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communication device then performs (216) random
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WIRELESS COMMUNICATION DEVICE AND METHOD FOR NETWORK CONTROLLED
BEAM BASED HANDOVER IN NR

TECHNICAL FIELD

Embodiments herein relate to a wireless communication device and a method therein. In
particular, they relate to operating the wireless communication device to perform handover from a

source cell to a target cell in a wireless communication system.

BACKGROUND

In Third Generation Partnership Project (3GPP) Technical Specification (TS) 38.300 V0.4.1,
the New Radio (NR) handover mechanism is described as below.

Network controlled mobility applies to User Equipment devices (UEs) in RRC_CONNECTED
and is categorized into two types of mobility: cell level mobility and beam level mobility. A beam
when used herein is a reference signal transmitted within a cell i.e., a cell coverage may be
obtained based on the combination of different reference signals termed as beams.

Cell Level Mobility requires explicit Radio Resource Control (RRC) signalling to be
triggered, i.e. handover. For inter-NR base station (gNB) handover from a source gNB to a target
gNB, the signalling procedures comprise at least the following elemental components illustrated in
Figure 1:

The source gNB initiates handover and issues 100 a handover Request to the target gNB
over an Xn interface. The Xn interface is an interface between gNBs.

The target gNB performs 102 admission control and provides 104 an RRC configuration as
part of the handover Acknowledgement. Admission control is a validation process in communication
systems where a check is performed before the permission is granted for a connection to be
established so that the available resources at the gNB are sufficient for the proposed connection.
The RRC configuration comprises of parameters required for accessing the gNB, configuration of
user and control plane to be used in the gNB.

The source gNB forwards 106 the RRC configuration to the UE in the handover Command.
The handover Command message includes at least cell Identity (ID) and the information required to
access the target cell so that the UE may access the target cell without reading system information

broadcasted by the target cell. For some cases, the information required for contention-based and
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contention-free random access may be included in the handover Command message. The access
information to the target cell may include beam specific information, if any.
The UE switches 108 to a new cell by moving the RRC connection to the target gNB and

replies 110 the handover Complete.

In addition, in RAN2 #97bis meeting, there are the following further agreements for the

procedures between steps 3 and 4:

Agreements

1Handover command can contain at least cell identity of the target
cell and Random Access Channel (RACH) configuration(s) associated to
the beams of the target cell. RACH configuration(s) can include
configuration for contention-free random access.

1b UE selects a suitable beam from all beams of the target
cell.

1c UE performs CBRA on the UE's selected beam if CFRA

resources are not provided for the UE's selected beam.

SUMMARY

According to the agreement 1b, the UE has to select a suitable beam from all beams of the
target cell. However, the details of how the UE selects a suitable beam are not defined, and
leaving this selection completely up to the UE implementation is problematic as:

The UE may select a beam with poor quality.

The network may allocate a designated preamble for the UE to use during random access,
i.e. a Contention-Free Random Access (CFRA) procedure. According to the current agreement,
the UE may choose to not select this beam, then the reservation of such a preamble is a waste and

the successfulness of random access in the target cell may be affected.

An object of embodiments herein is thus to improve the handover performance of a wireless

communication system.

According to a first aspect of embodiments herein, the object is achieved by a method of
operation of a wireless communication device to perform handover from a source cell to a target
cell in a wireless communication system. The wireless communication device performs a beam

tracking procedure for one or more neighbor cells to provide, for each neighbor cell, a list of tracked
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beams for the neighbor cell. The wireless communication device receives a handover command
from a source radio access node that instructs the wireless communication device to perform a
handover from a source cell served by the source radio access node to a target cell served by a
target radio access node. The target cell is one of the one or more neighbor cells for which the
beam tracking procedure is performed. The wireless communication device then selects a beam of
the target cell from the list of tracked beams for the target cell based on random access resource
configuration and/or a relative or absolute quality threshold. The wireless communication device

then performs random access on the selected beam.

According to a second aspect of embodiments herein, the object is achieved by a wireless
communication device that performs handover from a source cell to a target cell in a wireless
communication system. The wireless communication device is adapted to:

- perform a beam tracking procedure for one or more neighbor cells to provide, for each
neighbor cell, a list of tracked beams for the neighbor cell;

- receive a handover command from a source radio access node that instructs the wireless
communication device to perform a handover from a source cell served by the source radio access
node to a target cell served by a target radio access node, wherein the target cell is one of the one
or more neighbor cells for which the beam tracking procedure is performed;

- select a beam of the target cell from the list of tracked beams for the target cell based on
random access resource configuration and/or an relative or absolute quality threshold; and

- perform random access on the selected beam.

According to a third aspect of embodiments herein, the object is achieved by a method of
operation of a radio access node to perform handover of a wireless communication device from a
source cell to a target cell in a wireless communication system. The radio access node configures
the wireless device to:

Perform a beam tracking procedure for one or more neighbor cells to provide, for each
neighbor cell, a list of tracked beams for the neighbor cell;

upon receiving the handover command from the source radio access node that instructs the
wireless communication device to perform a handover from a source cell served by the source
radio access node to a target cell served by a target radio access node, select a beam of the target
cell, cell B, from the list of tracked beams for the target cell based on random access resource
configuration and/or a quality threshold; and

perform random access on the selected beam.
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According to a fourth aspect of embodiments herein, the object is achieved by a radio access
node to perform handover of a wireless communication device from a source cell to a target cell in
a wireless communication system. The radio access node is adapted to configure the wireless
communication device to:

Perform a beam tracking procedure for one or more neighbor cells to provide, for each
neighbor cell, a list of tracked beams for the neighbor cell;

upon receiving the handover command from the source radio access node that instructs the
wireless communication device to perform a handover from a source cell served by the source
radio access node to a target cell served by a target radio access node, select a beam of the target
cell from the list of tracked beams for the target cell, based on random access resource
configuration and/or a quality threshold; and

perform random access on the selected beam.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawing figures incorporated in and forming a part of this specification
illustrate several aspects of the disclosure, and together with the description serve to explain the
principles of the disclosure.

Figure 1 is a schematic sequence diagram illustrating inter-gNB handover in Fifth Generation
(5G) NR;

Figure 2 is a schematic diagram illustrating one example of a wireless communication system
in which embodiments of the present disclosure may be implemented,;

Figure 3a is a schematic sequence diagram illustrating a beam-based handover procedure in
accordance with some embodiments of the present disclosure;

Figure 3b is a flow chart that illustrates embodiments of a method in a wireless
communication device.

Figure 4 is a flow chart that illustrates the operation of a wireless communication device to
perform beam-based handover according to some embodiments of the present disclosure;

Figure 5 is a flow chart that illustrates the operation of a wireless communication device to
perform beam-based handover according to some other embodiments of the present disclosure;

Figure 5b is a flow chart that illustrates embodiments of a method in a wireless
communication device.

Figures 6 and 7 are a schematic diagrams that illustrate example embodiments of a wireless

communication device; and
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Figures 8 through 10 are a schematic diagrams that illustrate example embodiments of a

network node.

DETAILED DESCRIPTION

Examples herein relate to active mode mobility, and beam based handover such as network

controlled beam based handover in NR.

According to embodiments herein, the problems of uncertainties regarding the UE’s selection
of beams to perform access to the target cell may be solved by specifying the UE, such as the
wireless communication device, behavior when selecting a suitable beam, and/or providing one or
more suitable quality thresholds to guide the beam selection. Potential thresholds include a
minimum threshold for selecting a suitable beam and a threshold for a maximum allowed quality
difference between a beam with a CFRA resource and a suitable beam.

Embodiments herein provide UE implementations such as wireless communication device
implementations that will select beams in a consistent manner, meeting at least the minimum
quality requirements from the network point of view. This will in the end lead to increased handover

performance.

The embodiments set forth below represent information to enable those skilled in the art to
practice the embodiments and illustrate the best mode of practicing the embodiments. Upon
reading the following description in light of the accompanying drawing figures, those skilled in the
art will understand the concepts of the disclosure and will recognize applications of these concepts
not particularly addressed herein. It should be understood that these concepts and applications fall
within the scope of the disclosure.

Radio Node: As used herein, a “radio node” is either a radio access node or a wireless
device.

