(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
20 February 2020 (20.02.2020)

(10) International Publication Number

WO 2020/034193 Al

WIPO I PCT

(51) International Patent Classification:
Ho4W 24/00 (2009.01)

(21) International Application Number:

Lars; Torpantie 56, Oulu, 90230 (FI). ZHANG, Li; 2203,
Unit 1, Building 6, No. 50 Wangjing West Road, Chaoyang
District, Beijing 100102 (CN).

PCT/CN2018/101060  (74) Agent: KING & WOOD MALLESONS; 20th Floor,
(22) International Filing Date: Eif)tnTl(; Wgr}’la\zloid gﬁﬁiial}ggf?ﬁrei(ﬁ)%zz) ](DCO;I[)gsanhuan
17 August 2018 (17.08.2018) g, Lhaoyang - Beymg :

- . . (81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,

(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA,CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO

(71) Applicants (for CN only): NOKIA SHANGHAI BELL DZ>EC,EE,EG>ES ,FI &}B >GD ,GE >GH, Gl\/i GT, HN,

CO.,LTD. [CN/CN]; No. 388, Ninggiao Road, Pudong Jin- T T T IN D TG 1A T T o

90, Shanehai 201206 (CN). NOKIA SOLUTIONS AND HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

O VoS o 1B /él -1){N 0 U 021210 NI KR, KW,KZ LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,

NETW [FI/FI]; Karaportti 3, Espoo, (FI). MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(71) Applicant (for all designated States except CN): NOKIA OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

TECHNOLOGIES OY [FIFI|; Karaportti 3, Espoo, SC, SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
02610 (FI). TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(72) Inventors: HE, Jing; 523-1803, No. 10 Nanhu Nan Road, (84) Designated States (unless otherwise indicated, for every

Chaoyang District, Beijing 100102 (CN). DALSGAARD,

kind of regional protection available): ARIPO (BW, GH,

(54) Title: MEASUREMENT GAP MANAGEMENT FOR SSB AND CSI-RS BASED RRM MEASUREMENT

receive a first information of a first gap for a first reference signal to be measured
and a second information of a second gap for a second reference signal to be
measured, the first gap and the second gap overlapping at least partially

~

Tio

N

! determine a first duration of a gap
length based on a union of the first
gap and the second gap

|

I
’i 7o

A

r determine a second duration of a i
l gap length based on a selection of l
i the frst gap or the second gap i
| corresponding to one of the first |

reference signal and the second
reference signal {

|

—

L730

measurc at lcast one of the first reference signal or the second reference signal

based on the at least one of the determined first duration of the gap length or the
determined second duration of the gap length

|

L

700/

N

74o

FIG.7

wo 2020/034193 A1 |0 0000 KO Y000 OO 0

(57) Abstract: A method includes: receiving, at a user equipment, a first information of a first gap for a first reference signal to be
measured and a second information of a second gap for a second reference signal to be measured, wherein the first gap and the second
gap overlap at least partially; and, determining at least one of: a first duration of a gap length based on a union of the first gap and the
second gap, and a second duration of a gap length based on a selection of the first gap or the second gap corresponding to one of the
first reference signal and the second reference signal.

[Continued on next page]



WO 20207034193 A [0} 00P 00000 00 O

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— of'inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))



WO 2020/034193 PCT/CN2018/101060

MEASUREMENT GAP MANAGEMENT FOR SSB AND CSI-RS BASED

RRM MEASUREMENT
BACKGROUND
Technical Field
[0001] The exemplary and non-limiting embodiments described herein relate

generally to radio standards (protocols relating to the physical layer, medium access
control, radio link control, and/or radio resource control of any radio that are standard
related) and, more particularly, to the management of gap measurement in radio

networks.
Brief Description of Prior Developments

[0002] In a radio network, RRM is the system level management of various resources
in wireless communication systems such as cellular networks and wireless local area
networks. RRM involves strategies and algorithms for controlling parameters such as
channel allocation, signal synchronization, beam management, power transmission,
handover protocols, and the like. Particularly with regard to allocating channels and
synchronizing signals, the duration of gaps in signals is generally managed to

maintain the transmission of data within acceptable limits of interruption.

[0003] One manner of managing the measurement of gaps for SSB and CSI-RS based
measurement is to use a single gap configuration for both measurements. This is
simple, but it imposes a restriction that a network should ensure that the SSB and CSI-
RS can always be covered by a single gap duration. Also, it means the same gap
duration (which in turn means the interruption of data) is used even if the durations of
the two RS are different (SMTC window can be up to 5 milliseconds (ms), while CSI-
RS is typically 1 symbol).

[0004] It can be assumed that the network can configure separate gaps for SSB based
measurement and CSI-RS based measurement, each with its own duration, period, and
offset. However, when two gaps overlap in time, uncertainty may exist as to which

measurement is applied and which measurement receives the interruption of data.
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SUMMARY

[0005] The following summary is merely intended to be exemplary. The summary is

not intended to limit the scope of the claims.

[0006] In accordance with one aspect, a method comprises: receiving, at a user
equipment, a first information of a first gap for a first reference signal to be measured
and a second information of a second gap for a second reference signal to be
measured, wherein the first gap and the second gap overlap at least partially;
determining at least one of: a first duration of a gap length based on a union of the
first gap and the second gap, and a second duration of a gap length based on a
selection of the first gap or the second gap corresponding to one of the first reference
signal and the second reference signal. And, the method may further comprise
measuring at least one of the first reference signal or the second reference signal
based on the at least one of the determined first duration of the gap length or the

determined second duration of the gap length.

