Cell Quality Derivation Configuration



TECHNICAL FIELD

Certain embodiments of the present disclosure relate, in general, to wireless networks

and, more particularly, to cell quality derivation configuration.

BACKGROUND

The Third Generation Partnership Project (3GPP) is discussing multi-antenna
schemes for New Radio (NR). For NR, frequency ranges up to 100 GHz are considered. It is
known that high-frequency radio communication above 6 GHz suffers from significant path
loss and penetration loss. One solution to address this issue is to deploy large-scale antenna
arrays to achieve high beamforming gain, which is a reasonable solution due to the small
wavelength of high-frequency signal. Therefore multiple input multiple output (MIMO)
schemes for NR are also called massive MIMO. For around 30/70 GHz, up to 256 transmit
(Tx) and receive (Rx) antenna elements are assumed. Extension to support 1024 Tx at
70GHz is agreed and it is under discussion for 30GHz. For sub-6GHz communication, there
is also atrend to increase the number of antenna elements to obtain more beamforming and
multiplexing gain.

Beamforming approaches

With massive MIMO, three approaches to beamforming have been
discussed: analog, digital, and hybrid (a combination of analog and digital).
The analog beamforming would compensate high pathloss in NR scenarios,
while digital precoding would provide additional performance gains similar to
MIMO for sub-6 GHz necessary to achieve a reasonable coverage. The
implementation complexity of analog beamforming is significantly less than
digital precoding since in many implementations it relies on simple phase
shifters, but the drawbacks are its limitation in multi-direction flexibility (i.e.,
asingle beam can be formed at atime and the beams are then switched in time
domain), only wideband transmissions (i.e., not possible to transmit over a
subband), unavoidable inaccuracies in the analog domain, etc. Digital

beamforming (requiring costly converters to/from the digital domain from/to



IF domain), used today in LTE, provides the best performance in terms of data
rate and multiplexing capabilities (multiple beams over multiple subbands at a
time can be formed), but at the same time it is challenging in terms of power
consumption, integration, and cost; in addition to that the gains do not scale
linearly with the number of transmit/receive units while the cost is growing
rapidly. Supporting hybrid beamforming, to benefit from cost-efficient analog
beamforming and high-capacity digital beamforming, is therefore desirable
for NR. An example diagram for hybrid beamforming is shown in FIGURE 1.
Beamforming can be on transmission beams and/or reception beams on the
network side or the wireless device side. Examples of multi-beam base
stations may be found in U.S. Patent Publication No. 2004/235527 and
Korean Patent Publication No. 2016 0143509.

Beam Sweeping

The analog beam of a subarray can be steered toward a single direction on each
Orthogonal Frequency Division Multiplexing (OFDM) symbol, and hence the number of
subarrays determines the number of beam directions and the corresponding coverage on each
OFDM symbol. However, the number of beams to cover the whole serving area is typically
larger than the number of subarrays, especially when the individual beam-width is narrow.
Therefore, to cover the whole serving area, multiple transmissions with narrow beams
differently steered in time domain are also likely to be needed. The provision of multiple
narrow coverage beams for this purpose has been called “beam sweeping.” For analog and
hybrid beamforming, the beam sweeping seems to be essentia to provide the basic coverage
in NR. For this purpose, multiple OFDM symboals, in which differently steered beams can be
transmitted through subarrays, can be assigned and periodically transmitted. Examples of
beam sweeping are illustrated in FIGURE 2 (Tx beam sweeping on two subarrays) and
FIGURE 3 (Tx beam sweeping on three subarrays).

Configuration of Synchronization Sgnal (SS) Block

The following describes a non-limiting example of SS block and SS burst



configuration which may be assumed in other embodiments.

SS block: an SS block can be used to transmit a new radio primary synchronization
signal (NR-PSS), new radio secondary synchronization signal (NR-SSS), and/or new radio
physical broadcast channel (NR-PBCH). For a given frequency band, an SS block
corresponds to a number (N) of OFDM symbols based on the default subcarrier spacing, and
N is a constant. A wireless device shall be able to identify at least OFDM symbol index, slot
index in aradio frame, and radio frame number from an SS block. A single set of possible SS
block time locations (e.g., with respect to radio frame or with respect to SS burst set) is
specified per frequency band. At least for multi-beams case, at least the time index of SS-
block isindicated to the wireless device. A wireless device can be informed of the position(s)
of actual transmitted SS-blocks in order to help the wireless device to perform
CONNECTED/IDLE mode measurements, to receive downlink (DL) data/control in unused
SS blocks when in CONNECTED mode, and potentially to receive DL data/control in unused
SS-blocks when in IDLE mode.

SS burst: One or multiple SS block(s) compose an SS burst. The maximum number
of SS-blocks, L, within SS burst set may be carrier frequency dependent. For example, for
frequency range category #A (e.g., 0 ~ 6 GHz), the number (L) is TBD within L < [16]. For
frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L <[128].

SS burst set: One or multiple SS burst(s) further compose an SSburst set (or series)
where the number of SS bursts within a SS burst set is finite. From physical layer
specification perspective, at least one periodicity of SS burst set is supported. From the
perspective of the wireless device, SS burst set transmission is periodic. At least for initial
cell selection, the wireless device may assume a default periodicity of SS burst set
transmission for a given carrier frequency (e.g., one of 5 ms, 10 ms, 20 ms, 40 ms, 80 ms, or
160 ms). The wireless device may assume that a given SS block is repeated with a SS burst
set periodicity. By default, the wireless device may neither assume the base station (e.g., the
gNB in NR) transmits the same number of physical beam(s), nor the same physical beam(s)
across different SS-blocks within an SS burst set.

For each carrier, the SS blocks may be time-aligned or overlap fully or at least in



part, or the beginning of the SS blocks may be time-aligned (e.g., when the actual number

of transmitted SS blocks is different in different cells).

An example configuration of SS blocks, SS bursts, and SS burst sets/series is
illustrated in FIGURE 4.

Mobility Procedure

In LTE, handover decisions at a serving eNodeB (eNB) are taken based on events
configured at the wireless device based on the radio quality of different cells. These
measurements are performed based on cell-specific reference signals (CRS) so that a cell
quality is derived.

In LTE, the wireless device uses CRS and synchronization signals (PSS/SSS) to
discover a cell and perform radio resource management (RRM) measurements to derive a cell
quality. For both intra- and inter-frequency measurements, the wireless device is expected to
fulfill certain RRM requirements depending on channel conditions and noise levels. To do
that, the wireless device typically collects periodic snapshots (e.g., at every 40 ms) based on
CRS (after cell detection) where coherent and non-coherent averages are performed per
sample in a limited bandwidth. The wireless device performs filtering at the physical layer
before reporting the measurement results to higher layers. Every time a measurement result is
received by the higher layers, the wireless device performs layer 3 (L3) filtering. In LTE, the
standardized L3 filtering provides some level of harmonization among wireless devices.
However, the parameters of the layer 1 (L1) filtering are not standardized and are left to

wireless device implementation.

Observation 1: In LTE the L3 filtering is standardized, therefore the network can provide a
level of harmonization among UEs as well as different cell quality measurements of a UE.
The LTE filtering model, as captured in TS 36.300, is reproduced in FIGURE 5.

SUMMARY

Certain problems can occur in existing systems, as further explained in this section.
In 3GPP, the RAN1 terminology assumed that at least the combination of NR



synchronization sequences (NR-PSS/NR-SSS) and PBCH constitutes a so-called SS Block.
That may also contain a Tertiary Sync Sequence (TSS) to indicate the OFDM symbol
timing or equivalent information, but this is still for future study (FFS) in RAN1. An
RRC_CONNECTED wireless device trying to access a target cell should assume that the
SS Block may be transmitted in the form of repetitive bursts of SS Block transmissions
(denoted “ SS Burst”), wherein such a burst consists of a number of SS Block transmissions
following close after each other in time. Furthermore, a set of SS Bursts may be grouped
together (denoted “ SS Burst Set”), where the SS Bursts in the SS Burst Sets are assumed to
have some relation to each other. Both SS Bursts and SS Burst Sets have their respective
given periodicity. In the single beam scenarios, the network could configure time-repetition
within one SS Burst in a wide beam.

FIGURE 6 illustrates examples of different configurations of an SS Burst Set. The
top example illustrates time-repetition within one SS Burst in a wide beam. The middle
example illustrates beam-sweeping of a small number of beams using only one SS Burst in
the SS Burst Set. The bottom example illustrates beam-sweeping of a larger number of
beams using more than one SS Burst in the SS Burst Set to form a complete sweep.

The network vendor may choose which of these three alternatives to implement.
That choice depends on the tradeoff between i) the overhead caused by transmitting
periodic and always on narrow beam sweepings vs. ii) the delays and signaling needed to
configure the wireless device to find a narrow beam for PDSCH/PDCCH. The
implementation shown in the top example in FIGURE 6 prioritizes i), while the
implementation shown in the bottom example in FIGURE 6 prioritizes ii). The middle
example in FIGURE 6 is an intermediate case, where a sweeping of wide beams is used. In
that case the number of beams to cover the cell is reduced, but in some cases an additional
refinement is needed for narrow gain beamforming of the physical downlink shared channel
(PDSCH).

Regardless of which of these isimplemented in each cell, the wireless device should
be able to perform cell based measurements when SS Block signals are being beamformed.
According to the latest RAN2 agreements from RAN2#97 meeting in Athens, cell quality

derivation can be derived from multiple beams and the following has been agreed:

Aqgreement



e 1 Cell quality can be derived from N best beams where value of N can be

configured to 1 or more than 1.
e FFS: Details of filtering to be applied

e FFS: How the quality of the serving cell is determined (e.g., from serving

beam only or cell quality)
e FFS: Whether the agreement applies to both additional RS and idle RS.

e FFS: Whether to only consider beams above athreshold (‘good' beams)

A problem that arises is that each implementation may have a different number of
beams K (i.e., SS Block Set), and that may affect the way the network should optimally
configure the parameter N (i.e., number of good beams to be used to perform cell quality
derivation). Since N relates to cell quality, a solution could be to always configure the
wireless device with N per potential neighbor cell candidate in the measurement
configuration. However, that would require the network to always be aware of the best
beams. That would also disable the possibility that a wireless device finds new cells not in
the configure list of cells and, without an N, the wireless device would not be instructed to
perform cell quality derivation. In addition, it has also been agreed in RAN2 that the
amount of configuration should be minimized. Another possibility would be to enable each
cell to broadcast its N parameter. However, the wireless device would have to be forced to
read system information for every single cell it detects.