Radio Access Node: As used herein, a “radio access node” or “radio network node” is any
node in a radio access network of a cellular communications network that operates to wirelessly
transmit and/or receive signals. Some examples of a radio access node include, but are not limited
to, a base station (e.g., a gNB in a 3GPP 5G NR network or an enhanced or evolved Node B (eNB)
in a 3GPP Long Term Evolution (LTE) network), a high-power or macro base station, a low-power
base station (e.g., a micro base station, a pico base station, a home eNB, or the like), and a relay

node.
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Core Network Node: As used herein, a “core network node” is any type of node in a core
network. Some examples of a core network node include, e.g., a Mobility Management Entity
(MME), a Packet Data Network Gateway (P-GW), a Service Capability Exposure Function (SCEF),
or the like.

Wireless Device: As used herein, a “wireless device” is any type of device that has access
to (i.e., is served by) a cellular communications network by wirelessly transmitting and/or receiving
signals to a radio access node(s). Some examples of a wireless device include, but are not limited
to, a UE in a 3GPP network and a Machine Type Communication (MTC) device.

Network Node: As used herein, a “network node” is any node that is either part of the radio
access network or the core network of a cellular communications network/system.

Note that the description given herein focuses on a 3GPP cellular communications system
and, as such, 3GPP terminology or terminology similar to 3GPP terminology is oftentimes used.
However, the concepts disclosed herein are not limited to a 3GPP system.

Note that, in the description herein, reference may be made to the term “cell;” however,
particularly with respect to 5G NR concepts, beams may be used instead of cells and, as such, it is
important to note that the concepts described herein are equally applicable to both cells and

beams.

In this regard, Figure 2 illustrates one example of a wireless communication system 10
in which embodiments of the present disclosure may be implemented. The wireless
communication system 10 is preferably a 3GPP 5G NR system, but is not limited thereto. As
illustrated, the wireless communication system 10 includes a number of wireless communication
devices 12, which are also referred to herein as UEs. In addition, the wireless communication
system 10 includes a radio access network that includes a number of radio access nodes 14 (e.g.,
gNBs) serving corresponding coverage areas or cells 16 by means of beams. The radio access
nodes 14 are connected to a core network 18, which includes a number of core network nodes, as

will be appreciated by one of skill in the art.

Figure 3a illustrates the operation of a wireless communication device 12 and radio access
nodes 14 to perform an inter-radio access node, e.g., inter-gNB, handover according to some
embodiments of the present disclosure. In this example, handover is performed from a source, or
serving, radio access node 14-A that is serving cell 16-A (referred to as cell A) to a target, or
neighbor, radio access node 14-B that is serving cell 16-B (referred to as cell B). Optional steps

are indicated by dashed lines. Also, while the steps are illustrated as being performed in a
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particular order in Figure 3a, the ordering of the steps may vary depending on the particular

implementation.

As illustrated, the serving and/or source radio access node 14-A optionally sends a beam
related measurement configuration to the wireless communication device 12 (step 200). The beam
related measurement configuration may include:

Information that indicates one or more cells for which the wireless communication device 12
is to perform a beam tracking procedure. This information may include, e.g.,

A list of cells for which the wireless communication device 12 is to perform the beam tracking
procedure, or

An indicator that indicates that the wireless communication device 12 is to perform beam
tracking for any cell that is detected by the wireless communication device 12.

Under which conditions the wireless communication device 12 shall perform the beam
tracking procedure, such as e.g. any threshold that shall be used.

This may be a relative threshold to the events as configured by the serving cell. For example,
if an A3 event specific threshold is 5 decibels (dB) then the wireless communication device 12
begins the beam tracking for the neighbor cell (cell B) when it comes within 15 dB of the serving
cell, i.e. an additional offset of 10 dB. An A3 event is triggered by a UE when the neighbor cell
becomes offset better than the PCell/PSCell.

This may be an absolute threshold with respect to the cell level quality, i.e. if the cell level
quality is above a certain threshold then the wireless communication device 12 shall perform the

beam level tracking.

The wireless communication device 12 turns on, or activates, the beam tracking procedure
for cell B and begins performing and performs the beam tracking procedure for cell B (step 202).

In some embodiments, the wireless communication device 12 turns on the beam tracking
procedure for cell B when the condition(s) specified in the beam related measurement configuration
are satisfied with respect to cell B.

Beams may be identified by reference signals. The beams may either be a Synchronization
Signal (SS) -like signal (e.g., Primary Synchronization Signal (PSS) and/or Secondary
Synchronization Signal (SSS) and/or Demodulation Reference Signal (DMRS)) or a Channel State
Information Reference Signal (CSI-RS). If the signals are to be used for providing the CFRA
resource allocation mapping, then the signal will be tracked by the wireless communication device
12. This may be controlled by the network. In some embodiments, the serving cell, i.e., the serving

and/or source radio access node 14-A, configures the wireless communication device 12 to perform
7
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the beam tracking procedure on only SS block related signals and in some other embodiments the
serving cell configures the wireless communication device 12 to perform beam tracking procedure
for CSI-RS signals only and in yet another embodiment the serving cell configures the wireless
communication device 12 to perform the beam tracking procedure on both SS block and CSI-RS
signals.

For the beam tracking procedure, the wireless communication device 12 maintains a list of
beams per neighbor cell, i.e. cells that are candidates for handover. This may be referred to as a
beam tracking operation done by the wireless communication device 12 for neighbor cell beams.
For each neighbor cell, the list of beams for that neighbor cell is ranked from the strongest (i.e., the
best) beam to the weakest (i.e., the worst) beam, as measured by the wireless communication
device 12. The cells whose lists of beams are to be maintained may be configured by the network
implicitly or explicitly, e.g. the network provides the wireless communication device 12 with a list of
cell identifiers or a condition the UE such as the wireless device 12 can verify, such as cells that
triggered measurement events. The beams to be included in the list may be configured by the
network, e.g. a certain number per neighbor cell. In some embodiments, the list of beams for a cell
is updated every time the wireless communication device 12 performs beam level measurements
for that purpose, i.e. accessing a target cell upon handover. The list of beams for a cell contains at
least beam indexes, but it may also contain the associated radio conditions. In the case of only
containing indexes, the wireless communication device 12 may be aware that only beams above an
absolute threshold may be in the list. In the case of only containing indexes, the wireless
communication device 12 may be aware that only beams whose radio conditions are not worse
than a relative threshold from the best beam may be in the list. In the case of containing indexes
and radio conditions, there could be Reference Signal Received Power (RSRP), Reference Signal
Received Quality (RSRQ), and/or Signal to Interference plus Noise Ratio (SINR) per beam. In the
case of containing indexes and radio conditions, there could be RSRP, RSRQ, and/or SINR only for
the best beam and delta values for the other beams, per cell.

Upon the occurrence of a triggering criterion with respect to cell B, the wireless
communication device 12 sends a measurement report to the serving and/or source radio access
node 12 (steps 204 and 206).

Based on the measurement report, the serving and/or source radio access node 14-A
decides that a handover should be performed to handover the wireless communication device 12
from cell A to cell B and, as such, the serving and/or source radio access node 14-A sends a
handover request to the neighbor and/or target radio access node 14-B (step 208).

The neighbor and/or target radio access node 14-B sends a handover Acknowledgment

(ACK) to the serving and/or source radio access node 14-A (step 210).
8
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The serving and/or source radio access node 14-A then sends a handover command (e.g.,
RRCConnectionReconfiguration with mobilityControlinfo) to the wireless communication device 12
(step 212).

Note that the beam tracking procedure is, in this example, started prior to transmission of the
measurement report and, while not illustrated, continues to be performed even after sending the
measurement report and receiving the handover command. Alternatively, the beam tracking
procedure may be started after sending the measurement report or even after receiving the
handover command.

Upon receiving the handover command, the wireless communication device 12 performs a
beam selection procedure to select a beam on cell B based on CFRA resources and beams being
tracked for cell B in the beam tracking procedure (step 214).

The wireless communication device 12 then performs random access using selected, or
chosen, random access resources (step 216) and receives a random access response from the

target radio access node 14-B (step 218).

Example embodiments of a method of operation of the wireless communication device 12,
such as a UE, to perform handover from a source cell to a target cell in a wireless communication
system will now be described with reference to a flowchart depicted in Figure 3b. Figure 3b shows
some of the steps depicted in Figure 3a. Here the method is described from the view of the wireless
communications device 12. Reference numbers 200-218 refer to both Figure 3a and b. Reference
numbers 300-322 refer to Figure 4 described below, and reference numbers 400-420 refer to
Figure 5 described below.

