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METHODS, DEVICES AND COMPUTER READABLE MEDIUM FOR NEW
RADIO MANAGEMENT MEASUREMENT

FIELD

[0001] Embodiments of the present disclosure generally relate to communication
techniques, and more particularly, to methods, devices and computer readable medium

for new radio management (RRM) measurement.

BACKGROUND

[0002] In communication systems, such as Long Term Evolved (LTE) communication
systems or the 5" generation wireless systems (5G), if a terminal device is to
handover from a current serving cell to a target cell, the terminal device may measure
a channel quality of the target cell. There are often two situations: (1) the target cell
is at the same frequency as the current serving cell and (2) the target cell is at a
different frequency from the current serving cell. Further research is still needed

regarding the above two situations.

SUMMARY

[0003] Generally, the present disclosure relates to a method for a modulation of

downlink transmission and the corresponding network device and terminal device.

[0003a] In an aspect, the present disclosure refers to a method implemented at a
terminal device for communication. The method comprises: receiving, from a network
device, a first configuration at least indicating first set of time slots for an
intra-frequency measurement of the terminal device; receiving, from the network
device, a second configuration at least indicating a second set of time slots for a
measurement gap of the terminal device; receiving, from the network device, resource
control information comprising an indication about whether to share overlapping time
slots between the intra-frequency measurement and the measurement gap; and in

response to the first and second sets of time slots only partially overlapping,
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determining, based on the resource control information, one or more time slots from
the first set of time slots for the intra-frequency measurement of the terminal device
that do not overlap with any time slots from the second set of time slots for the

measurement gap of the terminal device.

[0003b] In another aspect, the present disclosure refers to a method implemented at a
network device for communication. The method comprises: transmitting, to a terminal
device, a first configuration at least indicating first set of time slots for an
intra-frequency measurement of the terminal device; transmitting, to the terminal
device, a second configuration at least indicating a second set of time slots for a
measurement gap of the terminal device; and transmitting, to the terminal device,
resource control information comprising an indication about whether to share
overlapped time slots between the intra-frequency measurement and the measurement
gap, wherein, in an instance in which the first and second sets of time slots only
partially overlap, one or more time slots from the first set of time slots for the
intra-frequency measurement of the terminal device that do not overlap with any time
slots from the second set of time slots for the measurement gap of the terminal device

are determinable by the terminal device based on the resource control information.

[0003c] In another aspect, the present disclosure refers to a terminal device,
comprising: at least one processor; and a memory coupled to the at least one processor,
the memory storing instructions therein, the instructions, when executed by the at
least one processor, causing the terminal device to perform acts including: receiving,
from a network device, a first configuration at least indicating a first set of time slots
for an intra-frequency measurement of the terminal device; receiving, from the
network device, a second configuration at least indicating a second set of time slots
for a measurement gap of the terminal device; receiving, from the network device,
resource control information comprising an indication about whether to share
overlapping time slots between the intra-frequency measurement and the
measurement gap; and in response to the first and second sets of time slots being only
partially overlapped, determining, based on the resource control information, one or
more time slots from the first set of time slots for the intra-frequency measurement of
the terminal device that do not overlap with any time slots from the second set of time

slots for the measurement gap of the terminal device.
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[0003d] In another aspect, the present disclosure refers to a network device,
comprising: at least one processor; and a memory coupled to the at least one processor,
the memory storing instructions therein, the instructions, when executed by the at
least one processor, causing the network device to perform acts including:
transmitting, to a terminal device, a first configuration at least indicating a first set of
time slots for an intra-frequency measurement of the terminal device; transmitting, to
the terminal device, a second configuration at least indicating a second set of time
slots for a measurement gap of the terminal device; and transmitting, to the terminal
device, resource control information for sharing overlapped time slots between the
intra-frequency measurement and the measurement gap, wherein, in an instance in
which the first and second sets of time slots only partially overlap, one or more time
slots from the first set of time slots for the intra-frequency measurement of the
terminal device that do not overlap with any time slots from the second set of time
slots for the measurement gap of the terminal device are determinable by the terminal

device based on the resource control information.

[0003e] In another aspect, the present disclosure refers to a computer readable
medium storing instructions thereon, the instructions, when executed by at least one
processing unit of a machine, causing the machine to perform the method according to

any one of the above aspects.

[0004] In an example, the present disclosure provides a method implemented at a
terminal device for communication. The method comprises: receiving, from a
network device, a first configuration at least indicating first set of time slots for an
intra-frequency measurement of the terminal device; receiving, from the network
device, a second configuration at least indicating a second set of time slots for a
measurement gap of the terminal device; in response to the first and second sets of
time slots being partially overlapped, determining one or more slots from the first set
of time slots for the intra-frequency measurement of the terminal device based on
resource control information for sharing overlapped time slots between the

intra-frequency measurement and the measurement gap.

1B
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[0005] In an example, the present disclosures provide a method implemented at a network
device for communication. The method comprises: transmitting, to a terminal device, a first
configuration at least indicating first set of time slots for an intra-frequency measurement of
the terminal device; transmitting, to the terminal device, a second configuration at least
indicating a second set of time slots for a measurement gap of the terminal device; and
transmitting, to the terminal device, resource control information for sharing overlapped time

slots between the intra-frequency measurement and the measurement gap.

[0006] In an example, the disclosure provides a terminal device. The terminal device
comprises: at least one processor; and a memory coupled to the at least one processor, the
memory storing instructions therein, the instructions, when executed by the at least one
processor, causing the network device to perform acts including: receiving, from a network
device, a first configuration at least indicating a first set of time slots for an intra-frequency
measurement of the terminal device; receiving, from the network device, a second
configuration at least indicating a second set of time slots for a measurement gap of the
terminal device; in response to the first and second sets of time slots being partially
overlapped, determining one or more slots from the first set of time slots for the
intra-frequency measurement of the terminal device based on resource control information for

sharing overlapped time slots between the intra-frequency measurement and the measurement

gap.

