wo 2015/126302 A1 |1 IO OO0 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization é D 00 O 0O 00t

International Bureau ) L.
_").//)/ (10) International Publication Number

WO 2015/126302 A1l

\

(43) International Publication Date
27 August 2015 (27.08.2015) WIPOIPCT

(51) International Patent Classification: (SE). RUNE, Johan; Terrdngvigen 12, SE-181 29 Lidingd
HO4W 48/20 (2009.01) (SE). KERANEN, Ari; Fredrikinkatu 36 B 26, FI-00100
Helsinki (FI).

(21) International Application Number:
PCT/SE2014/051069 (74) Agent: BOU FAICAL, Roger; Ericsson AB, Patent Unit
(22) International Filing Date: Kista RAN1, SE-164 80 Stockholm (SE).

16 September 2014 (16.09.2014) (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Priority Data: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(71) Applicant: TELEFONAKTIEBOLAGET L M ERIC- MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
SSON (PUBL) [SE/SE]; SE-164 83 Stockholm (SE). PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(72) Inventors: SACHS, Joachim; Kanalvdgen 12a, SE-191 34 TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Solletuna (SE). TSIATSIS, Vlasios; Wiboms vig 10, 4tr, . o
SE-17160 Solna (SE). BELJAR, Nicklas; Rajakummuntie (84) Designated States (uniess otherwise indicated, for every

1 E, FL-02400 Kirkkonummi (FI). MILITANO, kind of regional protection available): ARIPO (BW, GH,
Francesco; Storgatan 52, tr 6, SE-171 52 Solna (SE). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

: : TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU
ERIK Anders E; Dovregatan 12, SE-164 36 Kist - UG, ZM, ZW), - AZ, BY, KG, KZ, RU,
SSON, Anders E; Dovregatan 12, 5 s TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[Continued on next page]

(54) Title: SELECTION OF CAPILLARY NETWORK GATEWAY TO A CELLULAR NETWORK

(57) Abstract: The present disclosure relates to the capillary network gate-

way selection in a capillary network. In particular, the present disclosure

851 _ _ relates to a methods and arrangements for selecting a capillary network

Gather data related t_o the oells_of the respective RBSs having gateway, CGW, for linking of a machine deVice, MD, arranged to operate
a cellular radio connection to one of the CGWs £ . .

in a capillary network, to a cellular network. The cellular network is ar-

ranged to operate according to a radio access technology different from the

l radio access technology of the capillary network, the capillary network in-
s52 cluding a plurality of CGWs, each of which CGWs being adapted to for-
Control selectlon of at least one CGW out of the at least two ward traffic between the capillary network and a radio base station, RBS, of

COWs based on the gathered data the cellular network. The method comprises, for at least two CGWs of the

i S52a bl §52b i plurality of CGWs, to gather (S51) data related to cells of RBSs having a
| Select e at least one ! ipoligﬁer;ﬁgﬁ;z? rmgsagz\e/;f;ingi cellular radio connection to the respective CGW in the capillary network,
! information {ZJ‘KX‘D in i1 CGWselectionby MD | and to control (S52) selection of at least one CGW out of the at least two
| selected CGW |t oo ' CGWs based on the gathered data.

| S52¢

1 Sending at least a subset of !
' gathered data to the MD; the 1
| MD performing selection using |
! subset of gathered data and/ |
| or dataretrieved by MD as !
! input to policies and/or rules

I |
: $53 i
! Send instruction to MD to connect or associate with at least |
! one CGW !
: :
| |



WO 2015/126302 A1 WK 00T VT R O

DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, as to the applicant's entitlement to claim the priority of
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, the earlier application (Rule 4.17(iii))

SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG). Published:

Declarations under Rule 4.17:

with international search report (Art. 21(3))

as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))



10

15

20

25

WO 2015/126302 PCT/SE2014/051069

SELECTION OF CAPILLARY NETWORK GATEWAY TO A CELLULAR NETWORK

TECHNICAL FIELD
The present invention relates to capillary network gateway selection in a capillary network.
BACKGROUND

Future wireless communication systems are likely to comprise a large number of
autonomous devices, which devices more or less infrequently transmit, receive, or are polled
for small amounts of data. These devices are assumed to not necessarily be associated with
humans but are rather sensors or actuators of different kinds, which communicate with

application servers or similar network entities within or outside a cellular network.

This type of sporadic small data communication is often referred to as machine-to-machine,
M2M, communication and the devices are often denoted machine devices, MDs. Examples
of M2M applications are almost countless, e.g., in private cars for communicating service
needs, in water or electricity meters for remote control and/or remote meter reading, in
street-side vending machines for communicating when goods are out-of-stock or when
enough coins are present to justify a visit for emptying, in taxi cars for validating credit cards,
or in surveillance cameras for home or corporate security purposes. In the context of 3GPP
standardization the corresponding alternative terms are Machine Type Communication,
MTC, and Machine Type Communication, MTC, devices, the latter being a subset of the more

general term user equipment, UE.

With the nature of MTC devices and their assumed typical uses follow that they will often
have to be very energy efficient, since external power supplies will often not be available
and since it is neither practically nor economically feasible to frequently replace or recharge
their batteries. In some scenarios the MTC devices may not even be battery powered, but
may instead rely on energy harvesting, i.e., gathering energy from the environment,
opportunistically utilizing the often very limited energy that may be tapped from sun light,

temperature gradients, vibrations, and the like.

So far the MTC related work in 3GPP and in other standardization projects has focused on
MTC devices directly connected to the cellular network via the radio interface of the cellular

network. However, a scenario which is likely to be more prevalent is one where most MTC
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devices connect to the cellular network via a gateway. In such scenarios the gateway acts
like a UE towards the cellular network while also maintaining a local network, typically based
on a short range radio technology, towards the MTC devices. Thus, the gateways are often
equipped with communication modules or units which support both the radio access
technology of the cellular network and the access technology of the local network, e.g. a
radio access technology. Such a local network, which extends the reach of the cellular
network to other radios outside the cellular network, has been coined capillary network. The
gateway connecting or linking the capillary network to the cellular network will be herein

referred to as a Capillary Network Gateway, CGW.

Radio technologies that are expected to be common in capillary networks include e.g. IEEE
802.15.4, e.g. with 6LoWPAN or ZigBee as the higher layers, Bluetooth Low Energy or low
energy versions of the [EEE 802.11 family, i.e. Wi-Fi. A capillary network may be single hop,
i.e. all MDs have a direct link to the CGW, e.g. a Wi-Fi network with the CGW as the access
point, or multi-hop, i.e. some MDs may have to communicate via one or more other MDs to
reach the CGW, e.g. an |IEEE 802.15.4+ZigBee network with the CGW being a controller for a
personal area network, PAN. In multi-hop cases the Routing Protocol for Low-Power and

Lossy Networks, RPL, may be used.