[0007] In accordance with another aspect, an apparatus comprises: at least one
processor; and at least one memdry including computer program code, the at least one
memory and the computer program code configured to, with the at least one processor,
cause the apparatus at least to: receive a first information of a first gap for a first
reference signal to be measured and a second information of a second gap for a
second reference signal to be measured, wherein the first gap and the second gap
overlap at least partially; determine at least one of: a first duration of a gap length
based on a union of the first gap and the second gap, and a second duration of a gap
length based on a selection of the first gap or the second gap corresponding to one of
the first reference signal and the second reference signal. The at least one memory
and the computer program code configured to, with the at least one processor, cause
the apparatus at least to measure at least one of the first reference signal or the second
reference signal based on the at least one of the determined first duration of the gap

length or the determined second duration of the gap length.

[0008] In accordance with another aspect, a method comprises: configuring, at a

network node, a first gap for a first reference signal to be measured and a second gap

3]
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for a second reference signal to be measured, wherein the first gap and the second gap
overlap at least partially; receiving a measurement result of at least one of the first
reference signal or the second reference signal, wherein the measurement result is
based on measurement made based on at least one of: a first duration of a gap length
based on a union of the first gap and the second gap, and a second duration of a gap
length based on a selection of the first gap or the second gap corresponding to one of

the first reference signal and the second reference signal.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing aspects and other features are explained in the following

description, taken in connection with the accompanying drawings, wherein:
[0010] FIG. 1 is a schematic diagram illustrating some devices of a network;

[0011] FIG. 2 is a graphic illustration of various optional measurement objects in an

RRM measurement in NR based on SSB or CSI-RS;

[0012] FIG. 3 is a graphic illustration of an SSB based RRM measurement showing

various measurement objects;

[0013] FIG. 4 is a graphic illustration of a CSI-RS based RRM measurement showing

various measurement objects;

[0014] FIG. 5 is a graphic illustration of an RRM measurement based on

measurement gaps, showing various measurement objects;

[0015] FIG. 6 is a graphic illustration of alternative approaches to the management of

gaps for SSB and CSI-RS based RRM measurements; and

[0016] FIG. 7 is a flow of a process of determining an interrupt time based on the

management of gaps for SSB and CSI-RS based RRM measurements.
DETAILED DESCRIPTION OF EMBODIMENT

[0017] The following abbreviations that may be found in the specification and/or the

drawing figures are defined as follows:
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[0018]

[0019]

[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

CSI-RS Channel State Information Reference Signal

FDM Frequency Division Multiplex

MGRP Measurement Gap Repetition Period

NR New Radio

RRM Radio Resource Management

SEN System Frame Number

SMTC SSB Measurement Timing Configuration

SSB Synchronization Signal and PBCH (Physical Broadcast
Channel) Block

The word “exemplary” is used herein to mean “serving as an example,

instance, or illustration.” Any embodiment described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous over other embodiments. All
of the embodiments described in this Detailed Description are exemplary
embodiments provided to enable persons skilled in the art to make or use the

invention and not to limit the scope of the invention which is defined by the claims.

The exemplary embodiments herein describe techniques for the management
of measurement gaps when a network is configured for both SSB based measurement
and CSI-RS based measurement. The network may be a 5G network or at least any
network that utilizes NR software. What is proposed herein is a solution on how the
network manages the measurement gaps for SSB based measurement and CSI-RS

based measurement, and corresponding UE behavior.

Referring to FIG. 1, one exemplary configuration of various components for
some devices of a network are shown generally at 100. In FIG. 1, the user equipment
(UE) 110 is in wireless communication with the wireless network 100. The UE is a
wireless, typically mobile, device that can access the wireless network. The UE 110
includes one or more processors 120, one or more memories 125, and one or more

transceivers 130 interconnected through one or more buses 127. Each of the one or
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more transceivers 130 includes a receiver (Rx) 132 and a transmitter (Tx) 133. The
one or more buses 127 may be address, data, or control buses, and may include any
interconnection mechanism, such as a series of lines on a motherboard or integrated
circutt, fiber optics or other optical communication equipment, and the like. The one
or more transceivers 130 are connected to one or more antennas 128. The one or
more memories 125 include computer program code 123. The one or more memories
125 and the computer program code 123 may be configured to, with the one or more
processors 120, cause the UE 110 to perform one or more of the operations as
described herein. The UE 110 communicates with the apparatus 170 via a wireless
link 111. The apparatus 170 may be any one of the IAB donor 20 or the IAB nodes
12, for example. In this example, the apparatus 170 has features or components of a
gNB. A wireless attached IAB node, a Donor IAB node, and a conventional gNB
may be implemented on identical hardware or may include different hardware, but
some of the core components such as processor(s), memory(ies), receiver(s), and
transmitter(s) are present in each. FIG. 1 is merely intended to show a simplified
version of some of the components of a IAB node, a Donor JAB node, and a
conventional gNB, but it is understood that there is a differentiation between a

wireless IAB node and a Donor IAB node/gNB.

