circuitry 120 may be configured 1o perform any determining,
calculating, or similar operations (e.g., certain oblaining operations) described herein
as being performed by a WD, These cperations, as performed by processing
circuitry 120, may include processing information obtained by processing circuiiry
120 by, for example, converting the obtained information info other information,
comparing the obtained information or converted information to information stored by
WD 110, and/or performing one or more operations based on the oblained
information or converted information, and as a result of said processing making a

determination.

Device readable medium 130 may be operable {o siore a compuler program,
sofiware, an application inciuding one or more of logic, rules, code, tables, etc.
and/or other instructions capable of being executed by processing circuitry 120.
Device readable medium 130 may include compuier memory {e.q., Random Access
Memory (RAM) or Read Only Memory (ROM)), mass siorage media (e.g., a hard
disk), removable storage media {e.g., a Compact Disk (CD) or a Digital Video Disk
(DVDY), and/or any other volatile or non-volatile, non-transitory device readable
and/or computer executable memory devices that store information, data, and/or
instructions that may be used by processing circuitry 120. In some embodiments,
processing circuitry 120 and device readable medium 130 may be considered to be
integrated.

User interface equipment 132 may provide components that allow for a human
user {o interact with WD 110. Such interaction may be of many forms, such as
visual, audial, tactile, efc. User inlerface equipment 132 may be operabile to produce
output to the user and to allow the user to provide input to WD 110, The type of
interaction may vary depending on the type of user interface equipment 132 installed
in WD 110. For example, it WD 110 is a smari phone, the interaclion may be via a
touch screen; if WD 110 is a smart meter, the interaction may be through a screen
that provides usage {e.¢., the number of gallons used) or a speaker that provides an
audible alert (e.g., if smoke is detected). User interface equipment 132 may include
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input interfaces, devices and circuits, and output interfaces, devices and circuits.
User interface equipment 132 is configured to allow input of information into WD 110,
and is connected io processing circuitry 120 io aliow processing circuitry 120 to
process the input information. User interface equipment 132 may include, for
example, a microphone, a proximity or other sensor, keys/buttons, a touch display,
one or more cameras, a USB port, or other input circuifry. User interface eguipment
132 is also configured to allow cutput of information from WD 110, and to allow
processing circuitry 120 to output information from WD 110, User interface
equipment 132 may include, for example, a speaker, a display, vibrating circuitry, a
USB port, a headphone interface, or other cutput circuitry. Using one or more input
and output interfaces, devices, and circuits, of user interface equipment 132, WD
110 may communicate with end users and/or the wireless network, and allow them

to benefit from the functionality described herein.

Awxiliary equipment 134 is operable to provide more specific functionality which
may not be generally performed by WDs. This may comprise specialized sensors for
doing measurements for various purposes, interfaces for additional types of
communication such as wired communications etc. The inclusion and type of
components of auxiliary equipment 134 may vary depending on the embodiment

and/or scenario.

Power source 136 may, in some embodiments, be in the form of a battery or
battery pack. Other types of power sources, such as an external power source {(e.g.,
an electricity cutlet), photovoltaic devices or power cells, may also be used. WD 110
may further comprise power circuitry 137 for delivering power from power source 136
to the various parts of WD 110 which need power from power source 136 io carry
out any functionality described or indicated herein. Power circuitry 137 may in
certain embodiments comprise power management circuitry. Power circuitry 137
may additionally or aliernalively be operable to receive power from an external
power source; in which case WD 110 may be connectable 1o the external power
source (such as an electricity outlet} via input circuitry or an interface such as an
slectrical power cable. Power circuitry 137 may also in certain embodiments be
operable to deliver power from an external power source to power source 136. This
may be, for example, for the charging of power source 138. Power circuitry 137 may

perform any formatting, converting, or other modification to the power from power
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source 136 to make the power suitable for the respective components of WD 110 1o
which power is supplied.

FIG. 2 lliustrates one embodiment of a Uk in accordance with various aspects
described herein. As used herein, a user equipment or UE may not necessarily have
a user in the sense of a human user who owns and/or operates the relevant device,
Instead, a Uk may represent a device that is intended for sale to, or operation by, a
human user but which may not, or which may not initially, be associated with a
specific human user {e.g., a smart sprinkler controller). Alternatively, a UE may
represent a device that is not intended for sale 1o, or operation by, an end user but
which may be associated with or operated for the benefit of a user (e.g., a smart
power meter). UE 2200 may be any UE identified by the 3" Generation Partnership
Project (3GPP), including a NB-loT UE, a machine type communication (MTC) UE,
and/or an enhanced MTC (eMTC) Uk, Uk 200, as llustrated in FIG. 2, is one
example of a WD configured for communication in accordance with one or more
communication standards promuigated by the 3 Generation Partnership Project
(3GPP), such as 3GPP's GEM, UMTS, LTE, and/or 5G standards. As mentioned
previously, the term WD and UE may be used interchangeable. Accordingly,
although FiG. 2 is a UE, the components discussed herein are equally applicable o
a WD, and vice-versa.

in FIG. 2, UE 200 includes processing circuitry 201 that is operatively coupled
to inputoutput interface 205, radio frequency (BF) interface 209, network connection
interface 211, memory 215 including random access memory (RAM) 217, read-only
memory (ROM) 219, and storage medium 221 or the like, communication subsystem
231, power source 233, and/or any other component, or any combination thereof.
Storage medium 221 includes operating system 223, appilication program 225, and
data 227. In other embodiments, siorage medium 221 may include other similar
types of information. Cerlain UEs may utilize all of the components shown in FIG. 2,
or only a subset of the components. The level of integration between the
components may vary from one UE to ancther Uk, Further, certain UEs may contain
mutltiple instances of a component, such as mulliple processors, memories,

fransceivers, fransmitiers, receivers, elc.

in FIG. 2, processing circuitry 201 may be configured 1o process computer
instructions and data. Processing circuitry 201 may be configured to implement any



10

20

CA 03076273 2020-03-18

WO 2019/049096 PCT/IB2018/056888
27

sequential state machine operalive 1o execute machine instructions stored as
machine-readable computer programs in the memory, such as one or moreg
hardware-implemented state machines (e.q., in discrete logic, FRPGA, ASIC, elc.);
programmable logic together with appropriate firmware; one or more stored program,
general-purpese processors, such as a microprocessor or Digital Signal Processor
(DSP), together with appropriate software; or any combination of the above. For
example, the processing circuitry 201 may include two central processing unils

{CPUs). Data may be information in a form suitable for use by a computer.

in the depicted embodiment, inpul/output interface 205 may be configured 1o
provide a communication interface to an input device, output device, or input and
ouiput device. UE 200 may be configured to use an oulput device via inpul/output
interface 205. An cutput device may use the same type of interface port as an input
device. For example, a USB port may be used to provide input to and output from
UE 260. The culput device may be a speaker, a sound card, a video card, a display,
a monitor, g printer, an actuator, an emitier, a smartcard, another output device, or
any combination thereof. UE 200 may be configured to use an input device via
input/output interface 205 to allow a user 1o capture information into UE 200. The
input device may include a touch-sensilive or presence-sensitive display, a camera
{e.g., a digital camera, a digital video camera, a web camerg, eic.}), a microphone, a
sensor, a mouse, a trackball, a directional pad, a trackpad, a scroll wheel, a
smaricard, and the like. The presence-sensilive display may include a capacilive or
resistive fouch sensor {0 sense input from a user. A sensor may be, for instance, an
accelerometer, a gyroscope, a tilt sensor, a force sensor, a magnetometer, an optical
sensor, a proximity sensor, ancther like sensor, or any combination thereof. For
example, the input device may be an acceleromeler, a magneiometer, a digital

camera, a microphone, and an optical sensor.

In FIG. 2, RF interface 208 may be configured to provide a communication
interface to BF componenis such as a fransmitter, a receiver, and an antenna.
Network connection interface 211 may be configured to provide a communication
interface to network 243a. Network 243a may encompass wired and/or wireless
networks such as a local-area network (LAN), a wide-area network (WAN]), a
compuier network, a wireless network, a telecommunications network, another like

network or any combination thereof. For example, network 243a may comprise a
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Wi-Fi network. Network connection interface 211 may be configured to include a
receiver and a transmitter interface used to communicate with one or more other
devices gver a communication nelwork according to one or more communication
protocols, such as Ethernet, TOP/IP, SONET, ATM, or the like. Network connection
interface 211 may implement receiver and transmitter functionality appropriate to the
communication networl links {e.q., optical, electrical, and the like). The transmitier
and receiver functions may share circuit components, software or firmware, or

alternatively may be implemented separately.

RAM 217 may be configured to interface via bus 202 1o processing circuitry 201
to provide storage or caching of data or computer instructions during the execution of
software programs such as the operating system, application programs, and device
drivers. ROM 219 may be configured to provide computer instructions or data o
processing circuitry 201, For example, ROM 219 may be configured to store
invariant low-level system code or data for basic system functions such as basic
input and output (HO), startup, or reception of keysirokes from a keyboard that are
stored in a non-volatile memory. Storage medium 221 may be configured o include
memory such as HAM, ROM, programmable read-only memory (FROM), erasable
programmable read-only memory (EPROM), electrically erasable programmable
read-only memory (EEPROM), magnetic disks, optical disks, floppy disks, hard
disks, removabie cartridges, or flash drives. In one example, storage medium 221
may be configured fo include operating system 223, application program 225 such
as a web browser application, a widget or gadget engine or another application, and
data file 227. Storage medium 221 may store, for use by Uk 200, any of a variety of

various operating systems or combinations of operating systems.