The method comprises the following steps, which steps may be taken in any suitable order.

Actions that are optional are presented in dashed boxes in Figure 3b.

Step 202
This action also relates to steps 302, 402.
The wireless communication device 12 performs beam tracking procedure for one or more

neighbor cells to provide, for each neighbor cell, a list of tracked beams for the neighbor cell.

Step 212

This action also relates to steps 306, 406.

The wireless communication device 12 receives a handover command from a source radio
access node 14-A. The handover command instructs the wireless communication device 12 to

perform a handover from a source cell, cell A, served by the source radio access node 14-A to a
9
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target cell, cell B, served by a target radio access node 14-B. The target cell, cell B, is one of the

one or more neighbor cells for which the beam tracking procedure is performed.

Step 214

This action also relates to steps 306, 308, 312, 316, 318, 406, 408, 412, and 416.

The wireless communication device 12 selects a beam of the target cell, cell B, from the list of
tracked beams for the target cell, cell B, based on random access resource configuration and/or a

relative or absolute quality threshold.

According to the first embodiments, dedicated RACH resources (if provided) where the beam
quality measured on the associated NR-SS or CSI-RS is above a threshold are prioritized.

According to some first embodiments the wireless communication device 12 selects the
beam of the target cell, cell B, from the list of tracked beams for the target cell, cell B. E.g. the UE
checks (step 412) if for the strongest tracked beam, the contention free random access is provided
and if the beam quality is above a configured threshold, if so (YES), then the wireless
communication device 12 selects the strongest beam for performing random access (step 414).

Further, if the strongest tracked beam does not have a contention-free random access
allocated, then: the wireless communication device 12 selects the beam of the target cell, cell B,
from the list of tracked beams for the target cell, cell B by:

- determining, step 412, NO, that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked beams for the
target cell, cell B,; and

- upon determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the target cell,
cell B, determining, step 416, whether a quality of a k-th best beam in the list of tracked beams for
the target cell, cell B, is greater than a threshold, the k-th best beam being a beam e.g. the
strongest tracked beam, for which dedicated (contention-free) random access channel resources
are allocated. The selected beam of the target cell is the k-th best beam if the quality of the k-th
best beam is greater than the threshold. The k-th best beam when used herein means the
strongest beam for which the contention-free random access resource is allocated and this bema is

above the configured threshold.

According to some second embodiments, the wireless communication device 12 selects the

beam of the target cell, cell B, from the list of tracked beams for the target cell, cell B, by:

10
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- Determining, step 312, NO, that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked beams for the
target cell, cell B,; and

- upon determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the target cell,
cell B,, determining, step 316, a difference between a quality of the best beam in the list of tracked
beams for the target cell, cell B, and a quality of a k-th best beam in the list of tracked beams for
the target cell, cell B. The k-th best beam is a beam for which dedicated random access channel
resources are allocated; and

- determining, step 318, whether the difference is less than a threshold, where the selected
beam of the target cell is the k-th best beam if the difference is less than the threshold.

In some specific of the first and second embodiments, the wireless communication device
12 selects the beam of the target cell, cell B, from the list of tracked beams for the target cell, cell B,
by selecting, steps 308, 408, the best beam in the list of tracked beams for the target cell, cell B, if
no dedicated random access channel resources are allocated for contention-free random access
for any of the beams in the list of tracked beams for the target cell.

In some other of the first and second embodiments, the wireless communication device 12
selects the beam of the target cell, cell B, from the list of tracked beams for the target cell, cell B, by
selecting, steps 308, 408, the best beam in the list of tracked beams for the target cell, cell B, if
dedicated random access channel resources are allocated for contention-free random access for

the best beam in the list of tracked beams for the target cell.

Step 216
This action also relates to steps 310, 314, 320, 322, 410, 414, 418, and 420.

The wireless communication device 12 then performs random access on the selected beam.

In some of the first embodiments, if the quality of the k-th best beam is greater than the
threshold, the wireless communication device 12 performs the random access on the selected
beam by performing 418 contention-free random access on the k-th best beam using the dedicated
random access channel resources of the k-th best beam. Further, in some of the first embodiments,
if the quality of the k-th best beam is not greater than the threshold, the wireless communication
device 12 performs random access on the selected beam comprises by performing 420 contention-
based random access on the best beam, such as on the best tracked beam, using the contention-

based random access channel resources of the best beam.

11
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In some of the second embodiments, if the difference is less than the threshold, the wireless
communication device 12 performs random access on the selected beam by performing, step 320,
contention-free random access on the k-th best beam using the dedicated random access channel
resources of the k-th best beam. Further, in some of the second embodiments, if the difference is
not less than the threshold, the wireless communication device 12 performs random access on the
selected beam by performing, step 322, contention-based random access on the best beam using

the contention-based random access channel resources of the best beam.

In some of the first and second, embodiments wherein no dedicated random access channel
resources are allocated for contention-free random access for any of the beams in the list of
tracked beams for the target cell, the wireless communication device 12 performs random access
on the selected beam by performing, step 310, 410 contention-based random access on the best

beam using contention-based random access channel resources of the best beam.

In some of the fourth embodiments wherein dedicated random access channel resources are
allocated for contention-free random access for the best beam in the list of tracked beams for the
target cell, the wireless communication device 12 performs random access on the selected beam
comprises by performing 314, 414 contention free random access on the best beam using the

dedicated random access channel resources of the best beam.

The details of steps 214 and 216 for two example embodiments, i.e. the first and second
example embodiments, of the present disclosure are described in detail below with respect to
Figures 4 and 5, wherein Figure 5 depicts the first embodiments, and figure 4 depicts the second

embodiments.

The second embodiments will be described first.

In this regard, Figure 4 illustrates the operation of a wireless communication device 12
according to some embodiments of the present disclosure such as the second embodiments. As
discussed above with respect to steps 200-212 in Figure 3a and b, the wireless communication
device 12 transmits a measurement report to the serving and/or source radio access node 14-A,
performs beam tracking for the list of beams in the cell(s) as configured by the serving and/or
source radio access node 14-A for the serving cell A, and receives a handover command from the
serving and/or source radio access node 14-A for handover to the neighbor and/or target cell B
(steps 300-304).

12
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The remainder of the process of Figure 4 illustrates steps 214 and 216 of Figure 3 aand b in
more detail according to one embodiment of the present disclosure such as the second
embodiment. In order to perform beam selection for cell B, upon receiving the handover command,
the wireless communication device 12 verifies the target cell identifier and checks whether the
wireless communication device 12 maintains a list of beams for that particular cell. In other words,
the wireless communication device 12 determines whether beam tracking is being performed for
the target cell for the handover (step 306).

If YES, the wireless communication device 12 checks whether the handover command
contains dedicated CFRA Random Access Channel (RACH) resource(s) for at least one beam of
the target cell (step 308).

If there are no dedicated resources for CFRA for any of the beams of the target cell, the
wireless communication device 12 performs random access using configured Contention-Based
Random Access (CBRA) resources of the best beam in the tracked beam list for the target cell
(step 310, NO).

However, if verification confirms that there are dedicated resources for CFRA for one or more
beams of the target cell, the wireless communication device 12 checks (Step 312) the tracked
beam list for the target cell, starting from the best bearﬁ, to determine whether network has
provided dedicated RACH resources (i.e., RACH resources dedicated for CFRA).

If the best beam in the tracked beam list for the target cell has dedicated RACH resources
(step 312, YES), the wireless communication device 12 performs CFRA using the dedicated RACH
resources configured for the best beam (step 314).

If the network has not allocated dedicated RACH resources for the best beam (step 312,
NO), the wireless communication device 12 identifies the k-th best beam in the tracked beam list of
the target cell and calculates, or otherwise determines, a difference in a quality (e.g., RSRP,
RSRQ, or SINR) of the best beam in the tracked beam list of the target cell and a quality (e.g.,
RSRP, RSRQ, or SINR) of the k-th best beam in the tracked beam list of the target cell (step 316).
The k-th best beam in a beam in the tracked beam list for which dedicated RACH resources are
allocated by the network. In some embodiments, the k-th best beam is the strongest/best beam in
the tracked beam list for the target cell for which dedicated RACH resources are allocated.