[0029] The apparatus 170 (hereinafter gNB 170) is a base station (for example, for 5G,
although LTE and 4G are also within the scope of the exemplary embodiments
disclosed herein) that provides access by wireless devices such as the UE 110 to the
wireless network 100. The gNB 170 includes one or more processors 152, one or
more memories 155, one or more network interfaces (N/W I/F(s)) 161, and one or
more transceivers 160 interconnected through one or more buses 157. Each of the
one or more transceivers 160 includes a receiver (Rx) 162 and a transmitter (Tx) 163.
The one or more transceivers 160 are connected to one or more antennas 158. The
one or more memories 155 include computer program code 153. The one or more
memories 155 and the computer program code 153 are configured to, with the one or
more processors 152, cause the gNB 170 to perform one or more of the operations as
described herein. The one or more network interfaces 161 communicate over a

network such as via the links 176 and 131. Two or more gNBs 170 communicate
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using, for example, link 176. The link 176 may be wired or wireless or both and may

implement, for example, an X2 or Xn interface.

[0030] The one or more buses 157 may be address, data, or control buses, and may
include any interconnection mechanism, such as a series of lines on a motherboard or
integrated circuit, fiber optics or other optical communication equipment, wireless
channels, and the like. For example, the one or more transceivers 160 may be
implemented as a remote radio head (RRH) 195, with the other elements of the gNB
170 being physically in a different location from the RRH, and the one or more buses
157 could be implemented in part as fiber optic cable to connect the other elements of

the gNB 170 to the RRH 195.

[0031] It is noted that description herein indicates that “cells” perform functions, but
it should be clear that the gNB that forms the cell will perform the functions. The cell
makes up part of a gNB. That is, there can be multiple cells per gNB. For instance,
there could be three cells for a single gNB carrier frequency and associated bandwidth,
each cell covering one-third of a 360 degree area so that the single gNB’s coverage
area covers an approximate oval or circle. Furthermore, each cell can correspond to a
single carrier and a gNB may use multiple carriers. So if there are three 120 degree

cells per carrier and two carriers, then the gNB has a total of 6 cells.

[0032] The wireless network 100 may include one or more network elements 190.
For example, with a EPC the network elements 190 may include MME (Mobility
Management Entity) and/or SGW (Serving Gateway) functionality. As another
example, with a 5G core network (5GCN) the network elements may include Access
and Mobility Function (AMF), MME (Mobility Management Entity) and/or SGW
(Serving Gateway) functionality. Connectivity with a further network may be
provided, such as a telephone network and/or a data communications network (for
example, the Internet). The gNB/eNB 170 is coupled via a link 131 to the network
element 190. The link 131 may be implemented as, for example, an S1 or NG
interface. The network element 190 includes one or more processors 175, one or
more memories 171, and one or more network interfaces (N/W I/F(s)) 180,
interconnected through one or more buses 185. The one or more memories 171

include computer program code 173. The one or more memories 171 and the
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computer program code 173 are configured to, with the one or more processors 175,

cause the network element 190 to perform one or more operations.

[0033] Those skilled in the art will appreciate that the various network elements
shown in FIG. 1 may be implemented differently in future wireless networks, and are
not limited to 4G, LTE, or 5G wireless networks. For example, the terms NCE, MME,
and SGW are terms generally used for the core elements in a LTE network. In
contrast to LTE, future wireless networks may carry out network functions (NFs) by a
plurality of cooperating devices. The different NFs, may include for example, Access
and Mobility Function (AMF), Session Management Function (SMF), Policy Control
Function (PCF), Application Function (AF), Authentication Server Function (AUSF),
User Plane Function (UPF), and User Data Management (UDM). These NFs may be
a virtualized function instantiated on an appropriate platform, such as a cloud
infrastructure. For example, certain protocols (such as non real-time protocols for
example) may be performed by one or more centralized units (CUs) in a cloud
infrastructure, while one or more distributed units (DUs) operate the remaining
protocols (¢.g., real-time protocols) of the 5G radio interface. In this way, the various
NFs may be split between CUs and DUs. Together a CU, underlying DUs, and RRHs
may be considered as forming a logical base station (which may be represented by

gNB 170 in FIG. 1 for example).

[0034] The wireless network 100 may implement network virtualization, which is the
process of combining hardware and software network resources and network
functionality into a single, software-based administrative entity, a virtual network.
Network virtualization involves platform virtualization, often combined with resource
virtualization. Network virtualization is categorized as either external, combining
many networks, or parts of networks, into a virtual unit, or internal, providing
network-like functionality to software containers on a single system. Note that the
virtualized entities that result from the network virtualization are still implemented, at
some level, using hardware such as processors 152 or 175 and memories 155 and 171,

and also such virtualized entities create technical effects.

[0035] The computer readable memories 125, 155, and 171 may be of any type

suitable to the local technical enviromment and may be implemented using any



WO 2020/034193 PCT/CN2018/101060

suitable data storage technology, such as semiconductor based memory devices, flash
memory, magnetic memory devices and systems, optical memory devices and systems,
fixed memory and removable memory. The computer readable memories 125, 155,
and 171 may be means for performing storage functions. The processors 120, 152,
and 175 may be of any type suitable to the local technical environment, and may
include one or more of general purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs), and processors based on a multi-
core processor architecture, as non-limiting examples. The processors 120, 152, and
175 may be means for performing functions, such as controlling the UE 110,

eNB/gNB 170, and other functions as described herein.