Presently, in cases where there is a choice between several CGWs for linking an MD with a
cellular network, the MD commonly selects CGW based only on propagation conditions
between the MD and the CGW. That is, a measure of signal-to-noise ratio, SNR, or the like, is
used to decide on a suitable CGW. Since present selection mechanisms based only on
propagation conditions between the MD and the CGW can result in sub-optimal network
traffic processing and overall degradation of aspects such as network control, improvements

in the selection mechanism of CGWs are desired.

SUMMARY

It is an object of the present disclosure to provide methods and devices which seek to
mitigate, alleviate, or eliminate one or more of the above-identified deficiencies in the art
and disadvantages singly or in any combination and to provide embodiments enabling more

efficient traffic processing and communication for a machine device, or a collection of
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machine devices, connected to a cellular network through a local area network such as a

capillary network.

In particular, it is an object of the disclosure to provide embodiments for controlling
selection of a capillary network gateway, CGW, linking the machine device to the cellular

network.

This object is achieved by a method performed in a network node, a network node and a
computer program run in the network node. The object is also achieved by a method
performed in a machine device, a machine device and a computer program run in the

machine device.

Said methods, node, device and computer programs are defined by the appended
independent claims. Various advantageous embodiments are set forth by the appended

dependent claims as well as by the following description and the accompanying drawings.

The disclosure presents a method, performed in a network node, of selecting a capillary
network gateway, CGW, for linking of a machine device, MD, arranged to operate in a
capillary network, to a cellular network, the cellular network being arranged to operate
according to a radio access technology different from the access technology of the capillary
network, the capillary network including a plurality of CGWSs, each of which CGWs being
adapted to forward traffic between the capillary network and a radio base station, RBS, of
the cellular network. The method comprises, for at least two CGWs of the plurality of CGWs,
to gather data related to cells of RBSs having a cellular radio connection to the respective
CGW in the capillary network, and to control selection of at least one CGW out of the at

least two CGW:s based on the gathered data.

Consequently, the present disclosure improves on the CGW selection mechanisms in
capillary networks compared to selection mechanisms based on, e.g., channel quality
between MD and CGW alone, by taking additional information into account. In particular,
information related to cells of RBSs having a cellular radio connection to a CGW in the
capillary network is taken into account when causing the MD to link to the cellular network
via at least one CGW. Thus, more efficient traffic processing and communication for a

machine device, or a collection of machine devices, connected to a cellular network through
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a local area network such as a capillary network is obtained in that the link between MD and
cellular network can be established via a suitable cell and RBS given the current state of both

capillary network and cellular network.

According to an aspect of the disclosure, the step of controlling selection of the at least one
CGW comprises selecting the at least one CGW out of the at least two CGWs based on the

gathered data and providing information to the MD on the selected at least one CGW.

Thus, mechanisms for direct control over which CGW or CGWs an MD should link to is

provided allowing external control of the CGW selection.

According to another aspect, the step of controlling selection of the at least one CGW
comprises configuring in the MD a set of policies and/or rules governing a CGW selection by
the MD. Thus, there is disclosed a mechanism which allows external control of the CGW

selection by the MD via policies, which is an advantage.

Thus, a mechanism for indirect control over which CGW an MD should link to is provided,
which is an advantage in that, e.g.,, a measure of autonomy of the capillary network is
provided. For instance, the control signaling in the cellular network can be reduced since no
direct control messaging to and from the MD from control entities in the cellular network is

required every time the MD should connect to a new CGW.

According to a further aspect, the step of controlling selection of the at least one CGW
further comprises sending at least a subset of the gathered data to the MD, whereupon the
MD performs selection of the at least one CGW out of the at least two CGWs using said at
least a subset of the gathered data and/or data retrieved by the MD as input data to the

policies and/or rules.

The method further comprises the step of sending an instruction to the MD to connect or

associate with the determined at least one CGW.

According to another aspect of the disclosure, the network node is a capillary network
function, CNF, arranged to control CGWs of one or more capillary networks. Alternatively,
the network node is an Operation and Maintenance, O&M, entity dedicated for CGWs, MDs,

and/or for capillary networks. According to another option, the network node is a CGW.
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According to an aspect, the data related to cells of RBSs having a cellular radio connection to
a CGW in the capillary network comprises RBS cell traffic load, e.g. traffic load in one or
more cells served by the RBS in which at least one of the plurality of CGWs in the capillary

network is connected to the RBS or combined traffic load of all the cells served by the RBS.

Since the present teaching proposes taking traffic load of the cellular network cell in which
the CGW is connected into account in the CGW selection, further advantageous effects are
obtained. For instance, the present teaching allows an MD to select or be directed to a CGW
which is connected to the least loaded cell among a group of cells, or to a cell with excess
capacity, i.e., a cell which is not fully loaded in a group of otherwise fully or highly loaded
cells. Thus, even more efficient traffic processing and communication for a machine device,
or a collection of machine devices, connected to a cellular network through a local area

network such as a capillary network is obtained.

According to a further aspect, the MD is arranged to operate according to a local area access
technology in the capillary network and each CGW is arranged to operate according to a
local area access technology in the capillary network and to operate according to a cellular
radio access technology in the cellular network. Each CGW also has a cellular radio
connection to a radio base station, RBS, of the cellular network. The step of gathering data
comprises the step of, for each CGW, determining RBS cell related information for an RBS
having a cellular radio connection to the CGW, the information being related to the cell in

which the CGW is connected to the cellular network.

According to an aspect, the method further comprises the step of providing determined RBS

cell related information of at least the other CGWs in the capillary network to each CGW.

According to an aspect, the method further comprises the step of providing information to
the MD to set up a local area connection to a CGW based on the determined RBS cell related

information.

According to an aspect, the step of gathering data related to the cells of the respective RBSs
related to the cells of the respective RBSs having a cellular radio connection to one of the

CGWs comprises obtaining the determined RBS cell related information of the other CGWs.
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According to an aspect, the RBS cell related information includes RBS cell traffic load, e.g.
traffic load in one or more cells served by the RBS in which at least one of the plurality of
CGWs in the capillary network is connected to the RBS or the combined cell traffic load of all

the cells served by the RBS.

As already noted above, due to the step of providing determined RBS cell related
information of at least the other CGWs in the capillary network to each CGW, each CGW
obtains information about current cellular network status, which information can serve as

base for selecting a CGW for use in linking an MD to a cellular network.

According to an aspect, the step of determining RBS cell traffic load includes receiving RBS

cell traffic load information from an operation and maintenance, O&M, entity.

Thus, a control mechanism is provided which enables the O&M entity to influence and

simplify CGW selection, which is an advantage.

