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DESCRIPTION

TECHNICAL FIELD

[0001] Disclosed are embodiments for beam tracking process management in a system using
more than one (i.e., a plurality of) transmit beams.

BACKGROUND

[0002] The Third Generation Partnership Project (3GPP) has begun work on the development
and design of the next generation mobile communications system (the 5G mobile
communication system or simply "5G"). 5G will encompass an evolution of today's 4G networks
and the addition of a new, globally standardized radio access technology known as "New
Radio" (NR).

[0003] The large variety of requirements for NR implies that frequency bands at many different
carrier frequencies will be needed. For example, low bands will be needed to achieve sufficient
coverage and higher bands (e.g. mmW, such as near and above 30 GHz) will be needed to
reach the required capacity. At high frequencies the propagation properties are more
challenging and high order beamforming at the base station (e.g., eNB or gNB) will be required
to reach sufficient link budget. For example, narrow beam transmission and reception schemes
may be needed at higher frequencies to compensate for the high propagation loss. For a given
communication link, a beam can be applied at the transmission point (TRP) (i.e., a transmit
(TX) beam) and a beam can be applied at the user equipment (UE) (i.e., a receive (RX)
beam)).

[0004] NR will have a beam centric design, which means that the traditional cell concept is
relaxed and user equipments (UEs) (i.e., fixed or mobile wireless communication devices) will
in many cases be connected to and perform "handover” between narrow beams instead of
cells. Hence, 3GPP has agreed to study concepts for handling mobility between beams (both
within and between transmission points (TRPs)). As used herein, a TRP may include, for
example, a base station or a component of a base station. At higher frequencies, where high-
gain beamforming will be needed, each beam will likely be useful only within a small area (i.e.,
the beam's coverage area) and the link budget outside the coverage area will deteriorate
quickly. Hence, a frequent and fast beam switching method is needed to maintain high
performance.

[0005] 3GPP document "Key principles for beam management”, document R1-167466, 3GPP
TSGRAN WG1 Meeting #86, Goteborg, Sweden, August 22 - 26, 2016, discusses beam
management in terms of beamforming procedures like beam switching and beam tracking. The
beam management is considered as a L1/L2 procedure which aims to find and dynamically
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maintain the best TRP-UE beam pair for a UE.

[0006] US 2015/029966 A1 discloses a method for receiving a channel state information (CSI)-
reference signal (RS) from a wireless communication system by a user device, comprising
receiving resource configuration information on the CSI-RS, and receiving the CSI-RS on the
basis of the resource configuration information on the CSI-RS, wherein the resource
configuration information on the CSI-RS includes information on a cell specific-RS (CRS)
related to the CSI-RS, wherein the user device can assume that an antenna port related to
information on the CRS and an antenna port used for transmitting CSI-RS corresponding to the
resource configuration information on the CSI-RS are quasi co-located.

[0007] ISO/IEC/IEEE International Standard "Information Technology - Telecommunications
and information exchange between systems - Local and metropolitan area networks - Specific
requirements - Part 11: Wireless LAN medium access control (MAC) and physical layer (PHY)
specifications Amendment 3: Enhancements for very high throughput in the 60 GHz band
(adoption of IEEE Std 802.11ad-2012), specifies enhancements of the WLAN technology.
including DMG (directional multi-gigabit) beamforming and beam tracking in DMG
beamforming.

SUMMARY

[0008] The present invention provides a method performed by a TRP as defined in claim 1.
Further, the present invention provides a TRP as defined in claim 11. Further, the present
invention provides a method performed by a UE as defined in claim 13. Further, the present
invention provides a UE as defined in claim 25. The dependent claims define further
embodiments.

[0009] Some embodiments include a beam tracking process index, which can be included in a
channel state information reference signal (CSI-RS) configuration, that allows a UE to know
which CSI-RS configuration corresponds to which particular beam tracking process (and link),
and which is being used by the TRP and/or network. This has the advantage, for example, that
the UE can then automatically store the necessary parameters to use for each respective link
(e.g., active or monitored link).

[0010] Accordingly, in one aspect there is provided a first method performed by a TRP. In one
embodiment the first method includes transmitting, from the TRP to a UE, a first beam tracking
process index (BTPI) associated with a first link between the TRP and the UE. In some
embodiments, the first link between the TRP (102) and the UE (101) is an active link.

[0011] In some embodiments, the method further includes transmitting, from the TRP to the
UE, a second BTPI associated with a second link between the TRP and the UE. In some
embodiments, the second link between the TRP and the UE is a monitored link.
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[0012] In some embodiments, transmitting the first BTPI comprises transmitting a message
comprising the first BTPl and one or more channel state reference signal (CSI-RS)
configurations. In some embodiments, transmitting the second BTPI comprises transmitting a
second message comprising the second BTPI and one or more CSI-RS configurations.

[0013] In some embodiments, the method further includes transmitting, from the TRP to the
UE, a message comprising a CSI-RS configuration and the first BTPI associated with the first
link.

[0014] In some embodiments, transmitting the first BTPI to the UE comprises transmitting to
the UE control message for scheduling a PDSCH transmission, wherein the first BTPI is
included in the control message, and the method further comprises, prior to transmitting the
control message to the UE, transmitting to the UE a trigger message for triggering the UE to
perform reference signal, RS, measurements with respect to a set of one or more RS
resources.

[0015] In some embodiments, the trigger message is a report trigger message for triggering
the UE to transmit at least one measurement report after performing the RS measurements.

[0016] In some embodiments, the method further includes after transmitting the trigger
message to the UE and before transmitting the control message to the UE, transmitting to the
UE a message comprising the BTPI, wherein the BTPI is not included in the trigger message.

[0017] In another aspect there is provided a second method performed by a TRP. In one
embodiment the second method includes triggering a UE to perform reference signal (RS)
measurements with respect to a set of one or more RS resources. Triggering the UE to
perform the RS measurements comprises transmitting to the UE information comprising a
measurement indicator, MI, (which is another name for the BTPI and which is also known as a
Transmission Configuration Indicator (TCl)) indicating that the set of RS resources are spatially
quasi co-located, QCL, with an RS resource from a prior measurement.

[0018] In another aspect there is provided a third method performed by a TRP. In one
embodiment the third method includes triggering the UE to perform RS measurements with
respect to a set of one or more RS resources, wherein triggering the UE to perform the RS
measurements comprises transmitting to the UE information comprising an indicator (e.g., a
Measurement Indicator (Ml)), wherein i) the indicator is associated with a transmit spatial
filtering configuration (which may include one or more of beamforming weights, antenna
weights, precoding weights, precoding vector(s), etc.) that the TRP will use to transmit the set
of RS resources or ii) the TRP will associate the indicator with a transmit spatial filtering
configuration (which may include one or more of beamforming weights, antenna weights,
precoding weights, precoding vector(s), etc.) based on a report sent by the UE indicating one
or more preferred RS resources.

[0019] In another aspect there is provided a fourth method performed by a TRP. In one
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embodiment the fourth method includes transmitting to a UE a first message comprising a
certain indicator associated with a transmit spatial filtering configuration (which may include
one or more of beamforming weights, antenna weights, precoding weights, precoding
vector(s), etc.). After transmitting the first message to the UE, transmitting to the UE a control
message for scheduling a PDSCH transmission for the UE, wherein the certain indicator
associated with the transmit spatial filtering configuration is included in the control message.
And, after transmitting the control message, performing the PDSCH transmission using the
transmit spatial filtering configuration associated with the certain indicator.

[0020] In some embodiments, transmitting the control message comprises transmitting
Downlink Control Information, DCI, on a physical downlink control channel PDCCH, wherein the
DCl includes the certain indicator.

[0021] In another aspect there is provided a TRP that is configured to perform any one or
more of the steps described herein.

[0022] In another aspect there is provided a TRP that includes at least one processor and a
memory comprising instructions executable by the at least one processor, whereby the TRP is
configured to perform any one or more of the steps described herein.

[0023] In another aspect there is provided a TRP that includes a transmitting unit, configured
to transmit, from the TRP to the UE, a first beam tracking process index, BTPI, associated with
a first link between the TRP and the UE.

[0024] In another aspect there is provided a first method performed by a UE communicating
with a TRP. The first method includes receiving, at the UE from the TRP, a first beam tracking
process index, BTPI, associated with a first link between the TRP and the UE.

[0025] In some embodiments, the first link between the TRP and the UE is an active link.

[0026] In some embodiments the method further includes receiving, at the UE from the TRP, a
second BTPI associated with a second link between the TRP and the UE.

[0027] In some embodiments, the second link between the TRP and the UE is a monitored
link.

[0028] In some embodiments, the first BTPI is received in a message with one or more
channel state reference signal, CSI-RS, configurations for the first link and the second BTPI is

received in a message with one or more CSI-RS configurations for the second link.

[0029] In some embodiments the method further includes receiving, at the UE from the TRP, a
message comprising a CSI-RS configuration and the first BT Pl associated with the first link.

[0030] In some embodiments the method further includes determining a preferred CSI-RS



DK/EP 3696988 T3

configuration for the first link; and transmitting, from the UE to the TRP, an identification of the
preferred CSI-RS configuration for the first link.

[0031] In some embodiments the method further includes determining, based at least in part
on the one or more CSI-RS configurations for the first link, a set of one or more UE receive
beam parameters for the first link and storing, in a memory of the UE and together with the first
BTPI, the one or more UE receive beam parameters for the first link.

[0032] In some embodiments receiving the first BTPlI comprises receiving a control message
for scheduling a PDSCH transmission, wherein the first BTPI is included in the control
message. In some embodiments the method further includes, prior to receiving the control
message, receiving a trigger message for triggering the UE to perform reference signal, RS,
measurements with respect to a set of one or more RS resources. In some embodiments, the
trigger message is a report trigger message for triggering the UE to transmit at least one
measurement report after performing the RS measurements.

[0033] In some embodiments the trigger message comprises the first BTPI.

[0034] In some embodiments the method further includes, after receiving the trigger message
and before receiving the control message, receiving a message comprising the BTPI, wherein
the BTPI is not included in the trigger message.

[0035] In another aspect there is provided a second method performed by a UE
communicating with a TRP. The second method includes receiving a first message transmitted
by the TRP, the first message comprising a certain indicator. After receiving the first message,
receiving from the TRP a control message for scheduling a PDSCH transmission for the UE,
wherein the certain indicator is included in the control message. After receiving the control
message, using the certain indicator determining a spatial filtering configuration associated
with the certain indicator. And after determining the spatial filtering configuration, using the
spatial filtering configuration to receive the PDSCH transmission.