[0036] In general, the various example embodiments of the user equipment 110 can
include, but are not limited to, cellular telephones such as smart phones, tablets,
personal digital assistants (PDAs) having wireless communication capabilities,
portable computers having wireless communication capabilities, image capture
devices such as digital cameras having wireless communication capabilities, gaming
devices having wireless communication capabilities, music storage and playback
appliances having wireless communication capabilities, Internet appliances permitting
wireless Internet access and browsing, tablets with wireless communication
capabilities, as well as portable units or terminals that incorporate combinations of

such functions.

[0037] A Central Unit (CU) is a logical node which may include the functions (i.e.,
gNB functions) such as Transfer of user data, Mobility control, Radio access network
sharing, Positioning, Session Management etc., except those functions allocated
exclusively to the DU. A CU may control the operation of DUs over a front-haul (F1)
interface. A central unit (CU) may also be known as BBU/REC/RCC/C-RAN/V-
RAN. A Distributed Unit (DU) is a logical node which may include a subset of the
functions (i.e., gNB functions), depending on the functional split option. The
operation of the DU may be controlled by the CU. A Distributed Unit (DU) may also
be known with other names like RRH/RRU/RE/RU.

[0038] Referring now to FIG. 2, radio resource control protocols employed in radio

networks such as the network 100 generally employ measurement objects, as shown
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at 200. As shown in FIG. 2, RRM measurement in NR can be based on SSB or CSI-
RS. One exemplary measurement object can be configured as either SSB based or
CSI-RS based. In an SSB based measurement, information elements such as carrier
spacing may be objects to be measured. In a CSI-RS based measurement,

ReferenceSignalConfig may be the object.

[0039] Referring to FIG. 3, SSB based RRM measurement may be performed in the
SMTC window, the duration, period and offset of which are included in SSB-MTC, as
shown at 300. In FIG. 3, parameters such as periodicity may be measured and

assigned values.

[0040] Referring to FIG. 4, CSI-RS based RRM measurement may be performed on
CSI-RS symbols, the time domain location of which are included in CSI-RS-
Resource-Mobility, as shown at 400, which is further included in
ReferenceSignalConfig.

[0041] As can be seen in both FIGS. 3 and 4, the time domain location of the SMTC
window and the CSI-RS symbols are configured separately, so it is possible that the
network configures them in the overlapping symbols, in different but adjacent

symbols, or in different and distanced symbols.

[0042] Referring to FIG. 5, RRM measurement may be based on measurement gaps.
The duration, period, and offset of the gap may be configured by the network
(GapConfig, as indicated at 500). For a gap based measurement like inter-frequency
measurement, the network should ensure that the RS to be measured are covered in

gap duration, as otherwise the UE 110 cannot perform the measurement.

[0043] In order to address the problem of how the network should approach the
measurement gaps when the network is configured for both SSB based measurement
and CSI-RS based measurement (both of which are gap-based), one exemplary
embodiment of a solution involves managing the gaps in relation to the corresponding
UE behavior. In managing the measurement gaps by the network (e.g., network 100),
two kinds of measurement gap are configured to the UE 110, and the period, duration,

and offset of each may be the same or different depending on the configuration of the
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respective RS. The two kinds of measurement gaps are (1) a gap for SSB

measurement (Gap-SSB) and (2) a gap for CSI-RS measurement (Gap-CSI-RS).

[0044] Referring now to FIG. 6, a schematic illustrating two alternatives for gap
measurement is shown generally at 600. If the Gap-SSB and the Gap-CSI-RS overlap
in time ¢ either fully or partially, either a union approach 610 or a selection approach
620 may be carried out for any one of four different occasions 630. As for using the
union approach 610 or the selection approach 620, it can be decided by the network
100 who is responsible for measurement gap configuration to the UE 110 and the
network node indicating the decision to the UE 110, or it can be decided by the UE
110 and the UE 110 shall report the decision to network 100.

[0045] In the union approach 610, the gap in all overlapping occasions 630 will be for
both SSB and CSI-RS (Gap-SSB-CSI-RS), and a duration of the measurement gap
length will be the union of the two gap durations, which is equal to the sum of the

measurement gap lengths less the difference in lengths due to overlap:

(measurement gap length 1) + (measurement gap length 2) — (measurement gap length

overlap time)

where the UE 110 measures both SSB measurement and CSI-RS measurement if this
is supported by the UE 110. If the UE 110 does not simultaneously support SSB and
CSI-RS measurements, the UE 110 measures either SSB or CSI-RS in the combined
gap, for example, according to a network indicated share ratio or a default share ratio

(for example, 1:1).

[0046] In the selection approach 620, in each overlapping occasion 630 the gap will
be used either for SSB-based measurements (Gap-SSB) or CSI-RS-based
measurements (Gap-CSI-RS). The gap type is determined from the SFN of the

overlapping occasion as
mod(floor(SFN/MGRP),N) =0, ..., M

mod(floor(SEN/MGRP),N) = M+1, ..., N-1

10
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where MGRP is the periodicity of the overlapping occasions and M and N are integer
numbers which denote the share ratio between SSB measurement and CSI-RS
measurement as M:(N-M) indicated by network. In the selection approach 620, the
duration of the interruption time is either the duration of Gap-SSB or duration of Gap-
CSI-RS, depending on the determined gap type, and the UE 110 measures either SSB
or CSI-RS according to the determined gap type.