[0007] In an example, the disclosure provides a network device. The network device
comprises: at least on processor; and a memory coupled to the at least one processor,
the memory storing instructions therein, the instructions, when executed by the at
least one processor, causing the arbitrating terminal device to perform acts including:
transmitting, to a terminal device, a first configuration at least indicating first set of
time slots for an intra-frequency measurement of the terminal device; transmitting,
to the terminal device, a second configuration at least indicating a second set of time
slots for a measurement gap of the terminal device; and transmitting, to the terminal
device, resource control information for sharing overlapped time slots between the

intra-frequency measurement and the measurement gap.

[0008] In an example, the disclosure provides a computer readable
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medium. The computer readable medium stores instructions thereon, the
instructions, when executed by at least one processing unit of a machine, causing the
machine to implement: receiving, from a network device, a first configuration at least
indicating first set of time slots for an intra-frequency measurement of the terminal
device; receiving, from the network device, a second configuration at least indicating
a second set of time slots for a measurement gap of the terminal device; in response to
the first and second sets of time slots being partially overlapped, determining one or
more slots from the first set of time slots for the intra-frequency measurement of the
terminal device based on resource control information for sharing overlapped time

slots between the intra-frequency measurement and the measurement gap.

[0009] In an example, the disclosure provides a further computer readable medium.
The further computer readable medium stores instructions thereon, the instructions,
when executed by at least one processing unit of a machine, causing the machine to
implement: transmitting, to a terminal device, a first configuration at least indicating
first set of time slots for an intra-frequency measurement of the terminal device;
transmitting, to the terminal device, a second configuration at least indicating a
second set of time slots for a measurement gap of the terminal device; and
transmitting, to the terminal device, resource control information for sharing

overlapped time slots between the intra-frequency measurement and the measurement
gap.

[0010] Other features and advantages of the embodiments of the present disclosure
will also be apparent from the following description of specific embodiments when

read in conjunction with the accompanying drawings, which illustrate, by way of

example, the principles of embodiments of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the disclosure are presented in the sense of examples and
their advantages are explained in greater detail below, with reference to the

accompanying drawings, where

[0012] Fig. 1 illustrates a schematic diagram of a communication system according to

embodiments of the present disclosure;

[0013] Fig. 2 illustrates a schematic diagram of fully overlapping in time slots
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between the intra-frequency measurement and the measurement gap;

[0014] Fig. 3 illustrates a schematic diagram of non-overlapping in time slots between

the intra-frequency measurement and the measurement gap;

[0015] Fig. 4 illustrates a schematic diagram of partially overlapping in time slots
between the intra-frequency measurement and the measurement gap according to

embodiments of the present disclosure;

[0016] Fig. 5 illustrates an interaction operation between a terminal device and a

network device according to embodiments of the present disclosure;

[0017] Fig. 6 illustrates a flow chart of a method implemented at a terminal device for

communication according to embodiments of the present disclosure;

[0018] Fig. 7 illustrates a flow chart of a method implemented at a network device for

communication according to embodiments of the present disclosure; and

[0019] Fig. 8 illustrates a schematic diagram of a device according to embodiments of

the present disclosure.

[0020] Throughout the figures, same or similar reference numbers indicate same or

similar elements.

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] The subject matter described herein will now be discussed with reference to
several example embodiments. It should be understood these embodiments are
discussed only for the purpose of enabling those skilled persons in the art to better
understand and thus implement the subject matter described herein, rather than

suggesting any limitations on the scope of the subject matter.

[0022] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of example embodiments. As
used herein, the singular forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further
understood that the terms “comprises,” “comprising,” “includes” and/or “including,”
when used herein, specify the presence of stated features, integers, steps, operations,

elements and/or components, but do not preclude the presence or addition of one or
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more other features, integers, steps, operations, elements, components and/or groups

thereof.

[0023] It should also be noted that in some alternative implementations, the
functions/acts noted may occur out of the order noted in the figures. For example,
two functions or acts shown in succession may in fact be executed concurrently or
may sometimes be executed in the reverse order, depending upon the

functionality/acts involved.

[0024] As used herein, the term “communication network™ refers to a network
following any suitable communication standards, such as Long Term Evolution (LTE),
LTE-Advanced (LTE-A), Wideband Code Division Multiple Access (WCDMA),
High-Speed Packet Access (HSPA), and so on. Furthermore, the communications
between a terminal device and a network device in the communication network may
be performed according to any suitable generation communication protocols,
including, but not limited to, the first generation (1G), the second generation (2G),
2.5G, 2.75G, the third generation (3G), the fourth generation (4G), 4.5G, the future
fifth generation (5G) communication protocols, and/or any other protocols either

currently known or to be developed in the future.

[0025] Embodiments of the present disclosure may be applied in various
communication systems. Given the rapid development in communications, there
will of course also be future type communication technologies and systems with
which the present disclosure may be embodied. It should not be seen as limiting the

scope of the present disclosure to only the aforementioned system.

[0026] The term “network device” includes, but not limited to, a base station (BS), a
gateway, a management entity, and other suitable device in a communication system.
The term “base station” or “BS” represents a node B (NodeB or NB), an evolved
NodeB (eNodeB or eNB), a Remote Radio Unit (RRU), a radio header (RH), a remote

radio head (RRH), a relay, a low power node such as a femto, a pico, and so forth.

[0027] The term “terminal device” includes, but not limited to, “user equipment (UE)”
and other suitable end device capable of communicating with the network device.
By way of example, the “terminal device” may refer to a terminal, a Mobile Terminal
(MT), a Subscriber Station (SS), a Portable Subscriber Station, a Mobile Station (MS),

or an Access Terminal (AT).
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[0028] The term “intra-frequency measurement” used herein refers to measuring a
signal quality of a target cell if the target cell is at the same frequency as the current
serving cell of the terminal device. The term “inter-frequency measurement” used
herein refers to measuring a signal quality of a target cell if the target cell is at a

different frequency from the current serving cell of the terminal device.

[0029] The term “measurement gap” used herein refers to a gap during which no
transmission and reception happens. Since there is no signal transmission and
reception during the gap, the terminal device can switch to the target cell and perform

the signal quality measurement and come back to the current cell.

[0030] As described above, there are often two situations in measuring a channel
quality of the target cell: (1) the target cell is at the same frequency as the current
serving cell and (2) the target cell is at a different frequency from the current serving
cell. Further research is still needed regarding the above two situations. The above
situation (1) refers to an intra-frequency measurement and the situation (2) refers to an

inter-frequency measurement.