Siorage medium 221 may be configured to include a number of physical drive
units, such as redundant array of independent disks (RAID), floppy disk drive, flash
memory, USE flash drive, external hard disk drive, thumb drive, pen drive, kKey drive,
high-density digital versatile disc (HD-DVD) oplical disc drive, internal hard disk
drive, Blu-Ray optical disc drive, holographic digital data storage (HDDS) optical disc
drive, external mini-dual in-line memory module (DIMM), synchronous dynamic
random access memory (SDRAM), external micro-DIMM SDRAM, smaricard
memory such as a subscriber identity module or a removable user identily

(SIM/RUIM) module, other memory, or any combination thereof. Storage medium



10

20

25

CA 03076273 2020-03-18

WO 2019/049096 PCT/IB2018/056888
29

221 may allow UE 200 1o access computer-executable instructions, application
programs or the like, stored on transitory or non-transitory memory media, to off-load
data, or to upload data. An arlicle of manufaciure, such as one utilizing a
communication system may be tangibly embodied in storage medium 221, which

may comprise a device readable medium.

in FIG. 2, processing circuitry 201 may be configured to communicate with
network 243b using communication subsystem 231, Network 243a and network
243b may be the same network or networks or different network or networks.
Communication subsystem 231 may be configured 1o include one or more
transceivers used o communicate with network 243b. For example, communicalion
subsystem 231 may be configured to include one or more fransceivers used to
communicaie with one or more remote iransceivers of ancther device capabie of
wireless communication such as another WD, UE, or base station of a radio access
network (HAN} according {0 one or more communication protocols, such as [EEE
802.11, CDMA, WCDMA, GSM, LTE, UTRAN, WiMax, or the like. Each fransceiver
may include transmiiter 233 and/or receiver 235 o implement fransmitier or receiver
functionality, respectively, appropriate to the RAN links {(e.q., frequency allocations
and the like). Further, transmitter 233 and receiver 235 of each transceiver may
share circuif components, sofiware or firmware, or alternatively may be implemented

separately.

in the illustrated embodiment, the communication functions of communication
subsysiem 231 may include data communication, voice communication, multimedia
communication, short-range communications such as Biuetooth, near-fisld
communication, location-based communication such as the use of the global
positioning system (GPS5) to determine a location, ancther like communication
function, or any combination thereof. For example, communication subsystem 231
may include cellular communication, Wi-Fi communication, Bluetooth
communication, and GPS communication. Network 243b may encompass wired
and/or wireless networks such as a local-area network {LAN), a wide-area network
(WAN), a computer network, a wireless network, a telecommunications network,
another like network or any combination thereof. For example, network 243b may be

a cellular network, a Wi-Fi network, and/or a near-field network. Power source 213
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may be configurad to provide alternating current (AC) or direct current (DC) power {o
components of UE 200.

The features, benefits and/or functions described herein may be implemented
in one of the components of UE 200 or partitioned across multiple components of UE
200. Further, the features, benefits, and/or functions described herein may be
implemented in any combination of hardware, software or firmware. In one example,
communication subsystem 231 may be configured fo include any of the components
described herein. Further, processing circuitry 201 may be configured to
communicate with any of such componenis over bus 202, In another example, any
of such components may be representad by program instructions stored in memory
that when executed by processing circuilry 201 perform the corresponding functions
described herein. In another example, the funclionality of any of such componenis
may be partitioned between processing circuitry 201 and communication subsysiem
231. In another example, the non-computationally intensive functions of any of such
components may be implemented in software or firmware and the computationally

intensive functions may be implemented in hardware.

FIG. 3 is a schematic block diagram illustraling a virtualization environment
300, according to some embodiments, in which functions implemented by some
embodiments may be virlualized. In the present context, virtualizing means creating
virtual versions of apparatuses or devices which may include virtualizing hardware
platforms, storage devices and neiworking resources. As used herein, virfualization
can be applied {0 a node (e.g., a virtualized base statfion or a virjualized radio access
node) or to a device (2.g., a UE, a wireless device or any other type of
communication device) or components thereof and relates to an implementation in
which at least a portion of the functionality is implemented as one or more virtual
components {e.¢g., via ong or more applications, components, functions, virtual
machines or containers execuling on one or more physical processing nodes in one

or more networks).

In some embodiments, some or all of the funclions described herein may be
implemented as virtual components executed by one or more viriual machines
implemented in one or more virtual environments 300 hosted by one or more of

hardware nodes 330, Further, in embodiments in which the virtual node is not a
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radio access node or does not require radio conneclivity {e.¢g., a core network node),

then the network node may be entirely virtualized.

The functions may be implemented by one or more applications 320 {which
may alternatively be called software instances, virtual appliances, network functions,
virtual nodes, virtual network functions, efe.) operative to implement some of the
features, functions, and/or benefits of some of the embodiments disclosed herein.
Applications 320 are run in virlualization environment 300 which provides hardware
330 comprising processing circuitry 360 and memory 390. Memory 390 contains
instructions 395 execuiable by processing circuilry 360 whereby application 320 is
operative to provide one or more of the features, benefits, and/or functions disclosed

herain.

Virtualization environment 300, comprises general-purpose or special-purpose
network hardware devices 330 comprising a set of one or more processors or
processing circuitry 360, which may be commercial off-the-shelf (COTS) processors,
dedicated Application Specific Integrated Circuits (ASICs), or any other type of
processing circuitry including digital or analog hardware components or special
purpose processors. Each hardware device may comprise memory 390-1 which
may be non-persistent memory for temporarily storing instructions 395 or software
execuled by processing circuitry 360. Each hardware device may comprise cne or
more network interface controllers (NICs) 370, also known as network interface
cards, which include physical network interface 380. Each hardware device may
also include non-transitory, persistent, machine-readable storage media 380-2
having stored therein software 385 and/or instructions executable by processing
circuiiry 360. Scftware 395 may include any type of software including software for
insiantiatling one or more virtualization layers 350 {also referred i0 as hypervisors),
software to execute virtual machines 340 as well as software aliowing it to execute
functions, features and/or benefils described in relation with some embodiments

described herein.

Virtual machines 340, comprise virtual processing, virtual memoaory, virtual
networking or interface and virtual storage, and may be run by a corresponding
virtualization layer 350 or hypervisor. Different embodimenis of the instance of
virtual appliance 320 may be implemented on one or more of virtual machines 340,
and the implementations may be made in different ways.
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During operation, processing circuitry 360 executes software 395 to instantiate
the hypervisor or virtuglization layer 350, which may somelimes be referred to as a
virtual machine monitor (VIMM). Virtualization layer 350 may preseni a viriual
operating platform that appears like networking hardware to virtual machine 340.

As shown in FIG. 3, hardware 330 may be a standalone network node with
generic or specific components. Hardware 330 may comprise antenna 3225 and
may implement some functions via virtualization. Alternatively, hardware 330 may
be part of a larger cluster of hardware {(e.g. such as in a data center or cusiomer
premise equipment (CPE)) where many hardware nodes work together and are
managed via management and orchestration (MANQC) 3100, which, among others,
oversees lifecycle management of applications 320.

Virtualization of the hardware is in some contexts referred to as network
function virtualization (NFV). NFV may be used {o consolidate many network
equipment types onto industry standard high volume server hardware, physical
switches, and physical storage, which can be located in data centers, and customer

premise equipment.

i the context of NFV, viriual machine 340 may be a software implementation of
a physical machine that runs programs as if they were executing on a physical, non-
virtualized machine. Each of virtual machines 340, and that part of hardware 330
that executes that virlual machine, be it hardware dedicaied fo that virtual machine
and/or hardware shared by that virtual machine with others of the virtual machines
340, forms a separate virtual network elements (VNE).

Siill in the context of NFV, Virtual Network Function (VNF) is responsible for
handiing specific network functions that run in one or more virtual machines 340 on
top of hardware networking infrastructure 330 and corresponds to application 320 in
FiG. 3.

In some embodiments, one or more radio units 3200 that each include one or
more transmitters 3220 and one or more receivers 3210 may be coupled to one or
more antennas 3225. Radio units 3200 may communicate directly with hardware
nodes 330 via one or more appropriate network interfaces and may be used in
combination with the virtual components to provide a virfual node with radio

capabilities, such as a radio access node or a base siation,
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in some embodiments, some signalling can be effected with the use of control
system 3230 which may alternatively be used for communication between the
hardware nodes 330 and radio units 3200.

With reference to FIG. 4, in accordance with an embodiment, a communication
system includes telecommunication network 410, such as a 3GPP-type cellular
network, which comprises access network 411, such as a radio access network, and
core network 414, Access network 411 comprises a plurality of base stations 412a,
412b, 412¢, such as NBs, eNBs, gNBs or other types of wireless access points, each
defining a corresponding coverage area 413a, 413b, 413¢. Each base station 412a,
412b, 412¢ is connectabie o core network 414 over a wired or wireless connection
415, Afirst UE 491 located in coverage area 413¢ is configured o wirelessly
connect to, or be paged by, the corresponding base station 412¢. A second Uk 492
in coverage area 413a is wirelessly conneciable o the corresponding base station
412a. While a plurality of UEks 491, 482 are illustrated in this example, the disclosed
embodiments are egually applicable {0 a situation where a sole Uk is in the
coverage area or where a sole UE is connecting to the corresponding base station
412.

Telecommunication network 410 is ifself connected o host computer 430,
which may be embodied in the hardware and/or software of a standalone server, a
cioud-implemented server, a distributed server or as processing resources in a
server farm. Host computer 430 may be under the ownership or control of a service
provider, or may be operated by the service provider or on behalf of the service
provider. Connections 421 and 422 between telecommunication network 410 and
host computer 430 may exiend directly from core network 414 to host computer 430
or may go via an optional intermediate network 420. Infermediale network 420 may
be one of, or a combination of more than one of, a public, private or hosted network;
intermediate network 420, if any, may be a backbone network or the Internet; in
particular, intermediate network 420 may comprise two or more sub-networks (not

shown}.

The communication system of FIG. 4 as a whole enables conneclivily between
the connected Uks 491, 492 and host computer 430. The connectivity may be
described as an over-the-top {OTT) connection 450. Host computer 430 and the
connected UEs 491, 492 are configured to communicale data and/or signaling via
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CTT connection 450, using access network 411, core network 414, any intermediate
network 420 and possible further infrastructure (not shown) as intermediaries. OTT
connection 450 may be transparent in the sense that the participating
communication devices through which OTT connection 450 passes are unaware of
routing of uplink and downlink communications. For example, base station 412 may
not or need not be informed about the past routing of an incoming downlink
communication with data originating from host computer 430 to be forwarded (e.g.,
handed over} to a connected UE 481, Similarly, base station 412 need not be aware
of the fuiure routing of an oulgoing uplink communication originating from the UE
481 towards the host compuier 430.