According to an aspect, the method further includes the steps of determining one or more
dynamic properties for each CGW that is a candidate for selection in the capillary network,
and providing the determined one or more dynamic properties for at least the other CGWs
in the capillary network to each CGW, as well as selecting at least one CGW out of the at
least two CGWs based on a combination of the RBS cell related information and the
determined one or more dynamic properties, and also providing information to the MD on
the selected at least one CGW, thereby enabling the MD to link to the cellular network via

the at least one selected CGW by setting up a local area connection to the selected CGW.

Thus, by including the steps of determining one or more dynamic properties for each CGW
and selecting at least one CGW out of the at least two CGWs based on a combination of the
RBS cell related information and the determined one or more dynamic properties the MD
can select or be directed to the CGW which will provide the most efficient traffic processing

and forwarding, which is an advantage.

According to an aspect, the one or more dynamic properties comprises any of traffic load
experienced by each CGW, channel quality of the cellular radio connection for the CGW, and

cellular radio access technology of the CGW connection to the cellular network.
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Consequently, the present disclosure improves on the CGW selection mechanisms in
capillary networks by taking additional information into account when making the CGW
selection decision compared to selection mechanisms based on, e.g.,, channel quality
between MD and CGW alone. It also enables the network to have more control of the MD’s
choice of CGW, enabling steering of MDs to CGWs with suitable combination of load, cellular
radio channel quality and/or cellular radio access technology, RAT, which will enable more

efficient processing and forwarding of traffic to and from the capillary network.

According to an aspect of the disclosure, the policies for CGW selection are based on MD

application parameters.

According to another aspect of the disclosure, the instructions are provided in a field in an

RPL message, in a link layer message or in a unicast IPv6 router advertisement.

Objects of the disclosure are further obtained by a network node arranged to select a
capillary network gateway, CGW, for linking a machine device, MD, arranged to operate
according to a local area access technology in a capillary network including a plurality of
CGWs, to a cellular network. The network node comprises a processor, a communication
interface, and a memory. The memory contains instructions executable by said processor,
whereby the network node is operative to, for at least two CGWs of the plurality of CGWs,
gather data related to cells of the RBSs having a cellular radio connection to the respective
CGW in the capillary network, and control selection of at least one CGW out of the at least

two CGWs based on the gathered data.

According to an aspect, the network node is a capillary network function, CNF, and the
network node further includes a communication interface to at least one operation and

maintenance, O&M, entity.

The disclosure also presents a computer-readable storage medium, having stored thereon a
computer program which when run in a network node, causes the network node to perform

the disclosed method.

The network node and the computer-readable storage medium each display advantages
corresponding to the advantages already described in relation to the method performed in

the network node.
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Objects of the disclosure are also obtained by a method, performed in a machine device,
MD, arranged to operate according to a local area access technology in a capillary network,
of selecting a capillary network gateway, CGW, for linking the MD to a cellular network,
wherein the capillary network includes a plurality of CGWs. Each CGW is arranged to operate
according to a local area access technology in the capillary network and to operate according
to a cellular radio access technology in the cellular network. Each CGW has a cellular radio
connection to a radio base station, RBS, of the cellular network. The method comprises
receiving an instruction from a network node to select at least one CGW based on data
gathered related to cells of RBSs having a cellular radio connection to the respective CGW in
the capillary network. The method further comprises selecting the at least one CGW and

setting up a local area connection to the at least one CGW.

According to an aspect of the disclosure, the step of receiving an instruction from the
network node comprises receiving a set of policies and rules governing CGW selection by the

MD and receiving at least a subset of the gathered data from the network node.

According to an aspect of the disclosure, the method in the MD further comprises the step
of, for each CGW, retrieving RBS cell related information for the RBS having a cellular radio
connection to the CGW, the information being related to the cell in which the CGW is

connected to the cellular network.

According to another aspect, the retrieved cell related information for the RBS is the cell

traffic load.

According to another aspect of the disclosure, the step of retrieving further includes
retrieving one or more dynamic properties for each CGW, and the step of selecting a CGW is
based on a combination of the RBS cell related information and the one or more dynamic

properties.

According to an aspect of the disclosure, the one or more dynamic properties comprises load
experienced by each CGW, channel quality of the cellular radio connection for the CGW

and/or cellular radio access technology of the cellular network.
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According to an aspect of the disclosure, the step of setting up a local area connection to a
CGW comprises receiving instructions from a network node to set up the connection to a

specified CGW.

According to another aspect of the disclosure, the step of setting up a local area connection

to a CGW comprises from a network node on how to select a CGW.

According to another aspect of the disclosure, the step of setting up a local area connection

to a CGW is based on one or more policies for CGW selection stored in the MD.

According to an aspect of the disclosure, the one or more policies for CGW selection include

a policy based on MD application parameters.

Objects of the disclosure are also obtained by a machine device, MD, arranged to select a
capillary network gateway, CGW, for linking the machine device to a cellular network, the
MD operating according to a local area access technology, RAT, in a capillary network
comprising a plurality of CGWs. The MD comprises a processor, radio circuitry and a
memory. The memory contains instructions executable by said processor whereby the
network node is operative to receive an instruction from a network node to select at least
one CGW based on data gathered related to cells of RBSs having a cellular radio connection
to the respective CGW in the capillary network; to select the at least one CGW; and to set up

a local area connection to the cellular network via the at least one selected CGW.

The disclosure also presents a computer-readable storage medium, having stored thereon a
computer program which when run in a machine device, MD, causes the MD to perform the

disclosed method.

The method in a machine device, the machine device and the computer-readable storage
medium each display advantages corresponding to the advantages already described in

relation to the method performed in the network node.
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BRIEF DESCRIPTION

Figure 1  schematically discloses a basic LTE architecture;

Figure 2 schematically discloses a capillary network principle;

Figure 3  exemplifies a capillary network deployment;

Figure 4  schematically discloses a capillary network application example;

Figure 5 s a flowchart schematically illustrating embodiments of method steps performed
in a network node

Figure 6 is another flowchart schematically illustrating embodiments of method steps
performed in a network node

Figure 7 is a block diagram schematically illustrating a network node for performing
method steps;

Figure 8 s a flowchart schematically illustrating embodiments of method steps performed
in a machine device

Figure 9 is a block diagram schematically illustrating a machine device for performing
method steps.