[0031] A introduced above, the measurement gap is a gap during which no
transmission and reception happens. In the situation of inter-frequency measurement,
the measurement gap is needed since the terminal device needs to switch a different
frequency to perform the inter-frequency measurement. In the situation of
intra-frequency measurement, the measurement gap may still be needed in some
scenarios. For example, even in the situation of intra-frequency measurement, if
synchronization signal blocks (SSBs) of the serving cell are not completely within the
terminal downlink operating bandwidth, the measurement gap is needed to allow the

terminal device to switch to the frequency to be measured.

[0032] Generally speaking, the network device usually only configure one
measurement pattern to the terminal device. From the view of time domain, the time
slots for performing intra-measurement may be overlapped with the time slots for the
measurement gap. 3GPP standard 38.133 has introduced gap sharing mechanism
between the intra-frequency measurement and the inter-frequency measurement in the
time slots for performing intra-measurement are fully overlapped with the time slots
for the measurement gap. However, it has not been discussed that how the

overlapped time slots being shared between the intra-frequency and the measurement
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gap if the time slots for performing intra-measurement are partially overlapped with

the time slots for the measurement gap.

[0033] In order to at least in part solve above and other potential problems,
embodiments of the present disclosure provide a salutation for new radio management
measurement. Now some example embodiments of the present disclosure are
described below with reference to the figures. However, those skilled in the art
would readily appreciate that the detailed description given herein with respect to
these figures is for explanatory purpose as the present disclosure extends beyond

theses limited embodiments.

[0034] Fig. 1 illustrates a schematic diagram of a communication system in which
embodiments of the present disclosure can be implemented. The communication
system 100, which is a part of a communication network, includes a network device
120 and one or more terminal devices 110-1 and 110-2. It is to be understood that
the communication system 100 may include any suitable number of terminal devices. .
It should be noted that the communication system 100 may also include other
clements which are omitted for the purpose of clarity. The network device 120 may
communicate with the terminal devices 110. It is to be understood that the number
of network devices and terminal devices shown in Fig. 1 is given for the purpose of
illustration without suggesting any limitations. The communication system 100 may

include any suitable number of network devices and terminal devices.

[0035] Communications in the communication system 100 may be implemented
according to any proper communication protocol(s), including, but not limited to,
cellular communication protocols of the first generation (1G), the second generation
(2G), the third generation (3G), the fourth generation (4G) and the fifth generation
(5G) and on the like, wireless local network communication protocols such as
Institute for Electrical and Electronics Engineers (IEEE) 802.11 and the like, and/or
any other protocols currently known or to be developed in the future. Moreover, the
communication may utilize any proper wireless communication technology, including
but not limited to: Code Divided Multiple Address (CDMA), Frequency Divided
Multiple Address (FDMA), Time Divided Multiple Address (TDMA), Frequency
Divided Duplexer (FDD), Time Divided Duplexer (TDD), Multiple-Input
Multiple-Output (MIMO), Orthogonal Frequency Divided Multiple Access (OFDMA)
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and/or any other technologies currently known or to be developed in the future.

[0036] Fig. 2 illustrates a schematic diagram of fully overlapping in time slots
between the intra-frequency measurement and the measurement gap. The time slot
set 210 for the measurement may include time slots 210-1, 210-2, 210-3, 210-4, 210-5
and 210-6 It is to be understood that the time slot set 210 may include any suitable
number of time slots. The time slots set 220 for intra-frequency measurements may
include time slots 220-1, 220-2, 220-3, 220-4, 220-5 and 220-6. It is to be understood
that the time slot set 220 may include any suitable number of time slots. As shown

in Fig. 2, the time slot set 210 are fully overlapped with the time slot set 220.

[0037] As described above, 3GPP standard 38.133 has introduced gap sharing
mechanism between the intra-frequency measurement and the inter-frequency
measurement in the time slots for performing intra-measurement are fully overlapped
with the time slots for the measurement gap. The network device may transmit a
parameter “X” (for example, gap sharing factor) via a radio resource control (RRC)
signaling to indicate how the fully overlapped time slots shared between the
intra-frequency measurement and the measurement gap. Table 1 below in the 3GPP

standard 38.133 defines the parameter “X.”

TABLE 1
Network signaling ParameterName Value of X (%)
“00” X1
“01” X2
“10” X3
“11” X4

[0038] By way of example, if the parameter “00” is transmitted via the RRC signaling,
Xi% of the fully overlapped time slots are to be used for the intra-frequency
measurement. If the parameter “01” is transmitted via the RRC signaling, X,% of
the fully overlapped time slots are to be used for the intra-frequency measurement.
If the parameter “10” is transmitted via the RRC signaling, X3% of the fully
overlapped time slots are to be used for the intra-frequency measurement. If the

parameter “11” is transmitted via the RRC signaling, X4% of the fully overlapped
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time slots are to be used for the intra-frequency measurement. In this scenario, the
performance of intra-frequency defined in section 9.2 of the 3GPP standard 38.133 is
scaled by K ina=1/X *100 and the performance of inter-frequency defined in section
9.2 of the 3GPP standard 38.133 is scaled by K jue=1/(100-X )*100.

[0039] Fig. 3 illustrates a schematic diagram of non-overlapping in time slots between
the intra-frequency measurement and the measurement gap. The time slot set 310
for the measurement gap may include time slot 310-1, 310-2, 310-3, 310-4, 310-5 and
310-6. It is to be understood that the time slot set 310 may include any suitable
number of time slots. The time slot set 320 for intra-frequency measurements may
include time slot 320-1, 320-2, 320-3, 320-4, 320-5 and 320-6. It is to be understood
that the time slot set 320 may include any suitable number of time slots. As shown
in Fig. 3, time slot set 310 is non-overlapped with time slot set 320. In such situation,
there is no need sharing time slots between the intra-frequency measurement and the
measurement gap. Due to signaling overheads, the network may unlikely configure
non-overlapping in time slots between the intra-frequency measurement and the

measurement gap.