Example implementations, in accordance with an embodiment, of the UE, base
station and host computer discussed in the preceding paragraphs will now be
described with reference to FIGE. 5, which shows a communication system 5000
having a host computer communicating via a base station with a user equipment

over g pariially wireless connection in accordance with some embodiments.

In communication system 500, host computer 510 comprises hardware 515
including communication interface 516 configured to set up and maintain a wired or
wireless connection with an interface of a different communication device of
communication system 500. Host computer 510 further comprises processing
circuitry 518, which may have storage and/or processing capabilities. In particular,
processing circuitry 518 may comprise one or more programmable processors,
application-specific integrated circuits, field programmable gate arrays or
combinations of these (not shown} adapted 1o execute instructions. Host computer
510 further comprises software 511, which is stored in or accessible by host
compuier 510 and executable by processing circuitry 518. Software 511 includes
host application 512. Host application 512 may be operable 1o provide a service o a
remote user, such as UE 530 connecting via OTT connection 550 terminating at UE
530 and host compuier 510. In providing the service o the remote user, host
application 512 may provide user data which is transmitted using OTT connection
550.

Communication system 500 further includes base station 520 provided in a
telecommunication sysiem and comprising hardware 525 enabling it o communicate

with host computer 510 and with UE 530. Hardware 525 may include communication
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interface 526 for setling up and maintaining a wired or wireless connection with an
interface of a different communication device of communication system 500, as well
as radio interface 527 for seiting up and maintaining at least wireless connection 570
with UE 530 located in a coverage area (not shown in FIG. 5) served by base station
520. Communication interface 526 may be configured to facilitate connection 560 1o
host computer 510. Connection 560 may be direct or it may pass through a core
network (not shown in FIG. 5) of the telecommunication system and/or through one
or more intermediate networks cutside the telecommunication system. In the
embodiment shown, hardware 525 of base station 520 further includes processing
circuitry 528, which may comprise one or more programimable processors,
application-specific integrated circuits, field programmable gate arrays or
combinations of these (not shown)} adapied to execute instructions. Base station
520 further has software 521 stored internally or accessible via an external

connection.

Communication system 500 further includes UE 530 already referred to. lis
hardware 535 may include radio interface 537 configured to set up and maintain
wireless connection 570 with a base station serving a coverage area in which UE
530 is currently located. Hardware 535 of UE 530 further includes processing
circuitry 538, which may comprise one or more programmable processors,
application-specific integrated circuits, field programmable gate arrays or
combinations of these {not shown) adapted to execute instructions. UE 530 further
comprises software 531, which is stored in or accessible by UE 530 and executable
by processing circuitry 538, Software 531 includes client application 532. Client
application 532 may be operable {0 provide a service 10 a human or non-human user
via UE 530, with the support of host computer 510. In host computer 510, an
execuling host application 512 may communicate with the executing client
application 532 via OTT connection 550 terminating at Uk 530 and host computer
510. In providing the service io the user, client application 532 may receive request
data from host application 512 and provide user data in response to the request data.
OTT connection 550 may transfer both the reguest data and the user data. Client
application 532 may interact with the user (o generate the user data that it provides.

it is noted that host computer 510, base station 520 and UE 530 illustraied in
FiGa. 5 may be similar or identical to host computer 430, one of base stations 412a,
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412b, 412¢ and one of Uks 491, 492 of FIG. 4, respectively. This is to say, the inner
workings of these entities may be as shown in FIG. 5 and independently, the
surrounding network topology may be that of FIG. 4.

In FIG. 5, OTT connection 550 has been drawn abstractly 1o Hiustrale the
communication between host computer 510 and Uk 530 via base station 520,
without explicit reference {o any intermediary devices and the precise routing of
messages via these devices. Network infrastructure may determine the routing,
which it may be configured to hide from UE 530 or from the service provider
operating host computer 510, or both, While OTT connection 550 is active, the
network infrastructure may further take decisions by which it dynamically changes
the routing (e.q., on the basis of load balancing consideration or reconfiguration of
the network]).

Wireless connection 570 between UE 530 and base station 520 is in
accordance with the teachings of the embodiments described throughout this
disclosure. One or more of the various embodiments improve the performance of
OTT services provided to UE 530 using OTT connection 550, in which wireless
connection 570 forms the last segment. More precisely, the teachings of these
embodiments may improve network performance by enabling a TRP (e.g., base
station) to transmit a beam indication (e.g., a QR to a Uk, which is configured to
use the beam indication {0 determine an advaniageous receiver and/or transmitier
configuration with which the beam information is associated and use the determined
receiver/transmitter configuration 1o receive data transmitted by the TRP and/or to
transmit data to the TRP, thereby provide benefits such as reduced overheard,
reduced latency, improved received signal qualily.

A measurement procedure may be provided for the purpose of monitoring data
rate, latency and other factors on which the one or more embodiments improve.
There may further be an optional network functionalily for reconfiguring OTT
connection 550 between hosi computer 510 and UE 530, in response 1o variations in
the measurement results. The measurement procedure and/or the network
functionality for reconfiguring OTT connection 550 may be implemented in sofiware
511 and hardware 515 of host computer 510 or in software 531 and hardware 535 of
UE 530, or both. In embodiments, sensors {not shown) may be deployed in or in

association with communication devices through which OTT connection 550 passes;
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the sensors may participate in the measurement procedure by supplying values of
the monitored quantities exemplified above, or supplying values of other physical
guantities from which software 511, 531 may compuie or estimate the moniiored
quantities. The reconfiguring of OTT connection 550 may include message format,
refransmission setlings, preferred routing ete.; the reconfiguring need not affect base
station 520, and it may be unknown or imperceptible to base station 520. Such
procedures and functionalities may be known and practiced in the art. In certain
embodiments, measuremenis may involve proprietary Uk signaling facilitating host
computer 510°s measurements of throughput, propagation times, latency and the like.
The measurements may be implemented in that software 511 and 531 causes
messages (o be transmitted, in particular empty or ‘dummy’ messages, using OTT

connection 550 while it monitors propagation times, errors elc.

FIG. 6 is a flowchart Hlustrating a method implemented in a communication
systemn, in accordance with one embodiment. The communication system includes a
host computer, a base station and a Uk which may be those described with
reference to FiGs. 4 and 5. For simplicity of the present disciosure, only drawing
references to FIG. 6 will be included in this section. In step 610, the host computer
provides user data. In substep 611 (which may be optional) of step 610, the host
computer provides the user data by executing a host application. In step 620, the
host computer initiates a transmission carrying the user data to the UE. In step 830
{which may be optional), the base siation transmiis to the UE the user data which
was carried in the transmission that the host computer initiated, in accordance with
the teachings of the embodiments described throughout this disclosure. in step 640
(which may also be optional), the UE executes a client application associated with
the host application executed by the host computer.

FIG. 7 is a flowchart Hlustrating a method implemented in a communication
system, in accordance with one embodiment. The communication system includes a
host computer, a base stalion and a Uk which may be those described with
reference to FiGs. 4 and 5. For simplicity of the present disciosure, only drawing
references to FIG. 7 will be included in this section. In step 710 of the method, the
host computer provides user data. In an optional substep (not shown} the host
computer provides the user data by executing a host application. In step 720, the
host computer initiates a transmission carrying the user data o the Uk, The
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transmission may pass via the base station, in accordance with the teachings of the
embodiments described throughout this disclosure. In step 730 (which may be
optional), the Uk receives the user data carried in the transmission.

FIG. 8 is a flowchart Hlustraling a method implemented in a communication
system, in accordance with one embodiment. The communication system inciudes a
host computer, a base station and a Uk which may be those described with
reference to FiGs. 4 and 5. For simplicity of the present disciosure, only drawing
references to FIG. 8 will be included in this section. In step 810 (which may be
optional), the Uk receives input data provided by the host computer. Additionally or
alternatively, in step 820, the UE provides user data. In substep 821 (which may be
optional) of step 820, the UE provides the user data by executing a client application.
In substep 811 (which may be optional) of step 810, the UE executes a client
application which provides the user data in reaction 1o the received input data
provided by the host computer. In providing the user data, the executed client
application may further consider user input received from the user. Regardless of
the specific manner in which the user data was provided, the UE initiates, in substep
830 (which may be optional), transmission of the user data 1o the host computer in
accordance with the teachings of the embodimenis described throughout this
disclosure. In step 840 of the method, the host computer receives the user daia
transmitted from the UE.

FIG. 9 is a flowchart Hlusirating a method implemented in a communication
system, in accordance with one embodiment. The communication system includes a
host computer, a base station and a Uk which may be those described with
reference to FiGs. 4 and 5. For simplicity of the present disclosure, only drawing
references to FIG. 9 will be included in this section. In step 910 {which may be
optional), in accordance with the teachings of the embodiments described
throughout this disclosure, the base slation receives user data from the UE. In step
920 (which may be optional), the base station initiates transmission of the received
user data 1o the host computer. In step 930 (which may be optional), the host
compuier receives the user data carried in the transmission iniiated by the base

station.

FIG. 10 depicts a process 1000 in accordance with particular embodiments.
Process 1000 begins at step s1002 in which UE 110 receives a message
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comprising configuration information {Ch) indicating that an RS is guasi-co-located
(QCL) with a scheduled transmission (e.g., the Cl comprises or is a Transmission
Configuration Indicator (TCH)). The transmission may be a transmission of a channel
(e.g., PUSCH, PUCCH, PDSCH, PDCCH) or reference signal. in step s1004, the UE
adjusts a spatial configuration based on an RS associated with the received Cl.
Adjusting a spatial configuration based on the RS associated with the received Cl
may comprise: adjusting a spatial Tx configuration based on the RS associated with
the received Cl (step s1004a) and/or adjusting a spatial Rx configuration based on
the RS associated with the received Cl (step s1004b).

In some embodiments, the message is a layer 2 message, MAC-CE message,
RRC message, or DCI message.

in some embodiments, the message is a DOl message and the DOl message
comprises the Cl and one of: an UL grant scheduling a PUSCH and a DL grant
scheduling a PDSCH.