Certain embodiments of the present disclosure may provide solutions to the above-
described problems. In general, certain embodiments configure the parameter N used in
multi-beam cell scenarios to define the number of beams the wireless device should
consider to derive the cell quality. The configuration is at least per carrier frequency to
minimize the amount of needed configuration and required inter-node coordination.

According to certain embodiments, a method is disclosed for use in a network node.
The method comprises determining at least one parameter N per carrier frequency. The
parameter N indicates a maximum number of beams to be used by a wireless device for
signal measurements in a cell. The method comprises communicating the parameter(s) N

to the wireless device.



In some embodiments, the method comprises communicating one or more
indicator(s) to the wireless device. Examples of indicators include an indicator indicating
that all carrier frequencies use the same parameter N, an indicator indicating a set of carrier
frequencies that use the same parameter N, an indicator indicating whether all cellsin a
group of cells belonging to a particular carrier frequency have the same number of beams,
and an indicator indicating whether the number of beams on cells belonging to a first
carrier frequency is the same as the number of beams on cells belonging to a second carrier
frequency.

In some embodiments, communicating the parameter(s) N to the wireless device
comprises communicating a first parameter N1 and information associating the first
parameter N1 with a first carrier frequency, and communicating a second parameter N2 and
information associating the second parameter N2 with a second carrier frequency that is
different than the first carrier frequency. In some embodiments the information associating
the first parameter N1 with the first carrier frequency comprises a frequency channel
number of the first carrier frequency. In some embodiments, the information associating
the second parameter N2 with the second carrier frequency comprises a frequency channel
number of the second carrier frequency.

In some embodiments, the signal measurements comprise at least one of the
following types of signal measurements. measurements of cell specific reference signals,
measurements of synchronization signals, or radio resource management (RRM)
measurements.

In some embodiments, the at least one parameter N per carrier frequency comprises
a first parameter N1 for performing a first type of signa measurements on a first carrier
frequency and a second parameter N2 for performing a second type of signal measurements
on the first carrier frequency. The second type of signal measurements is different than the
first type of signal measurements. For example, in some embodiments, the first parameter
N1 is used for performing measurements of synchronization signals and the second
parameter N2 is used for performing measurements of cell specific reference signals.

In some embodiments, the at least one parameter N per carrier frequency is
communicated in system information common for all wireless devices.

In some embodiments, the at least one parameter N per carrier frequency is



communicated in dedicated signaling to the wireless device.

In some embodiments, the method further comprises sending the wireless device
one or more cell-specific offsets. Each cell-specific offset is associated with a specific cell
such that the wireless device adjusts the value of the at least one parameter N according to
the cell-specific offset when performing the signal measurements of the specific cell. At
least one cell-specific offset can be associated with a serving cell of the network node. At
least one cell-specific offset can be associated with a neighbor cell of another network
node. One or more cell-specific offsets can be configured per carrier frequency. In some
embodiments, a cell-specific offset of a new cell can be received from the wireless device.

In some embodiments, the method further comprises determining a UE-specific
offset. The UE-specific offset is determined based on the beamforming capabilities of the
wireless device. The method comprises sending the wireless device the UE-specific offset
such that the wireless device adjusts the value of the at least one parameter N according to
the UE-specific offset.

In some embodiments, the method further comprises receiving information about
cell-specific offsets for parameter N in different carrier frequencies. The information is
received from one or more other network nodes. The method comprises using the received
information when determining at least one parameter N per carrier frequency.

In some embodiments, the method further comprises receiving, from one or more
other network nodes, information about a number of beams each network node’ s respective
cell uses for a particular carrier frequency. The method comprises using the received
information and information about the number of beams used in the network node’s own
cell for the particular carrier frequency to determine a common parameter N for all cells on
the particular carrier frequency.

In some embodiments, the method further comprises receiving, from one or more
other network nodes, information about the parameter N that each network node's
respective cell uses for a particular carrier frequency. The method comprises using the
received information and information about the parameter N used in the network node’'s
own cell for the particular carrier frequency to determine a common parameter N for all
cells on the particular carrier frequency. In some embodiments, the common parameter N

is determined based the maximum parameter N used by the network node or any of the
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other network nodes, the minimum parameter N used by the network node or any of the
other network nodes, the average of parameters N used by the network node and the other
network nodes, or the Xth percentile of parameters N used by the network node and the
other network nodes.

In some embodiments, the network node comprises the serving cell.

In some embodiments, the parameter N facilitates signal measurements performed
by the wireless device on each cell belonging to the same carrier frequency.

In some embodiments, the parameter N facilitates signal measurements performed
by the wireless device in a multi-beam cell.

In some embodiments, the N parameter(s) are signaled from the network node to the
wireless device in a measurement object (MeasObject) information element.

According to certain embodiments, a computer program product is disclosed. The
computer program product comprises a non-transitory computer readable storage medium
having computer readable program code embodied in the medium. The computer readable
code, when executed by processing circuitry of a network node, causes the network node to
perform operations. The operations comprise determining at least one parameter N per
carrier frequency. The parameter N indicates a maximum number of beams to be used by a
wireless device for signal measurementsin acell. The operations comprise communicating
the parameter(s) N to the wireless device. In some embodiments, the computer readable
code, when executed by the processing circuitry of the network node, further causes the
network node to perform any of the above-described methods for use in a network node.

According to certain embodiments, a network node is disclosed. The network node
comprises processing circuitry and a wireless interface. The processing circuitry is
operable to determine at least one parameter N per carrier frequency. The parameter N
indicates a maximum number of beams to be used by a wireless device for signa
measurementsin acell. The wireless interface is operable to communicate the parameter(s)
N to the wireless device.

In some embodiments, the processing circuitry is further operable to configure one
or more indicators, and the wireless interface is further operable to communicate the
indicator(s) to the wireless device. Examples of indicators include an indicator indicating

that all carrier frequencies use the same parameter N, an indicator indicating a set of carrier
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frequencies that use the same parameter N, an indicator indicating whether all cellsin a
group of cells belonging to a particular carrier frequency have the same number of beams,
and an indicator indicating whether the number of beams on cells belonging to a first
carrier frequency is the same as the number of beams on cells belonging to a second carrier
frequency.

In some embodiments, the processing circuitry is operable to determine a first
parameter N1 and information associating the first parameter N1 with a first carrier
frequency, and to determine a second parameter N2 and information associating the second
parameter N2 with a second carrier frequency that is different than the first carrier
frequency. The wireless interface is operable to communicate the first parameter N1 and
the second parameter N2 to the wireless device. In some embodiments the information
associating the first parameter N1 with the first carrier frequency comprises a frequency
channel number of the first carrier frequency. In some embodiments, the information
associating the second parameter N2 with the second carrier frequency comprises a
frequency channel number of the second carrier frequency.

In some embodiments, the signal measurements comprise at least one of the
following types of signal measurements. measurements of cell specific reference signals,
measurements of synchronization signals, or radio resource management (RRM)
measurements.

In some embodiments, the at least one parameter N per carrier frequency comprises
a first parameter N1 for performing a first type of signa measurements on a first carrier
frequency and a second parameter N2 for performing a second type of signal measurements
on the first carrier frequency. The second type of signal measurements is different than the
first type of signal measurements. For example, in some embodiments, the first parameter
N1 is used for performing measurements of synchronization signals and the second
parameter N2 is used for performing measurements of cell specific reference signals.

In some embodiments, the wireless interface is operable to communicate the at least
one parameter N per carrier frequency in system information common for all wireless
devices.

In some embodiments, the wireless interface is operable to communicate the at least

one parameter N per carrier frequency in dedicated signaling to the wireless device.
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In some embodiments, the processing circuitry is further operable to determine one
or more cell-specific offsets. Each cell-specific offset is associated with a specific cell such
that the wireless device adjusts the value of the at least one parameter N according to the
cell-specific offset when performing the signal measurements of the specific cell. The
wireless interface is further operable to send the one or more cell-specific offsets to the
wireless device. At least one cell-specific offset can be associated with a serving cell of the
network node. At least one cell-specific offset can be associated with a neighbor cell of
another network node. One or more cell-specific offsets can be configured per carrier
frequency. In some embodiments, a cell-specific offset of a new cell can be received from
the wireless device.

In some embodiments, the processing circuitry is further operable to determine a
UE-specific offset. The UE-specific offset is determined based on the beamforming
capabilities of the wireless device. The wireless interface is further operable to send the
wireless device the UE-specific offset such that the wireless device adjusts the value of the
at least one parameter N according to the UE-specific offset.

In some embodiments, the network node further comprises a network interface. The
network interface is operable to receive, from one or more other network nodes,
information about cell-specific offsets for parameter N in different carrier frequencies. The
processing circuitry is further operable to use the received information when determining at
least one parameter N per carrier frequency.

In some embodiments, the network interface is operable to receive, from one or
more other network nodes, information about a number of beams each network node's
respective cell uses for a particular carrier frequency. The processing circuitry is further
operable to use the received information and information about the number of beams used
in the network node’s own cell for the particular carrier frequency to determine a common
parameter N for all cells on the particular carrier frequency.

In some embodiments, the network interface is operable to receive, from one or
more other network nodes, information about the parameter N that each network node’s
respective cell uses for a particular carrier frequency. The processing circuitry is further

operable to use the received information and information about the parameter N used in the
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network node's own cell for the particular carrier frequency to determine a common
parameter N for all cells on the particular carrier frequency. In some embodiments, the
common parameter N is determined based the maximum parameter N used by the network
node or any of the other network nodes, the minimum parameter N used by the network
node or any of the other network nodes, the average of parameters N used by the network
node and the other network nodes, or the Xth percentile of parameters N used by the
network node and the other network nodes.

In some embodiments, the network node comprises the serving cell.

In some embodiments, the parameter N facilitates signal measurements performed
by the wireless device on each cell belonging to the same carrier frequency.

In some embodiments, the parameter N facilitates signal measurements performed
by the wireless device in a multi-beam cell.

In some embodiments, the N parameter(s) are signaled from the network node to the
wireless device in a measurement object (MeasObject) information element.

According to certain embodiments, a method is disclosed for use in a wireless
device. The method comprise receiving at least one parameter N per carrier frequency from
anetwork node. The parameter N indicates a maximum number of beams to be used by the
wireless device for signal measurementsin acell. The method comprises using the at least
one parameter N.

In some embodiments, the method further comprises receiving one or more
indicators. Examples of indicators include an indicator indicating that all carrier
frequencies use the same parameter N, an indicator indicating a set of carrier frequencies
that use the same parameter N, an indicator indicating whether all cells in a group of cells
belonging to a particular carrier frequency have the same number of beams, and an
indicator indicating whether the number of beams on cells belonging to a first carrier
frequency is the same as the number of beams on cells belonging to a second carrier
frequency.