[0040] Fig. 4 illustrates a schematic diagram of partially overlapping in time slots
between the intra-frequency measurement and the measurement gap according to
embodiments of the present disclosure.  Fig. 5 illustrates an example interaction
diagram of operation 500 between the terminal device 110 and the network device
120 according to embodiments of the present disclosure. The interaction operation

500 will be described with reference to Fig. 4 below.

[0041] In some embodiments, the terminal device 110 may measure a channel quality
of a target cell for handover. The terminal device 110 may measure reference signals
strength to obtain information of the channel quality of the target cell. For example,
the terminal device 110 may obtain the channel quality of the target cell for handover
based on reference signal receiving power (RSRP). As mentioned above, there are
two types of measurements, that is, the intra-frequency measurement and
inter-frequency measurement. In the situation of inter-frequency measurement, the
measurement gap is needed since the terminal device needs to switch a different
frequency to perform the inter-frequency measurement. In the situation of

intra-frequency measurement, the measurement gap may still be needed in some
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scenarios.

[0042] The network device 120 transmits 510 a configuration for the intra-frequency
measurement (referring to as “a first configuration”) to the terminal device 110. In
an example embodiment, the first configuration may be transmitted via a RRC
signaling. By way of example, the network device 120 may send SS block based
RRM measurement timing configuration (SMTC) to the terminal device 110 for
intra-frequency measurement. In some embodiments, the first configuration may
include information of a measuring window for the intra-frequency measurement. In
an example embodiment, the first configuration may indicate duration of the
measuring window. For example, the first configuration may indicate that duration
of one measuring window is 5ms. It is to be understood that the duration of one
measuring window may be any suitable value. Additionally or alternatively, the first
configuration may include the periodicity of the measuring window. That is to say,
the first configuration may indicate how long the measuring windows should be

repeated.

[0043] In some embodiments, the first configuration may also indicate the starting
position of the measured window in the time slots of the serving cell for
intra-frequency measurement. For example, since every cell has its own clock, the
first configuration may indicate a time slot at which the first measured window starts.
By way of example, the first configuration may indicate that the measuring window is
to start from the 100%™ time slot. The first configuration indicates a set of time slots
420 (referring to as “first set of time slots”) is to be used for performing the

intra-frequency measurement.

[0044] In a further embodiment, the terminal device 110 may determine the first set of
time slots 420 based on the information of the measuring window. For example, the
information of the measuring window may include that the duration of one measuring
window is Sms and the measuring window may be repeated every 40ms. The
information of the measuring window may also include that the measuring window
starts from the 100™ time slot. In this example, the terminal device 110 may
determine time slots 420-1, 420-2, 420-3, 420-4, 420-5, 420-6 and 420-7 as the first
set of time slots 420. It is to be understood that the first set of time slots 420 may

include any suitable number of time slots. Each of the time slots 420-1, 420-2,

10



10

15

20

25

30

WO 2019/140653 PCT/CN2018/073496

420-3, 420-4, 420-5, 420-6 and 420-7 has duration of 5ms and the time interval

between any adjacent two of them is 40ms.

[0045] In some embodiment, the network device 120 may also transmit configuration
for inter-frequency measurement. By way of example, the network device 120 may
send SS block based RRM measurement timing configuration (SMTC) to the terminal
device 110 for inter-frequency measurement via a RRC signaling. In some
embodiments, the configuration may include information of a measuring window for
the inter-measurement. In an example embodiment, the configuration may indicate
duration of the measuring window. For example, the configuration may indicate that
duration of one measuring window is 40ms. It is to be understood that the duration
of one measuring window may be any suitable value. Additionally or alternatively,
the configuration may include the periodicity of the measuring window. That is to
say, the configuration may indicate how long the measuring windows should be
repeated. In some embodiments, the configuration may also indicate the starting
position of the measured window in the time slots of the serving cell for

inter-frequency measurement.

[0046] The network device 120 transmits 520 a configuration for the measurement
gap (referring to as “a second configuration™) to the terminal device 110. In an
example embodiment, the second configuration may be transmitted via a RRC
signaling. By way of example, the second configuration may indicate duration of the
measurement gap. For example, the second configuration may indicate that duration
of one measurement gap is 40ms or 80ms. It is to be understood that the duration of
one measurement gap may be any suitable value. Additionally or alternatively, the
second configuration may include the periodicity of the measurement gap. That is to
say, the second configuration may indicate how long the measurement gap should be

repeated.

[0047] In some embodiments, the second configuration may also indicate the starting
position of the measurement gap in the time slots of the serving cell. For example,
since every cell has its own clock, the second configuration may indicate a time slot at

which the first measurement gap starts.

[0048] In a further embodiment, the terminal device 110 may determine the second

set of time slots 410 based on the second configuration for the measurement gap.

11
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For example, the second configuration may include that the duration of one
measurement gap is 6ms and the measurement gap may be repeated every 80ms.
The second configuration may also include that the first measurement gap starts from
the 100™ time slot. In this example, the terminal device 110 may determine time
slots 410-1, 410-2, 410-3 and 410-4 as the second set of time slots 410. It is to be
understood that the second set of time slots 410 may include any suitable number of
time slots. Each of the time slots 410-1, 410-2, 410-3 and 410-4 has duration of 6ms

and the time interval between any adjacent two of them is 80ms.

[0049] The network device 120 transmits 530 resource control information for sharing
overlapped time slots between the intra-frequency measurement and the measurement
gap. In some embodiments, the resource control information may be transmitted
together with the first configuration or the second configuration. In other
embodiment, the resource control information may be transmitted as a new signaling

defined in RRC signaling.

[0050] In some embodiments, the resource control information may include a
parameter for sharing the overlapped time slots. In an example embodiment, the
resource control information may include the parameter “X” (for example, gap
sharing factor) shown in Table 1. Alternatively, the resource control information
may include another parameter which is defined in a new signaling and is different

from the above parameter “X”.