The wireless communication device 12 determines whether the difference between the
quality of the best beam and the quality of the k-th best beam is less than a predefined (e.g.,
configured) threshold (step 318).

If difference is less than the threshold, the wireless communication device 12 performs
random access using the dedicated resources, i.e., the CFRA resources, of the k-th best beam in

the tracked beam list of the target cell (step 320).
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If the difference is not less than the threshold, the wireless communication device 12
performs random access using CBRA resources of the best beam in the tracked beam list of the
target cell (step 322). Thus, the wireless communication device 12 accesses the k-th best beam
whose dedicated RACH resources have been provided only if the k-th best beam has a quality not
worse than a relative threshold from the best beam.

If the tracked beam list for the target cell has a single beam and no dedicated resources have
been provided to it, the wireless communication device 12 performs CBRA associated to the best
beam.

An advantage with the second embodiments is that the wireless communication device 12
shall select a beam with very good quality even if there is no CFRA reserved for it and if there is
another weak beam for which CFRA is allocated is still available. Although there is an increased
collision probability, the wireless communication device 12 selects the best beam if it is very good
compared to the best beam for which CFRA resources are provided. This will aid in faster

convergence of link beam towards the UE.

Figure 5 illustrates an embodiment such as the first embodiments, that is similar to that of
Figure 4 but where the wireless communication device 12 accesses the k-th best beam whose
dedicated RACH resources have been provided only if the k-th best beam is above an absolute
threshold. More specifically, as discussed above with respect to steps 200-212 of Figure 3a and b,
the wireless communication device 12 transmits a measurement report to the serving and/or source
radio access node 14-A, performs beam tracking for the list of beams in the cell(s) as configured by
the serving and/or source radio access node 14-A for the serving cell A, and receives a handover
command from the serving and/or source radio access node 14-A for handover to the neighbor
and/or target cell B (steps 400-404).

The remainder of the process of Figure 5 illustrates steps 214 and 216 of Figure 3a and b in
more detail according to one embodiment of the present disclosure. In order to perform beam
selection for cell B, upon receiving the handover command, the wireless communication device 12
verifies the target cell identifier and checks whether the wireless communication device 12
maintains a list of beams for that particular cell. In other words, the wireless communication device
12 determines whether beam tracking is being performed for the target cell for the handover (step
406).

If YES, the wireless communication device 12 checks whether the handover command

contains dedicated CFRA RACH resource(s) for at least one beam of the target cell (step 408).
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If there are no dedicated resources for CFRA for any of the beams of the target cell, the
wireless communication device 12 performs random access using configured CBRA resources of
the best beam in the tracked beam list for the target cell (step 410).

However, if verification confirms that there are dedicated resources for CFRA for one or
more beams of the target cell, the wireless communication device 12 checks (step 412) the tracked
beam list for the target cell, starting from the best beam, to determine whether network has
provided dedicated RACH resources (i.e., RACH resourced dedicated for CFRA).

If the best beam in the tracked beam list for the target cell has dedicated RACH resources
(step 412, YES), the wireless communication device 12 performs CFRA using the dedicated RACH
resources configured for the best beam (step 414).

If the network has not allocated dedicated RACH resources for the best beam (step 412,
NO), the wireless communication device 12 identifies the k-th best beam in the tracked beam list of
the target cell and determines whether a quality (e.g., RSRP, RSRQ, or SINR) of the k-th best
beam in the tracked beam list of the target cell is greater than a predefined (e.g., configured)
threshold (step 416).

The k-th best beam is a beam in the tracked beam list for which dedicated RACH resources
are allocated by the network. In some embodiments, the k-th best beam is the strongest/best beam
in the tracked beam list for the target cell for which dedicated RACH resources are allocated. If the
quality of the k-th best beam is greater than the threshold, the wireless communication device 12
performs random access using the dedicated resources, i.e., the CFRA resources, of the k-th best
beam in the tracked beam list of the target cell (step 418).

If the quality of the k-th best beam is not greater than the threshold, the wireless
communication device 12 performs random access using CBRA resources of the best beam in the
tracked beam list of the target cell (step 420). Thus, the wireless communication device 12
accesses the k-th best beam whose dedicated RACH resources have been provided only if the k-th
best beam has a quality that is greater than an absolute threshold.

If the tracked beam list for the target cell has a single beam and no dedicated resources have
been provided to it, the wireless communication device 12 performs CBRA associated to the best
beam.

An advantage with the first embodiments is that the wireless communication device 12 shall
use the CFRA resources as long as the beams for which these CFRA are provided are above the
configured threshold. This will nullify the RA collision probability and provide better uplink access to

the wireless communication device 12 to the target cell.
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Example embodiments of a method of operation of the radio access node 14 such as the
source radio access node 14-A, to perform handover of a wireless communication device 12 from a
source cell to a target cell in a wireless communication system 10, will now be described with
reference to a flowchart depicted in Figure 5b.

The method comprises the following step.

Step 501

This step relates to step 200.

The radio access node 14 configures the wireless device 12 to:

perform 202, 302, 402 a beam tracking procedure for one or more neighbor cells to provide,
for each neighbor cell, a list of tracked beams for the neighbor cell;

upon receiving the handover command from the source radio access node 14-A that instructs
the wireless communication device 12 to perform a handover from a source cell, cell A, served by
the source radio access node 14-A to a target cell, cell B, served by a target radio access node 14-
B, select 214, 306, 308, 312, 316, 318, 406, 408, 412, 416 a beam of the target cell, cell B, from the
list of tracked beams for the target cell, cell B, based on random access resource configuration
and/or a quality threshold; and

perform 216, 310, 314, 320, 322, 410, 414, 418, 420 random access on the selected beam.

In some embodiments, the configuring of the wireless communication device 12 to select 214,
306, 308, 312, 316, 318, 406, 408, 412, 416 the beam of the target cell, cell B, from the list of
tracked beams for the target cell, cell B, further comprises configuring the wireless communication
device 12 to:

determine step 412, NO that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked beams for the
target cell, cell B,; and

upon determining that there are no dedicated random access channel resources allocated for
contention-free random access for the best beam in the list of tracked beams for the target cell, cell
B,:

determine 416 whether a quality of a k-th best beam in the list of tracked beams for the target
cell, cell B, is greater than a threshold, the k-th best beam being a beam for which dedicated
random access channel resources are allocated, where the selected beam of the target cell is the

k-th best beam if the quality of the k-th best beam is greater than the threshold.
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In some embodiments, the radio access node 14 configures the wireless communication
device 12 to, if the quality of the k-th best beam is greater than the threshold, perform 216, 310,
314, 320, 322, 410, 414, 418, 420 random access on the selected beam by performing 418
contention-free random access on the k-th best beam using the dedicated random access channel

resources of the k-th best beam.

In some embodiments, the radio access node 14 further configures the wireless
communication device 12 to, if the quality of the k-th best beam is not greater than the threshold,
perform 216, 310, 314, 320, 322, 410, 414, 418, 420 random access on the selected beam by
performing 420 contention-based random access on the best beam using the contention-based

random access channel resources of the best beam.

Figure 6 is a schematic block diagram of the wireless communication device 12, or UE,
according to some embodiments of the present disclosure. As illustrated, the wireless
communication device 12 includes circuitry 20 comprising one or more processors 22 (e.g., Central
Processing Units (CPUs), Application Specific Integrated Circuits (ASICs), Field Programmable
Gate Arrays (FPGAs), Digital Signal Processors (DSPs), and/or the like) and memory 24. The
wireless communication device 12 also includes one or more transceivers 26 each including one or
more transmitters 28 and one or more receivers 30 coupled to one or more antennas 32. In some
embodiments, the functionality of the wireless communication device 12 described herein may be
implemented in hardware (e.g., via hardware within the circuitry 20 and/or within the processor(s)
22) or be implemented in a combination of hardware and software (e.g., fully or partially
implemented in software that is, e.g., stored in the memory 24 and executed by the processor(s)
22).

In some embodiments, a computer program including instructions which, when executed by
the at least one processor 22, causes the at least one processor 22 to carry out at least some of
the functionality of the wireless communication device 12 according to any of the embodiments
described herein is provided. In some embodiments, a carrier containing the aforementioned
computer program product is provided. The carrier is one of an electronic signal, an optical signal,
a radio signal, or a computer readable storage medium (e.g., a non-transitory computer readable
medium such as memory).