ABBREVIATIONS

2G 2nd generation

3GPP 3rd Generation Partnership Project

6LoWPAN [Pv6 over Low power Wireless Personal Area Networks

AAA Authentication, Authorization and Accounting

AS Application Server

CDMA Code Division Multiple Access

CGW Capillary Network Gateway

CNF Capillary Network Function

eNB eNodeB

eNodeB  Evolved NodeB/E-UTRAN NodeB

E-UTRAN Evolved Universal Terrestrial Radio Access Network

GGSN Gateway GPRS Support Node

GPRS General Packet Radio Service

HPLMN  Home PLMN

HSPA High Speed Packet Access

10
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HSS
IEEE

IP

IPv6
LTE
M2M
MD
MME
MSC
MTC
MTC-IWF
O&M
PAN
PDN
P-GW
PLMN
RAN
RAT
RBS
RPL
SCS
SGSN
S-GW
TS

UE
VPLMN
WCDMA
Wi-Fi

Home Subscriber Server

Institute of Electrical and Electronics Engineers
Internet Protocol

Internet Protocol version 6

Long Term Evolution

Machine-to-Machine

Machine Device

Mobility Management Entity

Mobile Switching Center

Machine Type Communication

Machine Type Communication Interworking Function
Operation and Maintenance

Personal Area Network

Packet Data Network

PDN Gateway

Public Land Mobile Network

Radio Access Network

Radio Access Technology

Radio Base Station

Routing Protocol for Low-Power and Lossy Networks
Services Capability Server

Serving GPRS Support Node

Serving Gateway

Technical Specification

User Equipment

Visited PLMN

Wideband Code Division Multiple Access

Wi-Fi refers to a set of features defined by the Wi-Fi Alliance, which are based on

the IEEE 802.11 family of radio technologies. A Wi-Fi certified device is a device that has

successfully completed the Wi-Fi Alliance interoperability certification testing.

11
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DETAILED DESCRIPTION

Aspects of the present disclosure will be described more fully hereinafter with reference to
the accompanying drawings. The methods and wireless device disclosed herein can,
however, be realized in many different forms and should not be construed as being limited
to the aspects set forth herein. Like numbers in the drawings refer to like elements

throughout.

The general object or idea of embodiments of the present disclosure is to address at least
one or some of the disadvantages with the prior art solutions described above as well as
below. The various steps described below in connection with the figures should be primarily
understood in a logical sense, while each step may involve the communication of one or

more specific messages depending on the implementation and protocols used.

The terminology used herein is for the purpose of describing particular aspects of the
disclosure only, and is not intended to limit the disclosure to any particular embodiment. 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 is an object of the present disclosure to provide embodiments for controlling a selection of
a capillary network gateway, CGW, linking a machine device to the cellular network, thereby
enabling more efficient traffic processing and communication when the machine device is
connected to a cellular network through a local area network, such as a capillary network. As
mentioned above, control mechanisms for selection of one out of multiple CGWs that are

available to a MD is an area in which solutions have been lacking.

In the present disclosure, a connection in the local area network is presented as a local area
connection. This type of connection is typically a radio connection, i.e. a local area radio
connection, but could also be established by non-radio means, e.g. by infrared light or by
physical wires. Similarly, in the capillary network a local area access technology is used. The
local area access technology is usually a local area radio access technology, but other access

technologies are also within the scope of the disclosure.

12
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In the context of the present disclosure, traffic load may comprise any of user data traffic
traffic load, i.e. user plane load, signaling traffic load, i.e. control plane load, or any

combination thereof.

In the present disclosure, a machine device represents a device that sporadically transmits,
receives, or is polled for small amounts of data. In the present disclosure, machine devices
have been exemplified by non-manually operated sensor or actuator of different kinds,
which communicate with application servers or similar network entities within or outside a
cellular network. However, in the context of the present disclosure the term machine device
does not exclude manually operated devices, e.g. devices that are temporarily introduced
into the capillary network by a service technician temporarily connecting a laptop or other

entity to a capillary network during maintenance tasks.

In the context of the disclosure, a policy implies a proposed or suggested principle of action,

while a rule implies a mandatory principle of action.

Figure 1 schematically discloses a basic LTE architecture where a plurality of RBSs, here
shown as eNBs, is connected to MME/S-GW entities via S1 interfaces. The eNBs are
connected to each other via X2 interfaces. The architecture shown in Figure 1 may, e.g., be
used for transporting data from machine devices, MDs, in a capillary network to an

application server.

Figure 2 schematically discloses a capillary network principle wherein machine type devices
11 operate in a local area network 10. The local area network, hereinafter also denominated
as a capillary network, has an interface to a cellular network 20, e.g. a 3GPP cellular network,
by means of one or more capillary network gateways, CGWs 12, here illustrated as one CGW
12. The CGWs each provides a link from the capillary network to the cellular network and
consequently also a link from a machine device, MD, 11 to the cellular network 20 via the
CGW 12. The CGW has a communication link to a radio base station, RBS, 21 of the cellular
network 20. Thus, the CGW communicates with the RBS in the same manner as any other
type of user equipment, UE, having a radio link connection to the RBS. In fact, a connected
UE is, according to aspects of the disclosure, configured to act as a CGW in the capillary
network, whereupon the CGW properties are included as a capability in UE capability

information elements provided to the RBS. The CGW also maintains a local area network

13
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connection toward the MDs 11, typically based on short range radio technology, e.g. Wi-Fi.
An application server 22 connected to the cellular network, e.g. directly connected to the
cellular network (for example operated by the operator of the cellular network) or
connected to the cellular network via the Internet, receives messages from the machine
devices 11, e.g. reports on measurements performed by the MDs 11. In the context of the
disclosure, the cellular network is capable of controlling the CGWs, irrespective of whether
the cellular network operator or some other party, such as the owner/operator of the

capillary network, owns the CGW.

Figure 3 exemplifies a capillary network deployment including a plurality of MDs 11
connected via a local area access technology, RAT, of the capillary network to the CGWs 12a,
12b which in turn are connected to respective radio base stations, RBSs, 21a, 21b of a
cellular network. The following disclosure is based on the assumption of a capillary network
according to the basic principles illustrated in Figure 3, where a MD, at least from a capillary
network deployment perspective, is capable of setting up a link to the cellular network by
means of multiple CGWs and where a selection of CGW should be performed prior to
establishing the link. As exemplified in Figure 3, a MD 11 is capable of having multiple local
area connections, e.g. one local area connection to a first CGW 12a and another local area
connection to a second CGW 12b. The following disclosure is applicable to the situation of
selecting one CGW for linking the MD to a cellular network, but also to the situation of

selecting two or more CGWSs for providing the link.

According to an aspect the CGWs are equipped to communicate using the two different

radio access technologies in parallel.

According to an aspect the CGWSs are equipped to only communicate using one radio access
technology at the time, communication hardware of the CGW such as power amplifiers
being used for both radio access technologies in order to conserve any of footprint, energy

consumption, or production cost.

Figures 4 schematically disclose a capillary network application example. Here, at least one
machine device 11 is used for reading temperature. The MDs are either connected directly,
or, in the case several MDs are present, both directly and indirectly via another MD, to

CGWs 123, 12b. The CGWs, in turn, are connected to RBSs 21a, 21b, of a cellular network.
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There is also shown a Capillary Network Function, CNF, 30, which is used to control CGWs
and/or one or more capillary networks and/or machine devices, MDs. The functions of the

CNF, in the context of this disclosure, will be further discussed below.