In some embodiments, in response to the indicator indicating that all cells in the
group have the same number of beams, the method further comprises detecting the number
of beams on the particular carrier frequency for any one cell in the group and assuming that

the other cells in the group have the same number of beams on the particular carrier
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frequency.

In some embodiments, in response to the indicator indicating that the cells in the
group do not all have the same number of beams, the method further comprises detecting
the number of beams on the particular carrier frequency on a per-cell basis by reading
system information from the respective cell.

In some embodiments, in response to the indicator indicating that the number of
beams on cells belonging to the first carrier frequency is the same as the number of beams
on cells belonging to the second carrier frequency, the method further comprises detecting
the number of beams on the first carrier frequency and assuming that the second carrier
frequency has the same number of beams.

In some embodiments, in response to the indicator indicating that the number of
beams on cells belonging to the first carrier frequency is not the same as the number of
beams on cells belonging to the second carrier frequency, the method further comprises
detecting the number of beams on the first carrier frequency and detecting the number of
beams on the second carrier frequency.

In some embodiments, the method comprises receiving a first parameter N1 and
information associating the first parameter N1 with afirst carrier frequency, and receiving a
second parameter N2 and information associating the second parameter N2 with a second
carrier frequency that is different than the first carrier frequency. In some embodiments the
information associating the first parameter N1 with the first carrier frequency comprises a
frequency channel number of the first carrier frequency. In some embodiments, the
information associating the second parameter N2 with the second carrier frequency
comprises afrequency channel number of the second carrier frequency.

In some embodiments, using the at least one parameter N comprises, for each of one
or more carrier frequencies on which the signal measurements are to be performed, using a
parameter N that corresponds to the carrier frequency to determine the maximum number of
beams to be used for the signal measurements in the cell. The method comprises
performing the signal measurements on up to the maximum number of beamsin the cell. In
some embodiments, the method further comprises performing the signal measurements on
up to the maximum number of beamsin a second cell.

In some embodiments, the method further comprises deriving a signal quality and/or
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asignal strength of the cell based on the signal measurements.

In some embodiments, the signal measurements comprise at least one of the
following types of signal measurements. measurements of cell specific reference signals,
measurements of synchronization signals, or radio resource management (RRM)
measurements.

In some embodiments, the at least one parameter N per carrier frequency comprises
a first parameter N1 for performing a first type of signa measurements on a first carrier
frequency and a second parameter N2 for performing a second type of signal measurements
on the first carrier frequency. The second type of signal measurements is different than the
first type of signal measurements. For example, in some embodiments, the first parameter
N1 is used for performing measurements of synchronization signals and the second
parameter N2 is used for performing measurements of cell specific reference signals.

In some embodiments, the method further comprises using the signal measurements
for one or more of the following tasks. reporting to the network node, reporting to a
neighboring network node, reporting to another wireless device, changing a cell,
positioning the wireless device, performing minimization of drive test, and/or performing
power control.

In some embodiments, the at |east one parameter N per carrier frequency is received
in system information common for all wireless devices.

In some embodiments, the at least one parameter N per carrier frequency is received
in dedicated signaling to the wireless device.

In some embodiments, the method further comprises configuring the wireless device
with one or more cell-specific offsets. Each cell-specific offset is associated with a specific
cell such that the wireless device adjusts the value of the at |east one parameter N according
to the cell-specific offset when performing the signal measurements of the specific cell. At
least one cell-specific offset can be associated with a serving cell of the network node. At
least one cell-specific offset can be associated with a neighbor cell of another network
node. The cell-specific offset associated with the neighbor cell can be received from the
serving cell. One or more cell-specific offsets can be configured per carrier frequency.

In some embodiments, the method further comprises detecting the cell-specific

offset of a new cell and reporting the cell-specific offset of the new cell to the serving cell.
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In some embodiments, the method further comprises configuring the wireless device
with a UE-specific offset associated with the particular wireless device such that the
wireless device adjusts the value of the at least one parameter N according to the UE-
specific offset. In some embodiments, the method determines the UE-specific offset based
on the beamforming capabilities of the wireless device. In some embodiments, the UE-
specific offset is received from the network node.

In some embodiments, the network node comprises the serving cell.

In some embodiments, the parameter N is used by the wireless device for signal
measurements on each cell belonging to the same carrier frequency.

In some embodiments, the signal measurements are performed by the wireless
device in a multi-beam cell.

In some embodiments, the N parameter(s) are received from the network node by
the wireless device in a measurement object (MeasObject) information element.

According to certain embodiments, a computer program product is disclosed. The
computer program product comprises a non-transitory computer readable storage medium
having computer readable program code embodied in the medium. The computer readable
code, when executed by processing circuitry of a wireless device, causes the network node
to perform operations. The operations comprise receiving, from a network node, at |east
one parameter N per carrier frequency from a network node, and using the at least one
parameter N. The parameter N indicates a maximum number of beams to be used by the
wireless device for signal measurements in a cell. In some embodiments, the computer
readable code, when executed by the processing circuitry of the wireless device, further
causes the wireless device to perform any of the above-described methods for use in a
wireless device.

According to certain embodiments, a wireless device is disclosed. The wireless
device comprises an interface and processing circuitry. The interface is operable to receive,
from a network node, at least one parameter N per carrier frequency. The parameter N
indicates a maximum number of beams to be used by the wireless device for signal
measurements in a cell. The processing circuitry is operable to use the at least one
parameter N.

In some embodiments, the processing circuitry is operable to determine the at least
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one parameter N per carrier frequency based on receiving one parameter N and an indicator
indicating that all carrier frequencies use the same parameter N.

In some embodiments, the processing circuitry is operable to determine the at least
one parameter N per carrier frequency based on a first parameter N1 and an indicator
indicating carrier frequencies that use the first parameter N1.

In some embodiments, the received at least one parameter N per carrier frequency
comprises a first parameter N1 and information associating the first parameter N1 with a
first carrier frequency, and a second parameter N2 and information associating the second
parameter N2 with a second carrier frequency that is different than the first carrier
frequency. In some embodiments the information associating the first parameter N1 with
the first carrier frequency comprises a frequency channel number of the first carrier
frequency. In some embodiments, the information associating the second parameter N2
with the second carrier frequency comprises a frequency channel number of the second
carrier frequency.

In some embodiments, the processing circuitry is operable to use a parameter N that
corresponds to the carrier frequency to determine the maximum number of beams to be
used for the signal measurements in the cell, and to perform the signal measurements on up
to the maximum number of beams in the cell.

In some embodiments, the processing circuitry is further operable to perform the
signal measurements on up to the maximum number of beamsin a second cell.

In some embodiments, the processing circuitry is further operable to derive a signal
quality and/or a signal strength of the cell based on the signal measurements.

In some embodiments, the signal measurements comprise at least one of the
following types of signal measurements. measurements of cell specific reference signals,
measurements of synchronization signals, or radio resource management (RRM)
measurements.

In some embodiments, the at least one parameter N per carrier frequency comprises
a first parameter N1 for performing a first type of signa measurements on a first carrier
frequency and a second parameter N2 for performing a second type of signal measurements
on the first carrier frequency. The second type of signal measurements is different than the

first type of signal measurements. For example, in some embodiments, the first parameter
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N1 is used for performing measurements of synchronization signals and the second
parameter N2 is used for performing measurements of cell specific reference signals.

In some embodiments, the processing circuitry is further operable to use the signal
measurements for one or more of the following tasks. reporting to the network node,
reporting to a neighboring network node, reporting to another wireless device, changing a
cell, positioning the wireless device, performing minimization of drive test, and/or
performing power control.

In some embodiments, the interface is further operable to receive, from the network
node, an indicator indicating whether all cells in a group of cells belonging to a particular
carrier frequency have the same number of beams. In some embodiments, in response to
the indicator indicating that all cells in the group have the same number of beams, the
processing circuitry is further operable to detect the number of beams on the particular
carrier frequency for any one cell in the group and assuming that the other cells in the
group have the same number of beams on the particular carrier frequency. In some
embodiments, in response to the indicator indicating that the cells in the group do not all
have the same number of beams, the processing circuitry is further operable to detect the
number of beams on the particular carrier frequency on a per-cell basis by reading system
information from the respective cell.

In some embodiments, the interfaces is further operable to receive, from the network
node, an indicator indicating whether the number of beams on cells belonging to a first
carrier frequency is the same as the number of beams on cells belonging to a second carrier
frequency. In some embodiments, in response to the indicator indicating that the number of
beams on cells belonging to the first carrier frequency is the same as the number of beams
on cells belonging to the second carrier frequency, the processing circuitry is further
operable to detect the number of beams on the first carrier frequency and assume that the
second carrier frequency has the same number of beams. In some embodiments, in
response to the indicator indicating that the number of beams on cells belonging to the first
carrier frequency is not the same as the number of beams on cells belonging to the second
carrier frequency, the processing circuitry is further operable to detect the number of beams
on the first carrier frequency and detect the number of beams on the second carrier

frequency.
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In some embodiments, the at |east one parameter N per carrier frequency is received
in system information common for all wireless devices.

In some embodiments, the at |east one parameter N per carrier frequency is received
in dedicated signaling to the wireless device.

In some embodiments, the processing circuitry further operable to configure the
wireless device with one or more cell-specific offsets. Each cell-specific offset is
associated with a specific cell such that the wireless device adjusts the value of the at least
one parameter N according to the cell-specific offset when performing the signal
measurements of the specific cell. At least one cell-specific offset can be associated with a
serving cell of the network node. At least one cell-specific offset can be associated with a
neighbor cell of another network node. The cell-specific offset associated with the
neighbor cell can be received from the serving cell. One or more cell-specific offsets can
be configured per carrier frequency.

In some embodiments, the processing circuitry is further operable to detect the cell-
specific offset of a new cell and report the cell-specific offset of the new cell to the serving
cell.

In some embodiments, the processing circuitry further operable to configure the
wireless device with a UE-specific offset. The UE-specific offset is associated with the
particular wireless device such that the wireless device adjusts the value of the at least one
parameter N according to the UE-specific offset. In some embodiments, the processing
circuitry determines the UE-specific offset based on the beamforming capabilities of the
wireless device. In some embodiments, the UE-specific offset is received from the network
node.

In some embodiments, the network node comprises the serving cell.

In some embodiments, the processing circuitry is operable to use the parameter N
for signal measurements on each cell belonging to the same carrier frequency.

In some embodiments, the processing circuitry is operable to perform the signal
measurements in a multi-beam cell.

In some embodiments, the N parameter(s) are received from the network node by
the wireless device in a measurement object (MeasObject) information element.