[0036] In another aspect there is provided a UE that is configured to perform any one or more
of the steps described herein.

[0037] In another aspect there is provided a IE that includes at least one processor and a
memory comprising instructions executable by the at least one processor, whereby the UE is
configured to perform any one or more of the steps described herein.

[0038] In another aspect there is provided a UE that includes a receiving unit, configured to
receive, at the UE from the TRP, a first beam tracking process index, BTPI, associated with an
first link between the TRP and the UE.

[0039] In another aspect there is provided a method performed by a TRP. In one embodiment
the method includes transmitting, from the TRP to the UE, a first beam tracking process index
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(BTPI) associated with an active link between the TRP and the UE. The method further
includes transmitting, from the TRP to the UE, a second BTPI associated with a monitored link
between the TRP and the UE. In certain aspects, the method further includes transmitting,
from the TRP to the UE, a message comprising a CSI-RS configuration and the first BTPI
associated with the active link, as well as transmitting a second message comprising a CSI-RS
configuration and the second BTPI associated with the monitored link. The method may also
include receiving, from the UE, a first identification of a transmit beam for the active link,
wherein the first identification is associated with the first BTPI. The method may also include
receiving, from the UE, a second identification of a transmit beam for the monitored link,
wherein the second identification is associated with the second BTPI. In some embodiments,
the identification may be of the preferred beams for the particular links. The identified transmit
beams may be used to transmit one or more of control information and data to the UE.

[0040] According to some embodiments, a reporting request may also be sent to the UE,
where the reporting request comprises a third beam index. In certain aspects, this index may
comprise an indicator (e.g., a flag) indicating that the UE should not change a beam associated
with a link between the TRP and the UE.

[0041] In another aspect, there is provided a method performed by a UE. In one embodiment
the method includes receiving, at the UE from the TRP, a first beam tracking process index
associated with an active link between the TRP and the UE, and a second BTPI associated
with a monitored link between the TRP and the UE. In some embodiments, the first BTPI is
received in a message with one or more CSI-RS configurations for the active link and the
second BTPI is received in a message with one or more CSI-RS configurations for the
monitored link. The UE may then determine, based at least in part on the one or more CSI-RS
configurations for the active link, a preferred transmit beam for the active link. Similarly, based
at least in part on the one or more CSI-RS configurations for the monitored link, a preferred
transmit beam for the monitored link may be determined. The method further includes
transmitting to the TRP an identification of the preferred transmit beams for the active and
monitored links. According to certain aspects, the UE will also determine, based at least in part
on the one or more CSI-RS configurations for the active link, a set of one or more UE receive
beam parameters for the active link, as well as determining, based at least in part on the one
or more CSI-RS configurations for the monitored link, a set of one or more UE receive beam
parameters for the monitored link. The receive beam parameters may be stored in a memory
of the UE together with the respective BTPIls. The method may also include accessing the
stored receive beam parameters to received, from the TRP, one or more of control information
and data on the preferred transmit beam(s) of the active and/or monitored link(s).

[0042] According to some embodiments, the UE receives from the TRP first and second
transmit beams associated with the beam tracking processes for the active link and the first
BTPI, where the first transmit beam is a best known transmit beam. The UE may then obtain
from memory (e.g., using the first BTPI), a first beam quality value associated with the first
transmit beam. The UE may then determine a second beam quality value for the second
transmit beam and compare the first and second beam quality values. Based on the result, the
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UE may then update one or more stored UE receive beam parameters.

[0043] In some embodiments, the UE receives a third beam index, wherein the third beam
index comprises an indicator (e.g., flag) indicating that the UE should not change a beam
associated with either the active or monitored link between the TRP and UE. The UE,
according to some aspects, will then perform a channel test based at least in part on the
received message, report the result of the channel test to the TRP, and do so without updating
UE receive beam parameters for either of the active or monitored links.

[0044] According to some embodiments, TRPs and UEs performing the foregoing methods are
also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate various embodiments.

FIGs. 1A, 1B and 1C illustrate the use of active and monitored TX beams for communications
between a TRP and a UE.

FIG. 2 is a signal diagram illustrating a processing according to some embodiments.
FIG. 3 is a signal diagram illustrating a processing according to some embodiments.
FIG. 4 is a flow chart illustrating a process according to some embodiments.

FIGs. 5A and 5B are flow charts illustrating processes according to some embodiments.
FIG. 6 is a block diagram of a UE according to some embodiments.

FIG. 7 is a block diagram of TRP according to some embodiments.

FIG. 8 shows an example setup for a configuration framework.

FIG. 9 is an example message flow diagram according to some embodiments.

DETAILED DESCRIPTION

[0046] To perform measurements of channel quality of a certain beam, a beamformed
reference signal may be used. Beamforming may include, for instance, transmitting the same
signal from multiple antenna elements of an antenna array with an amplitude and/or phase
shift applied to the signal for each of the antenna elements. These amplitude/phase shifts are
commonly denoted as the antenna weights and the collection of the antenna weights for each
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of the antennas is a precoding vector. Different precoding vectors give rise to a beamforming
of the transmitted signal and the weights can be controlled so that the signals are coherently
combining in a certain angle direction as seen from the antenna array, in which case it may be
the that a beam is formed in that "direction.” If the antennas of the array are placed in two
dimensions (i.e., in a plane), then the beam can be steered in both azimuth and elevation
directions with respect to the plane perpendicular to the antenna array.

[0047] Although the term beam is used herein, there are other precoding vectors that give a
transmission that is matched to the channel and which does not give a beam in a strict sense.
For instance, if the channel is known at the TRP, the precoding weight can be controlled so
that the signal strength is maximized the UE, instead of forming a beam to give the maximal
array gain in a certain direction. Matched channel precoding may be optimal for maximizing the
signal power at the receiver, but may require accurate channel information. In line of sight
channels however, the use of a beam is often near optimal. Though discussed with respect to
beams, the disclosures herein are presented without loss of generality.

[0048] In NR it is proposed that beam reference signals (BRS) or channel state information
reference signals (CSI-RS) are used as reference signals for beam management. As used
herein, CSI-RS may refer to the RS used for beam management without loss of generality. The
network (NW), NR base station (gNB) or another node may configure the UE with a CSI-RS
configuration by a control message, for instance, such as a radio resource control (RRC)
message. Each configuration can contain one or multiple CSI-RS resources. One or multiple
UEs may then perform measurements on these CSI-RS resources and report the result back
to the network.

[0049] By way of example, each CSI-RS resource may be transmitted in a different TRP
transmit (TX) beam. Each different TRP TX beam may have a different multi-antenna
precoding weight to form beams in different directions as seen from the TRP antenna array. In
this example, the UE can be configured to perform channel quality measurements (such as
reference signal received power (RSRP)) using the configured CSI-RS resources
corresponding to the different TRP TX beams, and it may further be configured to report back
these measurements to the NW. In this way it is possible, by using the measurement report(s),
for the NW to find a preferred TRP TX beam(s) for a given UE.

[0050] In a second example, each CSI-RS resource may be transmitted in the same TRP TX
beam. In this way, the UE can evaluate different UE RX beams for the used TRP TX beam, and
find a preferred UE receive (RX) beam for the particular TRP TX beam. A UE RX beam may be
understood, for instance, as a set of UE receiver antenna/array parameters. The repeated
transmission of the CSI-RS resource in the same beam, for instance, in different OFDM
symbols, is useful for example when analog receive beamforming is applied at the UE since
the UE can then switch RX beam between the OFDM symbols and evaluate the link quality.
According to some embodiments, the CSI-RS transmission can be either aperiodic (for
example event triggered) or transmitted in a semi-persistent/periodic manner. In cases where
the CSI-RS transmissions are transmitted in a semi-persistent/periodic manner also, the
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measurement reports can be configured in a semi-persistent/periodic manner.

[0051] Using the procedures described above, a UE can find a preferred TRP TX beam and
for that beam a preferred UE RX beam. This TX/RX beam pair is sometimes referred to as a
beam pair link (BPL). However, one problem with connecting UEs to narrow beams is that the
BPL could easily be deteriorated, for example, if an object gets in the way of the link and blocks
it. Due to what is often high penetration loss and poor diffraction properties at high frequencies,
a blocking object can lead to lost connection between the TRP and UE (so called a beam link
failure (BLF) or BPL failure (BPLF)), which might lead to dropped calls and bad user
experience.

[0052] One way to mitigate the problem of beam link failure is to use a second, monitored
(a.k.a., backup) transmit beam that can be used in case the first, active TX beam experiences
a BLF (e.g., is blocked). Hence, at least two TX beams may be used to connect with a UE. An
example of this is illustrated in FIGs. 1A, 1B and 1C. In FIG. 1A, there is shown a TRP 102
(e.g., a base station) using one active TX beam 181 for a UE 101 to transmit to the UE 101
control information and user data and further using one monitored (backup) TX beam 182 for
the UE 101. In FIG. 1B there is shown an object 199 that is blocking the active TX beam,
thereby causing the UE 101 to detect a BLF with respect to the active TX beam. To restore the
connection between the TRP 102 and the UE 101, the TRP 102 can use the monitored TX
beam as the active TX beam for the UE 101, as illustrated in FIG. 1C. According to certain
aspects, the purpose of the monitored link is thus to (1) discover new links that may better than
the active link; and (2) provide a backup link in case the active link is broken.

[0053] In the example of FIG. 1A, there is one UE RX beam associated with each TRP TX
beam (i.e., UE RX beam 191 is associated with TX beam 181 and UE RX beam 192 is
associated with TX beam 182), which is often the case if analog or hybrid receive beamforming
is used at the UE 101. In the case the UE 101 uses pure analog receive beamforming, the UE
101 can only tune its receive beam to one TRP transmit beam at a time, e.g. per OFDM
symbol. Likewise, if the TRP 102 uses analog transmit beamforming, only one beam can be
transmitted at a time, e.g. per OFDM symbol. Hence, there is a need to align the transmit
beam with the correct receive beam at a given time. For each of the TRP 102 TX beams, at a
given point in time, there is an "optimal" UE RX beam (i.e., parameters) associated with it,
among the set of possible UE RX beams.