[0047] Although Figure 6 illustrates partial overlapping between Gap-SSB and Gap-
CSI-RS, the same idea can be used for complete overlapping, for example, where one
of the Gap-SSB and the Gap-CSI-RS is within the start and end times of the other of
the Gap-CSI-RS and the Gap-SSB.

[0048] In addition, the idea of the selection approach 620 can be applied for non-gap
based SSB and CSI-RS measurement. In instances in which the SSB and the CSI-RS
are FDM-ed and the UE 110 does not or is not able to simultaneously measure the two
reference signals, the reference signal to be measured may be determined in the same
manner as determining the gap type, with the corresponding interruption to the data
due to non-gap based measurement being determined from the reference signal to be

measured.

[0049] Referring to FIG. 7, a flow of a method of measuring the first reference signal
and/or the second reference signal based on the determined first duration of the gap
length and/or the determined second duration of the gap length is shown generally at
700. In block 710, information of a first gap for a first reference signal and
information of a second gap for a second reference signal are received at the UE 110,
wherein the first gap and the second gap overlap at least partially. In block 720, a
first duration of a gap length based on a union of the first gap and the second gap may
be determined. The union, also known as union approach, as well as the first duration
may be determined at the UE or at the gNB. If the gNB makes the determination, it
will transmit relevant information of the determination to inform the UE. In block 730,
a second duration of a gap length based on a selection of the first gap or the second
gap may be determined. The selection, also known as selection approach, as well as
the second duration may be determined at the UE or at the gNB. If the gNB makes the

determination, it will transmit relevant information of the determination to inform the

11
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UE. The UE 110 may decide whether to proceed by block 720 or block 730. As
indicated in block 740, a measurement of at least one of the reference signals based on
the at least one of the determined first determination of the gap length or the

determined second duration of the gap length is made.

[0050] Based on the foregoing, the proposed solution allows the network to manage
two measurement gaps for SSB and CSI-RS measurements, which gives the network
the flexibility in terms of relative timing between SSB and CSI-RS. Furthermore, the
union approach 610 may simplify the UE complexity although at the cost of data -
opportunity, whereas the selection approach 620 may optimize the data opportunity.
By determining the measurement gap type, the interruption for data is limited to the

minimum needed.

[0051] In one example embodiment, a method comprises: receiving, at a user
equipment, a first information of a first gap for a first reference signal to be measured
and a second information of a second gap for a second reference signal to be
measured, wherein the first gap and the second gap overlap at least partially;
determining at least one of: a first duration of a gap length based on a union of the
first gap and the second gap, and a second duration of a gap length based on a
selection of the first gap or the second gap corresponding to one of the first reference
signal and the second reference signal. The method may further comprise measuring
at least one of the first reference signal or the second reference signal based on the at
least one of the determined first duration of the gap length or the determined second

duration of the gap length.

[0052] The method may further comprise determining a duration of an interruption
time in received downlink data and transmitted uplink data based on at least one of
the determined first duration of the gap length and the determined second duration of
the gap length. The method may further comprise determining the duration of the
interruption time based on either the determined first duration of the gap length or the
determined second duration of the gap length depending upon a type of a gap. The
method may further comprise determining the duration of the interruption time based
on non-gap measurement determined from at least one of the first reference signal and

the second reference signal. The determined first duration of the gap length based on

12
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the union of the first gap and the second gap may comprise a summation of a length
of the first gap and a length of the second gap minus an overlap time between the
length of the first gap and the length of the second gap. The method may further
comprise measuring the first reference signal and the second reference signal in the
determined first duration of the gap length based on the union of the first gap and the
second gap. The method may further comprise measuring the first reference signal
and the second reference signal during the determined first duration of the gap length
according to one of a network indicated share ratio and a default ratio. The reference
signal to be measured and the second duration of the gap length may be determined
based on a system frame number of the overlap of the first gap and the second gap.
The reference signal to be measured and the second duration of the gap length may be
determined based on: mod(floor(SFN/MGRP),N) = 0, ..., M, wherein MGRP is a
periodicity of the overlap of the first gap and the second gap, and M and N are integer
numbers that share a ratio between a measurement of the first reference signal and the
second reference signal; and wherein if a system frame number of the overlap of the
first gap and the second gap satisfies this condition, the first reference signal is
measured and the second duration of the gap length or the gap duration is determined
to be the duration of the first gap or the configured first gap’s duration. In this case
the second duration of the gap length or the gap duration may be equivalent to the
duration of the first gap or the configured first gap’s duration. The reference signal to
be measured and the second duration of the gap length may be determined based on:
mod(floor(SFN/MGRP),N) = M+1, ..., N-1, wherein MGRP is a periodicity of the
overlap of the first gap and the second gap, and M and N are integer numbers that
share a ratio between a measurement of the first reference signal and the second
reference signal; and wherein if a system frame number of the overlap of the first gap
and the second gap satisfies this condition, the second reference signal is measured
and the second duration of the gap length or the gap duration is determined to be the
duration of the second gap or the configured second gap’s duration. In this case the
second duration of the gap length or the gap duration may be equivalent to the
duration of the second gap or the configured second gap’s duration. The overlap of
the first gap and the second gap may comprise a complete overlap. The first reference

signal may comprise a synchronization signal and physical broadcast channel block.
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The second reference signal may comprise a channel state information reference
signal. Exemplary aspects may also include a non-transitory computer readable
medium encoded with instructions that, when executed by a computer, cause

performance of a method as described herein.