Figure 7 is a schematic block diagram of the wireless communication device 12, or UE,
according to some other embodiments of the present disclosure. The wireless communication

device 12 includes one or more modules 34, each of which is implemented in software. The
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module(s) 34 provide the functionality of the wireless communication device 12 described herein
(e.g., as described with respect to Figures 3, 4, and/or 5).

To perform the method steps above for performing handover, e.g., inter-radio access node
handover, from a source cell to a target cell in a wireless communication system 10, the wireless

communication device 12, may comprise the following arrangement e.g. as depicted in Figure 7.

The wireless communication device 12 is adapted to, e.g. by means of one of the modules 34
in the wireless communication device 12, such as a performing module, perform a beam tracking
procedure for one or more neighbor cells to provide, for each neighbor cell, a list of tracked beams

for the neighbor cell.

The wireless communication device 12 is further adapted to, e.g. by means of one of the
modules 34 in the wireless communication device 12, such as a receiving module, receive a
handover command from a source radio access node 14-A that instructs the wireless
communication device 12 to perform a handover from a source cell, cell A, served by the source
radio access node 14-A to a target cell, cell B, served by a target radio access node 14-B, wherein
the target cell, cell B, is one of the one or more neighbor cells for which the beam tracking

procedure is performed,

The wireless communication device 12 is further adapted to, e.g. by means of one of the
modules 34 in the wireless communication device 12, such as a selecting module, select a beam of
the target cell, cell B, from the list of tracked beams for the target cell, cell B, based on random

access resource configuration and/or an relative or absolute quality threshold.

The wireless communication device 12 is further adapted to, e.g. by means of one of the
modules 34 in the wireless communication device 12, such as a performing module, perform

random access on the selected beam.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the selecting module, select the
beam of the target cell, cell B, from the list of tracked beams for the target cell, cell B, by:

determine that there are no dedicated random access channel resources allocated for
contention-free random access for the best beam in the list of tracked beams for the target cell, cell
B,; and
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upon determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the target cell,
cell B,:
determine whether a quality of a k-th best beam in the list of tracked beams for the target cell,
cell B, is greater than a threshold, the k-th best beam being a beam for which dedicated random
access channel resources are allocated, where the selected beam of the target cell is the k-th best

beam if the quality of the k-th best beam is greater than the threshold.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the performing module, if the quality
of the k-th best beam is greater than the threshold, perform random access on the selected beam
by performing contention-free random access on the k-th best beam using the dedicated random

access channel resources of the k-th best beam.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the performing module, if the quality
of the k-th best beam is not greater than the threshold, perform random access on the selected
beam by performing contention-based random access on the best beam using the contention-

based random access channel resources of the best beam.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the selecting module, select the
beam of the target cell, cell B, from the list of tracked beams for the target cell, cell B, by:

selecting the best beam in the list of tracked beams for the target cell, cell B, if no dedicated
random access channel resources are allocated for contention-free random access for any of the

beams in the list of tracked beams for the target cell.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the performing module, perform
random access on the selected beam by performing contention-based random access on the best

beam using contention-based random access channel resources of the best beam.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the selecting module, select the

beam of the target cell, cell B, from the list of tracked beams for the target cell, cell B, by:
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selecting the best beam in the list of tracked beams for the target cell, cell B, if dedicated
random access channel resources are allocated for contention-free random access for the best

beam in the list of tracked beams for the target cell.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the performing module, perform
random access on the selected beam by performing contention free random access on the best

beam using the dedicated random access channel resources of the best beam.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the selecting module, select the
beam of the target cell, cell B, from the list of tracked beams for the target cell, cell B, by:

determining that there are no dedicated random access channel resources allocated for
contention-free random access for the best beam in the list of tracked beams for the target cell, cell
B,; and

upon determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the target cell,
cell B,:

determine a difference between a quality of the best beam in the list of tracked beams for the
target cell, cell B, and a quality of a k-th best beam in the list of tracked beams for the target cell,
cell B,, the k-th best beam being a beam for which dedicated random access channel resources are
allocated; and

determine whether the difference is less than a threshold, where the selected beam of the

target cell is the k-th best beam if the difference is less than the threshold.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the performing module, if the
difference is less than the threshold, perform random access on the selected beam by performing
contention-free random access on the k-th best beam using the dedicated random access channel

resources of the k-th best beam.

The wireless communication device 12 may further be adapted to e.g. by means of one of the
modules 34 in the wireless communication device 12, such as the performing module, if the

difference is not less than the threshold, perform random access on the selected beam by
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performing contention-based random access on the best beam using the contention-based random

access channel resources of the best beam.

Figure 8 is a schematic block diagram of a network node 36 (e.g., a radio access node 14
such as, for example, a gNB) according to some embodiments of the present disclosure. As
illustrated, the network node 36 includes a control system 38 that includes circuitry comprising one
or more processors 40 (e.g., CPUs, ASICs, DSPs, FPGAs, and/or the like) and memory 42. The
control system 38 also includes a network interface 44. In embodiments in which the network node
36 is a radio access node 14, the network node 36 also includes one or more radio units 46 that
each include one or more transmitters 48 and one or more receivers 50 coupled to one or more
antennas 52. In some embodiments, the functionality of the network node 36 (specifically the
functionality of the radio access node 14) described above may be fully or partially implemented in
software that is, e.g., stored in the memory 42 and executed by the processor(s) 40.

Figure 9 is a schematic block diagram that illustrates a virtualized embodiment of the network
node 36 (e.g., the radio access node 14) according to some embodiments of the present
disclosure. As used herein, a “virtualized” network node 36 is a network node 36 in which at least a
portion of the functionality of the network node 36 is implemented as a virtual component (e.g., via
a virtual machine(s) executing on a physical processing node(s) in a network(s)). As illustrated, the
network node 36 optionally includes the control system 38, as described with respect to Figure 8.

In addition, if the network node 36 is the radio access node 14, the network node 36 also includes
the one or more radio units 46, as described with respect to Figure 8. The control system 38 (if
present) is connected to one or more processing nodes 54 coupled to or included as part of a
network(s) 56 via the network interface 44. Alternatively, if the control system 38 is not present, the
one or more radio units 46 (if present) are connected to the one or more processing nodes 54 via a
network interface(s). Alternatively, all of the functionality of the network node 36 (e.g., all of the
functionality of the radio access node 14) described herein may be implemented in the processing
nodes 54. Each processing node 54 includes one or more processors 58 (e.g., CPUs, ASICs,
DSPs, FPGAs, and/or the like), memory 60, and a network interface 62.

In this example, functions 64 of the network node 36 (e.g., the functions of the radio access
node 14) described herein are implemented at the one or more processing nodes 54 or distributed
across the control system 38 (if present) and the one or more processing nodes 54 in any desired
manner. In some particular embodiments, some or all of the functions 64 of the network node 36
described herein are implemented as virtual components executed by one or more virtual machines
implemented in a virtual environment(s) hosted by the processing node(s) 54. As will be

appreciated by one of ordinary skill in the art, additional signaling or communication between the
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processing node(s) 54 and the control system 38 (if present) or alternatively the radio unit(s) 46 (if
present) is used in order to carry out at least some of the desired functions. Notably, in some
embodiments, the control system 38 may not be included, in which case the radio unit(s) 46 (if
present) communicates directly with the processing node(s) 54 via an appropriate network
interface(s).

In some particular embodiments, higher layer functionality (e.g., layer 3 and up and possibly
some of layer 2 of the protocol stack) of the network node 36 may be implemented at the
processing node(s) 54 as virtual components (i.e., implemented “in the cloud”) whereas lower layer
functionality (e.g., layer 1 and possibly some of layer 2 of the protocol stack) may be implemented
in the radio unit(s) 46 and possibly the control system 38.

In some embodiments, a computer program including instructions which, when executed by
the at least one processor 40, 58, causes the at least one processor 40, 58 to carry out the
functionality of the network node 36 or a processing node 54 according to any of the embodiments
described herein is provided. In some embodiments, a carrier containing the aforementioned
computer program product is provided. The carrier is one of an electronic signal, an optical signal,
a radio signal, or a com‘puter readable storage medium (e.g., a non-transitory computer readable
medium such as the memory 42, 60).