[0054] If a network sets up a beam sweeping procedure for a beam tracking process using a
CSI-RS configuration, the UE 101 may not know which beam tracking process the CSI-RS
configuration belongs to. Therefore, it will not be possible for the UE 101 to associate the
preferred UE-RX beams with a beam tracking processes (or link). Accordingly, when the TRP
102 transmits data using a certain link, the UE 101 will not know which UE RX beam to use. As
such, embodiments include a beam tracking process index, which can be included in the CSI-
RS configuration, that allows the UE 101 to know which CSI-RS configuration corresponds to
which beam tracking process (and link). Also, an additional flag can be included, for instance in
the CSI-RS configuration or reporting request message, that indicates that the CSI-RS
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configuration and/or reporting request message is not related to any beam tracking processes.
This has the advantage, for example, that the UE 101 can automatically remember which UE
RX beam to use for each respective link (active or monitored). This will reduce the amount of
required overhead signaling, and thus, improve performance between the TRP 102 and UE. In
some aspects, the flag is a particular value of the BTPI.

[0055] One way to find and maintain the suitable TRP and UE beam for each link (active or
monitored) is to configure a separate beam tracking processes per link. A beam tracking
process can be defined at the NW and associated with a transmission of reference signals
(e.g. CSI-RS, BRS or similar) in different beams, which will be measured and reported back
from the UE 101. Hence, each beam tracking process can be updated using measurements
associated with the process. The aim of the measurements is to update and refine the TRP
102 TX beam and UE RX beam, often referred to as the beam pair link (BPL). Although the
disclosures herein are provided with respect to the downlink, the BPL can be used for the
uplink transmission as well, particularly where the UE 101 RX beam and UE TX beams are well
calibrated (same beam direction) and the same for TRP TX beam and TRP RX beams. That is,
the processes disclosed herein can be used to identify and manage the beams used for uplink
communications.

[0056] To minimize the beam management related control signaling between the TRP 102 and
the UE 101, certain aspects provide that the choice of TRP TX beam can be transparent to the
UE 101 and that the choice of UE RX beam can be transparent to the NW. That is, that the
exact details of the precoder weights is not known, or the angle of direction of beam
transmission, etc., used on transmitter side of the link is not known at the receiving side of the
link. Instead, an implicit or explicit identity of a certain CSI-RS transmission can be used (which
identity then is equivalent to a TX beam) and the NW and UE side can then refer to this identity
in beam tracking process.

[0057] In one solution for data transmission for a given beam tracking process, the UE 101
assumes that the used TRP TX beam is the TRP 102 TX beam corresponding to the beam
tracking process, unless the TRP 102 explicitly signals otherwise in a control message. To
enable this, the UE 101 associates and stores the preferred UE RX beam associated with the
best TRP TX beam for the active link as was reported from a previous CSI-RS configuration
measurement. A signaling diagram illustrating this process is shown in FIG. 2. This procedure
can be applied to a first beam process, for instance, the active BPL. If a second process, or
BPL, such as the monitored link is introduced, then the UE 101 must find a suitable UE RX
beam for the second link as well. This may introduce a problem with respect to how to
distinguish multiple links from the NW and the UE 101 side with efficient management and
without introducing additional signaling overhead. For a monitoring link, the UE 101 must
remember the best UE RX beam corresponding to the best TRP TX beam associated to the
beam tracking process for that monitoring link, which may be different from the UE 101 RX of
the active link. This may be important in the case that the TRP 102 decides to switch from the
current active link to the monitoring link - the UE 101 must know which UE RX beam to use
after the link switch otherwise the reception performance will be poor.
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[0058] Thus, according to some embodiments, an identifier associated with a beam tracking
process and/or CSI-RS measurement is introduced. Additionally, the UE 101 can store, for
each identifier, a preferred UE RX beam. According to some embodiments, the UE 101 may
further store the related link quality (such as RSRP or CQl), that is, when the preferred CSI-RS
resource (i.e. TRP TX beam) and UE RX beam is used. The measurement that has an
associated identifier may be an aperiodic triggered CSI-RS resource transmission of one or
multiple beams, for example. Alternatively, the CSI-RS resource transmissions for the one or
multiple beams may be pre-configured and periodically transmitted and the measurement and
trigger, which contains the identifier, is aperiodically triggered.

[0059] According to certain aspects, a measurement is tagged with an identifier that identifies
the beam tracking process (or beam pair link or TRP TX beam) it belongs to. This enables the
UE 101 to have information regarding which of the multiple beam pair links (such as active or
monitored) the currently performed configuration and/or measurement report is related to, and
which among the stored UE RX beams should be changed or updated based on the current
measurements. In one embodiment, the network/TRP and UE associates a beam tracking
process to each beam pair link and gives each beam tracking process a beam tracking
process index (BTPI). This BTPI is, for example, the tag/identifier. Whenever the network/TRP
sets up a CSI-RS configuration, or triggers a report for an already configured CSI-RS
configuration, the BTPI can be included in the message from the network/TRP to the UE 101.
According to some embodiments, the BTPlI may be included as a value in one or more
messages, such as a CSI-RS, or separately signaled to the UE 101 via a new message. In this
way, the UE 101 will know which beam tracking process (or, equivalently, the beam pair link)
the CSI-RS measurement configuration belongs to. According to certain aspects, the number
of links may be of a size such that only a few bits will be needed to signal the BTPI to the UE
101.

[0060] These procedures enable the UE 101 to store the information of the preferred UE RX
beam for a respective TRP TX beam/beam pair link/beam tracking process, which will reduce
the amount of required overhead signaling. The receive parameters for the preferred UE RX
beam may be stored with BTPI for subsequent access and receipt of control and data
information from the network/TRP. Additionally, because the UE 101 may also store the link
quality, the UE 101 can perform comparisons to find a better RX beam when measuring CSI-
RS resources tagged with a certain BTPI. The preferred beam may be updated such that it is
used in the future when the BTPI is signaled in a control message, e.g. when scheduling a
PDSCH message.

[0061] FIG. 3 is a signaling diagram that illustrates some embodiments. In this example, the
network/TRP sets up two different links, one active and one monitored, and associates each
link with a beam tracking process index.

[0062] As shown in the example of FIG. 3, the network and/or TRP may define an active link
and an associated BTPI, that is signaled to UE. Similarly, a monitored link and associated BTPI
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is defined and signaled to the UE 101. The network and/or TRP may then further define one or
more CSI-RS configurations for the active link, which includes the BTPI for that link. This may
then be transmitted to the UE 101. The UE 101 may then use the CSI-RS to evaluate the best
(preferred) transmit beam for the link, report the preferred link to the network/TRP, and store
the corresponding UE receive beam and the associated BTPI in its memory. Similarly, the
network and/or TRP may then further define one or more CSI-RS configurations for the
monitored link, which includes the BTPI for that link. This may then be transmitted to the UE
101. The UE 101 may then use the CSI-RS to evaluate the best (preferred) transmit beam for
the monitored link, report the preferred link to the network/TRP, and store the corresponding
UE receive beam and the associated BTPI in its memory. Based on this signaling: (1) the
network/TRP is notified of the preferred active and monitored link beams; (2) the UE 101 has
stored (and can subsequently access for receipt of data) optimal UE RX beams for each link;
and (3) the BTPI can be used to manage and control the generated information. For instance,
in the example of FIG. 3, the TRP 102 uses the best (preferred) TRP transmit beam signaled
from the UE 101 to transmit control and data signals to the UE 101 on the preferred beam of
the active link. The UE 101 can then use the appropriate UE RX beam (for instance, accessed
using the BTPI) to receive the signals from the TRP 102. When the TRP 102 switches
transmission to the monitored link, the UE 101 may access the appropriate UE RX beam (e.g.,
using the BTPI of the monitored link) for receipt of the signals. This may be done without the
need for additional signaling.

[0063] According to certain aspects, the network/TRP may want to evaluate candidate TRP TX
beams without changing the current beams associated with any of the active or monitored
links. In one embodiment, an additional flag (or bit) or state in the BTPI is included and
signaled together with the CSI-RS configuration, trigger of the report, or other message to the
UE 101. For example, the flag can be a "1" in the case it is related to an active or monitored
link, and a "0" if it is not related to any link. In this way, the meaning of the BTPI is expanded to
further control the actions of the UE 101. That is, the BTPI can be use the network/TRP to
obtain reports related to a given beam tracking process without disrupting the existing link.

[0064] According to certain aspects, the network/TRP transmits a set of at least two different
beams to be measured for a given beam tracking process (i.e. for a given BTPI). In some
embodiments, the transmission includes in the set the best known TRP TX beam for the given
tracking process. In this way, together with the procedures described above, it can be ensured
that the quality of any new beam is compared with the previously known best beam. If this
procedure is not used, then there is a risk that the UE 101 will change the preferred beam for
another that is worse than the previously known best TRP TX beam, or change the UE 101 RX
beam to a non-optimal set of parameters. In certain aspects, the UE 101 may store information
relating to the best beams, and access this information for comparison purposes. The
network/TRP does not necessarily need to include the best known TRP TX beam for the UE
101 where the UE 101 stores the quality measure (e.g. RSRP) of the previously reported best
link (best link quality BLQ). In some embodiments, the UE 101 compares the quality of each
measured link (CSI-RS resource and UE RX beam combination) for a given BPTI tag with BLQ
and updates the UE 101 RX beam only if the current best link quality is better (e.g. higher
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RSRP) than the BLQ. Further, the BLQ may be associated with a timer, so that if the after
some predefined or higher layer configured time, the BLQ is erased and a more recently
measured BLQ value is used instead.

[0065] Referring now to FIG. 4, FIG. 4 is a flow chart illustrating a process 400, according to
some embodiments, performed by a TRP in communication with a UE. According to certain
aspects, communications between the TPR and UE are wireless over the air interface, for
instance, according to NR radio access technology.

[0066] Process 400 may begin with step 402 in which the TRP 102 transmits to the UE 101 a
first beam tracking process index (BTPI) associated with an active link between the TRP 102
and the UE 101. According to certain aspects, the BTPI is used to identify a particular beam
tracking process, such as an active process or a monitored process. In some embodiments,
the BTPI is a multi-bit identifier. The BTIP may, for example, have a value for a first beam
tracking process, and a second value for a second beam tracking process. Further, the BTPI
may include a third value indicating that a particular transmission or operation (e.g.,
measurement) is not associated with any particular beam tracking process. Accordingly, the
BTPI may be understood as a "flag" and/or incorporate one or more bits acting as a flag. In
step 404, the TRP 102 transmits to the UE 101 a second beam tracking process index
associated with a monitored link between the TRP 102 and the UE 101. The active link may
refer, for instance, to the transmit beam of the TRP 102 and the receive beam of the UE 101
used for transmitting data, including control data, signaling information, and or payload data.
The monitored link may refer, for instance, to the transmit beam of the TRP 102 and the
receive beam of the UE 101 used as a backup and/or optional link for communications, as
needed.