In some embodiments, the BS associated with the received Gl is the BS
indicated by the received Cl.

In some embodiments, the BS associated with the received Clis one of a DL
RS and an UL RS.

In some embodiments, one or more BS sets are associated with the Cl, and the
RS associated with the Clis in at least one of the RS sels associated with the CL

fn some embodiments, the Cl comprises a Transmission Configuration

Indicator, TCl, and the RS set{s) are associated with the TCL

In some embodiments, the UE is configured o adjust the spatial Tx
configuration such that the spatial configuration is reciprocal to a spatial
configuration associated with the RS that is associated with the received ClL

in some embodimenis, the BS associaled with the received Clis a DL RS, and
the UE is configured to adjust the spatial Tx configuration such that it is reciprocal o
a spatial Rx configuration associated with the DL RS.

in some embodiments, the RS associated with the received Clis an UL RS
included in an RS set associated with the Cl, and the UE is configured to adjust the
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spatial Tx configuration such that it is reciprocal to a second spatial Tx configuration
associated with the UL RS,

In some embediments, the transmission is a PUSCH, PUCCH, or SRS
transmission.

in some embodiments, the received Cl is associated with 1) a first RS set
containing a first RS and i) a second RS set containing a second RS, the UE adjusts
a first spatial Tx configuration based on the first RS, the UE adjusts a second spatial
Tx configuration based on the second BS, the UE uses the first spatial Tx
configuration for transmission of PUCCH, and the UE uses the second spatial Tx
configuration for transmission of PUSCH.

in some embodiments, the message is a DOl message and the received DCI
further comprises a DL grant scheduling a PDSCH.

in some embodiments, the Cl comprises a Transmission Configuration

Indicator, TCl, and the RS sets are associated with the TCL

in some embodiments, the BS associated with the Clis an UL RS included in
an RS set associated with the Cl, and the UE is configured to adjust the spatial Rx
configuration such that the spatial Rx configuration is reciprocal 1o a spatial Tx
configuration associated with the UL RS.

In some embodiments, the UE is configured to use the adjusted spatial Bx
configuration to receive one or more of: PDCCH, PDSCH, S8B, TRS, PTRS, and
CSI-RS.

in some embodiments, the transmission is a PDSCH or PDCCH transmission.
1. Spatial Tx configuration:

a. insome embodiments, if the RS is a DL RS (e.g., CSI-RS, §8B), then the
UE adjusts its spatial Tx configuration such that it is reciprocal fo the Rx
configuration used to receive the DL RS, "Reciprocal” can mean reciprocal spatial
QCL between the first RS and the scheduled transmission which is PUSCH/PUCCH
DMRS or SHEE. Alternatively, it can simply mean that the Tx and Rx beam directions
are reciprocal {pointing in opposite ways).

b. insome embodiments, if the RS is an UL RS (e.g., SRS}, then the UE
adjusts its spatial Tx configuration such that it is aligned to the spatial Tx
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configuration used to ransmit the UL RS. “Aligned” can mean spatial QCL between
the first RS and the scheduled transmission which is PUSCH/PUCCH DMRS and
SHES. Alternatively, it can simply mean that the two Tx directions are the same.

2. Spatial Bx configuration

a. insome embodiments, if the RS is an UL RS (e.g., SRS}, then the UE
adjusts its spatial Bx configuration such that it is reciprocal to the Tx configuration
used to transmit the UL RS. “Reciprocal” can mean reciprocal spatial QCL between
the first RS and the scheduled transmission, which in this case is
POSCH/PDCCH/CSIRES/PTRS/TRS. Alternatively, it can simply mean that the Rx
and Tx directions are reciprocal (pointing in opposite ways).

FIG. 11 llustrates a schematic block diagram of an apparatus 110Cina
wireless network (for example, the wirsless network shown in FIG. 1), The
apparaius may be implemented in a wireless device (e.9., wireless device 110
shown in FiIG. 1). Apparatus 1100 is operable 1o carry out the example method
described with reference to FIG. 10 and possibly any other processes or methods
disclosed herein. it is also to be undersiood that the method of FIG. 10 is not
necessarily carried out solely by apparaius 1100. Af least some operations of the
method can be performed by one or more other entities.

Apparatus 1100 may comprise processing circuitry, which may include one or
more microprocessor or microcontrollers, as well as other digital hardware, which
may include digital signal processors (DSPs), special-purpose digital logic, and the
like. The processing circuiiry may be configured to execule program code stored in
memory, which may include one or several types of memory such as read-only
memory (ROM), random-access memory, cache memory, flash memory devices,
optical storage devices, etc. Program code stored in memory includes program
instructions for executing one or more telecommunications and/or data
communications protocois as well as instructions for carrying out one or more of the
techniques described herein, in several embodiments. In some impiementations, the
processing circuitry may be used to cause a first receiver unit 1104, the adjusting
unit 1106, and any other suitable units of apparatus 1100 to perform corresponding

functions according one or more embodiments of the present disclosure.
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As ilustrated in FIG. 11, apparatus 1100 includes first receiver unit 1104 and
adiusting unit 1106. First receiver unit 1104 is configured to receive configuration
information (Cl) indicating that an RS is quasi-co-located (QCL) with a transmission
{(e.g., the Cl comprises or is a Transmission Contiguration Indicator {TCh). The
adjusting unit 1106 is configured to adjust a spatial configuration based on an RS
associated with the received Cl. Adjusting the spatial configuration based on the BS
associated with the received Cl may comprise: i} adjusting a spatial Tx configuration
for the transmission of an UL signal {e.g., PUSCH, PUCCH, SRS) based on the RS
associated with the received Cl and/or i) a adjusting spatial Rx configuration for the
reception of a DL signal (e.g., PDCCH, PDSCH, 58B, TRS, PTRS, CSIRE, DMRS)
based on the RS associated with the received ClL

The term unit may have conventional meaning in the field of electronics,
electrical devices and/or electronic devices and may include, for example, electrical
and/or electronic circuitry, devices, modules, processors, memories, logic solid state
and/or discrete devices, computer programs or instructions for carrying out
respective tasks, procedures, computations, outputs, and/or displaying functions,
and so on, as such as those that are described herein.

EXAMPLE EMBODIMENTS
A. Group A Embodimenis

Al. A method performed by a wireless device (WD) for beamforming, the
method comprising:

receiving configuration information {Cl) indicating that a reference signal (RS)
is guasi-co-located (QCL) with a scheduled transmission (e.g., the Cl comprises or is
a Transmission Configuration Indicator (TCH);

adjusting a spatial configuration based on an RS associated with the received
Cl, wherein adjusting a spatial configuration based on the RS associated with
received Cl comprises one or more of: adjusting a spatial Tx configuration based on
the RS associated with the received Cf and adjusting a spatial Bx configuration
based on the RS associated with the received CL

A2. The method of embodiment A1, wherein receiving the Cl comprises
receiving one of: a scheduling message comprising the Ci, a layer-2 message
comprising the Cl, a random access response message comprising the Cl, Down
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Link Control Information {DCH comprising the Cl, a MAC-CE comprising the Cl, and
an RRC message comprising the CL

A3. The method of embodiment Al or A2, wherein

the RS associated with the received Clis one of a DL RS and an UL RS, and

adjusting a spatial configuration based on the BS associated with the received
Cl comprises adjusting a Tx configuration based on the RS associated with the
received Cl

Ad. The method of embadiment A3, wherein receiving the Cl comprises
receiving DCI comprising the Cl and one of: an UL grant scheduling a PUSCH and a
DL grant scheduling a PDSCH,

ASB, The method of embodiment A3 or A4, whersin

one or more RS sets are associated with the Cl, and

the RS associated with the Clis in at least one of the RS sels associated with
the CL

AB. The method of any one of embodiments A1-A5, wherein adjusting the
spatial configuration comprises adjusting the spatial configuration such that the
spatial configuration is reciprocal 1o a spatial configuration associated with the RS
that is associated with the received Cl.

A7. The method of embodiment AS, wherein

the RS associated with the received Clis a DL RS, and

adiusting the spatial configuration comprises adjusting a spatial Tx
configuration such that the spatial Tx configuration is reciprocal to a spatial Rx
configuration associated with the DL RS,

AB. The method of embodiment AG, wherein
the RS associated with the received Clis an UL RS included in an BS set
associated with the Cl, and
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adjusting the spatial configuration comprises adjusting a spatial Tx
configuration such that the spatial Tx configuration is reciprocal to a spatial Tx
configuration associated with the UL RS.

AS. The method of embodiment A7 or A8, further comprising:
using the adjusted spatial Tx configuration o transmit one or more of:
PUCCH, PUSCH, and SRS.

A10. The method of embodiment A6, wherein

the RS associated with the Clis an UL RS included in an RS set associated
with the Cl, and

adjusting the spatial configuration comprises adjusting a spatial Bx
configuration such that the spatial Rx configuration is reciprocal to a spatial Tx
configuration associated with the UL BS.

A11. The method of embodiment A7 or A8, further comprising:
using the adjusted spatial Rx configuration to receive one or more of: PDCCH,
POSCH, 858, TRS, PTRS, and CSIRS.

A12. The method of any one of embodiments A1-A11, wherein

the received Cl is associated with i} a first RS set comprising a first RS and i)
a second RS set comprising a second RS,

the WD adjusts a first spatial Tx configuration based on the first RS,

the WD adjusts a second spatial Tx configuration based on the second RS,

the WD uses the first spatial Tx configuration for transmission of PUCCH, and

the WD uses the second spatial Tx configuration for transmission of PUSCH.

A13. The method of any of the previous embodiments, further comprising:

providing user dala; and

forwarding the user data to a host computer via a transmission to the base
station.

8. Group B Embodiments
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B1. AWD, the WD comprising:

processing circuilry configured to perform any of the steps of any of the Group
A embodiments; and

power supply circuitry configured o supply power to the wireless device.