[0051] In other embodiments, the resource control information may other information
that may affect the behavior of the terminal device 110. For example, the resource
control information may include the number of frequencies at which the
intra-frequency measurement is performed. The resource control information may
also include the number of frequencies at which the inter-frequency measurement is
performed.  Alternatively, the resource control information may include an
overlapping ratio between the first set of time slots 420 and the second set of time
slots 410. In a further example, the resource control information may include
information regarding whether the intra-frequency measurement is performed without
interrupting data scheduling. As described above, the intra-frequency measurement
also needs the measurement gap in some situations.  For example, the

intra-frequency measurement on high frequency bands may lead to interruption to

12
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data scheduling in the serving cell. In such situation, the terminal device 110 may
perform the intra-frequency measurement during the time slots that are overlapped
with the measurement gap. In this way, since the terminal device 110 does not use
the time slots which are not overlapping with the measurement gap for
intra-frequency measurement, those time slots can still be used for data scheduling, so

the total interruption is reduced.

[0052] The terminal device 110 determines 540 whether the first set of time slots 420
and the second set of time slots 410 are partially overlapped. By way of example,
the terminal device 110 may determine that time slots 410-1 and 420-1, time slots
410-2 and 420-3, time slots 41-03 and 420-5, and time slots 410-4 and 4207 are

overlapped.

[0053] The terminal device 110 determines 550 one or more time slots for
intra-frequency measurement based on the resource control information. In this way,
the priority of intra-frequency measurement and the inter-frequency measurement
may be controlled by the network device. The network device may also know the
terminal device behaviors and the expected measurement performances related to the

behaviors.

[0054] In some embodiments, the terminal device 110 may determine a parameter for
sharing the overlapped time slots. By way of example, the terminal device 110 may
extract a specific parameter from the resource control information. As described
above, in an example embodiment, the resource control information may include the
parameter “X” (for example, gap sharing factor) as introduced in the 3GPP standards
38.133. For example, if the value of the parameter “X” (gap sharing factor) is 50%,
the terminal device 110 may determine 50% of the overlapped time slots are used for
intra-frequency measurement. In this example, the terminal device 110 may
determine that time slots 420-2, 420-3, 420-4, 420-6 and 420-7 for intra-frequency
measurement. In this situation, the intra-frequency measurement requirement is
scaled by a factor of 1/(Y+Z*(1-Y)), where Z is the gap sharing factor between the
intra-frequency and the inter-frequency measurements and Y is the percentage of time

slots for the intra-frequency not overlapped with the time slots for the measurement
gap.

[0055] In a further embodiment, the resource control information may not include the

13
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parameter “X”. The terminal device 110 may only use the time slots in the first set
of time slots 420 which are not overlapped with the second set of time slots 410 for
intra-frequency. For example, the terminal device may determine time slots 420-2,
420-4 and 420-6 for intra-frequency measurement. In this situation, the
intra-frequency measurement requirement is scaled by a factor of 1/Y, where Y is the
percentage of time slots for the intra-frequency not overlapped with the time slots for

the measurement gap.

[0056] Alternatively, the resource control information may the resource control
information may include another parameter which is defined in a new signaling for
sharing the overlapped time slots. For example, the resource control information
may include the parameter indicating that none of the overlapped time slots are used
for intra-frequency measurement. In other embodiment, the resource control
information may include the parameter indicating that a certain percentage of the

overlapped time slots are used for intra-frequency measurement.

[0057] In some embodiments, the terminal device 110 may determine the parameter
for sharing the overlapped time slots for intra-frequency measurement based on
information included in the resource control information. By way of example, the
resource control information may the number of frequencies at which the
intra-frequency measurement is performed and number of frequencies at which the
inter-frequency measurement is performed. The terminal device 110 may determine
a parameter indicating the percentage of the overlapped time slots to be used for the
intra-frequency measurement based on the above numbers of frequencies. If the
number of frequencies at which the intra-frequency measurement is smaller than the
number of frequencies at which the inter-frequency measurement is performed, the
terminal device 110 may determine that the percentage of the overlapped time slots
for intra-frequency measurement is smaller than the percentage of the overlapped time

slots for the measurement gap.

[0058] In another embodiment, the resource control information may include an
overlapping ratio between the first set of time slots 420 and the second set of time
slots 410. The terminal device 110 may determine a parameter indicating the
percentage of the overlapped time slots to be used for the intra-frequency

measurement based on the overlapping ratio. If the overlapping ratio is smaller than a
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predetermined threshold, the terminal device 110 may determine that the percentage
of the overlapped time slots for intra-frequency measurement is smaller than the

percentage of the overlapped time slots for the measurement gap.

[0059] In a further example, the resource control information may include information
regarding whether the intra-frequency measurement is performed without interrupting
data scheduling. As described above, the intra-frequency measurement also needs
the measurement gap in some situations. For example, the intra-frequency
measurement on high frequency bands may lead to interruption to data scheduling in
the serving cell. In such situation, the terminal device 110 may determine that the
overlapped time slots are used for intra-frequency measurement based on the
information. In this way, since the terminal device 110 does not use the time slots
which are not overlapping with the measurement gap for intra-frequency
measurement, those time slots can still be used for data scheduling, so the total

interruption is reduced.

[0060] Fig. 6 illustrates a flow chart of method 600 in accordance with an example of
the present disclosure. The method 600 may be implemented at the terminal device

110.

[0061] At block 610, the terminal device 110 receives a first configuration for an
intra-frequency measurement of the terminal device 110 from the network device 120.
The first configuration indicates first set of time slots 420 for the intra-frequency
measurement. In an example embodiment, the first configuration may be received

via the RRC signaling.

[0062] In some embodiments, the first configuration may include information of a
measuring window for the intra-frequency measurement. In an example
embodiment, the first configuration may indicate duration of the measuring window.
Additionally or alternatively, the first configuration may include the periodicity of the
measuring window. That is to say, the first configuration may indicate how long the
measuring windows should be repeated. In some embodiments, the first
configuration may also indicate the starting position of the measured window in the

time slots of the serving cell for intra-frequency measurement.

[0063] At block 620, the terminal device 110 receives a second configuration for a

measurement gap of the terminal device 110 from the network device 120. The
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second configuration indicates second set of time slots 410 for the measurement gap.
In an example embodiment, the second configuration may be transmitted via a RRC

signaling.

[0064] By way of example, the second configuration may indicate duration of the
measurement gap. Additionally or alternatively, the second configuration may
include the periodicity of the measurement gap. That is to say, the second
configuration may indicate how long the measurement gap should be repeated. In
some embodiments, the second configuration may also indicate the starting position

of the measurement gap in the time slots of the serving cell.