[0067] In step 406, the TRP 102 transmits to the UE 101 a message comprising a CSI-RS
configuration and a first BTPI, which is associated with a particular link, such as the active link.
In step 408, the TRP 102 transmits to the UE 101 a message comprising a CSI-RS
configuration and a second BTPI, which is associated with a different link, such as the
monitored link. According to certain aspects, the reference signals used in steps 406 and 408
may be the same, or alternatively, may be adjusted according to the particular link. Further,
according to certain alternative embodiments, the initial transmission of the BTPI (steps 402
and 404) may comprise the transmission of one or more CSI-RS configurations, and as such,
steps 406 and 408 need not be repeated.

[0068] In step 410, the TRP 102 receives, from the UE 101, a first identification of a transmit
beam for the active link. According to some embodiments, the first identification is associated
with the first BTPI. The TRP 102 further receives from the UE 101 a second identification of a
transmit beam for the monitored link. According to some embodiments, the second
identification is associated with the second BTPI. The first and second beams are, for example,
preferred beams identified by the UE 101. The UE 101 may identify the preferred beams, for
instance, based on received signal quality measurements. In this manner, the BTPI can be
used to keep track of and identify the preferred beams associated with a particular beam
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tracking process, and utilize the best links without the need for additional signaling.

[0069] In step 412, the TRP 102 transmits to the UE 101, one or more one of control
information and data using at least one of the first and second identified transmit beams.
According to some embodiments, the TRP 102 may first transmit to the UE 101 on the active
link using the first identified transmit beam, and, for instance if there is a break in the link,
subsequently transmit on the monitored link using the second identified transmit beam.

[0070] In step 414, the TRP 102 transmits a reporting request to the UE 101, wherein the
reporting request comprises a third beam index. According to some embodiments, the third
beam index comprises an indicator indicating that the UE 101 should not change a beam
associated with a link between the TRP 102 and the UE 101. The indicator may be, for
example, a single bit or "flag" according to certain embodiments. According to some
embodiments, the indicator may be transmitted with one or more of the first or second BTPIs.

[0071] According to some embodiments, the first BTPI is associated with a beam tracking
process that comprises the use of at least two different transmit beams. Accordingly, the TRP
102 may transmit the beams, and according to certain aspects, at least one of the two different
transmit beams is a best known transmit beam for the particular tracking process. In some
aspects, the at least two different transmit beams are associated with a same BTPI value. The
TRP 102 may transmit the best known transmit beam with other beams to be evaluated by the
UE 101, such that the UE 101 may fully compare any new beams to the previously best known
beam.

[0072] Referring now to FIGs. 5A and 5B, these figures are flow charts illustrating one or more
processes 500, according to some embodiments, that are performed by the UE 101.

[0073] Process 500 may begin with step 502 in which a user equipment (UE) receives from a
transmission point (TRP), a first beam tracking process index (BTPI) associated with an active
link between the TRP 102 and the UE 101. In step 504, the UE 101 receives from the TRP 102
a second BTPI associated with a monitored link between the TRP 102 the UE 101. As set forth
with respect to FIG. 4, the active link may refer, for instance, to the transmit beam of the TRP
102 and the receive beam of the UE 101 used for transmitting data, including control data,
signaling information, and or payload data. The monitored link may refer, for instance, to the
transmit beam of the TRP 102 and the receive beam of the UE 101 used as a backup and/or
optional link for communications, as needed.

[0074] In step 506, the UE 101 receives from the TRP 102 a message comprising a CSI-RS
configuration and the first BTPI associated with the active link, and receiving, at the UE 101
from the TRP 102, a message comprising a CSI-RS configuration and the second BTPI
associated with the monitored link. According to certain alternative embodiments, the initial
transmission of the BTPI (steps 502 and 504) from the TRP 102 may comprise the
transmission of one or more CSI-RS configurations, and as such, step 506 may not need to be
repeated.
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[0075] In step 508, the UE 101 determines, based at least in part on one or more of the CSI-
RS configurations for the active link, a preferred transmit beam for the active link. The UE 101
may then transmit an identification of the preferred transmit beam for the active link. In step
510, the UE 101 determines, based at least in part on one or more CSI-RS configurations for
the monitored link, a preferred transmit beam for the monitored link. The UE 101 may then
transmit an identification of the preferred transmit beam for the monitored link. According to
certain embodiments, the preferred transmit beam(s) for the active and/or monitored links may
be identified using the BTPI.

[0076] In step 512, the UE 101 determines, based at least in part on the one or more CSI-RS
configurations for the active link, a set of one or more UE receive beam parameters (a.k.a.,
spatial filtering configuration) for the active link. The UE 101 receive beam parameters for the
active link are stored in a memory of the UE 101 together with the first BTPI. Similarly, in step
514, the UE 101 determines, based at least in part on the one or more CSI-RS configurations
for the monitored link, a set of one or more UE receive beam parameters for the monitored
link. The UE 101 receive beam parameters for the monitored link are stored in a memory of
the UE 101 together with the second BTPI. According to certain embodiments, the UE 101
receive beam parameters are the parameters used to properly receive the transmitted beam of
the link. The UE 101 receive beam parameters (i.e., spatial filtering configuration) may include,
for example, one or more antenna weights (e.g., amplitude and phase shift values) and/or
processing vectors. In certain aspects, the processing vectors may be used for combining
received signals from multiple receive antennas, including individual phase and/or amplitude
adjustment of each signal before combining or summation of the signals. The stored UE
receive beam parameters may be used for the receipt of information from the TRP 102 on the
particular links. For example, if data transmission switches from the active to the monitored
link, the UE 101 can access the UE 101 receive beam parameters for the monitored link
without the need for additional signaling with the TRP 102 to establish optimal parameters.

[0077] In step 516, the UE 101 accesses the stored UE receive beam parameters for the
active link. The parameters may be accessed, for instance, using the first BTPI. The UE 101
then receives from the TRP 102 one or more of control information and data on the preferred
transmit beam for the active link using the accessed UE receive beam parameters for the
active link. In step 518, for example, if there is a break in the active link, the UE 101 accesses
the stored UE receive beam parameters for the monitored link, for example, using the second
BTPI. The UE 101 may then receive from the TRP 102 one or more of control information and
data on the preferred transmit beam for the monitored link using the accessed UE receive
beam parameters for the monitored link.

[0078] According to some embodiments, and with respect to step 520, the UE 101 may receive
from the TRP 102 a message comprising a third beam index. As described with respect to the
operation of the TRP 102, the third beam index may comprise an indicator, or "flag," indicating
that the UE 101 should not change a beam associated with either the active or monitored link
between the TRP 102 and the UE 101. In step 522, the UE 101 performs a channel test based
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at least in part on the received message, and reports to the TRP 102 a result of the channel
test without updating UE receive beam parameters for either of the active or monitored links.
The channel test may be, for example, a measurement of one or more beams, such as a
beam quality measurement. The measurement may be, for example, a measurement of
reference signal received power (RSRP) for a given link or CQIl. According to some
embodiments, the UE 101 may store in memory values indicating the beam quality, and also,
may store in memory values indicating the beam quality of a best known transmit beam. These
values may be accessed and used in comparisons to determine whether to update the
identification of the best known transmit beam.

[0079] In certain embodiments, the UE 101 may update one or more UE receive beam
parameters, for instance, if the best known transmit beam changes. In step 524, the UE 101
receives from the TRP 102 at least one transmit beam associated with the beam tracking
processes for the active link and the first BTPl. The UE 101 then obtains from memory, for
instance using the first BTPI, beam quality information regarding a best known transmit beam.
The UE 101 may then compare at least one of the received transmit beams with the best
known transmit beam based at least in part on the obtained beam quality information. For
instance, the UE 101 may determine a beam quality value for at least one of the received
transmit beams and compare the value with a value for the best known transmit beam. In
some aspects, the value may be the result of a RSRP measurement or CQI. Depending on the
result of the comparison, the UE 101 may then update one or more stored UE receive
parameters. This process may also be applied on the monitored link. In some embodiments,
the TRP 102 may transmit the best known beam along with one or more other beams, and as
such, the UE 101 may compare the other beams directly with the best known beam. In some
embodiments, the TRP 102 may always transmit the best known beam.

[0080] FIG. 6 is a block diagram of the UE 101 according to some embodiments. As shown in
FIG. 6, the UE may comprise: a data processing system (DPS) 602, which may include one or
more processors 655 (e.g., a general purpose microprocessor and/or one or more other
processors, such as an application specific integrated circuit (ASIC), field-programmable gate
arrays (FPGAs), and the like); a radio transmitter 605 and a radio receiver 606 coupled to an
antenna 622 for use in wirelessly communicating with a radio access network (RAN) node
(e.g., a TRP); and local storage unit (a.k.a., "data storage system") 608, which may include
one or more non-volatile storage devices and/or one or more volatile storage devices (e.g.,
random access memory (RAM)). In embodiments where the UE includes a general purpose
microprocessor, a computer program product (CPP) 641 may be provided. CPP 641 includes a
computer readable medium (CRM) 642 storing a computer program (CP) 643 comprising
computer readable instructions (CRI) 644. CRM 642 may be a non-transitory computer
readable medium, such as, but not limited, to magnetic media (e.g., a hard disk), optical media
(e.g., a DVD), memory devices (e.g., random access memory), and the like. In some
embodiments, the CRI 644 of computer program 643 is configured such that when executed
by data processing system 602, the CRI causes the UE to perform steps described above
(e.g., steps described above with reference to the flow charts). In other embodiments, the UE
may be configured to perform steps described herein without the need for code. That is, for
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example, data processing system 602 may consist merely of one or more ASICs. Hence, the
features of the embodiments described herein may be implemented in hardware and/or
software.