[0053] In another example embodiment, an apparatus comprises: at least one
processor; and at least one memory including computer program code, the at least one
memory and the computer program code configured to, with the at least one processor,
cause the apparatus at least to: receive a first information of a first gap for a first
reference signal to be measured and a second information of a second gap for a
second reference signal to be measured, wherein the first gap and the second gap
overlap at least partially; determine at least one of: a first duration of a gap length
based on a union of the first gap and the second gap, and a second duration of a gap
length based on a selection of the first gap or the second gap corresponding to one of
the first reference signal and the second reference signal. The at least one memory and
the computer program code configured to, with the at least one processor, cause the
apparatus at least to measure at least one of the first reference signal or the second
reference signal based on the at least one of the determined first duration of the gap

length or the determined second duration of the gap length.

[0054] The at least one memory and the computer program code configured to, with
the at least one processor, cause the apparatus at least to determine a duration of an
interruption time in received downlink data and transmitted uplink data based on at
least one of the determined first duration of the gap length and the determined second
duration of the gap length. The at least one memory and the computer program code
configured to, with the at least one processor, cause the apparatus at least to determine
the duration of the interruption time based on either the determined first duration of
the gap length or the determined second duration of the gap length depending upon a
type of a gap. The at least one memory and the computer program code configured to,
with the at least one processor, cause the apparatus at least to determine the duration
of the interruption time based on non-gap measurement determined from at least one
of the first reference signal and the second reference signal. The determined first

duration of the gap length based on the union of the first gap and the second gap may
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comprise a summation of a length of the first gap and a length of the second gap
minus an overlap time between the length of the first gap and the length of the second
gap. The at least one memory and the computer program code configured to, with the
at least one processor, cause the apparatus at least to measure the first reference signal
and the second reference signal in the determined first duration of the gap length
based on the union of the first gap and the second gap. The at least one memory and
the computer program code configured to, with the at least one processor, cause the
apparatus at least to measure the first reference signal and the second reference signal
during the determined first duration of the gap length according to one of a network
indicated share ratio and a default ratio. The at least one memory and the computer
program code configured to, with the at least one processor, cause the apparatus at
least to measure the reference signal and to determine the second duration of the gap
length based on a system frame number of the overlap of the first gap and the second
gap. The at least one memory and the computer program code configured to, with the
at least one processor, cause the apparatus at least to measure the reference signal and
to determine the second duration of the gap length based on:
mod(floor(SFN/MGRP),N) = 0, ..., M, wherein MGRP is a periodicity of the overlap
of the first gap and the second gap, and M and N are integer numbers that share a ratio
between a measurement of the first reference signal and the second reference signal;
and wherein if a system frame number of the overlap of the first gap and the second
gap satisfies this condition, the first reference signal is measured and the second
duration of the gap duration is determined to be the configured first gap’s duration.
The at least one memory and the computer program code configured to, with the at
least one processor, cause the apparatus at least to measure the reference signal and to
determine the second duration of the gap length based on: mod(floor(SFN/MGRP),N)
=M+1, ..., N-1, wherein MGRP is a periodicity of the overlap of the first gap and the
second gap, and M and N are integer numbers that share a ratio between a
measurement of the first reference signal and the second reference signal; and wherein
if a system frame number of the overlap of the first gap and the second gap satisfies
this condition, the second reference signal is measured and the second duration of the
gap duration is determined to be the configured second gap’s duration. The first

reference signal measured by the apparatus may comprise a synchronization signal
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and physical broadcast channel block. The second reference signal measured by the
apparatus may comprise a channel state information reference signal. The apparatus

may include other means for carrying out the foregoing actions.

[0055] In another example embodiment, a method comprises: configuring, at a
network node, a first gap for a first reference signal to be measured and a second gap
for a second reference signal to be measured, wherein the first gap and the second gap
overlap at least partially; receiving a measurement result of at least one of the first
reference signal or the second reference signal, wherein the measurement result is
based on measurement made based on at least one of: a first duration of a gap length
based on a union of the first gap and the second gap, and a second duration of a gap
length based on a selection of the first gap or the second gap corresponding to one of

the first reference signal and the second reference signal.

[0056] In another example embodiment, an apparatus comprises: means for receiving
a first information of a first gap for a first reference signal to be measured and a
second information of a second gap for a second reference signal to be measured,
wherein the first gap and the second gap overlap at least partially; means for
determining at least one of: a first duration of a gap length based on a union of the
first gap and the second gap, and a second duration of a gap length based on a
selection of the first gap or the second gap corresponding to one of the first reference
signal and the second reference signal. The apparatus may further comprise means
for measuring at least one of the first reference signal or the second reference signal
based on the at least one of the determined first duration of the gap length or the

determined second duration of the gap length.

[0057] The processors and memories as described herein are within the scope of
computer readable mediums. A computer readable medium may be a computer
readable signal medium or a non-transitory computer readable storage medium. A
non-transitory computer readable storage medium does not include propagating
signals and may be, for example, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, or device, or any
suitable combination of the foregoing. More specific examples (a non-exhaustive list)

of the computer readable storage medium would include the following: an electrical
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connection having one or more wires, a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an optical storage device, a

magnetic storage device, or any suitable combination of the foregoing.