[0065] At block 630, the terminal device 110 determines 630 whether the first set of
time slots 420 and the second set of time slots 410 are partially overlapped. If the
first set of time slots 420 and the second set of time slots 410 are partially overlapped,
at block 640, the terminal device 110 determines one or more slots from the first set of
time slots 420 for the intra-frequency measurement of the terminal device 120 based
on resource control information. In some embodiments, the terminal device 110 may
determine a parameter for sharing the overlapped time slots based on the resource
control information. The terminal device 110 may determine the one or more time

slots based on the parameter.

[0066] In some embodiments, the resource control information may be transmitted
together with the first configuration or the second configuration. In other
embodiment, the resource control information may be transmitted as a new signaling

defined in RRC signaling.

[0067] In some embodiments, the resource control information may include a
parameter for sharing the overlapped time slots. In an example embodiment, the
resource control information may include the parameter “X” (for example, gap
sharing factor) as introduced in the 3GPP standards 38.133. Alternatively, the
resource control information may include another parameter which is defined in a new

signaling and is different from the above parameter “X”.

[0068] In other embodiments, the resource control information may other information
that may affect the behavior of the terminal device 110. For example, the resource
control information may include the number of frequencies at which the

intra-frequency measurement is performed. The resource control information may
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also include the number of frequencies at which the inter-frequency measurement is
performed.  Alternatively, the resource control information may include an
overlapping ratio between the first set of time slots 420 and the second set of time
slots 410. In other example, the resource control information may include
information about whether the intra-frequency measurement is performed without

interrupting data scheduling.

[0069] Fig. 7 illustrates a flow chart of method 700 in accordance with an example of
the present disclosure. The method 700 may be implemented at the network device

120.

[0070] At block 710, the network device 120 transmits a first configuration for an
intra-frequency measurement of the terminal device 110 to the terminal device 110.
The first configuration indicates first set of time slots 420 for the intra-frequency
measurement. In an example embodiment, the first configuration may be received

via the RRC signaling.

[0071] In some embodiments, the first configuration may include information of a
measuring window for the intra-frequency measurement. In an example
embodiment, the first configuration may indicate duration of the measuring window.
Additionally or alternatively, the first configuration may include the periodicity of the
measuring window. That is to say, the first configuration may indicate how long the
measuring windows should be repeated. In some embodiments, the first
configuration may also indicate the starting position of the measured window in the

time slots of the serving cell for intra-frequency measurement.

[0072] At block 720, the network device 120 transmits a second configuration for a
measurement gap of the terminal device 110 to the terminal device 110. The second
configuration indicates second set of time slots 410 for the measurement gap. In an
example embodiment, the second configuration may be transmitted via a RRC

signaling.

[6073] By way of example, the second configuration may indicate duration of the
measurement gap. Additionally or alternatively, the second configuration may
include the periodicity of the measurement gap. That is to say, the second
configuration may indicate how long the measurement gap should be repeated. In

some embodiments, the second configuration may also indicate the starting position
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of the measurement gap in the time slots of the serving cell.

[0074] At block 730, the network device 120 transmits the resource control
information for sharing overlapped time slots between the intra-frequency
measurement and the measurement gap to the terminal device 110. In some
embodiments, the resource control information may be transmitted together with the
first configuration or the second configuration. In other embodiment, the resource

control information may be transmitted as a new signaling defined in RRC signaling.

[0075] In some embodiments, the resource control information may include a
parameter for sharing the overlapped time slots. In an example embodiment, the
resource control information may include the parameter “X” (for example, gap
sharing factor) as introduced in the 3GPP standards 38.133. Alternatively, the
resource control information may include another parameter which is defined in a new

signaling and is different from the above parameter “X”.

[0076] In other embodiments, the resource control information may other information
that may affect the behavior of the terminal device 110. For example, the resource
control information may include the number of frequencies at which the
intra-frequency measurement is performed. The resource control information may
also include the number of frequencies at which the inter-frequency measurement is
performed.  Alternatively, the resource control information may include an
overlapping ratio between the first set of time slots 420 and the second set of time
slots 410. In other example, the resource control information may include
information about whether the intra-frequency measurement is performed without

interrupting data scheduling.

[0077] Fig. 8 is a simplified block diagram of a device 800 that is suitable for
implementing embodiments of the present disclosure. The device 800 may be
implemented at the network device 120. The device 800 may also be implemented
at the terminal device 110. As shown, the device 800 includes one or more
processors 810, one or more memories 820 coupled to the processor(s) 810, one or

more transmitters and/or receivers (TX/RX) 840 coupled to the processor 810.

[0078] The processor 810 may be of any type suitable to the local technical network,
and may include one or more of general purpose computers, special purpose

computers, microprocessors, digital signal processors (DSPs) and processors based on
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multicore processor architecture, as non-limiting examples. The device 600 may
have multiple processors, such as an application specific integrated circuit chip that is

slaved in time to a clock which synchronizes the main processor.

[0079] The memory 820 may be of any type suitable to the local technical network
and may be implemented using any suitable data storage technology, such as a
non-transitory computer readable storage medium, semiconductor based memory
devices, magnetic memory devices and systems, optical memory devices and systems,

fixed memory and removable memory, as non-limiting examples.

[0080] The memory 820 stores at least a part of a program 830. The TX/RX 840 is
for bidirectional communications. The TX/RX 840 has at least one antenna to
facilitate communication, though in practice an Access Node mentioned in this
application may have several ones. The communication interface may represent any

interface that is necessary for communication with other network elements.

[0081] The program 830 is assumed to include program instructions that, when
executed by the associated processor 810, enable the device 800 to operate in
accordance with the embodiments of the present disclosure, as discussed herein with
reference to Figs. 4 to 7. That is, embodiments of the present disclosure can be
implemented by computer software executable by the processor 810 of the device 800,

or by hardware, or by a combination of software and hardware.

[0082] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any disclosure or of what may
be claimed, but rather as descriptions of features that may be specific to particular
embodiments of particular disclosures. Certain features that are described in this
specification in the context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various features that are described
in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable sub-combination. Moreover, although
features may be described above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed combination can in some cases
be excised from the combination, and the claimed combination may be directed to a

sub-combination or variation of a sub-combination.