B2. A WD, the WD comprising:

an antenna configured 1o send and receive wirgless signals;

racio front-end circuitry connected 1o the antenna and to processing circuitry,
and configured to condition signals communicaled belween the antenna and the
processing circuitry;

the processing circuitry being configured to perform any of the steps of any of
the Group A embodimenis;

an input interface connected to the processing circuitry and configured o
allow input of information into the WD to be processed by the processing circuitry;

an output interface connected o the processing circuitry and configured to
output information from the WD that has been processed by the processing circuilry;
and

a battery connecled to the processing circuitry and configured 1o supply power
to the WD.

B3. A communication sysiem including a host computer comprising:

processing circuitry configured to provide user data; and

a communication interface configured to forward user data to a celiular
network for transmission {0 a user equipment (UE), wherein

the UE comprises a radio interface and processing circuitry, the UE's
components configured to perform any of the steps of any of the Group A

embodiments.

B4. The communication system of embodiment B3, wherein the cellular
network further includes a base siation configured o communicate with the UE.

B5. The communication system embodiment B3 or B4, wherein:
the processing circuilry of the host computer is configured to execule a host
application, thereby providing the user data; and
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the UE’s processing circuilry is configured 1o execute a client application
associated with the host application.

B8. A method implemented in a communication system including a host
computer, a base station and a user equipment (UE), the method comprising:

at the host computer, providing user data; and

at the host computer, initiating a transmission carrying the user data to the Uk
via a cellular network comprising the base station, wherein the UE performs any of
the steps of any of the Group A embodiments.

B7. The method of the previcus embodiment, further comprising at the UE,
receiving the user data from the base station.

B&. A communication sysiem including a host computer comprising:

communication interface configured 1o receive user data originating from a
transmission from a user equipment (UE) 1o a base station, wherein

the UE comprises a radio interface and processing circuitry, the Uk’s
processing circuitry configured to perform any of the steps of any of the Group A

smbodiments.

B9. The communication system of the previous embodiment, further including
the UE.

B10. The communication system of the previous 2 embodiments, further
including the base station, whergin the base stalion comprises a radio interface
configured to communicate with the UE and a communication interface configured to
forward to the host computer the user data carried by a transmission from the UE to
the base station.

B11. The communication system of the previous 3 embodiments, wherein:

the processing circuitry of the host computer is configured o execute a host
application; and

the UE’s processing circuitry is configured to execute a client application
associated with the host application, thereby providing the user data.
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B12. The communication system of the previous 4 embodiments, wherein:

the processing circuitry of the host computer is configured o execute a host
application, thereby providing request data; and

the UE’s processing circuilry is configured to execute a client application
associated with the host application, thereby providing the user dafa in response 1o
the reguest data.

B13. A method implemented in a communication system including a host
computer, a base station and a user equipment (UE), the method comprising:

at the host computer, receiving user data transmitted to the base station from
the UE, wherein the UE performs any of the steps of any of the Group A

embodiments.

B14. The method of the previcus embodiment, further comprising, at the UE,
providing the user data to the base station.

B15. The method of the previous 2 embodiments, further comprising:
at the UE, executing a client application, thereby providing the user data
to be fransmitted; and
- at the host computer, executing a host application associated with the
client application.

B16. The method of the previous 3 embodiments, further comprising:
- atl the UE, execuling a client application; and
at the UE, receiving input data to the client application, the input data
being provided af the host computer by executing a host application associated with
the client application,
~  wherein the user data to be fransmitted is provided by the client
application in response to the inpui data.

B17. A method implemenied in a communication system including a host
compuier, a base stalion and a user equipment (UE), the method comprising:
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~ at the host computer, receiving, from the base station, user data
originating from a transmission which the base station has received from the UE,

wherein the UE performs any of the steps of any of the Group A embodiments.

B18. The method of the previous embaodiment, further comprising at the base
station, receiving the user data from the UE.

B19. The method of the previcus 2 embodiments, further comprising at the
base station, inilialing a transmission of the received user data to the host computer.

The U.S. provisional patent application to which this application claims priority
(i.e., U.5. application no. 62/556,940, filed on Sept. 11, 2017} included an appendix
that contained the text of a 3GPP contribution. Some relevant aspects of the 3GPP
contribution are reproduced here below:

Contribution
1. introduction

in this contribution remaining details for 3 topics related to beam management
are discussed: 1} DL QCL {beam) indication for PDSCH and PDCCH; 2) UL beam

indication; and 3) Beam measurement and reporting.
2. DL QCL Indication for PDSCH and PDCCH

in RAN1#90 (Prague), agreement #1 (see Table 1, above} was made related (o
DL beam indication for PDSCH.

This agreement #1 establishes that an N-bit indicator field in DCI provides at
least a spatial QCL reference to a DL RS (either CSI-RE or 5&B) to aid in the
demodulation of PDSCH. A given value of the indicator is referred to as an indicator
stale, and it is associated with an index of the DL RS (CRI or SSB index). In the
case of CS-RS, the resource can be periodic, semi-persistent, or aperiodic. in this
agreement, it is FFS how the DL RS index is associated with the indicator state,
gither through explicit signalling or implicitly during a UE measurement. This FFS
point will be addressed later in this section.
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in the same meeting, the N-bit indicator field was extended as shown in
Agreement #2 (see Table 2, above)

With this extension, each indicator state is associated with one or two RS
sets, where each RS set refers 1o one or two DMRS port groups, respectively. This
facilitates QCL indication in the case of that multi-TRP transmission (DL CoMP) is
configured. Ditferent states may correspond to different TRP pairs supporting, .g.,
non-coherent joint transmission (NC-JT) from a pair of TRPs. Indicator states
configured with only a single RS set may be used o support QCL indication either
in the case of basic single-TRP transmission or in the case of multi-TRP
fransmission with, e.g., dynamic point selection (DPS).

fn any case, an RS set contains one or more DL BSs. In the case of a single
DL RS, the set contains an index to either a CSI-RS or SSB. In the case of more
than one DL RS, the set could contain, for example, an index to either CSI-RS or
558 and a configured TRS. As discussed in a companion paper on QCL details [1],
the PDSCH DMRS could be configured to be QCL with C51-RS/558 with respect to
spatial parameters, but QCL with TRS with respect to non-spatial {time/frequency)
parameters. Further discussion on this type of configuration is needed once the
TRS design details have setiled.

Clearly, the functionality supported by the N-bit indicator is analogous to PQI
in LTE which is used for the purposes of QCL and PDECH rate matching indication
in DCH format 20 supporting CoMP operation. One point of difference, however, is
that for NR il is not clear that it is necessary {o signal PDSCH rate maiching
parameters in the same way. Furthermore, the indicator is not limited to the case of
multi-TRP (CoMP) operation. Dynamic (spatial) QCL indication is beneficial even
for single TRP mmWave operation. Hence, this contribution proposes adopting a
more general term for the N-bit indicator, namely Transmission Configuration
indicator (TCH to capture the notion that the QCL configuration for a PDSCH
transmission is indicated dynamically.

Tabie 3 {above) shows an exemplary set of TCl states that may be BRC
configured to a UE. With N-bits, up to 2" TC! states may be defined, some
containing a single RS set and others containing muttiple RS sels 1o support mulii-
TRP operation. In the case of basic single TRP operation, all TC! states would
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contain only a single RS set. A default TCH stale is also shown which may be used,
for example, for QCL indication referring to the S8B beam index delermined by the
UE during initial access. As discussed previously, different TCl siates may be used
for QCL indication referring to different RS types, L.e., SSB, periodic, semi-
persistent, or aperiodic CSI-RS. i is up to the network implementation to configure
the states depending on what mix of DL RSs are used for beam managementi.

2.1 Unified QCL indication for PDSCH and PDCCH

One of the FFS items in Agreement #1 above is regarding whether or not QCL
indication for PDCCH may be based on the beam indication states for PDSCH.
Contributors note that it makes very much sense to harmonize the QCL indication
functionality for PDSCH and PDCCH as much as possible. The common thread for
both PDSCH and PDCOH demodulation is that a QCL reference is needed in both
cases. Furthermore, for mm-wave operation, the spatial QCL reference may need
to be indicated dynamically to track UE movement/rotation. This motivates
configuration of a common set of 2" states where one subset may be used for the
purposes of PRCCH QCL indication, and another, potentially overlapping subset of
states used for PDSCH QCL indication. Examples of two such subsets are
iltustrated in Table 3.

Where there are differences between PDSCH and PDCCH QCL indication
are: {1} The notion of DMRS port groups is relevant only for PDSCH; (2) A single
set of DMBRS ports as part of a configured CORESET is relevant only for PDCCH;
(3} PDCCH may employ a wider beams than PDSCH; and (4} The signalling
method used to convey the QCL indication to the UE may be different for PDSCH
and PDCCH.

The first three points of difference may be addressed by network
implementation with appropriate configuration of the TCI states. For example, point
(1} is handled by the gNB ensuring that QCL indication for PDCCH is signalied only
for TCl states that contain a single RS set. Point (2) is handled by the gNB semi-
statically configuring potentially different CORESETs with the different TCl states
used for PDCCH QCL indication. Point (3) may be handied by the gNB associating
sorme TCI states with indices of DL RSs that are beamformed based on wider

beams and zome with narrower beams.
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it is useful to note that a CORESET in NR takes the role of an E-PDCCH in
LTE. Like for LTE, different CORESETs asscociated with different TCI stales can
allow for dynamic point switching of control channel transmissions in the case of
multi-TRP operation. Even for single TRP operation, use of different CORESETs
for different TCI states can aliow for PDCCH robusiness through the UE monitoring
the different CORESETs transmitted on different beams either simultaneously or in
TOM fashion.

Observation 1: A CORESET in NR takes the role of an E-PDCCH in LTE.
Different CORESETs associaied with different Transmission Configuration
indicator {TCI) states allows for dynamic beam swilching of control channel
fransmissions either within a single TRP or between multiple THPs.