Additional examples are summarized bel ow:
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In afirst set of embodiments, we propose a method, an apparatus, a system, and a
computer program product where a wireless device is configured (i.e.,, signaled) by a
network node with at least one parameter N (number of beams to be used by the wireless
device for signal measurements (e.g., cell quality derivation) in a multi-beam cell) per
carrier frequency associated to cells the wireless device should discover and perform cell
based RRM measurements. The method also comprises the possibility that the wireless
deviceis also configured with cell-specific offsets associated to serving and neighbor cells.

In a second set of embodiments, the method, apparatus, system, or computer
program product also comprises different network nodes being able to exchange the
information about cell-specific offsetsfor N in the different carriers.

In athird set of embodiments, the method, apparatus, system, or computer program
product also comprises different network nodes being able to exchange the information
about the number of beams used in their respective cells. For example a first network node
(Nodel) receives parameters M2 and M3 from second network node (Node2) and third
network node (Node3) respectively. M2 and M3 indicates the number of beams used in
cell2 and cell3 respectively. Nodel use its own parameter (M1 i.e., number of beams in
cell1) aswell as M2 and M3 for deriving a common parameter N for all cells on carrier F1.
As an example M1, M2 and M3 are associated with the same carrier frequency. Then
Nodel transmits N associated with carrier F1 to at |east one wireless device in cell 1.

In afourth set of embodiments, the method, apparatus, System, or computer program
product also comprises different network nodes being able to exchange the information
about the parameter N (number of beams to be used by the wireless device for signal
measurements in a multi-beam cell) used for different carriers by each network node. For
example afirst network node (Nodel) receives parameters N2 and N3 from second network
node (Node2) and third network node (Node3) and use them for one or more operational
tasks, e.g., determining its own parameter (e.g., N1). As an example N1, N2 and N3
associated with the same carrier frequency are signaled by Nodel, Node2 and Node3
respectively in their respective cells.

Certain embodiments may provide one or more technical advantages. As an
example, a technical advantage of certain embodiments is that the wireless device only

reguires minimum configuration to be able to derive cell quality in scenarios where cells
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are transmitting reference signals for discovery in multiple beams. In certain embodiments,
neighbor cell knowledge is available so that the network has the possibility to optimize the
parameter in a cell-specific offset manner. Certain embodiments may have all, some, or
none of these advantages. Other advantages may be apparent to those of ordinary skill in

the art.

BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 illustrates an example of hybrid beamforming, in accordance with
certain embodiments.

FIGURE 2 illustrates an example of transmission beam sweeping on two subarrays,
in accordance with certain embodiments.

FIGURE 3 illustrates an example of transmission beam sweeping on three
subarrays, in accordance with certain embodiments.

FIGURE 4 illustrates an example of configuration of synchronization signal (SS)
blocks, SS bursts, and SS burst setg/series, in accordance with certain embodiments.

FIGURE 5 illustrates an example of a user equipment filtering model in LTE, in
accordance with certain embodiments.

FIGURE 6 illustrates an example of different configurations of an SS Burst Set, in
accordance with certain embodiments.

FIGURE 7 illustrates an example of a wireless network, in accordance with certain
embodi ments.

FIGURE 8 illustrates an example of a wireless device, in accordance with certain
embodiments.

FIGURE 9 illustrates an example of components for a wireless device, in
accordance with certain embodiments.

FIGURE 10 illustrates an example of a network node, in accordance with certain
embodiments.

FIGURE 11 illustrates an example of components for a network node, in accordance
with certain embodiments.

FIGURE 12 illustrates an example of a method for use in a network node, in

accordance with certain embodi ments.
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FIGURE 13 illustrates an example of a method for use in a wireless device, in
accordance with certain embodiments.

FIGURES 14A-C illustrate examples of signal flows in which a wireless device
receives at least one parameter N per carrier frequency from a network node, in accordance
with certain embodiments.

FIGURES 15-16 illustrate examples of signal flows in which a network node
determines a common parameter N for al cells on a particular carrier frequency, in
accordance with certain embodiments.

FIGURES 17-18 illustrate examples of signal flows in which a network node
indicates to a wireless device whether all cells in a group of cells belonging to a particular
carrier frequency have the same number of beams, in accordance with certain embodiments.

FIGURES 19-20 illustrate examples of signal flows in which a network node
indicates to a wireless device whether the number of beams on cells belonging to a first
carrier frequency is the same as the number of beams on cells belonging to a second carrier
frequency, in accordance with certain embodiments.

FIGURE 21 illustrates an example of a signal flow in which a wireless device is
configured with a UE-specific offset, in accordance with certain embodi ments.

FIGURES 22-24 illustrate examples of signal flows related to cell-specific offsets,

in accordance with certain embodi ments.

DETAILED DESCRIPTION

In some embodiments a non-limiting term “user equipment” (“UE”) isused. The UE
herein can be any type of wireless device capable of communicating with network node or
another UE over radio signals. The UE may also be radio communication device, target
device, device-to-device (D2D) UE, machine type UE or UE capable of machine-to-
machine communication (M2M), a sensor equipped with UE, iPAD, Tablet, mobile
terminal, smart phone, laptop embedded equipped (LEE), laptop mounted equipment
(LME), USB dongles, Customer Premises Equipment (CPE), etc.

Also in some embodiments generic terminology “network node,” is used. It can be

any kind of network node which may comprise of a radio network node such as base
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station, radio base station, base transceiver station, base station controller, network
controller, gNB, NR BS, evolved Node B (eNB), Node B, Multi-cell/multicast Coordination
Entity (MCE), relay node, access point, radio access point, Remote Radio Unit (RRU)
Remote Radio Head (RRH), a multi-standard BS (also known as a MSR BS), a core
network node (e.g., mobility management entity (MME), self-organizing network (SON)
node, a coordinating node, positioning node, minimization of drive tests (MDT) node, etc.),
or even an externa node (e.g., 3" party node, a node external to the current network), etc.

The network node may also comprise a test equipment.

The term “radio node” used herein may be used to denote a UE or a radio network

node.

The embodiments are applicable to single carrier as well as to multicarrier or carrier
aggregation (CA) operation of the UE in which the UE is able to receive and/or transmit
data to more than one serving cells. The term carrier aggregation (CA) is aso called (e.g.,
interchangeably called) “multi-carrier system,” “multi-cell operation,” “multi-carrier
operation,” “multi-carrier” transmission and/or reception. In CA one of the component
carriers (CCs) is the primary component carrier (PCC) or simply primary carrier or even
anchor carrier. The remaining ones are called secondary component carrier (SCC) or simply
secondary carriers or even supplementary carriers. The serving cell is interchangeably
called as primary cell (PCell) or primary serving cell (PSC). Similarly the secondary
serving cell is interchangeably called as secondary cell (SCell) or secondary serving cell
(SSC).

The term “signaling” used herein may comprise any of: high-layer signaling (e.g., via
radio resource control (RRC) or a like), lower-layer signaling (e.g., via a physica control
channel or a broadcast channel), or a combination thereof. The signaling may be implicit or
explicit. The signaling may further be unicast, multicast or broadcast. The signaling may also

be directly to another node or via a third node.

The term “radio measurement” used herein may refer to any measurement performed
on radio signals. Radio measurements can be absol ute or relative. Radio measurement may be

called as signal level which may be signal quality and/or signal strength. Radio measurements
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can be eg., intrafrequency, inter-frequency, CA, etc. Radio measurements can be
unidirectiona (e.g., downlink (DL) or uplink (UL)) or bidirectional (e.g., round trip time
(RTT), Rx-Tx, etc.). Some examples of radio measurements: timing measurements (e.g., time
of arrival (TOA), timing advance, RTT, reference signal time difference (RSTD), Rx-TX,
propagation delay, etc.), angle measurements (e.g., angle of arrival), power-based
measurements (e.g., received signal power, reference signal received power (RSRP), received
signal quality, reference signal received quality (RSRQ), signal-to-interference-plus-noise
ratio (SINR), signal-to-noise ratio (SNR), interference power, total interference plus noise,
receive strength signal indicator (RSSI), noise power, etc.), cell detection or cell

identification, radio link monitoring (RLM), system information (SI) reading, etc.

The term measurement performance used herein may refer to any criteria or metric
which characterizes the performance of the measurement performed by a radio node. The
term measurement performance is aso called as measurement requirement, measurement
performance requirements, etc. The radio node has to meet one or more measurement
performance criteria related to the performed measurement. Examples of measurement
performance criteria are measurement time, number of cells to be measured with the
measurement time, measurement reporting delay, measurement accuracy, measurement
accuracy with respect to a reference value (e.g., ideal measurement result), etc. Examples of

measurement time are measurement period, cell identification period, evaluation period, etc.

In certain embodiments, the network node signals information about a common
parameter (N) per carrier frequency which informs the UE about a maximum number of
beams on whose signals the UE can perform measurements on any cell on the indicated
carrier.

The information about the carrier frequency associated with the parameter N is also
indicated (i.e., signaled) to the UE. The information about the carrier frequency can be
expressed in terms of frequency channel number. Examples of frequency channel number
include absolute radio frequency channel number (ARFCN), NARFCN, etc.

The network node may aso signa the UE, a plurality of parameters (e.g., N11, N12,
N13,...N1m) for plurality of carrier frequencies (F1, F2, F2, ...F1m). For example the
parameters N11, N12, N13,...,N1m are associated with carrier frequencies F1, F2, F2,



25

...F1m respectively.

The UE, upon receiving one or more beam related parameter per carrier (e.g., N11),
use the beam related parameter(s) for performing one or more radio measurements on one or
more beams of one or more cells operating on the carrier (e.g., F1) associated with the
signaled parameter.

For example assume that the network node signals N = 8 beams for carrier, F1, to the
UE. Then in this case the UE assumes that on each cell belonging to carrier, F1, the UE can
perform measurements on up to N =8 beams (e.g., for deriving overall cell measurement e.g.,
cell quality, signal quality, signal strength, etc.).

In another aspect of this embodiment, the network node signals an indicator whether
or not all the cells belonging to a particular carrier have the same number of beams. In case
the number of beams are the same in all cells, then the UE may determine the number of
beams on any one cell of that carrier (e.g., by reading its system information, by blindly
detecting beams, etc.) and assume the same number of beams on the remaining cells.
Otherwise the UE may have to acquire information about the beams on each cell, for
example, by reading system information (Sl) of each cell.