[0083] Similarly, while operations are depicted in the drawings in a particular order,
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this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the separation of various
system components in the embodiments described above should not be understood as
requiring such separation in all embodiments, and it should be understood that the
described program components and systems can generally be integrated together in a

single software product or packaged into multiple software products.

[0084] Various modifications, adaptations to the foregoing exemplary embodiments of
this disclosure may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings.
Any and all modifications will still fall within the scope of the non-limiting and
exemplary embodiments of this disclosure. Furthermore, other embodiments of the
disclosures set forth herein will come to mind to one skilled in the art to which these
embodiments of the disclosure pertain having the benefit of the teachings presented in

the foregoing descriptions and the associated drawings.

[0085] Therefore, it is to be understood that the embodiments of the disclosure are not
to be limited to the specific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of the appended claims.
Although specific terms are used herein, they are used in a generic and descriptive

sense only and not for purpose of limitation.
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WHAT IS CLAIMED IS:

1. A method implemented at a terminal device for communication, comprising:

receiving, from a network device, a first configuration at least indicating a first set of time slots
for an intra-frequency measurement of the terminal device;

receiving, from the network device, a second configuration at least indicating a second set of
time slots for a measurement gap of the terminal device;

receiving, from the network device, resource control information comprising an indication about
whether to share overlapping time slots between the intra-frequency measurement and the
measurement gap; and

in response to the first and second sets of time slots only partially overlapping, determining,
based on the resource control information, one or more time slots from the first set of time slots for the
intra-frequency measurement of the terminal device that do not overlap with any time slots from the

second set of time slots for the measurement gap of the terminal device.

2. The method of claim 1, wherein the first configuration indicates a measuring window for the
intra-frequency measurement, the information including at least one of:

duration of the measuring window,

a periodicity of the measuring window, and

a beginning position of the measuring window in time slots of the terminal device.

3. The method of claim 1, wherein the second configuration indicates at least one of:
duration of the measurement gap,
a periodicity of the measurement gap, and

a beginning position of the measurement gap in time slots of the terminal device.

4, The method of claim 1, wherein the resource control information comprises at least one of:
the number of frequencies at which the intra-frequency measurement is performed,
the number of frequencies at which an inter-frequency measurement is performed,

an overlapping ratio between the first set of time slots and the second set of time slots,
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a value for sharing the overlapped time slots between the first set of time slots and the second
time slots, and
information regarding whether the intra-frequency measurement is performed without

interrupting data scheduling.

5. The method of claim 4, wherein determining the one or more time slots comprises:
determining a parameter for sharing the overlapped time slots based on the resource control
information; and

determining the one or more time slots based on the parameter.

6. The method of claim 1, wherein determining the one or more time slots comprises:
in response to the resource control information is free of a parameter for sharing the overlapped

time slots, choosing the one or more time slots non-overlapped with the second set of time slots.

7. The method of claim 1, wherein receiving the second configuration comprises:

receiving the second configuration together with the resource control information.

8. The method of claim 1, wherein at least one of the first configuration, the second configuration

and the resource control information is received via a radio resource control (RRC) signaling.

9. The method of claim 1, wherein the resource control information received from the network
device for the intra-frequency measurement indicates one or more of: a parameter for sharing time slots
which overlap between the first and second sets of time slots, a number of frequencies at which the
intra-frequency measurement should be performed, a number of frequencies at which an
inter-frequency measurement should be performed, an overlapping ratio between the first and second
sets of time slots, whether the intra-frequency measurement should be performed without interrupting

data scheduling, or whether the measurement gap is needed for inter-frequency measurement.

10. The method of claim 1, further comprising:
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using the one or more time slots in the first set, which do not overlap with any time slot in the

second set, for the intra-frequency measurement.

11. A method implemented at a network device for communication, comprising:

transmitting, to a terminal device, a first configuration at least indicating a first set of time slots
for an intra-frequency measurement of the terminal device;

transmitting, to the terminal device, a second configuration at least indicating a second set of
time slots for a measurement gap of the terminal device; and

transmitting, to the terminal device, resource control information comprising an indication about
whether to share overlapped time slots between the intra-frequency measurement and the
measurement gap,

wherein, in an instance in which the first and second sets of time slots only partially overlap, one
or more time slots from the first set of time slots for the intra-frequency measurement of the terminal
device that do not overlap with any time slots from the second set of time slots for the measurement
gap of the terminal device are determinable by the terminal device based on the resource control

information.

12. The method of claim 11, wherein the first configuration indicates a measuring window for the
intra-frequency measurement, the information including at least one of:

duration of the measuring window,

a periodicity of the measuring window, and

a beginning position of the measuring window in time slots of the terminal device.

13. The method of claim 11, wherein the second configuration indicates at least one of:
duration of the measurement gap,
a periodicity of the measurement gap, and

a beginning position of the measurement gap in time slots of the terminal device.

14. The method of claim 11, wherein the resource control information comprises at least one of:

the number of frequencies at which the intra-frequency measurement is performed,
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the number of frequencies at which an inter-frequency measurement is performed,

an overlapping ratio between the first set of time slots and the second set of time slots,

a value for sharing the overlapped time slots between the first set of time slots and the second
time slots, and

information regarding whether the intra-frequency measurement is performed without

interrupting data scheduling.

15. The method of claim 14, wherein the resource control information includes a parameter for

sharing the overlapped time slots.

16. The method of claim 11, wherein transmitting the second configuration comprise:

transmitting the second configuration together with the resource control information.

17. The method of claim 11, wherein at least one of the first configuration, the second configuration

and the resource control information is transmitted via a radio resource control (RRC) signaling.

18. The method of claim 11, wherein the resource control information received from the network
device for the intra-frequency measurement indicates one or more of: a parameter for sharing time slots
which overlap between the first and second sets of time slots, a number of frequencies at which the
intra-frequency measurement should be performed, a number of frequencies at which an
inter-frequency measurement should be performed, an overlapping ratio between the first and second
sets of time slots, whether the intra-frequency measurement should be performed without interrupting

data scheduling, or whether the measurement gap is needed for inter-frequency measurement.
19. The method of claim 11, wherein the one or more time slots in the first set of time slots that do
not overlap with any time slots in the second set of time slots are usable for the intra-frequency

measurement.