Finally, point (4) is already addressed in existing agreements. Specifically,
QCL indication for PDSCH is carried by DCI as discussed above. According fo
Agreement #3 shown in Table 4 below from RANT#90 (Prague), QCL indication for
PDCCH is by RRC only or through a combination of RRC + MAC-CE signalling.
While QCL indication by DClis FFS in this agreement, there appears to be no
fundamental reason why DCI cannot be used to carry QCL indication for PRCCH,.
In a companion contribution [2], the various signalling methods for beam indication
are discussed and it is observed that a robust version of DCl-based signalling can
provide similar reliability as MAC-CE signalling. Moreover, support for DCl-based
QCL indication for PDSCH is already supported through signalling a TGl value, and
could be reused guite easily.

TABLE 4 - Agreement #3

&
¢ in RRCCONNECTED mode,
RRC only or RRC+ MAC CFE signaling is used to indicate QCL
relation {(at least w.r.t spatial RX parameters) between DMRS port(s)
of UE-specific PDCCH and either S8 Block or P/SP CSI-RS
resource(s)
s FFS: necessity of DCI signalling
= FFS: Use of Aperiodic CSI-RS
FFS: RAN1 to study impact of delay (including determination of Rx
beam) and reliability on the beam mgmt scenarios aiming to provide
input to RAN2 with regard to higher layer protocols
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may refer to an aperiocdic CSI-RS resource. Since aperiodic CSI-RS resources are
supported for PDSCH beam management procedures; from a network flexibility
standpoint, there appears 1o be no fundamental reason why aperiodic CSI-RS
resources should be precluded for PLDCCH beam management. In some scenarios,
a baseline beam management procedure may ulilize the same beam for both
POSCH and PDCCH, and that this beam may be determined based on aperiodic
measurements. Based on the above discussion this contribution makes the following

short proposals:

Proposal 1: QCL indication for both PDSCH and PDCCH is based on either the
same or different subsets of a common set of 2" Transmission Configuration
indicator (TCH) states. The value of Nis FFS, eg., N= 3.

Proposal 2: QCL indication for both PDSCH and PDCCH aliow Transmission
Configuration Indicator (TCI) states that refer o aperiodic CSI-HRS resources.

Proposal 3: BCl-based QCL indication for PDCCH shouid be supported in
addition to RRC only or RRC + MAC-CE.

This contribution additionally makes the following proposal shown in Table 5
below:

TABLE 5 - Proposal 4: QCL indication for PDSCH and PDCCH

= Alist of up to 2" Transmission Configuration Indication {TC) states is defined
for the UE at least for the purpose of QCL indication for PDSCH DMRS and
PDCCH DMRS

o Each TCI stale can have one or two RS sels, as per previous
agreement

o FFS:Valueof N, e.g., N=[8]

=  For PDSCH QCL indication:

o The UE is signalied the N-bit TC! field in DCI that selects one of the 2"
defined TCI states which provides a reference {o one or two RS sei{s)
which are QCL with DMRS port(s) of the PDSCH scheduled to the UE,
as per previous agresment

e For PDCCH QCL indication:

o The UE is configured by RRC only or RRC+MAC CE signalling with a
one of the 2" defined TCI states which provides a reference to an RS
set which is QCL with the DMRS port{s) of the PDCCH in a configured
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CORESET containing a UE specific search space
= FFS: Use of DCI signalling
»  FFS: CORESET containing common search space
= Note: different CORESETs may be configured for different TCH
states, e.q., for multi-TRP operation
s Each RS set within a TCI state refers to one or more DL RS(s} which are QCL
with the port{s) within a PDSCH DMRS port group or are QCL with the
PDCCH DMRS port(s)
o A TC! state with two RS sels is only used in the case of two DMRS port
groups for PDSCH
o A TC! state with one RS set is always used in the case of DMRS for
PDCCH
= An RS in an BS set can refer to any of the following DL RS types:
o 58B
o Periodic C31-RS
o Aperiodic CSRS
o Semi-persistent CSI-RS
o FFS: TRS depending on outcome of discussions in the QCL agenda
item
o During initial access, the UE associates the TCl = 0 state with the S5B
acquired during the initial access procedure

2.2 Procedures for defining/updating TCH states

The above discussion and proposals focus on the harmonization of QCL
indication for both PRSCH and PDCCH thwough signalling of a Transmission
Configuration Indicalor (TCH) value. However, what is still open is the signalling
mechanism for defining/updating the DL RS index (CSI-RS Resource Index or S5B
index) associated with each RS set of a TCl state. This is needed in order {0
establish/update the spatial QCL reference in a TC! state before beam indication
signalling is carried out based on signalling of a TCl state index.

Agreement #1 identifies two mechanisms FFS for updating a DL BS index in a
RS set: (1) explicit signalling of the RS index, and (2) implicit association of the RS
index{es) with the RS set based on UE measurement. Mechanism-1 (explicit update
of a TCI state} is straight forward and should be supported. For example, a periodic
beam sweep, either based on a large number of S5Bs {(up to 64 allowed for mm-
wave) or a large number of pericdic CSERS {(p-C5I-RE) resources may be used
during a Pt procedure. The UE may be configured to periodically report the N largest
R5RPs and corresponding reference signal indices, e.g., CRIs, 55B indexes. The
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gNB decides what subset (or all) RS index{es) should be associated with which TCH
state(s). The gNB then signals the TCI slate index{es), the RS Set index{es), and the
DL RS index(es) to the UE which updaies its own TCI state configuration with the
signalled RS index{es). This updates the spatial QCL reference that the UE should
use for PDCCH / PDSCH demodulation when indicated in a future QCL indication
message. This reference remains valid until the next time it is updated. Updates are
required, e.¢., 1o track UE movement/rotation. Clearly, the required update rate
depends on how fast the UE is moving.

While the above process is described for p-CSERS resources, the same
procedure may be used to initialize the spatial QCL reference for a TC state that will
be updated at a later time with a QCL reference 1o an aperiodic CSI-BS resource,
This is useful, for example, when a pericdic DL RS, e.g., S5B or p-CSERS, is used
for new beam discovery and aperiodic CSI-RS is used for beam refinement, either
through a P2 or P3 procedure. When g new beam is discovered by the gNB based
on UE reporting, the gNB explicitly signals a TCl state index and the RS index
corresponding o the new beam to the UE. The UE then updates its own TCI siate
configuration with the signalled RS index. For the case of a P2 beam refinement, the
initialized QCL reference 1o the periodic resource is useful for the UE o help i set its
Fx beam for receiving the apericdic TSRS resources during the P2 refinement
step.

Mechanism~2 (implicit update of a TCl state) is useful for apericdically
triggered P2 or P3 refinement procedures and should also be supported. In
Mechanism-2, the UE is iriggered to perform a measurement on a set or sets of
aperiodic CSI-RS resources for the purposes of beam management either on the Tx
side or Rx side. The UE receives by DCI the measurement trigger plus a TCl stale
index. In the example above, the TCl siate can be the same one that was initialized
explicitly. When the UE receives the TC! state index along with the measurement
trigger, the UE shall interpret this as instruction to perform the measurement, and
replace the RS index in each RS set with the preferred CRI from each resource set
on which it measures, respectively. These RS index{es) then become the new QCL
references for the signalled TCH state and remain valid until the nexttime a

measurement trigger with the same TCl index is received.
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Based on the above discussion this contribution makes the following short proposa:

Proposal 4: Mechanism-1 (explicit update of the RS index{es) of a TCl state} is
supported for S8B and p/sp/ap-CSI-RE resources. Mechanism-2 (implicit update of
the RS index{es) of a TCI state) is supported for ap-CS1-RS resources. For
Mechanism-2, the UE can expect to receive in DCI a measurement trigger for the ap-

CSI-RS resources plus a TCH state index.

This contribution additionally makes the following more comprehensive proposal

showr in Table 8 below:

Table 6 - Proposal for Procedures for defining/updating TC! States

s Fora UE in RRC CONNECTED mode, an RS within an RS set of any TCl
state may be dynamically updated through either of the following two
mechanisms

+ BMechanism-1 {(Explicit update of a TC! stale)

o The UE receives a signalling message with a TCI value and the index
of a DL RS to be assigned to an RS set belonging to the TCl stale
o The RS index can be an

= SS8B index
= Index of a periodic, semi-persistent, or aperiodic CSI-RS
resource

e if measurement restriction is ON (for pericdic/semi-
persistent CSI-RG) the index refers to the most recent
measurement of the indicaled resource

e For aperiodic CSI-RS, the index refers to the most recent
measurement of the indicated resource

¢ FF3&: Additionally support a time-stamped measurement
of a CSI-RS resource

o If the UE receives the signalling message in slot n, the first time that
the UE may apply the updated QCL assumption for demodulation of
PDSCH or PDCCH s in slot i+ oy

= FFS: Value of d

o Note: The signalling can simultaneously update two RS sets in which
case two RS indexes would be signalled. Furthermore, the signalling
can simultaneously update more than one TC state.

o FFS: Further signalling details, e.g., RRC, MAC-CE, DCI, or a
combination

= RMechanism-2 (Implicit update of a TCl stale)

o The UE receives by DCI a measurement trigger for one or two
resource sets of aperiodic CSI-RS resources in the same slot, plus a
TCHvalue

= Note: a resource set in this context refers o a set of CSI-RS
resources configured within a resource sefting in the agreed
LSl framework
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The Uk implicitly associates the preferred C5I-RS resource from each
triggered resource set with the TCH state of the signalled TC! value and
thus assigns the preferred CSI-RS(s) to the RS set(s) within the TCI
state

o If the UE receives the DCI measurement trigger in slot n, the first time
that the UE may apply the updated QCL assumption for demodulation
of PDSCH or PDCCH s inslotn+ dp

= FFS: Value of de

o FFS: Further signalling details, e.g., joint or separate encoding of the

measurement trigger and TCl value in DCI

2.2 Singie-beam operation

Much of the procedures on beam indication have been designed under the
assumption that the PDCCH and PDSCH beams are separately updated. The
indication schemes have been designed under the assumption that the Uk should
adjust its Bx beams differently for PDCCH and PDSCH reception,

However, in many cases, this level of freedom is unnecessary. Both the
PDCCH and PDSCH should be transmitied with beams that provide the best SINR at
the receiver. In many cases, this is the narrowest beam. Then, the target BLER for
the PDCCH and the PDSCH are likely to be different, and that will be achieved by
suitable selection of the PDCCH format and the PDSCH scheduling mechanism.