In yet another aspect of this embodiment, the network node signals an indicator
whether or not the number of beams on a group of cells (e.g., neighbor cells, all cells of a
carrier) on a particular carrier is the same as the number of beams on a reference cell.
Example of the reference cell is the serving cell. In case the number of beams in the group of
a cell on the same carrier are the same as the number of beams on the reference cell then the
UE determines the number of beams on the reference cell (e.g., by reading its system
information, by blindly detecting beams etc.) and assumes the same number of beams on the
remaining cells. Otherwise the UE may have to acquire information about the beams on each
cell, e.q., by reading Sl of each cell.

In yet another aspect of this embodiment, the network node signals an indicator
whether or not the number of beams on cells belonging to a particular carrier (e.g., F2) isthe
same as the number of beams on cells belonging to certain reference carrier F1. Examples of
F1 = carrier of PCell and F2 = carrier of SCell. In another example F1 = carrier of PCell and
F2 can be inter-frequency carrier.

The network node may signal the information (as described above) in a system
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information (e.g., common for al UES) and/or in a UE specific message (e.g., over dedicated
channel). The information may be transmitted using lower layers (e.g., L1 channel, medium
access control (MAC) command) or higher layer (e.g., RRC message, etc.).

In al the above variants of the first embodiment, the UE uses the determined value
of N per carrier frequency for performing one or more measurements on one or more beams
of one or more cells of the carrier associated with the parameter N. The performed
measurements are used by UE for one or more operational tasks. Examples of tasks are
reporting the measurement results to the network node (e.g., serving cell), to another UE
(e.g., capable of D2D operation, vehicle-to-vehicle (V2V) operation, vehicle-to-anything
(V2X) operation, etc.), using the results for cell change (e.g., handover (HO), cell selection,
cell reselection, RRC re-establishment, RRC connection release with re-direction, etc.),
positioning of the UE, minimization of drive test (MDT), for performing power control, etc.
Thisis further described below.

The method comprises a UE being configured by the network with a parameter N
defined per carrier frequency where N is the number of beams to be used by the UE to
derive the cell quality in scenarios where each cell transmits its synchronization signals
and/or reference signals in multiple beams, a sin the case of NR transmitting SS Block Sets
in multiple beams where each beam is transmitting a so-called SS Block.

For each configured carrier frequency, the UE should search for cells and, for the
detected cells, the UE should use the parameter N configured per carrier to derive the cell
quality. Hence, if the UE finds 7 cells for a given carrier-1 configured with N=5 the UE
should consider 5 beams for all cells within that carrier to derive the cell quality values.

In yet another aspect of this disclosure, the network node before signaling the
parameter N per carrier (or plurality of parameters, N11, N12,...N1n for corresponding
carriers, F1, F2...Fn respectively) the network node derives the common parameter N based
on one or more criteria. Thisis described below with examples.

In one example, the network node obtains information about the number of beams
used in one or more neighbor cells. The network node may obtain said information based

on pre-defined information (e.g., stored in the network node), information received from



27

another network node (e.g., from neighbor network node), from a UE, based on antenna
configurations used in other cells, etc. The UE may then derive a common parameter N

based on the obtained information. Thisis explained with an example below.

Assume that the network node obtains information about number of beams M1, M2,
M3,..,Mk used in ‘k’ cells operating on the same carrier (F1) i.e., celll, cell2, cell3,..,cellk
respectively. As an example the common parameter K is derived by using the following

function:

N = F(M1, M2, M3,.....MK)

Examples of function F() are maximum, minimum, average, Xth percentile, etc.

Typically this will require the network nodes (e.g., gNBs) to exchange their cell
beam information to derive one common value of N for each carrier. The information may

also be exchanged between eNB and gNB or between any type of network nodes.

The method also comprises the possibility that the UE is provided with cell-specific
Nes(i) offset values per i-th cell. In that particular case, once the UE has detected a cell in a
carrier configure with Nf(j) the UE should assume N = Nf(j)+ Ncs(i). Notice that the UE can
also be configured with an UE-specific offset so that N = Nf(j)+ Nes(i) + Nue, Where network
can do that based on UE beamforming capabilities.

The method also comprises a network node requesting another network node cell-
specific offsets for N for cellsin a given carrier. This could be exchanged as part of an inter-
node interface establishment procedure where when nodes inform the cells defined per carrier
they may also include this N cell-offset parameter. That could then be used when one of these
nodes are configuring a UE to perform measurements based on cell quality.

The UE method also comprises the UE detecting a cell whose offset has not been
provided, the UE reading in the broadcasted system information of that detected neighbor cell
its cell-specific N parameter and reporting back to its serving node. That could be a default
and/or triggered procedure where the configuration occurs upon the UE sending a
measurement report with a newly discovered cell based on the per carrier N value and the

network detecting that this new cell is not on its neighbor cells list and/or it does not have the
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cell-specific offset for that cell. Notice that the network can choose to trigger this procedure
only when needed, such as when failure reports (e.g., radio link failure (RLF) reports, HO
failures, etc.) associated to a particular cell are being reported by UE's and/or when cell
based statistics are indicating that.

FIGURE 7 isablock diagram illustrating an example wireless network, in accordance
with certain embodiments. The wireless network includes wireless devices 10A-10N (which
may interchangeably be referred to by the non-limiting term user equipment, UE) and a
plurality of network nodes, such as radio network nodes 20A-20B (e.g., eNBs, gNBs, base
stations, etc.) and one or more core network nodes 30, which may communicate via an
interconnecting network 25. Wireless devices 10 within coverage area 15 may each be
capable of communicating directly with radio network nodes 20 over a wireless interface. In
certain embodiments, wireless devices may also be capable of communicating with each

other via device-to-device (D2D) communication.

As an example, wireless device 10A may communicate with radio network node 20A
over a wireless interface. That is, wireless device 10A may transmit wireless signals and/or
receive wireless signals from radio network node 20A. The wireless signals may contain
voice traffic, data traffic, control signals, and/or any other suitable information. In some
embodiments, an area of wireless signal coverage associated with a radio network node 20
may be referred to asacell 15.

Wireless device 10 can be any type of wireless device capable of communicating with
radio network nodes 20 or another wireless device/UE 10 over radio signals. Similarly, radio
network node 20 can be any kind of radio network node capable of communicating with
wireless device 10 or another network node. For example, the term network node may refer
to radio network node 20, core network node 30, or even an externa node (e.g., 3rd party
node, a node external to the current network), etc. Example embodiments of wireless device
10 are described in more detail below with respect to FIGURES 8 and 9. Example
embodiments of radio network node 20 are discussed below with respect to FIGURES 10 and
11.

In certain embodiments, radio network nodes 20 may interface with a radio network
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controller. The radio network controller may control radio network nodes 20 and may provide
certain radio resource management functions, mobility management functions, and/or other
suitable functions. In certain embodiments, the functions of the radio network controller may
be included in radio network node 20. The radio network controller may interface with a core
network node 30. In certain embodiments, the radio network controller may interface with the

core network node 30 via an interconnecting network 25.

The interconnecting network 25 may refer to any interconnecting system capable of
transmitting audio, video, signals, data, messages, or any combination of the preceding. The
interconnecting network 125 may include all or a portion of a public switched telephone
network (PSTN), a public or private data network, a local area network (LAN), a
metropolitan area network (MAN), a wide area network (WAN), alocal, regional, or global
communication or computer network such as the Internet, a wireline or wireless network, an

enterprise intranet, or any other suitable communication link, including combinations thereof.

In some embodiments, the core network node 30 may manage the establishment of
communication sessions and various other functionalities for wireless devices 10. Examples
of core network node 30 may include mobile switching center (MSC), MME, serving
gateway (SGW), packet data network gateway (PGW), operation and maintenance (O&M),
operations support system (OSS), SON, positioning node (e.g., Enhanced Serving Mobile
Location Center, E-SMLC), MDT node, etc. Wireless devices 10 may exchange certain
signals with the core network node using the non-access stratum layer. In non-access stratum
signaling, signals between wireless devices 10 and the core network node 30 may be
transparently passed through the radio access network. In certain embodiments, radio
network nodes 20 may interface with one or more network nodes over an internode interface.
For example, radio network nodes 20A and 20B may interface over an X2 interface or an

evolution thereof.

Although FIGURE 7 illustrates a particular arrangement of the network, the present
disclosure contemplates that the various embodiments described herein may be applied to a
variety of networks having any suitable configuration. For example, the wireless network
may include any suitable number of wireless devices 10 and radio network nodes 20, as well

as any additional elements suitable to support communication between wireless devices or
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between a wireless device and another communication device (such as a landline telephone).
The embodiments may be implemented in any appropriate type of telecommunication system
supporting any suitable communication standards and using any suitable components, and are
applicable to any radio access technology (RAT) or multi-RAT systems in which the wireless

device receives and/or transmits signals (e.g., data).

FIGURE 8 is a block diagram of a wireless device 10, in accordance with certain
embodiments of the present disclosure. Wireless device 10 can correspond, for example, to
the wireless device (or UE) described above. Wireless device 10 includes a wireless interface
12, processing circuitry 14, and memory 16. The wireless interface 12 may comprise a
transceiver having certain receiver and transmitter capabilities as described above in
conjunction with FIGURES 1 to 7. In some embodiments, the wireless interface 12
facilitates transmitting wireless signals to and receiving wireless signals from radio network
node 20 (e.g., via an antenna), the processing circuitry 14 executes instructions to provide
some or al of the functionalities described herein as being provided by wireless device 10,

and the memory 16 stores the instructions for execution by the processing circuitry 14.

The processing circuitry 14 may include any suitable combination of hardware and
software implemented in one or more modules to execute instructions and manipulate data to
perform some or al of the described functions of wireless device 10 (or UE), such as the
functions of wireless device 10 (or UE) described above. In some embodiments, the
processing circuitry 14 may include, for example, one or more computers, one or more
central processing units (CPUs), one or more microprocessors, one or more applications, one
or more application specific integrated circuits (ASICs), one or more field programmable
gate arrays (FPGAS) and/or other logic. In certain embodiments, the processing circuitry 14

may comprise one or more of the modules discussed below with respect to FIGURE 9.

The memory 16 is generaly operable to store instructions, such as a computer
program, software, an application including one or more of logic, rules, algorithms, code,
tables, etc. and/or other instructions capable of being executed by a processing circuitry 14.
Examples of memory include computer memory (for example, Random Access Memory
(RAM) or Read Only Memory (ROM)), mass storage media (for example, a hard disk),
removable storage media (for example, a Compact Disk (CD) or a Digital Video Disk
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(DVD)), and/or or any other volatile or non-volatile, non-transitory computer-readable and/or
computer-executable memory devices that store information, data, and/or instructions that

may be used by the processor of wireless device 10.