[0058] It should be understood that the foregoing description is only illustrative.
Various alternatives and modifications can be devised by those skilled in the art. For
example, features recited in the various dependent claims could be combined with
each other in any suitable combination(s). In addition, features from different
embodiments described above could be selectively combined into a new embodiment.
Accordingly, the description is intended to embrace all such alternatives,

modifications, and variances which fall within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A method, comprising:

receiving, at a user equipment, a first information of a first gap for a first reference
signal to be measured and a second information of a second gap for a second
reference signal to be measured, wherein the first gap and the second gap overlap at

least partially; and,
determining at least one of:

a first duration of a gap length based on a union of the first gap and the second

gap, or

a second duration of a gap length based on a selection of the first gap or the
second gap corresponding to one of the first reference signal and the second

reference signal.

2. The method of claim 1, further comprising determining a duration of an
interruption time in received downlink data and transmitted uplink data based on at
least one of the determined first duration of the gap length and the determined second

duration of the gap length.

3. The method of claim 2, further comprising determining the duration of the
interruption time based on either the determined first duration of the gap length or the

determined second duration of the gap length depending upon a type of a gap.

4, The method of claim 2, further comprising determining the duration of the
interruption time based on non-gap measurement determined from at least one of the

first reference signal and the second reference signal.
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5. The method of any one of claims 1 through 4, wherein the determined first
duration of the gap length based on the union of the first gap and the second gap
comprises a summation of a length of the first gap and a length of the second gap

minus an overlap time between the length of the first gap and the length of the second

gap.

6. The method of any one of claims 1 through 5, further comprising measuring
the first reference signal and the second reference signal in the determined first

duration of the gap length based on the union of the first gap and the second gap.

7. The method of any one of claims 1 through 5, further comprising measuring
the first reference signal and the second reference signal during the determined first
duration of the gap length according to one of a network indicated share ratio and a

default ratio.

8. The method of claim 1, wherein a reference signal to be measured and the
second duration of the gap length is determined based on a system frame number of

the overlap of the first gap and the second gap.

9. The method of claim 1 or 8, wherein the reference signal to be measured and

the second duration of the gap length is determined based on:
mod(floor(SFN/MGRP),N)=0, ..., M

wherein MGRP is a periodicity of the overlap of the first gap and the second gap, and
M and N are integer numbers that share a ratio between a measurement of the first

reference signal and the second reference signal; and
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wherein if a system frame number of the overlap of the first gap and the second gap
satisfies this condition, the first reference signal is measured and the second duration

of the gap length is determined to be duration of the first gap.

10. The method of claim 1 or 8, wherein the reference signal to be measured and

the second duration of the gap length is determined based on:
mod(floor(SFN/MGRP),N) = M+1, ..., N-1

wherein MGRP is a periodicity of the overlap of the first gap and the second gap, and
M and N are integer numbers that share a ratio between a measurement of the first

reference signal and the second reference signal; and

wherein if a system frame number of the overlap of the first gap and the second gap
satisfies this condition, the second reference signal is measured and the second

duration of the gap length is determined to be duration of the second gap.

11.  The method of any of claims 1 through 10, wherein the overlap of the first gap

and the second gap comprises a complete overlap.

12. The method of any one of claims 1 through 11, wherein the first reference

signal comprises a synchronization signal and physical broadcast channel block.

13. The method of any one of claims 1 through 12, wherein the second reference

signal comprises a channel state information reference signal.

14.  The method of any one of claims 1 through 13, further comprising measuring

at least one of the first reference signal or the second reference signal based on the at
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least one of the determined first duration of the gap length or the determined second

duration of the gap length.

15. An apparatus, comprising:
at least one processor; and

at least one memory including computer program code, the at least one memory and
the computer program code configured to, with the at least one processor, cause the

apparatus at least to:

receive a first information of a first gap for a first reference signal to be measured and
a second information of a second gap for a second reference signal to be measured,

wherein the first gap and the second gap overlap at least partially; and,
determine at least one of:

a first duration of a gap length based on a union of the first gap and the second

gap, or

a second duration of a gap length based on a selection of the first gap or the
second gap corresponding to one of the first reference signal and the second

reference signal.

16. The apparatus of claim 15, wherein the at least one memory and the computer
program code configured to, with the at least one processor, cause the apparatus at
least to determine a duration of an interruption time in received downlink data and
transmitted uplink data based on at least one of the determined first duration of the

gap length and the determined second duration of the gap length.

17.  The apparatus of claim 16, wherein the at least one memory and the computer

program code configured to, with the at least one processor, cause the apparatus at
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least to determine the duration of the interruption time based on either the determined
first duration of the gap length or the determined second duration of the gap length
depending upon a type of a gap.

18.  The apparatus of claim 16, wherein the at least one memory and the computer
program code configured to, with the at least one processor, cause the apparatus at
least to determine the duration of the interruption time based on non-gap measurement

determined from at least one of the first reference signal and the second reference

signal.

19.  The apparatus of any one of claims 15 through 18, wherein the determined
first duration of the gap length based on the union of the first gap and the second gap
comprises a summation of a length of the first gap and a length of the second gap

minus an overlap time between the length of the first gap and the length of the second

&ap.

20. The apparatus of any one of claims 15 through 19, wherein the at least one
memory and the computer program code configured to, with the at least one processor,
cause the apparatus at least to measure the first reference signal and the second
reference signal in the determined first duration of the gap length based on the union

of the first gap and the second gap.