Radio technologies that are expected to be common in capillary networks such as the
capillary networks shown in Figures 2-4 include e.g. IEEE 802.15.4, with 6LoWPAN or ZigBee
as the higher layers, Bluetooth Low Energy or low energy versions of the IEEE 802.11 family,
i.e., Wi-Fi. A capillary network may be single hop where all MDs have a direct link to a CGW,
e.g., a Wi-Fi network with the CGW as the access point, or multi-hop where some MDs may
have to communicate via one or more other MD(s) to reach the CGW, e.g.,, an |EEE
802.15.4+ZigBee network with the CGW being a PAN controller. In multi-hop cases the
Routing Protocol for Low-Power and Lossy Networks, RPL, is, according to aspects, used. In
principle RPL may be used also in single hop networks, but there is no need for a routing

protocol in such networks.

It is noted in Figures 3-4 that some MDs 11 has a choice between at least two CGWs 12a,
12b, which can both be used to link to the cellular access network, possibly also to different
RBSs 21a, 21b, or different cells belonging to the same RBS, in the cellular network.
Consequently, there can arise a need to choose between the at least two CGWs.
Furthermore, this choice of CGW is likely to affect performance of the overall

communication system, including both capillary and cellular network.

Presently, in cases where an MD is presented with a choice between several CGWs for
linking into a cellular network, the MD commonly selects CGW based on propagation
conditions between the MD and the CGW alone, e.g. signal-to-noise ratio, SNR, or a measure
of received power. However, this type of channel quality metric only reflects the state of the
link between MD and CGW, and not the state of the overall communication system. Thus,
present selection mechanisms can result in sub-optimal traffic processing and overall

degradation of aspects such as network control.

In order to overcome deficiencies in the art and disadvantages, the present disclosure
proposes to also take radio base station, RBS, cell related information into account when

selecting a CGW for the purpose of linking an MD to a cellular network.
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An example of such RBS cell related information is the traffic load in the cellular network cell
to which the CGW is connected, i.e., the cell traffic load experienced by the RBS with which
the CGW is connected. This will allow the MD to select or to be directed to a CGW which is

connected to the least loaded cell among a group of cells.

In addition to being beneficial for the MD itself, this feature is according to aspects also used
for load balancing between cells in the cellular network. Thus, load balancing can be
achieved by distributing or re-distributing MD to CGW connections in order to reduce or

increase the number of MDs linking into a cellular network via a given CGW and RBS.

Aspects of the present disclosure which are detailed below comprises ways to collect,
distribute and transfer relevant information, such as cell traffic load (that is the traffic load in
a cell as experienced by the RBS serving the cell) or RBS traffic load (that is the total traffic
load experienced by an RBS involving all the cells served by the RBS), among the involved
entities, i.e., MD, CGW, RBS, and network control functions, in order to enable a selecting of
a suitable CGW, and also to enable the selection decision to be made in different places
throughout the communication system depending on application. That is, by the present
teaching, CGW selection can be made by the CNF, the CGW, by the MD alone, or by the MD

under the influence of policies and/or rules set by a network operator.

Consequently, aspects of the present disclosure detailed below further comprises
mechanisms by which the network can exercise direct or indirect control over the MD’s
selection of CGW to use for linking with a cellular network, either through explicit

instructions or indirectly through policies and contextual parameters.

According to aspects, a plurality of different properties which may be associated with a CGW
are relevant for impacting the choice of CGW for a MD. One such property, as mentioned
above, is the traffic load in the cellular network cell with which the CGW is connected, i.e.,
the traffic load experienced by the RBS to which the CGW maintains a connection using the

radio access technology of the cellular network.

Even though the MD itself is the entity which eventually executes the CGW selection, i.e.,
which actually establishes a connection using the radio access technology of the capillary

network to the selected CGW, the network is according to aspects operable to maintain a
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level of control over the MD’s choice. According to such aspects, this control comprises use
of explicit instructions, use of policies/rules based on contextual input parameters, and use

of modification of contextual parameters that indirectly affect the MD’s choice of CGW.

This wide variety of choice of controls, i.e., direct by instructions to the MD, or indirect by
use of policies/rules based on contextual input parameters, or based on use of modification

of contextual parameters is an advantage of the present teaching.

The above listed information, i.e., the data related to cells of the respective RBSs or the RBS
cell related information that is to serve as input data to the CGW selection has to be
gathered somehow before an informed selection of CGW can be made. Depending on how
and by which entity the selection decision is made and the way the network exercises its
control over the MD’s CGW choice, the information gathering may be performed in different

ways and by different entities according to different aspects of the present teaching.

Figure 5 is a flowchart schematically illustrating embodiments of method steps performed in
a network node for selecting a capillary network gateway, CGW, for linking a machine device,
MD, to a cellular network. The MD is arranged to operate according to a local area access
technology in a capillary network including a plurality of CGWs, in Figure 3 illustrated as two
CGWs. Each CGW is arranged to operate according to a local area access technology in the
capillary network and to operate according to a radio access technology in the cellular
network. Furthermore, each CGW has a cellular radio connection to a radio base station, RBS,
of the cellular network. Note that in the context of this disclosure the term radio access
technology is not limited to one of the “main types” of radio access technologies, such as
LTE, HSPA, WCDMA, 2G/GPRS, CDMA2000 or Wi-Fi, but may also include more granular

information, such as supported 3GPP release, maximum data rate, etc.

The network node performing the disclosed method could be a CGW, a new logical network
entity, here denoted Capillary Network Function, CNF, an Operation and Maintenance, O&M,
entity, any combination of these entities or any other type of node entity capable of
observing traffic related metrics in the capillary network, the interface between a capillary

network and a cellular network or in the cellular network.
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The network node gathers in step S51, for at least two CGWSs of the plurality of CGWs, data
related to cells of RBSs having a cellular radio connection to a respective CGW in the
capillary network. Based on the gathered data, the network node controls selection in step

S52 of the at least one CGW out of the at least two CGWs.

It is noted that the at least two CGWs can be connected to the same RBS, or to different
RBSs. It is also noted that a CGW can be connected to more than one RBS. It is further noted

that all CGWs are not necessarily connected to any RBS at all.

According to an aspect, the disclosure further comprises selecting, in step S52a, the at least
one CGW out of the at least two CGWs based on the gathered data and providing

information to the MD on the selected at least one CGW.

In accordance with another option, the step of controlling selection of the at least one CGW
comprises configuring a set of policies and/or rules governing CGW selection in the MD, so
that the MD following the configuration has a capability to perform the selection of CGW. In
accordance with an aspect of the disclosure, the selecting in the MD is further assisted by
data received from the network node, i.e. the network node sending in step S52c¢ at least a
subset of the gathered data to the MD to use in the selection process, and/or data retrieved

by the MD to use as input to the configured policies and/or rules.

Another optional step S53 comprises sending an instruction to the MD to connect to or

associate with the determined at least one CGW.