Other embodiments of wireless device 10 may include additional components beyond
those shown in FIGURE 8 that may be responsible for providing certain aspects of the
wireless device's functionality, including any of the functionality described above and/or any
additional functionality (including any functionality necessary to support the solution
described above). As just one example, wireless device 10 may include input devices and
circuits, output devices, and one or more synchronization units or circuits, which may be part
of the processor. Input devices include mechanisms for entry of data into wireless device 10.
For example, input devices may include input mechanisms, such as a microphone, input
elements, a display, etc. Output devices may include mechanisms for outputting data in
audio, video and/or hard copy format. For example, output devices may include a speaker, a

display, etc.

FIGURE 9 is a block diagram illustrating examples of modules that may be included
in awireless device 10, in accordance with certain embodiments of the present disclosure. In
certain embodiments, wireless device may include any one or more of: receiving module(s)
91, communicating module(s) 92, determining module(s) 93, input module(s) 94, display
module(s) 95 and/or other suitable modules. The functionality of the modules may be
integrated in a single component or separated among several components in any suitable
manner. In certain embodiments, one or more of the modules may be implemented using

processing circuitry 14 described with respect to FIGURE 8.

Determining module 93 may perform the processing functions of wireless device 10
(including any of the UE functionality to support the above-described embodiments). As one
example, determining module 93 may determine beams on which to perform radio
measurements based on one or more beam related parameters (N) per carrier received from a
network node. For example, determining module 93 may use the beam related parameter(s)
for performing one or more radio measurements on one or more beams of one or more cells
operating on the carrier (e.g., F1) associated with the parameter received from the network

node.
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Determining module 93 may include or be included in one or more processors, such
as processing circuitry 14 described above in relation to FIGURE 8. Determining module 93
may include analog and/or digital circuitry configured to perform any of the functions of
determining module 93 and/or processing circuitry 14 described above. The functions of
determining module 93 described above may, in certain embodiments, be performed in one or

more distinct modules.

Communication module 92 may perform the transmission functions of wireless device
10. As one example, communication module 92 may report radio measurements to a network
node. Communication module 92 may include a transmitter and/or a wireless interface, such
as wireless interface 12 described above in relation to FIGURE 8. Communication module 92
may include circuitry configured to wirelessly transmit messages and/or signals. In particular
embodiments, communication module 92 may receive messages and/or signas for
transmission from determining module 93. In certain embodiments, the functions of
communication module 93 described above may be performed in one or more distinct

modul es.

Receiving module 91 may perform the receiving functions of wireless device 10. For
example, receiving module 91 may receive beam related parameter per carrier (e.g., N11).
Receiving module 91 may include a receiver and/or a wireless interface, such as wireless
interface 12 described above in relation to FIGURE 8. Receiving module 91 may include
circuitry configured to wirelessly receive messages and/or signals. In particular embodiments,
receiving module 91 may communicate received messages and/or signals to determining
module 93. The functions of receiving module 91 described above may, in certain

embodiments, be performed in one or more distinct modules.

Input module 94 may receive user input intended for wireless device 10. For example,
the input module may receive key presses, button presses, touches, swipes, audio signals,
video signals, and/or any other appropriate signals. The input module may include one or
more keys, buttons, levers, switches, touchscreens, microphones, and/or cameras. The input
module may communicate received signals to determining module 93. The functions of input
module 94 described above may, in certain embodiments, be performed in one or more

distinct modules.
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Display module 95 may present signals on a display of wireless device 10. Display
module 95 may include the display and/or any appropriate circuitry and hardware configured
to present signals on the display. Display module 95 may receive signals to present on the
display from determining module 95. The functions of display module 95 described above

may, in certain embodiments, be performed in one or more distinct modules.

Determining module 93, communication module 92, receiving module 91, input
modul e 94, and display module 95 may include any suitable configuration of hardware and/or
software. Wireless device 10 may include additional modules beyond those shown in
FIGURE 9 that may be responsible for providing any suitable functionality, including any of
the functionality described above and/or any additional functionality (including any

functionality necessary to support the various solutions described herein).

FIGURE 10 is a block diagram of a network node (e.g., radio network node 20), in
accordance with certain embodiments of the present disclosure. As discussed above, a radio
network node 20 is one example of a network node. Radio network node 20 may include one
or more of awireless interface 22, processing circuitry 24, memory 26, and network interface
28. The wireless interface 22 may comprise a transceiver having receiver and transmitter
capabilities. In some embodiments, the wireless interface 22 facilitates transmitting wireless
signals to and receiving wireless signals from wireless device 10 (e.g., via an antenna), the
processing circuitry 24 executes instructions to provide some or al of the functionalities
described above as being provided by radio network node 20 (or, more generally, as being
provided by a network node), the memory 26 stores the instructions for execution by the
processing circuitry 24, and the network interface 28 communicates signals to backend
network components, such as a gateway, switch, router, Internet, Public Switched Telephone
Network (PSTN), core network nodes 30 or radio network controllers, etc.

The processing circuitry 24 may include any suitable combination of hardware and
software implemented in one or more modules to execute instructions and manipulate data to
perform some or all of the described functions of radio network node 20 (or, more generally,
of a network node), such as those described above. As an example, processing circuitry 24
may execute instructions and manipulate data to perform any of the methods described above,

such as methods in which a network node determines at least one parameter N per carrier
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frequency (wherein the parameter N indicates a maximum number of beams to be used by a
wireless device for signal measurements in a cell) and communicates the parameter(s) N to
the wireless device. In some embodiments, the processing circuitry 24 may include, for
example, one or more computers, one or more central processing units (CPUs), one or more
microprocessors, one or more applications, one or more application specific integrated
circuits (ASICs), one or more field programmable gate arrays (FPGAS) and/or other logic. In
certain embodiments, the processing circuitry 24 may comprise one or more of the modules
discussed below with respect to FIGURE 11.

The memory 26 is generally operable to store instructions, such as a computer
program, software, an application including one or more of logic, rules, algorithms, code,
tables, etc. and/or other instructions capable of being executed by a processing circuitry 24.
Examples of memory 26 include computer memory (for example, Random Access Memory
(RAM) or Read Only Memory (ROM)), mass storage media (for example, a hard disk),
removable storage media (for example, a Compact Disk (CD) or a Digital Video Disk
(DVD)), and/or or any other volatile or non-volatile, non-transitory computer-readable and/or

computer-executable memory devices that store information.

In some embodiments, the network interface 28 is communicatively coupled to the
processing circuitry 24 and may refer to any suitable device operable to receive input for
radio network node 20, send output from radio network node 20, perform suitable processing
of the input or output or both, communicate to other devices, or any combination of the
preceding. The network interface 28 may include appropriate hardware (e.g., port, modem,
network interface card, etc.) and software, including protocol conversion and data processing

capabilities, to communicate through a network.

Other embodiments of radio network node 20 may include additional components
beyond those shown in FIGURE 10 that may be responsible for providing certain aspects of
the access node' s functionality, including any of the functionality described above and/or any
additional functionality (including any functionality necessary to support the solutions
described above). The various different types of access nodes may include components
having the same physical hardware but configured (e.g., via programming) to support

different radio access technologies, or may represent partly or entirely different physical
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components.

Processors 24, interfaces 22, 25, and/or 28, and memory 26 similar to those described
with respect to FIGURE 10 may be included in other network nodes (such as core network
node 30). Other network nodes may optionally include or not include a wireless interface
(such as the wireless interface 22 described in FIGURE 10).

FIGURE 11 is ablock diagram illustrating examples of modules that may be included
in a network node, such as radio network node 20 or core network node 30, in accordance
with certain embodiments of the present disclosure. In certain embodiments, radio network
node 20 may include any one or more of: receiving module(s) 1102, communicating
module(s) 1104, determining module(s) 1106, and/or other suitable modules. The
functionality of the modules may be integrated in a single component or separated among
several components in any suitable manner. In certain embodiments, one or more of the
modules may be implemented using processing circuitry 24 described with respect to
FIGURE 10.

Determining module 1106 may perform the processing functions of network node 20
(including any of the network node functionality to support the above-described
embodiments). As one example, determining module 1106 may determine information about
a common parameter (N) per carrier frequency which informs the UE about a maximum
number of beams on whose signals the UE can perform measurements on any cell on the
indicated carrier.

Determining module 1106 may include or be included in one or more processors, such
as processing circuitry 24 described above in relation to FIGURE 10. Determining module
1106 may include analog and/or digital circuitry configured to perform any of the functions
of determining module 1106 and/or processing circuitry 14 described above. The functions of
determining module 1106 described above may, in certain embodiments, be performed in one
or more distinct modules.

Communication module 1104 may perform the transmission functions of network

node 20. As one example, communication module 1104 may send information about a
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common parameter (N) per carrier frequency which informs the UE about a maximum
number of beams on whose signals the UE can perform measurements on any cell on the
indicated carrier. Communication module 1104 may include a transmitter and/or a wireless
interface, such aswireless interface 22 described above in relation to FIGURE 10. As another
example, communication module 1104 may send information to other network nodes 20,
such as information about cell-specific offsets for N in the different carriers. Communication
module 1104 may include a network interface, such as interface 28 described above in
relation to FIGURE 10. Communication module 1104 may include circuitry configured to
transmit wireless and/or wired messages and/or signals. In particular embodiments,
communication module 1104 may receive messages and/or signals for transmission from
determining module 1106. In certain embodiments, the functions of communication module

1106 described above may be performed in one or more distinct modules.

Receiving module 1102 may perform the receiving functions of network node 20. For
example, receiving module 1102 may receive measurements reports from wireless device 10.
Receiving module 1102 may include a receiver and/or a wireless interface, such as wireless
interface 22 described above in relation to FIGURE 10. As another example, receiving
module may receive information from other network nodes 20, such as information about
cell-specific offsets for N in the different carriers. Receiving module 1102 may include a
network interface, such as interface 28 described in relation to FIGURE 10. Receiving
module 1102 may include circuitry configured to receive wireless and/or wired messages
and/or signals. In particular embodiments, receiving module 1102 may communicate received
messages and/or signals to determining module 1106. The functions of receiving module
1102 described above may, in certain embodiments, be performed in one or more distinct

modules.

The following provide additional examples of embodiments. The examples may be
implemented using any of the above-discussed components and may be combined with any
other above-discussed embodiments in any suitable manner. Example embodiments 1 and 10
areillustrated in FIGURES 12 and 13, respectively.

1. A method for usein a network node, the method comprising:
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determining (1202) at least one parameter N per carrier frequency, wherein the
parameter N indicates a number of beams to be used by a wireless device for signal
measurements in a multi-beam cell; and

communicating (1204) the parameter N to the wireless device.