Observation: A very common realization is that the PDCCH and PDSCH

are transmitied using the same beam.

Furthermore, the implementation of independent PDCCOH and PDSCH beams
leads o increased signalling. The extra amount depends on how often then the
PDCCH and PDSCH beams are updated.

I addition, infroducing the possibility 1o switch between the PDCCH and the
PDSCH leads to a more complex UE implementation than if the Rx beam switches
are constrained {o be between siots. For these reasons, this coniribution proposes:
NR should support a configuration that beam indications for PDSCH are valid also
for PDCCH.

3. UL Beam Indication
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in the previous section, DL beam indication is discussed both for PDSCH and
PDCCH. DL beam indication consists of signalling a TCl to the UE which provides
one or more spatial QCL references which can be used by the UE to adjust its Rx
spatial configuration, i.e., spatial filter/spatial precoder/beam for the purposes of
demodulation of PDSCH and PDCCH. Maintenance of several different TCl states
allows flexibility to the gNB 1o dynamically swiich between different Tx beams either
within a TRP or between TRPs. This is beneficial, e.g., for MU-MIMO operation by
being able to schedule different users in different candidate beams, and multi-TRP
operation to support either or both dynamic point selection (DPS) or non-coherent
joint transmission {NC-JT}.

While DL beam indication has been discussed extensively, UL beam indication
has not received very much attention. Clearly, if DL beam indication is used, some
form of beam indication in the uplink is beneficial {o aid the UE in adjusting its Tx
spatial configuration, i.e., spatial filter/spatial precoder/beam for the purposes of
transmitting UL signals (PUSCH, PUCCH, and SB&). This simplifies gNB operation
in the demodulation of PUSCH and PUCCH in that the received signals at the gNB
are aligned with a desired gNB analog beam direction.

Since a framework for DL beam indication has already been agreed, it makes
sense o leverage that frameworlk as much as possible for UL beam indication. In
order t¢ enable the Uk adjusiment of its Tx spatial configuration for the transmission
of PUSCH/PUCCH/SRES, a spatial QCL reference is needed. In the case of Uks with
UL/DL beam correspondence, a natural candidate is the DL RS (CSI-RS or S5B)
that is associated with the TCH that is signalled in DCIH or the purposes of DL beam
indication. This may be used by the UE to adjust its spatial Tx configuration such that
it is reciprocal to the spatial Rx configuration with the DL RS, Here reciprocal can
mean that a Uk Tx beam is oriented in the same direction of an Bx beam. It could
also mean that ports of the transmitted uplink reference signal (PUSCH/PUCCH
DMRS or SRE) are reciprocally and spatially quasi-co-located with the ports of the
DL RS. However, the notation of reciprocal QCL has not been agreed in RAN1.
Regardiess, the notion of reciprocal beam directions is quite natural.

in the case of DL beam indication o aid in the reception of PDSCH, it has been
agreed that the scheduling DCI contains the TCl field. In other words, the TCl is part
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of a DL assignment or DL grant. For the case of UL beam indication, it makes sense
to extend this framework such that the TGl field is included in the DCI that schedules
PUSCH as well. in other words, the TCl may also be part of an UL grant. This can be
usetul in UL heavy traffic scenarios, where there could be a long time between DCI
containing DL assignmenits.

in the above discussion, the UE makes use of a DL RS (CSI-RSG, 55B) as the
spatial QCL reference to adjust ils spatial Tx configuration. However, there are al
least two use cases where it is beneficial for the Uk to make use of an UL RS {e.g.,
SHS) as the spatial QCL reference: (1} UL beam indication for Uks lacking UL/DL
beam correspondence, and (2} DL beam indication for reciprocity based operation.
To support these use cases, it makes sense to exiend the beam indication
framework such that UL RSs can also be associated with TCH states, e.g., as ancther
type of RS to be included in the RS Set of a TC! state. The particular SRS that is
associated with the TCI state can be based on a prior measurement at the gNB on a
set of SRS resources fransmitted by the Uk, e.g., in a U3 procedure. Based on this
measurement, the gNB explicitly signals the UE with an SRS rescurce indicator
(SR indicating the preferred SRS resource along with the TCH to which the UE
shouid associated the indicated SRI. In this way, when TClis signalledin DCl ata
later point in time for the purposes of either DL or UL beam indication, the associated
UL RS provides the UE with the needed spatial QCL reference.

For use case (1), the UE adjusts its spatial Tx configuration such that it aligns
with the spatial Tx configuration associated with the UL RS (SRS) contained in the
TCH state signailed over DCI in an UL grant. in this way, the gNB can control the
receive direction for PUSCH/PUSCH/SRS for UEs lacking UL/DL beam
correspondence. For use case (2), the UE adjusis its spatial Rx configuration such
that it is reciprocal to the spatial Tx configuration associated with the UL BS (SRS)
contained in the TCl state signalled over DClin a DL grant. In this way, the gNB can
base its DL beamforming decisions for transmission of PDSCH/PDCCH/CSI-
RS/PTRS/TRS, based on reciprocity (SRS} measurements, while simultaneously
providing the Uk with the needed spatial QCL reference for adjusting its spatial Bx

configuration.

Based on the above discussion, the following is proposed:
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Proposal 5: To enable UL beam indication, NR supports signalling a TCl in g DCI
message containing an UL grant to aid the UE in adjusting its spatial Tx
configuration (beam) for the purposes of transmitiing PUSCH/PUCCH/SRS.

Proposal 6: To enable either (1) DL beam indication for reciprocity operation or (2)
UL beam indication for Uks lacking UL/DL beam correspondence, NR supporis
inclusion of an SRS rescurce in an RS Set associated with a TC! state to provide the
UE with a spatial QCL reference for adjusting its spatial Rx/Tx configuration (beam).

4. Beam Measurement and Reporting
4.1 Measurement and Reporting on SSB

In RANT#390 (Prague), the following agreement #4 was made regarding L1-
RSRP measurements based on S5B and configuration of CSI-RS resources for

beam management,

TABLE 7 - Agreement #4

»  Support L1-RSRP reporting of measurements on S8 block for beam
management procedures
= The following configurations for L1-RSRP reporting for beam management
are supported
=SS block only (with mandatory support by UE)
«  CSI-RS only (with mandatory support by UE)
» 58 block + CSI-RS independent L1 RSRP reporting
« Joint Lt-RSRP using QCL-ed 35-block + CSI-RS is optionally
supported by UE (with optionally support by UE)
Working assumption:

= For beam management CSI-RS, NR supports higher layer configuration of a
set of single-symbol CSI-RS resources where
o 'The set configuration contains an information element (1E}
indicating whether repetition is “on/off”
e Note: In this context, repetition “on/off” means:
o “On”: The UE may assume that the gNB maintains a fixed Tx beam
o “Off”: The UE can not assume that the gNB maintains a fixed Tx
beam
+= Note: This does NOT necessarily mean that the CSI-RS resources in a set
occupy adjacent symbols

Here the 3™ approach listed in the first agreement: SS block + CSI-RS with
independent L1 BRSREP reporting is considered. Extending the C51 and beam
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management framework {o include resource and report settings that are based on

SSB in an analogous fashion o setlings that are based on CSI-RS seems suitable.

A use case in which SSB is used for the purposes identifying new beams as
they appear due to UE movement and/or rotation is considered. Since the S&B
beams typically sweep most of the coverage area of a TRP, use of the S8 blocks for
beam management can relieve some of the burden on configuration of Uk-specific
CSI-RS. Here, CSI-RS used in an aperiodic fashion 1o refine coarse beams identified
through 58 block measurements, thus avoiding configuring CSI-RS o sweep the

entire coverage area, is considered.

FiG. 12 shows a configuration example to support this use case. In this diagram
there are two aperiodic report settings linked 10 a resource selling containing two
sets of aperiodic CSI-RS resources used for the purposes of beam refinement. One
set is configured with the repetition Ik set to OFF (see above working assumption),
and the other with repetition set to ON. DCI jpintly selects the Report Setling 1 + Set
1 when a P2 procedure (gNB Tx beamn sweep) is triggered, and jointly selects Report
Setting 2 + Set 2 when a P3 procedure (UE Rx beam sweep) is triggered.

in addition, the FIG. 12 diagram shows Resource Setling 2 which contains a set
of periodic 5SB resources. This is linked 1o Report Setting 3 which in this example is
configured as pericdic. Similar configurations may be constructed in a straight
forward manner for the case of semi-persistent or aperiodic reporting on SSB. In this
example, the UE is configured to report the top two SSBs and corresponding S5B
indexes on a periodic basis, e.g., once per 20 ms.

A consideration in configuring L1-RSRP reporting based on 5SB is the uplink
signalling overhead (UCH. In order to uniquely identify an $8 block from an arbitrary
unknown TRP, a fairly large number of bits could be required. The PSS and 855
together uniquely identify a cell ID, and it has been agreed to support in the order of
1000 cell [Ds (approximately double that of LTE). Hence this requires on the order of
10 bits. Up to 64 58 blocks can be configured in an S8 burst sel, meaning up o
additional 6 bits are required o identify the S5 block time index. This results in 16
bits, and if one accounts for an additional 7 bits to represent an RSRP value, a
minirmum of 23 bits are required o signal an 88 beam index and a corresponding
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RSREP measurement. This is a fairly large value considering what payload sizes are
being considered for PUCCH. Even if reporting is restricted to within cell, 6 bits will
be required to identify the 55 beam index. Note that the UL signalling must be
dimensionead to handle the situation where all 64 8B are transmitted, although a
much smaller number of SSBs will typically be used.