20. A terminal device, comprising:

at least one processor; and
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a memory coupled to the at least one processor, the memory storing instructions therein, the
instructions, when executed by the at least one processor, causing the terminal device to perform acts
including:

receiving, from a network device, a first configuration at least indicating a first set of time
slots for an intra-frequency measurement of the terminal device;

receiving, from the network device, a second configuration at least indicating a second set
of time slots for a measurement gap of the terminal device;

receiving, from the network device, resource control information comprising an indication
about whether to share overlapping time slots between the intra-frequency measurement and the
measurement gap; and

in response to the first and second sets of time slots being only partially overlapped,
determining, based on the resource control information, one or more time slots from the first set of time
slots for the intra-frequency measurement of the terminal device that do not overlap with any time slots

from the second set of time slots for the measurement gap of the terminal device.

21. The terminal device of claim 20, wherein the first configuration indicates a measuring window
for the intra-frequency measurement, the information including at least one of:

duration of the measuring window,

a periodicity of the measuring window, and

a beginning position of the measuring window in time slots of the terminal device.

22. The terminal device of claim 20, wherein the second configuration indicates at least one of:
duration of the measurement gap,
a periodicity of the measurement gap, and

a beginning position of the measurement gap in time slots of the terminal device.

23. The terminal device of claim 20, wherein the resource control information comprises at least
one of:
the number of frequencies at which the intra-frequency measurement is performed,

the number of frequencies at which an inter-frequency measurement is performed,
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an overlapping ratio between the first set of time slots and the second set of time slots,

a value for sharing the overlapped time slots between the first set of time slots and the second
time slots, and

information regarding whether the intra-frequency measurement is performed without

interrupting data scheduling.

24. The terminal device of claim 23, wherein determining the one or more time slots comprises:
determining a parameter for sharing the overlapped time slots based on the resource control
information; and

determining the one or more time slots based on the parameter.

25. The terminal device of claim 20, wherein determining the one or more time slots comprises:
in response to the resource control information is free of a parameter for sharing the overlapped

time slots, choosing the one or more time slots non-overlapped with the second set of time slots.

26. The terminal device of claim 20, wherein receiving the second configuration comprises:

receiving the second configuration together with the resource control information.

27. The terminal device of claim 20, wherein at least one of the first configuration, the second
configuration and the resource control information is received via a radio resource control (RRC)

signaling.

28. The terminal device of claim 20, wherein the resource control information received from the
network device for the intra-frequency measurement indicates one or more of: a parameter for sharing
time slots which overlap between the first and second sets of time slots, a number of frequencies at
which the intra-frequency measurement should be performed, a number of frequencies at which an
inter-frequency measurement should be performed, an overlapping ratio between the first and second
sets of time slots, whether the intra-frequency measurement should be performed without interrupting

data scheduling, or whether the measurement gap is needed for inter-frequency measurement.
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29. The terminal device of claim 20, wherein the instructions, when executed by the at least one
processor, cause the terminal device to:
use the one or more time slots in the first set which do not overlap with any time slot in the

second set for the intra-frequency measurement.

30. A network device, comprising:
at least one processor; and
a memory coupled to the at least one processor, the memory storing instructions therein, the
instructions, when executed by the at least one processor, causing the network device to perform acts
including:
transmitting, to a terminal device, a first configuration at least indicating a first set of time
slots for an intra-frequency measurement of the terminal device;
transmitting, to the terminal device, a second configuration at least indicating a second set
of time slots for a measurement gap of the terminal device; and
transmitting, to the terminal device, resource control information for sharing overlapped
time slots between the intra-frequency measurement and the measurement gap,
wherein, in an instance in which the first and second sets of time slots only partially
overlap, one or more time slots from the first set of time slots for the intra-frequency measurement of
the terminal device that do not overlap with any time slots from the second set of time slots for the
measurement gap of the terminal device are determinable by the terminal device based on the resource

control information.

31. The network device of claim 30, wherein the first configuration indicates a measuring window
for the intra-frequency measurement, the information including at least one of:

duration of the measuring window,

a periodicity of the measuring window, and

a beginning position of the measuring window in time slots of the terminal device.

32. The network device of claim 30, wherein the second configuration indicates at least one of:

a duration of the measurement gap,

27



a periodicity of the measurement gap, and

a beginning position of the measurement gap in time slots of the terminal device.

33. The network device of claim 30, wherein the parameter comprises at least one of:

the number of frequencies at which the intra-frequency measurement is performed,

the number of frequencies at which an inter-frequency measurement is performed,

an overlapping ratio between the first set of time slots and the second set of time slots,

a value for sharing the overlapped time slots between the first set of time slots and the second
time slots, and

information regarding whether the intra-frequency measurement is performed without

interrupting data scheduling.

34. The network device of claim 33, wherein the resource control information includes a parameter

for sharing the overlapped time slots.

35. The network device of claim 30, wherein transmitting the second configuration comprise:

transmitting the second configuration together with the resource control information.

36. The network device of claim 30, wherein at least one of the first configuration, the second
configuration and the resource control information is transmitted via a radio resource control (RRC)

signaling.

37. The network device of claim 30, wherein the resource control information received from the
network device for the intra-frequency measurement indicates one or more of: a parameter for sharing
time slots which overlap between the first and second sets of time slots, a number of frequencies at
which the intra-frequency measurement should be performed, a number of frequencies at which an
inter-frequency measurement should be performed, an overlapping ratio between the first and second
sets of time slots, whether the intra-frequency measurement should be performed without interrupting

data scheduling, or whether the measurement gap is needed for inter-frequency measurement.
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38. The network device of claim 30, wherein the one or more time slots in the first set of time slots
that do not overlap with any time slots in the second set of time slots are usable for the intra-frequency

measurement.

39. A computer readable medium storing instructions thereon, the instructions, when executed by
at least one processing unit of a machine, causing the machine to perform the method according to any

one of claims 1-10.

40. A computer readable medium storing instructions thereon, the instructions, when executed by

at least one processing unit of a machine, causing the machine to perform the method according to any

one of claims 11-19.
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