[0081] FIG. 7 is a block diagram of the TRP 102 according to some embodiments. As shown in
FIG. 7, the TRP may comprise: a data processing system (DPS) 702, which may include one
or more processors 755 (e.g., a general purpose microprocessor and/or one or more other
processors, such as an application specific integrated circuit (ASIC), field-programmable gate
arrays (FPGAs), and the like); a radio transmitter 705 and a radio receiver 706 coupled to an
antenna 722 for use in wirelessly communicating with a UE; and local storage unit (a.k.a., "data
storage system") 708, which may include one or more non-volatile storage devices and/or one
or more volatile storage devices (e.g., random access memory (RAM)). In embodiments where
the TRP includes a general purpose microprocessor, a computer program product (CPP) 741
may be provided. CPP 741 includes a computer readable medium (CRM) 742 storing a
computer program (CP) 743 comprising computer readable instructions (CRI) 744. CRM 742
may be a non-transitory computer readable medium, such as, but not limited, to magnetic
media (e.g., a hard disk), optical media (e.g., a DVD), memory devices (e.g., random access
memory), and the like. In some embodiments, the CRI 744 of computer program 743 is
configured such that when executed by data processing system 702, the CRI causes the TRP
to perform steps described above (e.g., steps described above with reference to the flow
charts). In other embodiments, the TRP may be configured to perform steps described herein
without the need for code. That is, for example, data processing system 702 may consist
merely of one or more ASICs. Hence, the features of the embodiments described herein may
be implemented in hardware and/or software.

Additional Disclosure:

[0082] The text that follows is the material from the appendix filed with U.S. Provisional
Application No. 62/520,078, filed on June 15, 2017, to which this application claims priority:
Title: On DL beam indication Agenda Item: 5.1.2.2.1 Document for: Discussion and Decision 1
INTRODUCTION In prior meetings, the following agreements have been made related to
handling of multiple beam pair links (BPLs) and beam-related indication:

Agreement 1:

* NR-PDCCH transmission supports robustness against beam pair link
blocking

- UE can be configured to
monitor NR-PDCCH on M
beam pair links
simultaneously, where

* M=1. Maximum value of M may
depend at least on UE capability.

* FFS: UE may choose at least one
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Agreement 1:

beam out of M for NR-PDCCH
reception

- UE can be configured to monitor NR-PDCCH on different beam
pair link(s) in different NR-PDCCH OFDM symbols

Agreement 2:

+ Aim for low-overhead indication for spatial QCL assumption to assist UE-side
beamforming/receiving

- FFS details (e.g., tag-based where the tag refers to previous
CSI-RS resources, BPL-based, referring to previous measurement
reports, indication one resource (set) out of multiple resource
(set)s configured by RRC, CSI-RS resource/port index based,
etc.)

Agreement 3:

* Indication of QCL between the antenna ports of two CSI-RS resources is
supported.

- By default, no QCL should be assumed between antenna ports
of two CSI-RS resources.

- Partial QCL parameters (e.g., only spatial QCL parameter at UE
side) should be considered.

* For downlink, NR supports CSI-RS reception with and without beam-related
indication,

- When beam-related indication is provided, information pertaining
to UE-side beamforming/receiving procedure used for CSI-RS-
based measurement can be indicated through QCL to UE

- QCL information includes spatial parameter(s) for UE side
reception of CSI-RS ports

« FFS: information other than QCL

Agreement 4.

« For reception of unicast DL data channel, support indication of spatial QCL
assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL
data channel: Information indicating the RS antenna port(s) is indicated via
DCI (downlink grants)

- The information indicates the RS antenna port(s) which is QCL-
ed with DMRS antenna port(s)

* FFS: Indication details

« E.g. explicit
indication of RS
port/resource ID, or
implicitly derived
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Agreement 1:
Agreement 5:

» Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE

signalling
- Note that MAC-CE is not always needed
- FFS: necessity of DCI signalling
- Note: For example, DL RS QCLed with DMRS of PDCCH for
delay spread, Doppler spread, Doppler shift, and average delay
parameters, spatial parameters

2 DISCUSSION

[0083] As discussed in a previous contribution [1], beam management can consist of a
baseline procedure in which a single beam-pair link (BPL) is established, e.g., for short packet
data sessions. For longer data sessions, an extended procedure may be invoked in which
multiple BPLs are established. This can be beneficial, for example, to achieve PDCCH
robustness whereby the gNB can transmit PDCCH on multiple BPLs simultaneously or in TDM
fashion (see Agreement #1 above). Another example is the use of multiple BPLs for achieving
high rank PDSCH transmission in multi-panel/multi-TRP deployments. In scenarios where
multiple BPLs are established, some form of beam-related indication is needed to provide
assistance to the UE in setting its Rx spatial filtering configuration(s) (which includes one or
more of beamforming weights, antenna weights, precoding weights, precoding vector(s), etc.)
to receive PDSCH/PDCCH [2]. This is particularly important in the context of analog
beamforming, for example, where the UE must apply the beamforming weights before it can
receive the data and/or control signals. The beamforming weights are typically determined in
one or more prior beam management measurement procedures based on CSI-RS.

2.1 Measurement Indicator (MI) definition

[0084] While there have been several agreements made that include the term BPL, the term
itself has not been formally defined. In a prior meeting, a proposal was made in a WF as
follows [1]:

A BPL is defined by a UE or gNB measurement (e.g. RSRPICSI) on a reference signal (e.g.
CSI-RS, SS, SRS) transmitted/received according to a TXIRX spatial filtering configuration

[0085] Despite multiple agreements containing the BPL term, there seems to be some
resistance in RAN1 to the use of this wording. In our view the term itself is still useful for
discussion purposes, even if it does not appear explicitly in specifications. To potentially
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alleviate some of the concerns, here we propose a more general term that we believe captures
the key aspects that are needed for beam-related indication.

[0086] We observe that the key aspects are that the UE performs measurements on a set of
DL reference signal resources and provides a measurement report indicating one or more
preferred resources. Some form of indicator is then needed to refer back to the measurement
and/or report when beam indication is used to assist UE-side beamforming for reception of
PDSCH/PDCCH as well as to update/refine a particular BPL. Based on this observation we
propose the following definition of a Measurement Indicator (MI):

Proposal 1

For beam management, a measurement indicator (MI) is supported in NR to enable
reference to the following two items together: (1) UE or gNB measurement(s) (e.g.,
RSRP, CSI) on one or more reference signal resources (e.g., CSI-RS, SS, SRS)
transmitted/received in one or more prior slots according to one or more spatial filtering
configurations; and (2) an associated measurement report containing one or more
indictors to the preferred reference signal resource(s), e.g., CRI, SRI, implicit indicator of
an SS block. FFS: detailed format of M.

Alternative proposal:

[0087] For beam management, a measurement indicator (Ml) (a.k.a., BTPI or TCl) is
supported to enable reference to the spatial QCL properties of a previously received CSI-RS.

2.2 Maintenance of Multiple BPLs

[0088] During a given DL beam management procedure based on CSI-RS, a UE performs
measurements on a set of beamformed CSI-RS resources, where the beamforming may be
configured, for example, to sweep across a portion of the TRP coverage area. For a P2
procedure, the UE reports an index or identifier (CRI) corresponding to one or more preferred
CSI-RS resources, as well as the corresponding measurement(s), e.g., RSRP or CSI
parameters CQI, RI, PMI. The reported CRI(s) indicate the preferred gNB Tx beam(s) as seen
from the UE perspective. For a P3 or joint P2/P3 procedure, the UE may also adapt its Rx
spatial filtering configuration (beamforming weights) to find a preferred UE Rx beam
corresponding to each one of the preferred gNB Tx beam(s).

[0089] Configuration of measurement and reporting for beam management is handled in the
agreed CSl/beam management framework. For discussion purposes, FIG. 8 shows an
example setup for the configuration framework consisting of 3 different report settings
corresponding to P2 and P3 procedures based on reporting of either RSRP or CSI. At any
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given time, the measurements are performed using one of 3 different resource sets defined
within the resource setting. The various settings and sets are configured using RRC. Then, as
agreed in the framework, report settings and resource sets are dynamically selected. For
example, FIG. 8 shows Report Setting 1 being dynamically selected corresponding to an
aperiodic P2 beam sweep in which the UE reports RSRP and one or more CRIs. In tandem,
Resource Set 1 within Resource Setting 1 is dynamically selected and contains 8 CSI-RS
resources for the P2 beam sweep.

[0090] The above framework may be used to establish and maintain multiple BPLs by
triggering measurements and reports associated with each BPL separately, and appropriately
keeping track of the preferred spatial filtering configurations associated with each BPL. For
keeping track, the notion of measurement indicator (Ml) is useful, where different values of the
M| are associated with different BPLs. As we discuss below, each time a measurement is
triggered on a set of CSI-RS resources for a particular BPL, MI is included in the triggering
message. Since the number of maintained BPLs is likely to be fairly small, Ml can be defined
with low overhead, e.g., 2 bits, allowing for maintenance of up to 4 BPLs. Due to the low
overhead, it is practical to include MI in DCI which can be the same DCI used for triggering at
least aperiodic CSI measurement and reporting. Using MI for periodic CSI measurement and
reporting is FFS.

[0091] When maintaining multiple BPLs, each time a measurement and report is triggered by
the gNB, the gNB should associate a certain Ml with the Tx spatial filtering configuration (Tx
beam) corresponding to the CRI of the preferred CSI-RS resource reported by the UE. In
addition, the UE should associate a certain M| with the Rx spatial filtering configuration (Rx
beam) associated with the preferred CSI-RS resource. In this way, in the future, if the same MI
is indicated to the UE in a scheduling DCI, it can retrieve the Rx spatial filtering configuration
that it used to receive the previously transmitted CSI-RS resource from its memory. This
indication can assist with UE-side beamforming to effectively receive another DL signal, i.e.,
PDSCH, PDCCH, or another set of CSI-RSs. Note that no absolute beam indices are required;
MI functions as a relative reference to Tx and Rx beams.

[0092] In the case of a P2 beam sweep with M| = b, the gNB triggers measurement on a set of
CSI-RS resources that are each beamformed differently. In this procedure, the UE holds its Rx
beam constant while evaluating the multiple gNB Tx beams. In this case, the UE can look-up
from memory what Rx spatial filtering configuration (Rx beam) is currently associated with Ml =
b. Since the UE should hold its Rx beam constant for P2, it may use the Rx beam retrieved
from memory to receive the new set of CSI-RS resources. Essentially, the UE can assume that
the new CSI-RS resources are spatially QCL with the preferred CSI-RS resource from the
previous measurement and report corresponding to Ml = b. As mentioned previously, to
support up to 4 BPLs (b E {0,1,2,3}), only 2 bits are needed in the DCI message. This uniquely
indicates the preferred CSI-RS resource transmitted the last time an update of the BPL
associated with MI = b was updated.