One approach for overhead reduction is to configure the UE using RRC with a
table containing a mapping between full S block identities and short measurement
identities. The full 55 block identity would include the ~10bils representing the
PSS/55S identity and the up to 6 bits representing the S8 block time index, whereas
the short measurement identity would be 6 bits or less, depending on how many
S5Bs are configured. The short identity would be the one used in the measurement
report. By using a short identily in this way, it would also be possible to perform
measurements on a precontigured subset of the available S8 block beams, rather
than the full set. This approach is similar to the CS1 framework, where the UE is
configured with one or more sets of CSI-RS resources via RRC. Each CSI-RS
resource within a set is then identified by a short identifier, the CRL

Such an approach is shown in FIG. 12 in which the UE is configured to
measure on a set of 8 S58 resources, and the set configuration within Resource
Setling 2 contains an [E specifying the short 1D configuration, i.e., mapping between
long and short iDs. In this case, since only 8 S5B resources are configured, the
short 1D is only 3 bits. Using the example of 7 bits per RSRP value, the {otal
overhead per reporting instance in this example would be 2¥7 + 2*3 = 20 bits. if the
RSRP resclution is reduced and/or if differential RSRP reporting is used, this may be
reduced further.

Based on the above discussion the following is proposed:

Proposal 7: Extend the CS1/ Beam Management framewaork to enable
configuration of a set of SSB resources within a resource setting on which the Uk
shall perform L1-RSRP measurements. The set of SSB resources may be allor a
subset of transmitted SSBs from a TRP. Exiend the framework 1o enable
configuration of a report setting linked to the aforementioned resource setting. The
report sething contains at least the following parameters: ime domain behaviour =
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[periodic, semi-persistent, aperiodic], and N = the number of reported RSHPs.
Maximum value of N is FFS.

Proposal 8: For L1-RSRP reporting on SSB, support contiguring the UE with a
mapping between the full S5 block identity and a short measurement identily (6 or
fewer bits). The short measurement identily is used in measurement reports and
uniquely identifies a SSB resource within a configured set of 5&B resources. An IE
specifying the short 1D configuration is associated with the configured set of SSB

resources within a resource sefting.
4.2 Measurement and Reporting Parameters

In RAN1#90 (Prague), the following agreement #5 was made regarding

parameters for measurement and reporting:

TABLE & - Agreement #5

» At least for non-grouping based beam reporting, taking the following
parameter values for further consideration
-~ For maximal TX beam numbers for a UE to measure for a given
reporting instance: candidate value is, e.g., around K = [64]
—  For maximal TX beam numbers reported by a UE per reporting
instance are, e.g., N =1, 2, 4, 8]}
—  For L1-RSRP levels, candidate value is, e.g., around [100]
»  Considering maximal L1-RSRP range, e.g., from X dBmioc Y
dBm
»  Considering step-size of L1-RSRP, e.g., Z dB

In the above agreemeni, the maximum number of beams on which a UE is
expecied to measure in advance of reporting is [64]. This number corresponds o the
maximum number of S358s in one cell, so in this context this seems reasonabile,
since the UE will be able to hear all the transmitted 88 blocks during one S5 burst
set. However, it is important to noie that for aperiodic CSI-RS measurements which
are often used for refinement purposes, the number is significantly less, perhaps less
than 10. Also note that if the $8B measurement and reporting scheme proposed in
section 0 is adopted, the UE would only be required to measure on the 88 blocks
actually configured. The maxdimum number of reporied resource indices (beams) is
stated above as N = [1,2,4,8]. Considering uplink overhead, it would be very natural
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to support 1 or 2 as a starting point, and perhaps up o 4. However, 8 seems
guestionable. It is not clear what the gNB should do with such a large report. In a
MU-MIMO context, having flexibility to schedule users in different beams is useful;
however, considering typical traffic models, how often can 8 users be found that are
suitable for co-scheduling? Also note that for analog beamforming, hardware
typically limits the co-scheduling possibilities. Moreover, specifying that the Uk
always reporis N values may not be desirable in case thal some values are quite low

compared to the maximum reported value.

For L1-RSRP levels, a number that is often quoted is 7 bits, corresponding to
128 levels. This number comes from L3-RSRP reporting for RRM purposes. RAN4 is
still evaluating the RSRP accuracy requirements for beam management based on
CSI-RS considering different density values, so it is too early to decide on a suitable
value. However, one observation is that differential reporting can lower the overhead.
For example, if N RSRPs are reported, the largest one can be guantized, e.g., with 7
bits, and the differential values with a smaller number of bits.

5, Beferences

[1] R1-1716378, "Remaining details on QCL,” Ericsson, BAN1T NR Ad Hoc #3,
September 2017.

[2] R1-1716367, "Analysis of beam indication signalling options,” Ericsson, RAN1
NR Ad Hoc #3, September 2017.

ABBREVIATIONS

At least some of the Tollowing abbreviations may be used in this disclosure. i
there is an inconsistency between abbreviations, preference should be given to how
it is used above. If listed multiple times below, the first listing should be preferred
over any subsequent listing(s).

CSI-RS Channel state information reference signal
DG Downlink control information

DL Downlink

DMRS Demodulation RS

MAC-CE MAC Control Element
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New Radio

Physical broadcast channe

Physical Downlink control channe
Physical downlink shared data channel
Primary Synchronization Signal
Phase Tracking RS
Physical Uplink control channe
Physical uplink shared data channe
QCL Reference Indicator

Reference Signal
Receiver radio chain

Sounding Reference Signal
Synchronization signal block
Secondary Synchronization Signal
Transmission Configuration indicator
Transmission Point

Tracking RS
Transmission radio chain

User Egquipment

Uplink
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CLAIMS

1. A user equipment, UE (110), the UE being configured to:

receive a message comprising configuration information, Cl, indicating that
a reference signal, RS, is quasi-co-located, QCL., with a transmission, the
transmission being a transmission of a PUSCH, PUCCH, or SRS transmission;

wherein one or more RS sets are associated with the Cl, and the RS
associated with the Cl is in at least one of the RS sets associated with the Cl and
the RSs in a RS set associated with the Cl contain UL RSs in addition to DL RSs;

and

adjust a spatial transmit, Tx, filter for transmission of one or more UL
signals using the DL or UL RSs associated with the CI.

2.The UE of claim 1, wherein

the message is a layer 2 message comprising the CI; or

the message is a MAC-CE comprising the ClI; or

the message is a Radio Resource Control, RRC, message comprising the
Cl; or

the message is a Downlink Control Information, DCI, message comprising
the CI.

3. The UE of claim 2, wherein the DCI message comprises the Cl and one
of: an UL grant scheduling a PUSCH and a DL grant scheduling a PDSCH.

4. The UE of claim 1, wherein

the Cl comprises a Transmission Configuration Indicator, TCI, and

the RS set(s) are associated with the TCl,

wherein the TCI is an N-bit indicator being functionally identical to a QCL
reference indicator, QRI.

5. The UE of any one of claims 1-4, wherein the UE is configured to adjust
the spatial Tx configuration such that the spatial configuration is reciprocal to a
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spatial configuration associated with the RS that is associated with the received
Cl.

6. The UE of claim 5, wherein
the RS associated with the received Cl is a DL RS, and
the UE is configured to adjust the spatial Tx configuration such that it is

reciprocal to a spatial Rx configuration associated with the DL RS.

7. The UE of claim 5, wherein

the RS associated with the received Cl is an UL RS included in an RS set
associated with the Cl, and

the UE is configured to adjust the spatial Tx configuration such that it is
reciprocal to a second spatial Tx configuration associated with the UL RS.

8. The UE of claim 1, wherein

the received Cl is associated with i) a first RS set containing a first RS and
i) a second RS set containing a second RS,

the UE adjusts a first spatial Tx configuration based on the first RS,

the UE adjusts a second spatial Tx configuration based on the second RS,

the UE uses the first spatial Tx configuration for transmission of PUCCH,
and

the UE uses the second spatial Tx configuration for transmission of
PUSCH.

9. A method performed by a user equipment, UE (110), the method
comprising:

receiving (s1002) a message comprising configuration information, Cl,
indicating that a reference signal, RS, is quasi-co-located, QCL, with a
transmission, the transmission being a transmission of a PUSCH, PUCCH, or SRS
transmission;

Date Regue/Date Received 2022-07-28 66



P072933CA01 3,076,273

wherein one or more RS sets are associated with the Cl, and the RS
associated with the Cl is in at least one of the RS sets associated with the Cl and
the RSs in a RS set associated with the Cl contain UL RSs in addition to DL RSs;

and

adjusting (s1004) a spatial transmit, Tx, filter for transmission of one or
more UL signals using the DL or UL RSs associated with the CI.

10.The method of claim 9, wherein

the message is a layer 2 message comprising the CI; or

the message is a MAC-CE comprising the CI; or

the message is a Radio Resource Control, RRC, message comprising the
Cl; or

the message is a Downlink Control Information, DCI, message comprising
the Cl.

11. The method of claim 10, wherein the DC| message comprises the Cl
and one of: an UL grant scheduling a PUSCH and a DL grant scheduling a
PDSCH.

12. The method of claim 9, wherein

the Cl comprises a Transmission Configuration Indicator, TCI, and

the RS set(s) are associated with the TClI

wherein the TCI is an N-bit indicator being functionally identical to a QCL
reference indicator, QRI.

13. The method of any one of claims 9-12, wherein the UE is configured to
adjust the spatial Tx configuration such that the spatial configuration is reciprocal
to a spatial configuration associated with the RS that is associated with the
received CI.

14. The method of claim 13, wherein
the RS associated with the received Cl is a DL RS, and
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the UE is configured to adjust the spatial Tx configuration such that it is

reciprocal to a spatial Rx configuration associated with the DL RS.

15. The method of claim 13, wherein

the RS associated with the received Cl is an UL RS included in an RS set
associated with the CI, and

the UE is configured to adjust the spatial Tx configuration such that it is

reciprocal to a second spatial Tx configuration associated with the UL RS.

16. The method of any one of claims 9-15, wherein the transmission is a
PUSCH, PUCCH, or SRS transmission.

17. The method of claim 9, wherein

the received Cl is associated with i) a first RS set containing a first RS and
ii) a second RS set containing a second RS,

the UE adjusts a first spatial Tx configuration based on the first RS,

the UE adjusts a second spatial Tx configuration based on the second RS,

the UE uses the first spatial Tx configuration for transmission of PUCCH,
and

the UE uses the second spatial Tx configuration for transmission of
PUSCH.

18. A computer readable medium storing computer executable instructions

thereon that when executed by a computer perform the method steps according

to any one of claims 9-17.

68
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