According to an aspect, the step of controlling selection of the at least one CGW includes
causing the MD to link to the cellular network via the at least one selected CGW based on
the gathered data; using a set of policies and/or rules configured in the MD and governing

CGW selection by the MD.

According to an aspect, the network node is a capillary network function, CNF, arranged to
control CGWs of one or more capillary networks. The CNF may also be used to control the

one or more capillary networks and/or machine devices, MDs, of the capillary networks.

Consequently, and as noted above in connection to Figure 4, certain aspects of the present
disclosure involves and makes use of a novel network entity denoted Capillary Network
Function, CNF. The CNF could be a part of the capillary network or the cellular network.
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The CNF is according to one aspect arranged above the SGi interface of the cellular network,
which cellular network here is exemplified by an LTE cellular network, and is further
assumed to be reachable from the CGW via the user plane. The CNF also, according to
aspects, has one or more interfaces to one or more Operation and Maintenance, O&M,

entities, e.g. O&M entities dedicated for the CGWs, the MDs and/or the capillary networks.

According to an aspect, the location of the CNF is in the services capability server, SCS. l.e.,
the CNF is a part of the SCS standardized by 3GPP 29.368, version 11.4.0. Herein, the CNF is
assumed to be part of the cellular network, or, according to an alternative, to be part of the

capillary network.

According to another aspect the CNF is deployed as a separate entity, i.e., not part of an

existing entity such as the SCS.

According to an aspect, the CNF is configured to handle tasks related to the capillary

network, in particular configuration and/or control of the CGW or CGWs.

According to an aspect the CNF is further configured to participate in processing of traffic

related to the capillary network or networks.

According to an aspect, the network node is an O&M entity, which may be dedicated for
CGWs, MDs, and/or for capillary networks, or may be a more generic O&M entity used for
operation and maintenance of other entities too, in addition to CGWs, MDs and/or capillary

networks.
According to an aspect, the network node is a CGW.

According to an aspect, the data related to cells of the respective RBSs comprises RBS traffic
load, e.g. the traffic load experienced by the RBS in the cell in which the CGW is connected

or the total traffic load experienced by the RBS in all the cells it serves.

According to an aspect, the MD is arranged to operate according to a local area access
technology in the capillary network and each CGW is arranged to operate according to a
local area access technology in the capillary network and to operate according to a cellular
radio access technology in the cellular network. Each CGW also has a cellular radio

connection to a radio base station, RBS, of the cellular network. The step of gathering S51
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data comprises the step of, for each CGW, determining RBS cell related information for an
RBS having a cellular radio connection to the CGW, in particular information related to the
cell in which the CGW is connected to the RBS, and also the step of providing determined

RBS cell related information of at least the other CGWs in the capillary network to each CGW.

As noted above, according to the disclosure, the network exercises its control over the CGW
selection process through explicit instructions to the MD. The network exercises its control
over the MD’s choice of CGW through explicit instructions to the MD, such as an instruction
to the MD to connect/associate with another CGW, or to remain with the current CGW. The
instruction may be sent to the MD by the MD’s current CGW or possibly by the CNF directly
to the MD, for example addressed directly to the MD but forwarded by intermediate entities
such as the RBS and the CGW, or even indirectly via some other network node of the
capillary or cellular network. Thus, a network entity other than the MD is configured to
control selection of at least one CGW, i.e. a CGW eligible for linking the MD to the cellular

network, based on the gathered data.

According to another aspect, the network entity configured to execute the step of
controlling selection S52 is the CGW currently selected by the MD, i.e. the CGW the MD is

currently connected to/associated with.

Providing information to the MD about the selected at least one CGW during step 552a,

comprises providing information based on the determined RBS cell related information.

According to yet another aspect, the network entity configured to execute the step of

selecting S52 is the CNF.

As mentioned above, the information that is relevant for the CGW selection has to be
gathered. The cell traffic load is inherently known by the RBS in control of the cell (and the
RNC in case of a 3G/WCDMA/HSPA network). Hence, the RBS (or possibly RNC) will be a
main source of the relevant information. However, the methods for the actual acquisition
and/or distribution of this information depend on the solution variants and the involved

nodes/entities.
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Thus, according to an aspect, the relevant information for CGW selection, i.e., the data
related to a cell of an RBS having a cellular radio connection to a CGW in the capillary

network, is obtained directly from the RBS.

According to one aspect the CNF gathers the cell traffic load information from the RBSs (e.g.

LTE eNBs).

The CNF may have a direct interface to the RBSs, e.g. an O&M interface, or may retrieve the

information via the MTC-IWF and the MME/SGSN/MSC.

Thus, according to an aspect, the CNF is configured to gather the cell traffic load information,
in particular information related to the load in each cell to which at least one of the
selectable CGWs is connected (e.g. at least one of the CGWs in the capillary network), from

the RBSs having a cellular radio connection to at least one CGW in the capillary network;

- viaadirect interface to the RBSs, e.g. an O&M interface, or

- via the MTC-IWF and the MME/SGSN/MSC.

The CNF knows which RBSs and which cells to request the load information from based on
prior information. For instance, the CNF may have received this information from the
respective CGW, e.g., in conjunction with the deployment of the CGW and/or possibly later
in the form of update messages. The CNF may also have received the information about the
cell and RBS a CGW is connected to from an O&M entity, e.g. an O&M entity dedicated for
management of capillary networks or CGWs. The information may also be pre-configured,
e.g. manually, in the CNF in conjunction with deployment of the respective CGW. Yet
another alternative is that the CNF acquires the information about which cells to request
load information for from the respective RBS, or possibly RNC, that is in control of at least
one cell in which at least one of the CGWs in the capillary network is connected. In the case
where the RBS provides this information, an option is that the RBS, or possibly RNC,
proactively and unsolicited sends the load information to the CNF, i.e. without a preceding
request. Another option is that the CNF sends a single request to the RBS, or possibly RNC,
requesting it to regularly provide the load information, or to provide it whenever it changes
significantly, e.g. changes more than a specified amount, possibly rate limited to prevent too

excessive signaling. According to an aspect of the disclosure, a UE connected to the RBS is
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acting as a CGW. One means to make a RBS, or RNC where applicable, aware of that the
connected UE is acting as a CGW involves including the CGW role, and possibly even
information about the capillary network to which it is connected, as one of the UE
capabilities that the CGW sends to the network, i.e. extending the currently existing means
for a UE to provide capability information to the network, e.g. UE radio network capabilities

or UE network capabilities.

Thus, according to an aspect, the CNF is pre-configured with information relating to which
RBSs and which cells to request the load information from, or the CNF is arranged to receive
information about the cell and RBS a CGW is connected to from an O&M entity. According to
another aspect, the CNF is arranged to receive information about the cell and RBS a CGW is

connected to from the respective CGW or, alternatively, from the respective RBS.