[0093] Before the gNB schedules the P2 beam sweep, it can also look up from memory what
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Tx spatial filtering configuration (Tx beam) was associated with the UE reported CRI the last
time the BPL associated with Ml = b was updated. This can be useful, for example, to ensure
that the current "best" Tx beam is included in the P2 beam sweep to be used as a comparison
in case new, better beams are found. This is important if the UE measures and reports an
absolute quantity such as RSRP.

[0094] In the case of a P3 beam sweep with MI = b, the gNB triggers a measurement on a set
of one or more CSI-RS resources for which the gNB holds its Tx spatial filtering configuration
(Tx beam) fixed. The Tx beam is the one already associated with MI = b. In this case, the UE
needs to be informed in some manner that the gNB holds its Tx beam constant, thus allowing
the UE to vary its Rx beam. Essentially, the UE cannotthat the new CSI-RS resource(s) are
spatially QCL with the preferred CSI-RS resource from the previous measurement and report
corresponding to MI = b. This could be done, for example, through a separate [1 bit] flag to
inform the UE whether or not this is a P3 beam sweep. It is FFS whether this flag should be
signalled to the UE dynamically or configured through higher layers, e.g., within the report or
resource setting corresponding to the P3 beam sweep (see FIG. 8). Either way, the UE should
not assume that the new CSI-RS resources are spatially QCL with the preferred CSI-RS
resource from the previous measurement and report corresponding to MI = b. If a new
preferred Rx beam is found, the UE should update the Rx spatial filtering configuration
associated with Ml = b. Since the Tx beam remains fixed, there is no need for the gNB to
associate an updated Tx spatial filtering configuration with MI = b, nor is there a need for the
UE to report CRI. However, it is still beneficial for the UE to report the other CSI components
(CQl, PMI, RI) to support link adaptation.

Proposal 2
NR supports dynamic indication of a measurement indicator (M) in DCI when triggering
measurement and reporting on a set of CSI-RS resources used for beam management
purposes. The Ml is a message field with length [2] bits.

[0095] This proposal enables beam management procedures to establish and maintain
multiple BPLs between the gNB and a UE. In line with Agreements #2 and 3, signalling of the
measurement indicator (MI) serves as a low overhead, beam-related indication approach to
aid reception of CSI-RS. Implicitly it indicates QCL relationships between a set of current CSI-
RSs and previously reported preferred CSI-RSs associated with each BPL.

2.3 Beam Indication for PDSCH

[0096] In a multi-BPL scenario, some form of beam-related indication is required to provide
assistance to the UE in setting its Rx spatial filtering configuration to receive PDSCH. As stated
in Agreement #4 above, the assistance to the UE is in the form of a spatial QCL assumption
between PDSCH DMRS antenna port(s) and DL RS antenna port(s). For beam management
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based on CSI-RS, the DL RS in question is naturally CSI-RS, specifically a preferred CSI-RS
resource that was measured and reported previously for a particular BPL.

[0097] Providing this assistance to the UE can be handled in a very simple and natural way by
including the MI value in the scheduling DCI. To illustrate such operation, FIG. 9 expands on
FIG. 8, where an example sequence of measurements is shown based on dynamically
selecting different measurement reports from the framework. P2 and P3 beam sweeps

corresponding to a 15t BPL indicated by MI = 1 are performed sequentially (green), followed by

sequential P2 and P3 beam sweeps corresponding to a 2" BPL indicated by M| = 2 (red). DL
data is then scheduled for the UE with beam-related indication after the sequence of
measurements is performed. In this example, scheduling DCI includes a field indicating MI = 1.
After receiving this MI, the UE may assume that the PDSCH DMRS is spatially QCL with the
preferred CSI-RS resource(s) in the most recent measurement, where the trigger included MI
= 1. This means that the UE is able to receive the PDSCH using the same Rx spatial filtering
configuration(s) as it used to receive the preferred CSI-RS resource in the most recent
measurement corresponding to Ml = 1. In this sense, the Ml may be viewed as a QCL proxy.

Proposal 3
NR supports beam-related indication for PDSCH transmission by including a
measurement indicator (MI) in the scheduling DCI. The MI is a message field with length
[2] bits.

Proposal 4
If the scheduling DCI contains a measurement indicator (MI), the UE may assume that
the PDSCH DMRS is spatially QCL with the preferred CSI-RS resource from the most
recent measurement associated with the measurement indicator.

2.4 Beam Indication for PDCCH

[0098] Agreement #5 above states that configuration of QCL for UE specific PDCCH is by RRC
and MAC-CE signalling, and that MAC-CE is not always needed. Furthermore, it is FFS
whether or not DCI signalling is needed. Here we argue that RRC alone may be sufficient.

[0099] As discussed in the previous section for PDSCH, each time the UE performs
measurements associated with a certain Ml value, it reports the preferred CRI(s) and updates
the preferred UE spatial Rx filtering configuration(s) (e.g., analog Rx beam(s)) corresponding
to the signalled MI value. In this way, the UE is prepared to select a receiver configuration for
receiving PDSCH at a later point in time when beam-related indication based on the MI is
signalled.

[0100] In the case of PDCCH, a similar reporting/update procedure may be used, except that
dynamic (e.g., DCI or MAC-CE) beam-related indication may not needed, nor is it always
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feasible. With analog beamforming, the UE must apply its Rx beamforming weights in advance
of receiving a signal. In the case of receiving a control signal, the UE cannot rely on the control
signal itself for assistance in beamforming: this is a chicken-and-egg problem.

[0101] Instead, we propose to associate PDCCH with at least one value of the measurement
indicator, i.e., to at least one BPL, for the purposes of PDCCH monitoring. The MI value that
the UE shall assume for receiving PDCCH is configured by higher layers (RRC). Alternatively, it
could be written into the specifications that in the case of PDCCH monitoring of only a single
BPL, that Ml = 1 is always assumed. In this way, when the UE receives the PDCCH scheduling
the PDSCH shown in FIG. 9, it can assume that the PDCCH DMRS is spatially QCL with the
preferred CSI-RS resource in the most recent report corresponding to Ml = 1.

[0102] Note that PDCCH need not be associated with a single Ml value. According to
Agreement #1 above, M BPLs can be configured for PDCCH monitoring, either simultaneously
or in a TDM fashion. In this case, the UE can be configured with M different MI values.
Moreover, the Ml values to which PDCCH is associated may be the same or different than the
ones dynamically indicated for PDSCH reception. Different BPLs for PDCCH may be
maintained, for example, if wider beam widths are used for PDCCH requiring fewer resources
in a beam sweep. Alternatively, the beam sweeps for PDCCH may be performed within a
different time domain granularity compared to PDSCH, thus motivating the use of different
BPLs.

Proposal 5
Indication of the QCL assumption for reception of UE-specific PDCCH may be achieved
by associating UE-specific PDCCH with one or more measurement indicators (M) by
RRC configuration alone, i.e., without dynamic indication (MAC-CE or DCI).

Proposal 6
For reception of PDCCH, the UE may assume that the PDCCH DMRS is spatially QCL
with the preferred CSI-RS resource(s) from the most recent measurement report(s)
associated with the configured measurement indicator(s).

2.5 Beam Indication for Beam Group Reporting

[0103] While much of the description in this contribution has focused on measurement and
reporting on different beam pair links (BPLs) separately, the basic approach could also be
extended to support beam group reporting in which measurements are performed on one or
more sets of CSI-RS resources and multiple CRIs are included in a CSI reports. The multiple
CRIs are grouped according to what gNB Tx beam(s) may be received simultaneously by the
UE in a hypothetical high rank transmission. Since the proposed measurement indicator is
general in the sense that it refers to a measurement on resources and reporting of preferred
resources, it can equally well represent a group of Tx beam(s). However, some details still
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need further study. For example, if the more groups are reported than actually used by the
gNB, additional signalling on top of Ml may be required. Since the gains of such reporting,
especially considering additional overhead are not clear, we propose the following as a first
step.

Proposal 7
For beam management, NR supports dynamic signalling of a measurement indicator
(MI) for the purposes of beam-related indication at least for the case where beam group
reporting is not configured. FFS: beam-related indication for beam group reporting.

3 CONCLUSIONS

[0104] Based on the discussion in this contribution we propose the following:

+Proposal 1
For beam management, a measurement indicator (MI) is supported in NR to enable
reference to the following two items together: (1) UE or gNB measurement(s) (e.g.,
RSRP, CSI) on one or more reference signal resources (e.g., CSI-RS, SS, SRS)
transmitted/received in one or more prior slots according to one or more spatial filtering
configurations; and (2) an associated measurement report containing one or more
indictors to the preferred reference signal resource(s), e.g., CRI, SRI, implicit indicator of
an SS block. FFS: detailed format of M.

Proposal 2
NR supports dynamic indication of a measurement indicator (M) in DCI when triggering
measurement and reporting on a set of CSI-RS resources used for beam management
purposes. The Ml can be in the form of a message field with length [2] bits.

Proposal 3
NR supports beam-related indication for PDSCH transmission by including a
measurement indicator (MI) in the scheduling DCI. The MI can be in the form of a
message field with length [2] bits.

Proposal 4
If the scheduling DCI contains a measurement indicator (MI), the UE may assume that
the PDSCH DMRS is spatially QCL with the preferred CSI-RS resource from the most
recent measurement report associated with the measurement indicator.

Proposal 5
Indication of the QCL assumption for reception of UE-specific PDCCH may be achieved
by associating UE-specific PDCCH with one or more measurement indicators (M) by
RRC configuration alone, i.e., without dynamic indication (MAC-CE or DCI).

Proposal 6
For reception of PDCCH, the UE may assume that the PDCCH DMRS is spatially QCL
with the preferred CSI-RS resource(s) from the most recent measurement report(s)
associated with the configured measurement indicator(s).
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Proposal 7
For beam management, NR supports dynamic signalling of a measurement indicator
(MI) for the purposes of beam-related indication at least for the case where beam group
reporting is not configured. FFS: beam-related indication for beam group reporting.
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2.3 Beam Indication for PDSCH

[0107] In a multi-BPL scenario, some form of beam-related indication is required to provide
assistance to the UE in setting its Rx spatial filtering configuration to receive PDSCH. As stated
in Agreement #4 above, the assistance to the UE is in the form of a spatial QCL assumption
between PDSCH DMRS antenna port(s) and DL RS antenna port(s). For beam management
based on CSI-RS, the DL RS in question is naturally CSI-RS, specifically a preferred CSI-RS
resource that was measured and reported previously for a particular BPL.