Figure 10 is a schematic block diagram of the network node 36 (e.g., the radio access node
14) according to some other embodiments of the present disclosure. The network node 36
includes one or more modules 66, each of which is implemented in software. The module(s) 66
provide the functionality of the network node 36 described herein (e.g., the functionality of the radio

access node 14-A of Figure 3a and b).

To perform the method steps above for performing handover, e.g., inter-radio access node
handover, from a source cell to a target cell in a wireless communication system 10, the radio
access node 14 such as the source radio access node 14-A, may comprise the following

arrangement e.g. as depicted in Figure 10.

The radio access node 14 is adapted to e.g. by means of one of the modules 34 in the
wireless communication device 12, such as a configuring module, configure the wireless
communication device 12 to:

perform 202, 302, 402 a beam tracking procedure for one or more neighbor cells to provide,

for each neighbor cell, a list of tracked beams for the neighbor cell;
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upon receiving the handover command from the source radio access node 14-A that
instructs the wireless communication device 12 to perform a handover from a source cell, cell A,
served by the source radio access node 14-A to a target cell, cell B, served by a target radio
access node 14-B, select 214, 306, 308, 312, 316, 318, 406, 408, 412, 416 a beam of the target
cell, cell B, from the list of tracked beams for the target cell, cell B, based on random access
resource configuration and/or a quality threshold; and

perform 216, 310, 314, 320, 322, 410, 414, 418, 420 random access on the selected beam.

The radio access node 14 may further be adapted to e.g. by means of one of the modules 34
in the wireless communication device 12, such as a configuring module, configure the wireless
communication device 12 to select 214, 306, 308, 312, 316, 318, 406, 408, 412, 416 the beam of
the target cell, cell B, from the list of tracked beams for the target cell, cell B, by

determine step 412, NO that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked beams for the
target cell, cell B,; and

upon determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the target cell,
cell B,:

determine 416 whether a quality of a k-th best beam in the list of tracked beams for the target
cell, cell B, is greater than a threshold, the k-th best beam being a beam for which dedicated
random access channel resources are allocated, where the selected beam of the target cell is the

k-th best beam if the quality of the k-th best beam is greater than the threshold.

The radio access node 14 may further be adapted to e.g. by means of one of the modules 34
in the wireless communication device 12, such as a configuring module, configure the wireless
communication device 12 to: if the quality of the k-th best beam is greater than the threshold,
perform 216, 310, 314, 320, 322, 410, 414, 418, 420 random access on the selected beam by
performing 418 contention-free random access on the k-th best beam using the dedicated random

access channel resources of the k-th best beam.

The radio access node 14 may further be adapted to e.g. by means of one of the modules 34
in the wireless communication device 12, such as a configuring module, configure the wireless
communication device 12 to, if the quality of the k-th best beam is not greater than the threshold,
perform 216, 310, 314, 320, 322, 410, 414, 418, 420 random access on the selected beam by

23



10

15

20

25

30

35

20023

performing 420 contention-based random access on the best beam using the contention-based

random access channel resources of the best beam.

Example Embodiments
While not being limited thereto, some example embodiments of the present disclosure are

provided below.

1. A method of operation of a wireless communication device (12) to perform handover

(e.g., inter-radio access node handover) from a source cell to a target cell in a wireless
communication system (10), comprising:

performing (202, 302, 402) a beam tracking procedure for one or more neighbor cells to
provide, for each neighbor cell, a list of tracked beams for the neighbor cell;

receiving (212, 306, 406) a handover command from a source radio access node (14-A)
that instructs the wireless communication device (12) to perform a handover from a source cell (cell
A) served by the source radio access node (14-A) to a target cell (cell B) served by a target radio
access node (14-B), wherein the target cell (cell B) is one of the one or more neighbor cells for
which the beam tracking procedure is performed;

selecting (214, 306, 308, 312, 316, 318, 406, 408, 412, 416) a beam of the target cell (cell
B) from the list of tracked beams for the target cell (cell B) based on random access resource
configuration and/or an relative or absolute quality threshold; and

performing (216, 310, 314, 320, 322, 410, 414, 418, 420) random access on the selected

beam.

2. The method of embodiment 1 wherein selecting (214, 306, 308, 312, 316, 318, 406,
408, 412, 416) the beam of the target cell (cell B) from the list of tracked beams for the target cell
(cell B) comprises:
selecting (308, 408) the best beam (i.e., the strongest beam) in the list of tracked beams for
the target cell (cell B) if no dedicated random access channel resources are allocated for

contention-free random access for any of the beams in the list of tracked beams for the target cell.

3. The method of embodiment 2 wherein performing (216, 310, 314, 320, 322, 410,
414, 418, 420) random access on the selected beam comprises performing (310, 410) contention-
based random access on the best beam using contention-based random access channel resources

of the best beam.
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4. The method of embodiment 1 or 2 wherein selecting (214, 306, 308, 312, 316, 318,
406, 408, 412, 416) the beam of the target cell (cell B) from the list of tracked beams for the target
cell (cell B) comprises:

selecting (308, 408) the best beam in the list of tracked beams for the target cell (cell B) if
dedicated random access channel resources are allocated for contention-free random access for

the best beam in the list of tracked beams for the target cell.

5. The method of embodiment 4 wherein performing (216, 310, 314, 320, 322, 410,
414, 418, 420) random access on the selected beam comprises performing (314, 414) contention
free random access on the best beam using the dedicated random access channel resources of the

best beam.

6. The method of embodiment 1, 2, or 4 wherein selecting (214, 306, 308, 312, 316,
318, 406, 408, 412, 416) the beam of the target cell (cell B) from the list of tracked beams for the
target cell (cell B) comprises:
determining (step 312, NO) that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked beams for the
target cell (cell B); and
upon determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the target cell
(cell B):
determining (316) a difference between a quality of the best beam in the list of tracked beams
for the target cell (cell B) and a quality of a k-th best beam in the list of tracked beams for the target
cell (cell B), the k-th best beam being a beam for which dedicated random access channel
resources are allocated;
determining (318) whether the difference is less than a threshold, where the selected beam of

the target cell is the k-th best beam if the difference is less than the threshold.

7. The method of embodiment 6 wherein, if the difference is less than the threshold,
performing (216, 310, 314, 320, 322, 410, 414, 418, 420) random access on the selected beam
comprises performing (320) contention-free random access on the k-th best beam using the

dedicated random access channel resources of the k-th best beam.

25



10

15

20

25

30

20023

8. The method of embodiment 6 or 7 wherein, if the difference is not less than the
threshold, performing (216, 310, 314, 320, 322, 410, 414, 418, 420) random access on the selected
beam comprises performing (322) contention-based random access on the best beam using the

contention-based random access channel resources of the best beam.

0. The method of embodiment 1, 2, or 4 wherein selecting (214, 306, 308, 312, 316,
318, 406, 408, 412, 416) the beam of the target cell (cell B) from the list of tracked beams for the
target cell (cell B) comprises:
determining (step 412, NO) that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked beams for the
target cell (cell B); and
upon determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the target cell
(cell B):
determining (416) whether a quality of a k-th best beam in the list of tracked beams for the
target cell (cell B) is greater than a threshold, the k-th best beam being a beam for which dedicated
random access channel resources are allocated, where the selected beam of the target cell is the

k-th best beam if the quality of the k-th best beam is greater than the threshold.

10. The method of embodiment 9 wherein, if the quality of the k-th best beam is greater
than the threshold, performing (216, 310, 314, 320, 322, 410, 414, 418, 420) random access on the
selected beam comprises performing (418) contention-free random access on the k-th best beam

using the dedicated random access channel resources of the k-th best beam.

11. The method of embodiment 9 or 10 wherein, if the quality of the k-th best beam is
not greater than the threshold, performing (216, 310, 314, 320, 322, 410, 414, 418, 420) random
access on the selected beam comprises performing (420) contention-based random access on the

best beam using the contention-based random access channel resources of the best beam.