21.  The apparatus of any one of claims 15 through 19, wherein the at least one
memory and the computer program code configured to, with the at least one processor,
cause the apparatus at least to measure the first reference signal and the second
reference signal during the determined first duration of the gap length according to

one of a network indicated share ratio and a default ratio.
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22.  The apparatus of claim 15, wherein the at least one memory and the computer
program code configured to, with the at least one processor, cause the apparatus at
least to measure a reference signal and to determine the second duration of the gap

length based on a system frame number of the overlap of the first gap and the second

gap.

23.  The apparatus of claim 15 or 22, wherein the at least one memory and the
computer program code configured to, with the at least one processor, cause the
apparatus at least to measure the reference signal and to determine the second

duration of the gap length based on:
mod(floor(SFN/MGRP),N)=0, ..., M

wherein MGRP is a periodicity of the overlap of the first gap and the second gap, and
M and N are integer numbers that share a ratio between a measurement of the first

reference signal and the second reference signal; and

wherein if a system frame number of the overlap of the first gap and the second gap
satisfies this condition, the first reference signal is measured and the second duration

of the gap length is determined to be duration of the first gap.

24. The apparatus of claim 15 or 22, wherein the at least one memory and the
computer program code configured to, with the at least one processor, cause the
apparatus at least to measure the reference signal and to determine the second

duration of the gap length based on:
mod(floor(SFN/MGRP),N) = M+1, ..., N-1

wherein MGRP is a periodicity of the overlap of the first gap and the second gap, and
M and N are integer numbers that share a ratio between a measurement of the first

reference signal and the second reference signal; and
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wherein if a system frame number of the overlap of the first gap and the second gap
satisfies this condition, the second reference signal is measured and the second

duration of the gap length is determined to be duration of the second gap.

25.  The apparatus of any of claims 15 through 24, wherein the first reference
signal measured by the apparatus comprises a synchronization signal and physical

broadcast channel block.

26.  The apparatus of any of claims 15 through 25, wherein the second reference
signal measured by the apparatus comprises a channel state information reference

signal.

27.  The apparatus of any one of claims 15 through 26, wherein the at least one
memory and the computer program code configured to, with the at least one processor,
cause the apparatus at least to measure at least one of the first reference signal or the
second reference signal based on the at least one of the determined first duration of

the gap length or the determined second duration of the gap length.

28. A non-transitory computer readable medium encoded with instructions that,
when executed by a computer, cause performance of a method according to any of

claims 1 through 14.

29. An apparatus, comprising:

means for receiving, at a user equipment, a first information of a first gap for a first
reference signal to be measured and a second information of a second gap for a
second reference signal to be measured, wherein the first gap and the second gap

overlap at least partially; and,
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means for determining at least one of:

a first duration of a gap length based on a union of the first gap and the second

gap, or

a second duration of a gap length based on a selection of the first gap or the

second gap corresponding to one of the first reference signal and the second reference

signal.

30. An apparatus comprising means for performing a method according to any one

of claims 1 through 14.

31. A method, comprising:

configuring, at a network node, a first gap for a first reference signal to be measured
and a second gap for a second reference signal to be measured, wherein the first gap

and the second gap overlap at least partially; and,

receiving a measurement result of at least one of the first reference signal or the
second reference signal, wherein the measurement result is based on measurement

made based on at least one of:

a first duration of a gap length based on a union of the first gap and the second

gap, and

a second duration of a gap length based on a selection of the first gap or the
second gap corresponding to one of the first reference signal and the second reference

signal.

32.  An apparatus, comprising:

at least one processor; and
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at least one memory including computer program code, the at least one memory and
the computer program code configured to, with the at least one processor, cause the

apparatus at least to:

configure, at a network node, a first gap for a first reference signal to be measured and
a second gap for a second reference signal to be measured, wherein the first gap and

the second gap overlap at least partially; and,

receive a measurement result of at least one of the first reference signal or the second
reference signal, wherein the measurement result is based on measurement made

based on at least one of*

a first duration of a gap length based on a union of the first gap and the second

gap, and

a second duration of a gap length based on a selection of the first gap or the
second gap corresponding to one of the first reference signal and the second reference

signal.

33. An apparatus, comprising:

means for configuring, at a network node, a first gap for a first reference signal to be
measured and a second gap for a second reference signal to be measured, wherein the

first gap and the second gap overlap at least partially; and,

means for receiving a measurement result of at least one of the first reference signal
or the second reference signal, wherein the measurement result is based on

measurement made based on at least one of:

a first duration of a gap length based on a union of the first gap and the second

gap, and

a second duration of a gap length based on a selection of the first gap or the
second gap corresponding to one of the first reference signal and the second reference

signal.
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34. A non-transitory computer readable medium encoded with instructions that,

when executed by a computer, cause performance of

configuring, at a network node, a first gap for a first reference signal to be measured
and a second gap for a second reference signal to be measured, wherein the first gap

and the second gap overlap at least partially; and,

receiving a measurement result of at least one of the first reference signal or the
second reference signal, wherein the measurement result is based on measurement

made based on at least one of:

a first duration of a gap length based on a union of the first gap and the second

gap, and

a second duration of a gap length based on a selection of the first gap or the

second gap corresponding to one of the first reference signal and the second reference

signal.
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