[0108] Providing this assistance to the UE can be handled in a very simple and natural way by
including the MI value in the scheduling DCI. To illustrate such operation, FIG. 9 expands on
FIG. 8, where an example sequence of measurements is shown based on dynamically
selecting different measurement reports from the framework. P2 and P3 beam sweeps

corresponding to a 15t BPL indicated by MI = 1 are performed sequentially (green), followed by

sequential P2 and P3 beam sweeps corresponding to a 2" BPL indicated by M| = 2 (red). DL
data is then scheduled for the UE with beam-related indication after the sequence of
measurements is performed. In this example, scheduling DCI includes a field indicating MI = 1.
After receiving this MI, the UE may assume that the PDSCH DMRS is spatially QCL with the
preferred CSI-RS resource(s) in the most recent measurement, where the trigger included MI
= 1. This means that the UE is able to receive the PDSCH using the same Rx spatial filtering
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configuration(s) as it used to receive the preferred CSI-RS resource in the most recent
measurement corresponding to Ml = 1. In this sense, the Ml may be viewed as a QCL proxy.

Proposal 3
NR supports beam-related indication for PDSCH transmission by including a
measurement indicator (MI) in the scheduling DCI. The MI is a message field with length
[2] bits.

Proposal 4
If the scheduling DCI contains a measurement indicator (MI), the UE may assume that
the PDSCH DMRS is spatially QCL with the preferred CSI-RS resource from the most
recent measurement associated with the measurement indicator.

2.4 Beam Indication for PDCCH

[0109] Agreement #5 above states that configuration of QCL for UE specific PDCCH is by RRC
and MAC-CE signalling, and that MAC-CE is not always needed. Furthermore, it is FFS
whether or not DCI signalling is needed. Here we argue that RRC alone may be sufficient.

[0110] As discussed in the previous section for PDSCH, each time the UE performs
measurements associated with a certain Ml value, it reports the preferred CRI(s) and updates
the preferred UE spatial Rx filtering configuration(s) (e.g., analog Rx beam(s)) corresponding
to the signalled MI value. In this way, the UE is prepared to select a receiver configuration for
receiving PDSCH at a later point in time when beam-related indication based on the MI is
signalled.

[0111] In the case of PDCCH, a similar reporting/update procedure may be used, except that
dynamic (e.g., DCI or MAC-CE) beam-related indication may not needed, nor is it always
feasible. With analog beamforming, the UE must apply its Rx beamforming weights in advance
of receiving a signal. In the case of receiving a control signal, the UE cannot rely on the control
signal itself for assistance in beamforming: this is a chicken-and-egg problem.

[0112] Instead, we propose to associate PDCCH with at least one value of the measurement
indicator, i.e., to at least one BPL, for the purposes of PDCCH monitoring. The MI value that
the UE shall assume for receiving PDCCH is configured by higher layers (RRC). Alternatively, it
could be written into the specifications that in the case of PDCCH monitoring of only a single
BPL, that Ml = 1 is always assumed. In this way, when the UE receives the PDCCH scheduling
the PDSCH shown in FIG. 9, it can assume that the PDCCH DMRS is spatially QCL with the
preferred CSI-RS resource in the most recent report corresponding to Ml = 1.

[0113] Note that PDCCH need not be associated with a single MI value. According to
Agreement #1 above, M BPLs can be configured for PDCCH monitoring, either simultaneously
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or in a TDM fashion. In this case, the UE can be configured with M different MI values.
Moreover, the Ml values to which PDCCH is associated may be the same or different than the
ones dynamically indicated for PDSCH reception. Different BPLs for PDCCH may be
maintained, for example, if wider beam widths are used for PDCCH requiring fewer resources
in a beam sweep. Alternatively, the beam sweeps for PDCCH may be performed within a
different time domain granularity compared to PDSCH, thus motivating the use of different
BPLs.

Proposal 5
Indication of the QCL assumption for reception of UE-specific PDCCH may be achieved
by associating UE-specific PDCCH with one or more measurement indicators (M) by
RRC configuration alone, i.e., without dynamic indication (MAC-CE or DCI).

Proposal 6
For reception of PDCCH, the UE may assume that the PDCCH DMRS is spatially QCL
with the preferred CSI-RS resource(s) from the most recent measurement report(s)
associated with the configured measurement indicator(s).

2.5 Beam Indication for Beam Group Reporting

[0114] While much of the description in this contribution has focused on measurement and
reporting on different beam pair links (BPLs) separately, the basic approach could also be
extended to support beam group reporting in which measurements are performed on one or
more sets of CSI-RS resources and multiple CRIs are included in a CSI reports. The multiple
CRIs are grouped according to what gNB Tx beam(s) may be received simultaneously by the
UE in a hypothetical high rank transmission. Since the proposed measurement indicator is
general in the sense that it refers to a measurement on resources and reporting of preferred
resources, it can equally well represent a group of Tx beam(s). However, some details still
need further study. For example, if the more groups are reported than actually used by the
gNB, additional signalling on top of Ml may be required. Since the gains of such reporting,
especially considering additional overhead are not clear, we propose the following as a first
step.

Proposal 7
For beam management, NR supports dynamic signalling of a measurement indicator
(MI) for the purposes of beam-related indication at least for the case where beam group
reporting is not configured. FFS: beam-related indication for beam group reporting.

3 CONCLUSIONS
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[0115] Based on the discussion in this contribution we propose the following:

Proposal 1
For beam management, a measurement indicator (MI) is supported in NR to enable
reference to the following two items together: (1) UE or gNB measurement(s) (e.g.,
RSRP, CSI) on one or more reference signal resources (e.g., CSI-RS, SS, SRS)
transmitted/received in one or more prior slots according to one or more spatial filtering
configurations; and (2) an associated measurement report containing one or more
indictors to the preferred reference signal resource(s), e.g., CRI, SRI, implicit indicator of
an SS block. FFS: detailed format of M.

Proposal 2
NR supports dynamic indication of a measurement indicator (M) in DCI when triggering
measurement and reporting on a set of CSI-RS resources used for beam management
purposes. The Ml can be in the form of a message field with length [2] bits.

Proposal 3
NR supports beam-related indication for PDSCH transmission by including a
measurement indicator (MI) in the scheduling DCI. The MI can be in the form of a
message field with length [2] bits.

Proposal 4
If the scheduling DCI contains a measurement indicator (MI), the UE may assume that
the PDSCH DMRS is spatially QCL with the preferred CSI-RS resource from the most
recent measurement report associated with the measurement indicator.

Proposal 5
Indication of the QCL assumption for reception of UE-specific PDCCH may be achieved
by associating UE-specific PDCCH with one or more measurement indicators (M) by
RRC configuration alone, i.e., without dynamic indication (MAC-CE or DCI).

Proposal 6
For reception of PDCCH, the UE may assume that the PDCCH DMRS is spatially QCL
with the preferred CSI-RS resource(s) from the most recent measurement report(s)
associated with the configured measurement indicator(s).

Proposal 7
For beam management, NR supports dynamic signalling of a measurement indicator
(MI) for the purposes of beam-related indication at least for the case where beam group
reporting is not configured. FFS: beam-related indication for beam group reporting.
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Patentkrav

1. Fremgangsmade, der udferes af et transmissionspunkt, TRP (102), til at
kommunikere med en brugerindretning, UE (101), hvilken fremgangsmade
omfatter:

at transmittere, til UE'en (101), en besked omfattende flere CSI-RS-konfigura-
tioner og et ferste stralesporingsprocesindeks, BTPI, hvor det fgrste BTPI
identificerer en farste stralesporingsproces,

at transmittere, til UE'en (101), en trigger-besked for at trigge UE'en (101) til at
transmittere en aperiodisk malingsrapport i forhold til et saet af en eller flere
CSI-RS-ressourcer af CSI-RS-konfigurationerne,

at modtage, fra UE'en (101), den aperiodiske malingsrapport omfattende en
identifikation af en foretrukket CSI-RS-konfiguration, og

at transmittere, til UE'en (101), en styrebesked til planlaegning af en PDSCH-
transmission, hvor det fgrste BTPI er indbefattet i styrebeskeden.

2. Fremgangsmade ifalge krav 1, hvor den farste stralesporingsproces er as-
socieret med en fgrste forbindelse mellem TRP'et (102) og UE'en (101), hvor
den fagrste forbindelse er en aktiv forbindelse anvendt til at transmittere styre-
information og brugerdata.

3. Fremgangsmade ifglge krav 1 eller 2, yderligere omfattende:

at transmittere, til UE'en (101), en besked omfattende flere CSI-RS-konfigura-
tioner og et andet BTPI, hvor det andet BTPI identificerer en anden stralespo-
ringsproces.

4. Fremgangsmade ifglge krav 3, hvor det andet BTPI er associeret med en
anden forbindelse mellem TRP'et (102) og UE'en (101), hvor den anden for-
bindelse er en overvaget forbindelse.

5. Fremgangsmade ifglge et af kravene 1 til 4, hvor styrebeskeden transmitte-
res efter trigger-beskeden.
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6. Fremgangsmade ifelge et af kravene 1 til 5, hvor trigger-beskeden er en
trigger-besked for at trigge UE'en til at udfere aperiodiske CSI-RS-malinger i
forhold til seettet af en eller flere RS-ressourcer.

7. Fremgangsmade ifalge et af kravene 1 til 6, hvor beskeden omfattende flere
CSI-RS-konfigurationer er en radioressourcestyrings-, RRC-, besked.

8. Fremgangsmade ifglge et af kravene 1 til 7, yderligere omfattende:

At transmittere, til UE'en (101), en yderligere styrebesked til planlaegning af
transmission af styreinformation, iseer en PDCCH-transmission, hvor det farste
BTPI er indbefattet i den yderligere styrebesked.