2. The method of example embodiment 1, further comprising:
receiving, from one or more other network nodes, information about cell-specific
offsets for parameter N in different carriers; and

using the received information when determining the parameter N.

3. The method of example embodiment 1, further comprising:

receiving, from one or more other network nodes, information about a number of
beams used in each network node’ s respective cells; and

using the received information and information about the number of beams used in

the network node’s own cells to determine a common parameter N for al cells on acarrier.

4. A network node (20), comprising:

processing circuitry (24) operable to determine at least one parameter N per carrier
frequency, wherein the parameter N indicates a number of beams to be used by a wireless
device (10) for signal measurements in a multi-beam cell; and

an interface (25) operable to communicate the parameter N to the wireless device.

5. The network node of example embodiment 4, further operable to:
receive, from one or more other network nodes, information about cell-specific
offsets for parameter N in different carriers; and

use the received information when determining the parameter N.

6. The network node of example embodiment 4, further operable to:
receive, from one or more other network nodes, information about a number of
beams used in each network node’ s respective cells; and

use the received information and information about the number of beams used in the
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network node’s own cells to determine a common parameter N for al cells on acarrier.

7. A computer program product comprising a non-transitory computer readable
storage medium (26) having computer readable program code embodied in the medium
that, when executed by processing circuitry (24) of a network node (20) causes the network
node to perform operations comprising:

determining at least one parameter N per carrier frequency, wherein the parameter N
indicates a number of beams to be used by a wireless device for signal measurements in a
multi-beam cell; and

communicating the parameter N to the wireless device.

8. The computer program product of example embodiment 7, the operations further
comprising:

receiving, from one or more other network nodes, information about cell-specific
offsets for parameter N in different carriers; and

using the received information when determining the parameter N.

9. The computer program product of example embodiment 7, the operations further
comprising:

receiving, from one or more other network nodes, information about a number of
beams used in each network node’s respective cells; and

using the received information and information about the number of beams used in

the network node’s own cells to determine a common parameter N for al cells on acarrier.

10. A method for use in awireless device, the method comprising:

receiving (1302), from a network node, at least one parameter N per carrier
frequency, wherein the parameter N indicates a number of beams to be used by a wireless
device for signal measurements in a multi-beam cell; and

using (1304) the at least one parameter N.

11. A wireless device (10), comprising:
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an interface (12) operable to receive, from a network node (20), at least one
parameter N per carrier frequency, wherein the parameter N indicates a number of beams to
be used by a wireless device for signal measurements in a multi-beam cell; and

processing circuitry (14) operable to use the at |east one parameter N.

12. A computer program product comprising a non-transitory computer readable
storage medium (16) having computer readable program code embodied in the medium
that, when executed by processing circuitry (14) of a network node (10) causes the wireless
to perform operations comprising:

receiving, from a network node, at least one parameter N per carrier frequency,
wherein the parameter N indicates a number of beams to be used by a wireless device for
signal measurements in a multi-beam cell; and

using the at least one parameter N.

FIGURES 14A-C illustrate examples of signal flows in which a wireless device 10
receives at least one parameter N per carrier frequency from a network node 20A, in
accordance with certain embodiments. In certain embodiments, a network node 20A (such
as a network node that comprises a serving cell that serves wireless device 10) performs a
method comprising steps 1402 and 1404 (e.g., 1404A, B, or C). In certain embodiments, a
wireless device performs a method comprising steps 1404 (e.g., 1404A, B, or C), 1406, and
optionally step 1408.

At step 1402, network node 20A determines at least one parameter N per carrier
frequency. Parameter N indicates a maximum number of beams to be used by a wireless
device for signal measurements in a cell. Network node 20A may determine parameter(s) N
in order to assist the wireless device 10 when performing signal measurements on cells
belonging to the same carrier frequency and/or performing signal measurements in a multi-
beam cell.

At step 1404, network node 20A communicates the one or more parameters (N)
determined in step 1402 to wireless device 10. Parameter(s) N can be communicated in
system information common for all wireless devices or in dedicated signaling to the wireless
device 10. In certain embodiments, the N parameter(s) are signaled from the network node to

the wireless device in a measurement object (MeasObject) information element.
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FIGURES 14A, B, and C each illustrate an example of an option for communicating
parameter(s) N to wireless device 10. FIGURE 14A illustrates an example in which network
node 20A communicates one parameter N and an indicator indicating that all carrier
frequencies use the same parameter N (e.g., step 1404A). FIGURE 14B illustrates an
example in which network node 20A communicates a first parameter N1 and an indicator
indicating which carrier frequencies use the first parameter N1 (e.g., step 1404B). For
example, the indicator may indicate to use the first parameter N1 for both a first carrier
frequency and a second carrier frequency. FIGURE 14C illustrates an example in which
network node 20A communicates different parameters N for different carrier frequencies.
For example, network node communicates a first parameter N1 and information associating
the first parameter N1 with a first carrier frequency as well as a second parameter N2 and
information associating the second parameter N2 with a second carrier frequency (e.g., step
1404C). The second carrier frequency is different than the first carrier frequency. In some
embodiments, the information associating the first parameter N1 with the first carrier
frequency comprises a frequency channel number of the first carrier frequency. Similarly,
the information associated the second parameter N2 with the second carrier frequency
comprises afrequency channel number of the second carrier frequency.

Wireless device 10 receives the parameter(s) N at step 1404 and uses the parameter(s)
N in step 1406. For example, in certain embodiments, the parameter(s) N that correspond to
a particular carrier frequency are used to determine the maximum number of beams to be
used for performing the signal measurements in the cell (step 1406A) and performing the
signal measurements on up to the maximum number of beams in the cell (step 1406B). The
cell on which the signal measurements are performed may be a serving cell (e.g., a cell of
network node 20A) or a neighboring cell (e.g., acell of another network node). Examples of
types of signal measurements that the wireless device 10 may perform include measurements
of cell specific reference signals, measurements of synchronization signals, or radio resource
management (RRM) measurements.

In certain embodiments, the at least one parameter N per carrier frequency comprises
afirst parameter N1 and a second parameter N2. The first parameter N1 is for performing a
first type of signal measurements on afirst carrier frequency. The second parameter N2 isfor

performing a second type of signal measurements on the same carrier frequency (i.e., the first
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carrier frequency). The second type of signal measurements is different than the first type of
signal measurements. As an example, the first parameter N1 may be configured for
performing measurements of synchronization signals on the first frequency, and the second
parameter N2 may be configured for performing measurements of cell specific reference
signals on the same frequency (i.e., the first frequency). The first and second parameters N
may be configured such that the wireless device performs synchronization signal
measurements on more beams and cell specific reference signa measurements on fewer
beams, or vice versa

FIGURES 14A-C each include an optional step 1408 in which wireless device 10
performs one or more tasks based on the signa measurements performed in step 1406B.
Examples of tasks include deriving a signal quality of the cell, deriving a signal strength of
the cell, reporting to the network node, reporting to a neighboring network node, reporting to
another wireless device, changing a cell, positioning the wireless device, performing
minimization of drive test, and/or performing power control.

As discussed above, the parameter(s) N are provided per carrier frequency. Providing
parameter(s) N per carrier may reduce complexity that may otherwise be required if
parameter(s) N were to be provided per cell. For example, if parameter(s) N were provided
per cell, the wireless device 10 would need to know information for each cell and a list of
neighbor cells. In the present disclosure, providing parameter(s) N per carrier frequency
reduces this complexity and may allow for more consistent measurements because a carrier
frequency has similar fading characteristics from one cell to the next.

FIGURES 15-16 illustrate examples of signal flows in which a network node (such as
network node 20A discussed with respect to FIGURES 14A-C) determines a common
parameter N for all cells on a particular carrier frequency, in accordance with certain
embodiments. In the example of FIGURE 15, network node 20A receives information from
one or more other network nodesin step 1502. The information indicates a number of beams
each network node’ s respective cell uses for a particular carrier frequency. In the example of
FIGURE 15, network node 20A receives information from network node 20B about the
number of beams a cell of network node 20B uses for a particular carrier frequency. At step
1504, network node 20A uses the received information (number of beams a cell of network

node 20B uses for a particular frequency) and information about the number of beams used in
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the network node 20A’s own cell for the particular carrier frequency to determine a common
parameter N for all cellson the particular carrier frequency.

In the example of FIGURE 16, network node 20A receives information about the
parameters N that other network nodes use for a particular carrier frequency. In particular, in
the example shown in FIGURE 16, network node 20A receives information in step 1602
about the parameter N that a cell of network node 20B uses for a particular carrier frequency.
At step 1604, network node 20A uses the received information (parameter N that a cell of
network node 20B uses for a particular carrier frequency) and information about the
parameter N used in the network node 20A’s own cell for the particular carrier frequency to
determine a common parameter N for all cells on the particular carrier frequency.

In certain embodiments, the common parameter N is determined based on one of the
following: maximum parameter N used by the network node or any of the other network
nodes, minimum parameter N used by the network node or any of the other network nodes,
average of parameters N used by the network node and the other network nodes, or Xth
percentile of parameters N used by the network node and the other network nodes.

FIGURES 17-18 illustrate examples of signa flows in which network node 20A
indicates to the wireless device 10 whether al cells in a group of cells belonging to a
particular carrier frequency have the same number of beams, in accordance with certain
embodiments. For example, in FIGURE 17, network node 20A indicates that all cellsin a
group of cells belonging to a particular carrier frequency have the same number of beamsin
step 1702. Wireless device 10 receives the indication in step 1702 and, in response, detects
the number of beams on the particular carrier frequency for any one cell in the group (step
1704) and assumes that the other cells in the group have the same number of beams on the
particular carrier frequency (step 1706). As an example, wireless device 10 may detect that
the serving cell has four beams on a first carrier frequency and may then assume that a
neighbor cell in the group also has four beams on the first carrier frequency.

With respect to FIGURE 18, network node 20A indicates that the cells in a group of
cells belonging to a particular carrier frequency do not all have the same number of beamsin
step 1802. Wireless device 10 receives the indication in step 1802 and, in response, detects
the number of beams on the particular carrier frequency on a per-cell basis by reading system

information from the respective cell. As an example, wireless device 10 may read system
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information of the serving cell and system information of a neighboring cell in order to detect
that the serving cell has four beams on afirst carrier and the neighboring cell has eight beams
on thefirst carrier.