12. A wireless communication device (12) that performs handover (e.g., inter-radio
access node handover) from a source cell to a target cell in a wireless communication system (10),
the wireless communication device (12) adapted to:

perform a beam tracking procedure for one or more neighbor cells to provide, for each

neighbor cell, a list of tracked beams for the neighbor cell;
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receive a handover command from a source radio access node (14-A) that instructs the
wireless communication device (12) to perform a handover from a source cell (cell A) served by the
source radio access node (14-A) to a target cell (cell B) served by a target radio access node (14-
B), wherein the target cell (cell B) is one of the one or more neighbor cells for which the beam
tracking procedure is performed;

select a beam of the target cell (cell B) from the list of tracked beams for the target cell (cell
B) based on random access resource configuration and/or an relative or absolute quality threshold;
and

perform random access on the selected beam.

13. The wireless communication device (12) of embodiment 12 wherein the wireless
communication device (12) is further adapted to perform the method of any one of embodiments 2
to 11.

14. A wireless communication device (12) that performs handover (e.g., inter-radio
access node handover) from a source cell to a target cell in a wireless communication system (10),
comprising:

at least one transmitter (28) and at least one receiver (30); and
circuitry (20) associated with the at least one transmitter (28) and the at least one receiver
(30), the circuitry (20) operabile to:

perform a beam tracking procedure for one or more neighbor cells to provide, for each
neighbor cell, a list of tracked beams for the neighbor cell;

receive a handover command from a source radio access node (14-A) that instructs the
wireless communication device (12) to perform a handover from a source cell (cell A) served by the
source radio access node (14-A) to a target cell (cell B) served by a target radio access node (14-
B), wherein the target cell (cell B) is one of the one or more neighbor cells for which the beam
tracking procedure is performed;

select a beam of the target cell (cell B) from the list of tracked beams for the target cell (cell
B) based on random access resource configuration and/or an relative or absolute quality threshold;
and

perform random access on the selected beam.

15. The wireless communication device (12) of embodiment 12 wherein circuitry (20) is

further operable to perform the method of any one of embodiments 2 to 11.
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16. A wireless communication device (12) that performs handover (e.g., inter-radio
access node handover) from a source cell to a target cell in a wireless communication system (10),
comprising:

a beam tracking procedure performing module (34) operable to perform a beam tracking
procedure for one or more neighbor cells to provide, for each neighbor cell, a list of tracked beams
for the neighbor cell;

a receiving module (34) operable to receive a handover command from a source radio
access node (14-A) that instructs the wireless communication device (12) to perform a handover
from a source cell (cell A) served by the source radio access node (14-A) to a target cell (cell B)
served by a target radio access node (14-B), wherein the target cell (cell B) is one of the one or
more neighbor cells for which the beam tracking procedure is performed,;

a selecting module (34) operable to select a beam of the target cell (cell B) from the list of
tracked beams for the target cell (cell B) based on random access resource configuration and/or an
relative or absolute quality threshold; and

a random access performing module (34) operable to perform random access on the selected

beam.

17. A computer program comprising instructions which, when executed on at least one
processor, cause the at least one processor to carry out the method according to any one of

embodiments 1 to 11.
18. A carrier containing the computer program of embodiment 17, wherein the carrier is
one of an electronic signal, an optical signal, a radio signal, or a computer readable storage

medium.

The following acronyms are used throughout this disclosure.

3GPP Third Generation Partnership Project
5G Fifth Generation

ACK Acknowledgement

ASIC Application Specific Integrated Circuit
CBRA Contention-Based Random Access
CFRA Contention-Free Random Access
CPU Central Processing Unit

CSI-RS Channel State Information Reference Signal
dB Decibel
28
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DMRS Demodulation Reference Signal
DSP Digital Signal Processor

eNB Enhanced or Evolved Node B
FPGA Field Programmable Gate Array
gNB New Radio Base Station

1D Identity

LTE Long Term Evolution

MME Mobility Management Entity

MTC Machine Type Communication

NR New Radio

P-GW Packet Data Network Gateway
PSS Primary Synchronization Signal
RACH Random Access Channel

RRC Radio Resource Control

RSRP Reference Signal Received Power
RSRQ Reference Signal Received Quality
SCEF Service Capability Exposure Function
SINR Signal to Interference plus Noise Ratio
SS Synchronization Signal

SSS Secondary Synchronization Signal
TS Technical Specification

UE User Equipment

Those skilled in the art will recognize improvements and modifications to the embodiments of
the present disclosure. All such improvements and modifications are considered within the scope

of the concepts disclosed herein.
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Claims:

1. A method of operation of a wireless communication device to perform handover from a
source cell to a target cell in a wireless communication system, comprising:
performing a beam tracking procedure for one or more neighbor cells to provide, for each
neighbor cell, a list of tracked beams for the neighbor cell;
receiving a handover command from a source radio access node that instructs the
wireless communication device to perform a handover from a source cell served by the source
radio access node to a target cell served by a target radio access node, wherein the target cell is
one of the one or more neighbor cells for which the beam tracking procedure is performed;
selecting a beam of the target cell from the list of tracked beams for the target cell based
on random access resource configuration and/or a quality threshold; and
performing random access on the selected beam;
where selecting the beam of the target cell from the list of tracked beams for the target
cell comprises:
determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the
target cell; and
upon determining that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked beams
for the target cell:
determining whether a quality of a k-th best beam in the list of tracked
beams for the target cell is greater than a threshold, the k-th best beam being a
beam for which dedicated random access channel resources are allocated, where
the selected beam of the target cell is the k-th best beam if the quality of the k-th

best beam is greater than the threshold.

2. The method of claim 1 wherein, if the quality of the k-th best beam is greater than the
threshold, performing random access on the selected beam comprises performing contention-free
random access on the k-th best beam using the dedicated random access channel resources of the

k-th best beam.
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3. The method of any one of the preceding claims wherein, if the quality of the k-th best
beam is not greater than the threshold, performing random access on the selected beam
comprises performing contention-based random access on the best beam using the contention-

based random access channel resources of the best beam.

4. The method of any one of the preceding claims wherein selecting the beam of the target
cell from the list of tracked beams for the target cell comprises:

selecting the best beam in the list of tracked beams for the target cell if no dedicated
random access channel resources are allocated for contention-free random access for any of the

beams in the list of tracked beams for the target cell.

5. The method of claim 4 wherein performing random access on the selected beam
comprises performing contention-based random access on the best beam using contention-based

random access channel resources of the best beam.

6. The method of any one of the preceding claims, wherein selecting the beam of the target
cell from the list of tracked beams for the target cell comprises:

selecting the best beam in the list of tracked beams for the target cell if dedicated random
access channel resources are allocated for contention-free random access for the best beam in the

list of tracked beams for the target cell.

7. The method of claim 6, wherein performing random access on the selected beam
comprises performing contention free random access on the best beam using the dedicated

random access channel resources of the best beam.

8. The method of any one of the preceding claims, wherein selecting the beam of the target
cell from the list of tracked beams for the target cell comprises:

determining that there are no dedicated random access channel resources allocated for
contention-free random access for the best beam in the list of tracked beams for the target cell;

and
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upon determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the target
cell:
determining a difference between a quality of the best beam in the list of tracked
beams for the target cell and a quality of a k-th best beam in the list of tracked beams for
the target cell, the k-th best beam being a beam for which dedicated random access
channel resources are allocated;
determining whether the difference is less than a threshold, where the selected

beam of the target cell is the k-th best beam if the difference is less than the threshold.

0. The method of claim 8 wherein, if the difference is less than the threshold, performing
random access on the selected beam comprises performing contention-free random access on the

k-th best beam using the dedicated random access channel resources of the k-th best beam.

10. The method of claim 8 wherein, if the difference is not less than the threshold,
performing random access on the selected beam comprises performing contention-based random
access on the best beam using the contention-based random access channel resources of the best

beam.

11. The method of any one of the preceding claims wherein the quality threshold is any one

out of: a relative quality threshold and an absolute quality threshold.