9. Fremgangsmade ifglge et af kravene 1 til 8, hvor hver stralesporingsproces
er associeret med en anden forbindelse.

10. Fremgangsmade ifalge et af kravene 1 til 9, hvor det ferste BTPI er asso-
cieret med en transmissions-rumlig filtreringskonfiguration, hvilken fremgangs-
made yderligere omfatter:

at udfgre PDSCH-transmissionen med anvendelse af den transmissions-rum-
lige filtreringskonfiguration associeret med det fgrste BTPI.

11. Transmissionspunkt, TRP (102), til at kommunikere med en brugerindret-
ning, UE (101), hvilket TRP (102) er konfigureret til:

at transmittere, til UE'en (101), en besked omfattende flere CSI-RS-konfigura-
tioner og et ferste stralesporingsprocesindeks, BTPI, hvor det fgrste BTPI
identificerer en farste stralesporingsproces,

at transmittere, til UE'en (101), en trigger-besked for at trigge UE'en (101) til at
transmittere en aperiodisk malingsrapport i forhold til et saet af en eller flere
CSI-RS-ressourcer af CSI-RS-konfigurationerne,

at modtage, fra UE'en (101), den aperiodiske malingsrapport omfattende en
identifikation af en foretrukket CSI-RS-konfiguration, og

at transmittere, til UE'en (101), en styrebesked til planlaegning af en PDSCH-
transmission, hvor det fgrste BTPI er indbefattet i styrebeskeden.
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12. Transmissionspunkt, TRP (102), ifelge krav 11, hvor TRP'et (102) er kon-
figureret til at udfere fremgangsmaden ifglge et af kravene 2-10.

13. Fremgangsmade, der udfgres af en brugerindretning, UE (101), til at kom-
munikere med et transmissionspunkt, TRP (102), hvilken fremgangsmade om-
fatter:

at modtage (502), fra TRP'et (102), en besked omfattende flere CSI-RS-konfi-
gurationer og et f@rste stralesporingsprocesindeks, BTPI, hvor det fgrste BTPI
identificerer en farste stralesporingsproces,

at modtage, fra TRP'et (102), en trigger-besked for at trigge UE'en (101) til at
transmittere en aperiodisk malingsrapport i forhold til et saet af en eller flere
CSI-RS-ressourcer af de konfigurerede CSI-RS-konfigurationer til TRP'et
(102),

at bestemme en foretrukken CSI-RS-konfiguration fra de konfigurerede CSI-
RS-konfigurationer,

at transmittere, til TRP'et (102), den aperiodiske malingsrapport omfattende
en identifikation af den foretrukne CSI-RS-konfiguration, og

at modtage, fra TRP'et (102), en styrebesked til planleegning af en PDSCH-
transmission, hvor det fgrste BTPI er indbefattet i styrebeskeden.

14. Fremgangsmade ifelge krav 13, hvor den ferste stralesporingsproces er
associeret med en ferste forbindelse mellem TRP'et (102) og UE'en (101),
hvor den fgrste forbindelse er en aktiv forbindelse anvendt til at transmittere
styreinformation og brugerdata.

15. Fremgangsmade ifalge krav 13 eller 14, yderligere omfattende:

at modtage, fra TRP'et (102), en besked omfattende flere CSI-RS-konfigurati-
oner og et andet BTPI, hvor det andet BTPI identificerer en anden stralespo-
ringsproces.

16. Fremgangsmade ifglge krav 15, hvor det andet BTPI er associeret med en
anden forbindelse mellem TRP'et (102) og UE'en (101), hvor den anden for-
bindelse er en overvaget forbindelse.
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17. Fremgangsmade ifalge et af kravene 13 til 16, yderligere omfattende:

at bestemme, baseret i det mindste delvist pa den ene eller flere CSI-RS-kon-
figurationer, et saet af et eller flere UE-modtagestraleparametre; og

sammen med det ferste BTPI, at lagre det ene eller flere UE-modtagestrale-
parametre.

18. Fremgangsmade ifalge et af kravene 13 til 17, yderligere omfattende:
efter modtagelse af styrebeskeden at anvende det fgrste BTPI til at bestemme
en rumlig filtreringskonfiguration associeret med det fegrste BTPI; og

efter bestemmelse af den rumlige filtreringskonfiguration at anvende den rum-
lige filtreringskonfiguration til at modtage PDSCH-transmissionen.

19. Fremgangsmade ifelge et af kravene 13 til 18, hvor styrebeskeden modta-
ges efter trigger-beskeden.

20. Fremgangsmade ifelge et af kravene 13 til 19, hvor trigger-beskeden er en
trigger-besked for at trigge UE'en (101) til at udfere CSI-RS-maélinger i forhold
til seettet af en eller flere RS-ressourcer.

21. Fremgangsmade ifalge et af kravene 13 til 20, hvor den foretrukne CSI-
RS-konfiguration bestemmes med anvendelse af modtaget referencesignalef-
fekt, RSRP.

22. Fremgangsmade ifglge et af kravene 13 til 21, hvor beskeden omfattende
flere CSI-RS-konfigurationer er en radioressourcestyrings-, RRC-, besked.

23. Fremgangsmade ifglge et af kravene 13 til 22, yderligere omfattende:

at modtage, fra TRP'et (102), en yderligere styrebesked til planlaegning af
transmission af styreinformation, iseer en PDCCH-transmission, hvor det farste
BTPI er indbefattet i den yderligere styrebesked.

24. Fremgangsmade ifalge et af kravene 13 til 23, hvor UE'en (101) forudsaet-
ter, at den anvendte transmissionsrumlige filtreringskonfiguration af TRP'et
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(102) er den transmissionsrumlige filtreringskonfiguration af TRP'et (102) sva-
rende til den anvendte stralesporingsproces, medmindre der eksplicit signale-
res andet til UE'en (101) i en styrebesked med TRP'et (102).

25. Brugerindretning, UE (101), til at kommunikere med et transmissionspunkt,
TRP (102), hvilken UE (101) er konfigureret til:

at modtage, fra TRP'et (102), en besked omfattende flere CSI-RS-konfigurati-
oner og et farste stralesporingsprocesindeks, BTPI, hvor det farste BTPI iden-
tificerer en stralesporingsproces,

at modtage, fra TRP'et (102), en trigger-besked for at trigge UE'en (101) til at
transmittere en aperiodisk malingsrapport i forhold til et saet af en eller flere
CSI-RS-ressourcer af de konfigurerede CSI-RS-konfigurationer til TRP'et
(102),

at bestemme en foretrukken CSI-RS-konfiguration fra de konfigurerede CSI-
RS-konfigurationer, at transmittere, til TRP'et (102), den aperiodiske malings-
rapport omfattende en identifikation af den foretrukne CSI-RS-konfiguration,
0g

at modtage, fra TRP'et (102), en styrebesked til planleegning af en PDSCH-
transmission, hvor det fgrste BTPI er indbefattet i styrebeskeden.

26. Brugerindretning, UE (101), ifglge krav 25, hvor UE'en (101) er konfigure-
ret til at udfere fremgangsmaden ifglge et af kravene 14 til 24.
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transmitting, from a transmission point (TRP) to user equipment (UE), a first
beam tracking process index (BTP!) associated with an active link between the
TRP and the UE

402

;

404

transmitting, from the TRP to the UE, a second BTPI associated with a
monitored link between the TRP and the UE

!

406

transmitting, from the TRP to said UE, a first message comprising a CSI-RS
configuration and the first BTP! associated with the active link

J;

408

transmitting, from the TRP to said UE, a second message comprising a
CSI-RS configuration and the second BTP! associated with the monitored link,

L~

i

receiving, from the UE, a first identification of a transmit beam for the
active link, wherein the first identification is associated with the first BTPI, and
receiving, from the UE, a second identification of a transmit beam for the
monitored link, wherein the second identification is associated with the second
BTPI

410

)

412

transmitting, to the UE, one or more of control information and data using at
least one of the first and second identified transmit beams

I~

i

transmitting a reporting request to the UE, wherein the reporting request
comprises a third beam index comprising an indicator indicating that said UE
should not change a beam associated with a link between the TRP and the UE

414

FIG. 4
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beam tracking process index (BTPI) associated with an active link between the
TRP and the UE

\L 504

receiving, at the UE from the TRP, a second BTPI associated with a
monitored link between the TRP the UE.

)

receiving, at the UE from the TRP, a message comprising a CSI-RS 506
configuration and the first BTPI associated with the active link, and receiving, |
at the UE from the TRP, a message comprising a CSI-RS configuration and
the second BTPI associated with the monitored link

!

determining, based at least in part on the one or more CSI-RS 508
configurations for the active link, a preferred transmit beam for the active link,
and transmitting, from said UE to said TRP, an identification of the preferred

transmit beam for the active link

!

determining, based at least in part on the one or more C3-RS 510
configurations for the monitored link, a preferred transmit beam for the -
monitored link, and transmitting, from the UE to the TRP, an identification of
the preferred transmit beam for the manitered link

;

determining, based at least in part on the one or more CSI-RS
configurations for the active link, a set of one or more UE receive beam 512
parameters for the active link, and storing, in a memory of the UE and together —~
with the first BTPI, the one or more UE receive beam parameters for the active
link

’

determining, based at least in part on the one or more CSI-RS
configurations for the monitored link, a set of one or more UE receive beam 514
parameters for said monitored link, and storing, in the memory and together |~
with the second BTPI, the one or more UE receive beam parameters for the
monitored link

FIG. 5A



accessing the stored UE receive beam parameters for the active link
using the first BTPI, and receiving, at the UE from the TRP, one or
more of control information and data on the preferred transmit beam for
the active link using the accessed UE receive beam parameters for the
active link

I

accessing the stored UE receive beam parameters for the meonitored link
using the second BTPI, and receiving, at the UE from the TRP, one or more
of control information and data on the preferred transmit beam for the
monitored link using the accessed UE receive beam parameters for the
monitared link

o

receiving, at the UE from the TRP, a message comprising a third beam
index, wherein the third heam index comprises an indicator indicating that
the UE shouid not change a beam associated with either the active or
monitored link between the TRP and the UE

;

performing a channel test based at least in part on the received message,
and reporting to the TRP a result of the channel test without updating UE
receive beam parameters for either of the active or monitored links

;

receiving, at the UE from the TRP, at least one transmit beam associated
with the beam tracking processes for the active link and the first BTPI

)

obtaining, from a memory of the UE using the first BTPI, beam quality
information regarding a best known transmit beam, and comparing at least
one of the received transmit beams with the best known transmit beam
based at least in part on the obtained beam quality information

v

updating one or more stored UE receive parameters based on the
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