FIGURES 19-20 illustrate examples of signa flows in which network node 20A
indicates to the wireless device 10 whether the number of beams on cells belonging to a
first carrier frequency is the same as the number of beams on cells belonging to a second
carrier frequency, in accordance with certain embodiments. For example, in step 1902 of
FIGURE 19, network node 20A communicates an indicator indicating that the number of
beams on cells belonging to afirst carrier frequency is the same as the number of beams on
cells belonging to a second carrier frequency. Wireless device 10 receives the indicator in
step 1902 and, in response, detects the number of beams on the first carrier frequency in
step 1904. In step 1906, the wireless device assumes that the second carrier frequency has
the same number of beams. As an example, wireless device 10 may detect four beams on
the first carrier frequency and may then assume that the second carrier frequency also has
four beams.

With respect to FIGURE 20, network node 20A communicates an indicator at step
2002 indicating that the number of beams on cells belonging to the first carrier frequency is
not the same as the number of beams on cells belonging to the second carrier frequency. The
wireless device 20 receives the indicator in step 2002 and, in response, wireless device
detects the number of beams on the first carrier frequency (step 2004) and detects the number
of beams on the second carrier frequency (step 2006) (rather than assuming that the second
carrier frequency has the same number of beams).

FIGURE 21 illustrates an example of a signal flow in which a wireless device 10 is
configured with a UE-specific offset, in accordance with certain embodiments. In step 2102,
network node 20A determines a UE-specific offset based on the beamforming capabilities of
the wireless device. In step 2104, network node 20A sends the UE-specific offset to the
wireless device 10. The wireless device 10 receives the UE-specific offset in step 2104. In
step 2106, the wireless device 10 is configured with the UE-specific offset. For example,
wireless device 10 may set a configuration parameter based on the UE-specific offset. In step
2108, wireless device 10 adjusts the value of the at least one parameter N according to the
UE-specific offset. Asan example, if the UE-specific offset is set to +1 and the parameter N
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is set to 3, wireless device 10 adjusts the value of the parameter N that it uses to perform
signal measurementsto 4.

FIGURES 22-24 illustrate examples of signal flows related to cell-specific offsets,
in accordance with certain embodiments. With respect to FIGURE 22, at step 2202,
network node 20A communicates one or more cell-specific offset(s) to wireless device 10.
Each cell-specific offset is associated with a specific cell. For example, one cell specific
offset can be associated with a serving cell of network node 20A and/or another cell
specific offset can be associated with a neighbor cell of another network node (such as
network node 20B). Wireless device receives the cell-specific offset(s) in step 2202, and in
step 2204 wireless device 10 is configured with the cell-specific offset(s). For example,
wireless device 10 may set one or more configuration parameters based on the cell-specific
offset(s). In step 2206, wireless device 10 adjusts the value of the at least one parameter N
according to the cell-specific offset when performing the signal measurements of the
specific cell. As an example, if the cell-specific offset for the serving cell is set to +1 and
the parameter N is set to 3 for the relevant carrier frequency, wireless device 10 adjusts the
value of the parameter N such that wireless device 10 uses a value of 4 as the maximum
number of beams for signal measurements of the relevant frequency carrier of the serving
cell.

FIGURE 23 illustrates an example in which network node 20A receives information
in step 2302 about cell-specific offsets for parameter N in different carrier frequencies. The
information is received from one or more other network nodes, such as network node 20B.
At step 2304, network node 20A uses the received information when determining at least one
parameter N per carrier frequency. In some embodiments, network node 20A may determine
to send wireless device 10 a smaller parameter N for larger cell-specific offsets and a larger
parameter N for smaller cell-specific offsets.

FIGURE 24 illustrates an example in which wireless device 10 detects the cell-
specific offset of a new cell, such as a new cell of network node 20B, in step 2402. In step
2404, wireless device 10 reports the cell-specific offset of the new cell to the serving cell
(e.g., a cdl of network node 20A). The network node 20A/serving cell receives the cell-
specific offset of the new cell in step 2404. Optionally, network node 20A/serving cell uses
the cell-specific offset of the new cell in step 2406 to determine at least one parameter N for a
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carrier frequency.

Any two or more embodiments described in this document may be combined in any
way with each other. Furthermore, the described embodiments are not limited to the
described radio access technologies. That is, the described embodiments can be adapted to

other radio access technologies.

Modifications, additions, or omissions may be made to the systems and apparatuses
described herein without departing from the scope of the disclosure. The components of the
systems and apparatuses may be integrated or separated. Moreover, the operations of the
systems and apparatuses may be performed by more, fewer, or other components.
Additionally, operations of the systems and apparatuses may be performed using any suitable
logic comprising software, hardware, and/or other logic. As used in this document, “each”
refers to each member of a set or each member of a subset of a set. It is noted that the

language “ operable to perform an action” may include “adapted to perform the action.”

Modifications, additions, or omissions may be made to the methods described herein
without departing from the scope of the disclosure. The methods may include more, fewer, or
other steps. Additionally, the steps of any method disclosed herein do not have to be
performed in the exact order disclosed, unless explicitly stated. Although certain steps are
described as optional for certain embodiments, other steps could be optional in other
embodiments. All referencesto "a/an/the” element, apparatus, component, step, etc. are to be
interpreted openly as referring to at least one instance of the element, apparatus, component,

step, etc., unless explicitly stated otherwise.

Although this disclosure has been described in terms of certain embodiments,
alterations and permutations of the embodiments will be apparent to those skilled in the art.
Accordingly, the above description of the embodiments does not constrain this disclosure.
Other changes, substitutions, and alterations are possible without departing from the scope

of thisdisclosure.

3GPP specifications, such as Rxxxx documents and TSxxx documents are publicly

available at www.3gpp.org.
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Claims

1. A method for use in a network node, the method comprising:

determining (1202, 1402) a plurality of parameters per carrier frequency, including a
first parameter for performing a first type of signal measurements on a first carrier frequency
and a second parameter for performing a second type of signal measurements on the first carrier
frequency, wherein the plurality of parameters indicates a maximum number of beams to be
used by a wireless device for signal measurements in a cell, and wherein the second type of
signal measurements is different than the first type of signal measurements; and

communicating (1204, 1404A, 1404B, 1404C) the plurality of parameters to the

wireless device.

2. A network node (20), comprising:

processing circuitry (24) operable to:

determine a plurality of parameters per carrier frequency, including a first

parameter for performing a first type of signal measurements on a first carrier frequency and a
second parameter for performing a second type of signal measurements on the first carrier
frequency, wherein the plurality of parameters indicates a maximum number of beams to be
used by a wireless device for signal measurements in a cell, and wherein the second type of
signal measurements is different than the first type of signal measurements; and

a wireless interface (22) operable to communicate the plurality of parameters to the

wireless device.

3. The network node of Claim 2, wherein the first type of signal measurements comprise
at least one of the following types of signal measurements: measurements of cell specific
reference signals, measurements of synchronization signals, or radio resource management,
RRM, measurements and, optionally,

wherein the second type of signal measurements comprise another one of the following
types of signal measurements: measurements of cell specific reference signals, measurements

of synchronization signals, or radio resource management, RRM, measurements
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4. The network node of any one of Claims 2-3, wherein the wireless interface is operable
to communicate the at least one parameter per carrier frequency in system information common
for all wireless devices and/or

wherein the wireless interface is operable to communicate the at least one parameter

per carrier frequency in dedicated signaling to the wireless device.

5. The network node of any one of Claims 2-4, wherein:

the processing circuitry is further operable to determine one or more cell-specific
offsets, each cell-specific offset associated with a specific cell such that the wireless device
adjusts the value of the at least one parameter according to the cell-specific offset when
performing the first type of signal measurements of the specific cell; and

the wireless interface is further operable to send the one or more cell-specific offsets to
the wireless device and, optionally,

wherein the one or more cell-specific offsets are configured per carrier frequency.

6. The network node of any one of Claims 2-5, wherein:

the processing circuitry is further operable to determine a UE-specific offset based on
the beamforming capabilities of the wireless device; and

the wireless interface is further operable to send the wireless device the UE-specific
offset such that the wireless device adjusts the value of the at least one parameter according to
the UE-specific offset and/or

wherein the at least one parameter is signaled from the network node to the wireless

device in a measurement object, MeasObject, information element.

7. A method for use in a wireless device, the method comprising:
receiving (1302, 1404A, 1404B, 1404C), from a network node, a plurality of parameters
per carrier frequency, including a first parameter for performing a first type of signal

measurements on a first carrier frequency and a second parameter for performing a second type
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of signal measurements on the first carrier frequency, wherein the plurality of parameters
indicates a maximum number of beams to be used by the wireless device for signal
measurements in a cell, and wherein the second type of signal measurements is different than
the first type of signal measurements; and

using (1304, 1406) the plurality of parameters.

8. A wireless device (10), comprising:

an interface (12) operable to receive, from a network node, a plurality of parameters
per carrier frequency, including a first parameter for performing a first type of signal
measurements on a first carrier frequency and a second parameter for performing a second type
of signal measurements on the first carrier frequency, wherein the plurality of parameters
indicates a maximum number of beams to be used by the wireless device for signal
measurements in a cell, and wherein the second type of signal measurements is different than
the first type of signal measurements; and

processing circuitry (14) operable to use the plurality of parameters.

9. The wireless device of Claim 8, wherein the first type of signal measurements comprise
at least one of the following types of signal measurements: measurements of cell specific
reference signals, measurements of synchronization signals, or radio resource management,
RRM, measurements and, optionally,

wherein the second type of signal measurements comprise another one of the following
types of signal measurements: measurements of cell specific reference signals, measurements

of synchronization signals, or radio resource management, RRM, measurements.

10. The wireless device of Claim 8 or 9, wherein the at least one parameter per carrier

frequency is received in system information common for all wireless devices.

11. The wireless device of any one of Claims 8-10, wherein the at least one parameter per

carrier frequency is received in dedicated signaling to the wireless device and/or
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wherein the processing circuitry is further operable to:

configure the wireless device with one or more cell-specific offsets, each cell-specific
offset associated with a specific cell such that the wireless device adjusts the value of the at
least one parameter according to the cell-specific offset when performing the first type of signal

measurements of the specific cell.

12.  The wireless device of any one of Claims 8-11, wherein the one or more cell-specific

offsets are configured per carrier frequency.

13.  The wireless device of any one of Claims 8-12, wherein the processing circuitry is
further operable to:
detect the cell-specific offset of a new cell; and

report the cell-specific offset of the new cell to the serving cell.

14. The wireless device of any one of Claims 8-13, wherein the processing circuitry is
further operable to:

configure the wireless device with a UE-specific offset associated with the particular
wireless device such that the wireless device adjusts the value of the at least one parameter

according to the UE-specific offset.

15. The wireless device of any one of Claims 8-14, wherein the at least one parameter is

received from the network node in a measurement object, MeasObject, information element.