In the case where the information is provided by an O&M entity, this O&M entity may in
turn have acquired the information in conjunction with deployment of the CGW, or from the
CGW at a later occasion, or through configuration. As previously presented, an alternative
way for the CNF to retrieve cell traffic load information is that it is pre-configured with this
information. In case the cell traffic load information is required by the CGWs in the capillary
network, the CNF would distribute the gathered cell traffic load information to CGWs

connected to the capillary network.

Thus, according to an aspect, the CNF is adapted to distribute the gathered cell traffic load

information to CGWSs connected to the same capillary network.

It would also be possible to let an O&M entity, e.g., an O&M entity dedicated for
management of capillary networks or CGWs gather the cell traffic load information from the

RBSs and distribute it to the CGWs connected to the same capillary network.

In yet another variant, the RBS transmits cell traffic load information to the CGW. This may
be done as part of the system information, which is broadcast to all UEs in the cell, or as a
dedicated message to the CGW, e.g. on request from the CGW. The CGWs would then

exchange the cell traffic load information with each other, e.g. across the capillary network.

22



WO 2015/126302 PCT/SE2014/051069

Consequently, according to aspects, the step of gathering S51 data related to cells of RBSs
having a cellular radio connection to a CGW in the capillary network further comprises any

of;

10

15

20

25

gathering cell traffic load from the RBS or RNC in control of the respective cells,

the CNF gathering cell traffic load information directly or indirectly from the RBSs or
RNCs,

the CNF being arranged for direct interfacing to the RBSs or RNCs via an O&M
interface or similar,

the CNF being arranged to retrieve said data via a Machine Type Communication
Interworking Function, MTC-IWF, and the MME/SGSN/MSC,

the CNF being pre-configured with information relating to which RBSs and which cells
from which to request said data,

the CNF being adapted to receive information about the cell and RBS that a CGW is
connected to from the respective CGW, e.g., in conjunction with the deployment of
the CGW,

the CNF being adapted to receive information about the cell and RBS a CGW is
connected to from an O&M entity, such as an O&M entity dedicated for
management of capillary networks or CGWSs, the O&M entity having acquired
information in conjunction with deployment of the CGW or through manual
configuration,

the CNF being pre-configured with said data or information about the cell and RBS a
CGW is connected to from the respective RBS, the CNF being arranged to distribute
the gathered cell traffic load information to CGWs connected to the same capillary
network,

any of the capillary network of the cellular network further comprising an O&M
entity dedicated for management of capillary networks or CGWs, the O&M entity
being arranged to gather cell traffic load information from the RBSs and to distribute
it to the CGWs connected to the same capillary network,

the RBS being adapted to transmit cell traffic load information to the respective CGW,
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e each CGW in the capillary network being adapted to distribute locally obtained data
related to the cell of the RBS having a cellular radio connection to the CGW to other

CGWs in the capillary network.

Through some of the above described examples, aspects and variants, the cell traffic load
information associated with each CGW of a capillary network is spread to all the other CGWs
of the same capillary network and hence a result, or technical effect, is that all the CGWs
connected to the same capillary network will be aware of the cell traffic load of the cellular
network cell that each of the other CGWs are connected in. Thus, any of the CGWs can, in
principle, determine which CGW the MD should connect/associate with, i.e., use for linking

with the cellular network.

In this decision the CGW, according to aspects, also takes into account information about the
MD, its channel quality and/or the application the MD is currently running. The CGW is,
according to aspects, adapted to derive such information from observing and/or sniffing

data traffic originating from the MD or from explicit information received from the MD.

Thus, according to an aspect, the step of gathering data related to cells of the respective
RBSs having a cellular radio connection to the at least two CGWs further comprises
spreading or distributing said data to all, or at least a subset of all, the other CGWs of the

same capillary network.

Further, the step of controlling S52 selection of at least one CGW out of the at least two

CGWs based on the gathered data comprises any of

- determining, by a CGW in the capillary network, at least one CGW out of the at
least two CGWs based on the gathered data,

- taking into account information about the MD during determining, the
information about the MD comprising any of channel quality and the application

the MD is running.

According to an aspect, the CGW to which the MD is currently connected sends an
instruction to the MD to connect/associate with a certain alternative CGW, provided that it

is not determined that the MD should remain with the current CGW.
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According to an aspect, the CGW sends the instruction in the form of a field in a Routing
Protocol for Low-Power and Lossy Networks, RPL, message, as a link layer (management)
message or as a parameter in a unicast IPv6 router advertisement. Other possibilities include

sending the instruction in a CoAP message or an OMA-LWM2M message.

According to another aspect the MD has a relation with the CNF, meaning that the MD and
CNF are communicatively coupled, or at least the MD is visible and reachable from the CNF.
The CNF here gathers the cell traffic load information, as described above, and based on this
information and possibly information about the MD and/or the application it is running, the
CNF determines whether an MD should change to another CGW and, if so selects in step
S53a the determined CGW and sends an explicit instruction to the MD in order to cause the

linking to be established.

The CNF may acquire information about the MD and/or its application from the MD or the
Application Server or by observing and sniffing the MD’s traffic, provided that the MD’s user
data traffic passes through the CNF. In a slight variation of this variant, the CNF sends the
instruction to the MD’s current CGW instead of directly to the MD, requesting the CGW to
send an instruction to the MD. This (i.e. gathering cell traffic load information and instructing
the MD) may also be performed by an O&M entity, e.g. an O&M entity dedicated for
management of MDs, CGWs and/or capillary networks (although this excludes access to the

user data, i.e. the MD’s user data traffic will not pass through the O&M entity).

Irrespective of whether the CGW, the CNF or another entity makes the CGW selection
decision on behalf of an MD, the decision making entity may, depending on the scenario,
have to be provided with the CGWSs that are currently reachable for the MD and possibly
also other contextual parameters such as the MD’s channel quality to different CGWs and/or
the application the MD is running. An alternative is that the MD obeys a received CGW
selection instruction only if the CGW it is directed to is available to the MD or reachable with
a reasonable channel quality. Yet another alternative is that the instruction has the form of a
number of CGWs listed in priority order so that if the first CGW in the list is unavailable, or

has too poor channel quality, the MD chooses the next CGW in the list, and so on.
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Thus, according to an aspect, the step of sending S53 an instruction to the MD to link, i.e.,
connect or associate, to the cellular network via at least one CGW determined based on the

gathered data further comprises any of

the CGW to which the MD is currently connected sending an instruction to the
MD to connect/associate with a certain alternative CGW, or to remain with the
current CGW,

the CGW to which the MD is currently connected sending the instruction to
connect/associate with a certain alternative CGW, or to remain with the current
CGW in the form of a field in a RPL message, as a link layer (management)
message, or as a parameter in a unicast IPv6 router advertisement,

the CGW to which the MD is currently connected sending the instruction to
connect/associate with a certain alternative CGW, or to remain with the current
CGW in a CoAP message or in an OMA-LWM2M message,

the MD having a relation or connection to the CNF, the CNF sending an
instruction to the MD to connect/associate with a certain alternative CGW, or to
remain with the current CGW,

the CNF determining whether a MD should change to another CGW and, if so, the
step of causing the MD to link to the cellular network via the at least one selected
CGW further comprising the CNF sending an explicit instruction to the MD
causing said linkage.

the MD having a relation or connection to an O&M entity, the O&M entity
sending an instruction to the MD to connect/associate with a certain alternative
CGW, or to remain with the current CGW,

the MD obeying a received CGW selection instruction only if the CGW it is
directed to is available to the MD or reachable with a reasonable channel quality,
the instruction to the MD having the form of a number of CGWs listed in priority
order so that if the first CGW in the list is unavailable, or has too poor channel

guality, the MD chooses the next CGW in the list.