12. A wireless communication device that performs handover from a source cell to a target
cell in a wireless communication system, the wireless communication device comprising:
at least one transmitter and at least one receiver; and
circuitry associated with the at least one transmitter and the at least one receiver, the
circuitry operable to:
perform a beam tracking procedure for one or more neighbor cells to provide, for
each neighbor cell, a list of tracked beams for the neighbor cell;
receive a handover command from a source radio access node that instructs the

wireless communication device to perform a handover from a source cell served by the
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source radio access node to a target cell served by a target radio access node, wherein the
target cell is one of the one or more neighbor cells for which the beam tracking procedure
is performed;
select a beam of the target cell from the list of tracked beams for the target cell
based on random access resource configuration and/or a quality threshold; and
perform random access on the selected beam;
where the circuitry is further operable to select the beam of the target cell from
the list of tracked beams for the target cell by:
determine that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked
beams for the target cell; and
upon determining that there are no dedicated random access channel
resources allocated for contention-free random access for the best beam in the list
of tracked beams for the target cell:
determine whether a quality of a k-th best beam in the list of
tracked beams for the target cell is greater than a threshold, the k-th best
beam being a beam for which dedicated random access channel resources
are allocated, where the selected beam of the target cell is the k-th best

beam if the quality of the k-th best beam is greater than the threshold.

13. The wireless communication device of claim 13 wherein the circuitry is further operable
to, if the quality of the k-th best beam is greater than the threshold, perform random access on the
selected beam by performing contention-free random access on the k-th best beam using the

dedicated random access channel resources of the k-th best beam.

14. The wireless communication device of claim 12 or claim 13 wherein the circuitry is
further operable to, if the quality of the k-th best beam is not greater than the threshold, perform
random access on the selected beam by performing contention-based random access on the best

beam using the contention-based random access channel resources of the best beam.
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15. The wireless communication device of any one of claims 12 to 14 wherein the circuitry is
further operable to select the beam of the target cell from the list of tracked beams for the target
cell by:

selecting the best beam in the list of tracked beams for the target cell if no dedicated
random access channel resources are allocated for contention-free random access for any of the

beams in the list of tracked beams for the target cell.

16. The wireless communication device of claim 15 wherein the circuitry is further operable
to perform random access on the selected beam by performing contention-based random access

on the best beam using contention-based random access channel resources of the best beam.

17. The wireless communication device of any one of claims 12 to 16, wherein the circuitry
is further operable to select the beam of the target cell from the list of tracked beams for the
target cell by:

selecting the best beam in the list of tracked beams for the target cell if dedicated random
access channel resources are allocated for contention-free random access for the best beam in the

list of tracked beams for the target cell.

18. The wireless communication device of claim 17, wherein the circuitry is further operable
to perform random access on the selected beam by performing contention free random access on

the best beam using the dedicated random access channel resources of the best beam.

19. The wireless communication device of any one of claims 12 to 18, wherein the circuitry
is further operable to select the beam of the target cell from the list of tracked beams for the
target cell by:

determining that there are no dedicated random access channel resources allocated for
contention-free random access for the best beam in the list of tracked beams for the target cell;
and

upon determining that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the target

cell:
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determine a difference between a quality of the best beam in the list of tracked
beams for the target cell and a quality of a k-th best beam in the list of tracked beams for
the target cell, the k-th best beam being a beam for which dedicated random access
channel resources are allocated; and

determine whether the difference is less than a threshold, where the selected beam

of the target cell is the k-th best beam if the difference is less than the threshold.

20. The wireless communication device of claim 19 wherein the circuitry is further operable
to, if the difference is less than the threshold, perform random access on the selected beam by
performing contention-free random access on the k-th best beam using the dedicated random

access channel resources of the k-th best beam.

21. The wireless communication device of claim 19 wherein the circuitry is further operable
to, if the difference is not less than the threshold, perform random access on the selected beam by
performing contention-based random access on the best beam using the contention-based random

access channel resources of the best beam.

22. The wireless communication device of any one of claims 12 to 21 wherein the quality

threshold is any one out of: a relative quality threshold and an absolute quality threshold.

23. A method of operation of a radio access node to perform handover of a wireless
communication device from a source cell to a target cell in a wireless communication system,
configuring the wireless device to:

perform a beam tracking procedure for one or more neighbor cells to provide, for each
neighbor cell, a list of tracked beams for the neighbor cell;

upon receiving a handover command from the source radio access node that instructs the
wireless communication device to perform a handover from a source cell served by the source
radio access node to a target cell served by a target radio access node, select a beam of the target
cell from the list of tracked beams for the target cell based on random access resource
configuration and/or a quality threshold; and

perform random access on the selected beam;

35



10

15

20

25

30

o 20023

where configuring the wireless communication device to select the beam of the target cell
from the list of tracked beams for the target cell further comprises configuring the wireless
communication device to:
determine that there are no dedicated random access channel resources allocated
for contention-free random access for the best beam in the list of tracked beams for the
target cell; and
upon determining that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked beams
for the target cell:
determine whether a quality of a k-th best beam in the list of tracked
beams for the target cell is greater than a threshold, the k-th best beam being a
beam for which dedicated random access channel resources are allocated, where
the selected beam of the target cell is the k-th best beam if the quality of the k-th

best beam is greater than the threshold.

24. The method of claim 23, further comprising: configuring the wireless communication
device to, if the quality of the k-th best beam is greater than the threshold, perform random
access on the selected beam by performing contention-free random access on the k-th best beam

using the dedicated random access channel resources of the k-th best beam.

25. The method of claim 23 or claim 24, further comprising: configuring the wireless
communication device to, if the quality of the k-th best beam is not greater than the threshold,
perform random access on the selected beam by performing contention-based random access on

the best beam using the contention-based random access channel resources of the best beam.

26. A radio access node that performs handover of a wireless communication device from a
source cell to a target cell in a wireless communication system, which radio access node
comprises:

at least one transmitter and at least one receiver; and

circuitry associated with the at least one transmitter and the at least one receiver, the

circuitry operable to configure the wireless communication device to:
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perform a beam tracking procedure for one or more neighbor cells to provide, for
each neighbor cell, a list of tracked beams for the neighbor cell;
upon receiving a handover command from the source radio access node that
instructs the wireless communication device to perform a handover from a source cell
served by the source radio access node to a target cell served by a target radio access
node, select a beam of the target cell from the list of tracked beams for the target cell
based on random access resource configuration and/or a quality threshold; and
perform random access on the selected beam,;
where the circuitry is further operable to configure the wireless communication
device to select the beam of the target cell from the list of tracked beams for the target
cell by configuring the wireless communication device to:
determine that there are no dedicated random access channel resources
allocated for contention-free random access for the best beam in the list of tracked
beams for the target cell; and
upon determining that there are no dedicated random access channel
resources allocated for contention-free random access for the best beam in the list
of tracked beams for the target cell:
determine whether a quality of a k-th best beam in the list of
tracked beams for the target cell is greater than a threshold, the k-th best
beam being a beam for which dedicated random access channel resources
are allocated, where the selected beam of the target cell is the k-th best

beam if the quality of the k-th best beam is greater than the threshold.

27. The radio access node of claim 26, wherein the circuitry is further operable to configure
the wireless communication device to, if the quality of the k-th best beam is greater than the
threshold, perform random access on the selected beam by performing contention-free random
access on the k-th best beam using the dedicated random access channel resources of the k-th

best beam.

28. The radio access node of claim 26 or claim 27, wherein the circuitry is further operable to

configure the wireless communication device, if the quality of the k-th best beam is not greater
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than the threshold, perform random access on the selected beam by performing contention-based

random access on the best beam using the contention-based random access channel resources of

the best beam.

38




10

15

20023

ABSTRACT

A method of operation of a wireless communication device to perform handover from a
source cell to a target cell in a wireless communication system is provided. The wireless
communication device performs (202) a beam tracking procedure for one or more neighbor cells to
provide, for each neighbor cell, a list of tracked beams for the neighbor cell. The wireless
communication device receives (212) a handover command from a source radio access node that
instructs the wireless communication device to perform a handover from a source cell served by the
source radio access node to a target cell served by a target radio access node. The target cell is
one of the one or more neighbor cells for which the beam tracking procedure is performed. The
wireless communication device then selects (214) a beam of the target cell from the list of tracked
beams for the target cell based on random access resource configuration and/or a quality
threshold. The wireless communication device then performs (216) random access on the selected

beam.
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Fig. 3b

202 Perform a beam tracking procedure for one or more neighbor cells to provide, for each neighbor cell. a
list of tracked beams for the neighbor cell.

v

212. Receive handover command from source radio access node that instructs the wireless communication
device to perform a handover, wherein the target cell is one of the one or more neighbor cells for which the
beam tracking procedure is performed

v
214. Select a beam of the target cell from the list of tracked beams for the target cell, based on random
access resource configuration and:or an relative or absolute quality threshold

213. Perform random access on the selected beam
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