According to some other aspects, the network exercises its control over the CGW selection
process through policies and/or rules related to contextual parameters, and not necessarily

by using direct instructions sent to the MD. These aspects will now be described in detail.
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According to these other aspects the network exercises its control over the MD’s CGW
choice indirectly through policies and/or rules. These policies and/or rules are preferably

configured in the MD by an O&M entity, possibly via the CNF.

Thus, according to aspects, the step S52 of controlling selection of at least one CGW,
comprises setting or configuring S52b a set of policies and/or rules by the MD, which policies

and/or rules indirectly determines the CGW choice made by an MD.

If the O&M entity or CNF does not have a direct relation to the MD, the configuration data is
according to aspects sent to the CGW to be forwarded to the MD. In this case, one
alternative is that all MDs in the capillary network are configured with the same policies
and/or rules, but individually adapted policies and/or rules are preferable in order to allow

different kinds of MDs/applications in the same capillary network.

One way to achieve individual policy and/or rule adaptation without sending individual
policies and/or rules to different MDs in a capillary network is to take the type of
MD/application into account in the policies and/or rules, i.e. making the type of
MD/application a contextual parameter that is part of the input data to the policies and/or

rules.

Thus, according to aspects, the step of selecting at least one CGW out of the at least two
CGWs based on the gathered data comprises configuring the MD with policies and/or rules
by which the MD selects CGW. The step of gathering data related to cells of the respective
RBSs having a cellular radio connection to the at least two CGWs comprising forwarding

configuration data to the MD via a CGW.

As implied above, the policies and/or rules take contextual parameters as input data to an
algorithm that outputs a CGW choice. According to an aspect of the disclosure, the network
node sends, in step S52c, at least a subset of gathered data to the MD. The MD uses the
received data and/or data retrieved by the MD itself as input to the configured policies and
rules. Naturally, the input data includes the available CGWs and information reflecting the
cell traffic load of their respective cellular network cell, but the contextual parameters may
according to aspects also include other aspects, such as the current application or software

run by an MD, channel quality between the MD and the respective CGW, required
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transmission power, battery/energy status, location or capillary network technology used by

the various CGWs.

For instance, policies and/or rules may be formulated such that the MD should switch to a
certain CGW which is connected in a less loaded cellular network cell, but only if the channel
guality between the MD and this CGW is good enough according to some pre-determined
criterion. If the battery/energy status is poor, a policy and/or rule may also state that any
change of CGW is subject to the required transmission power (e.g. not allowing increased

required transmission power).

Information about the cell traffic load of the cellular network cell to which each CGW is
connected is according to aspects sent from the CGW to the MD in the form of a field in an
RPL message, as a link layer message, e.g. a field in a beacon message, or as a parameter in a
broadcast or unicast IPv6 router advertisement. This information may be explicit
descriptions of the QoS class/parameters of each EPS bearer, or corresponding type of
bearer in other cellular systems than EPS, associated with the CGW or information about the
load on these bearers, but it may also be information in more condensed forms, e.g. a
preference value. In this context "preference value” is to be construed as a generic
designation for a parameter, whose purpose is to reflect how attractive a CGW should be
considered in a CGW selection procedure. The preference value thus summarizes one or
more properties/capabilities of the CGW. In this context certainly including the load of the

cellular network cell the CGW is connected in and possibly also other properties.

Each CGW, according to aspects, creates the cell traffic load information and/or derivatives
thereof independently of the other CGWs, including setting of a possible preference value.
However, an alternative is that the CGWs are made aware of the load of each other’s cellular
network cell, in any of the manners described above, and derives cell traffic load information
and/or derivatives thereof to be sent to the MD(s), e.g. preference values, in a process
where the concerned cell traffic load of all CGWs are taken into account, e.g., to derive
relative preference values. It is also possible that the CNF (or an O&M entity) provides the
CGWs with the condensed cell traffic load information, e.g. preference values, which the
CGWs should deliver to the MDs. Yet another option is that the CNF (or O&M entity) sends

the information directly to the MDs.
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Thus, according to an aspect, providing information to the MD about a CGW determined to
be eligible for linking the MD to the cellular network based on the gathered data further,

comprises any of

- each of the CGWs creating RBS cell traffic load information and/or derivatives
thereof independently of the other CGWs, including setting of a possible
preference value.

- each of the CGWSs being made aware of the load of each other’s cellular network
cell,

- each of the CGWs being adapted to derive cell traffic load information and/or
derivatives thereof to be sent to a connected MD, said derivatives thereof taking
the concerned cell traffic load of all CGWs into account to derive relative
preference values.

- the CNF or O&M entity providing the CGWs with condensed cell traffic load
information, the condensed cell traffic load information comprising preference

values for delivery to MDs.

According to aspects of the methods disclosed herein, any of the methods further comprises
the step of load balancing by a central or a distributed network entity, by providing
information to the MD on a load balance state of the cellular network, the information

relevant for the determined at least one CGW.

By the teachings of the present disclosure, improvements in the CGW selection in capillary
networks is achieved by taking additional information into account when making the
decision, such as RBS cell traffic load, in particular the load of the cells in which the
selectable CGWs are connected. The current teaching further enables the network to have
more control of the MD’s choice of CGW. In addition to being beneficial for the MD itself,

there is also provided means for load balancing between cells in the cellular network.

Figure 6 shows a flowchart schematically illustrating embodiments of method steps
performed in a network node. In particular, there is shown a method, performed in a
network node, of selecting a capillary network gateway, CGW, for linking a machine device,
MD, arranged to operate according to a local area access technology in a capillary network,

to a cellular network. The capillary network includes at least two CGWSs, wherein each CGW
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is arranged to operate according to a local area access technology in the capillary network
and to operate according to a cellular radio access technology in the cellular network. Each
CGW has a cellular radio connection to a radio base station, RBS, of the cellular network. The
method comprises the steps of, for each CGW, determining S61 RBS cell related information
for an RBS having a cellular radio connection to the CGW and providing S62 the determined
RBS cell related information of the CGW to the other CGWs in the capillary network. The
method also comprises providing information S63 to the MD based on the determined RBS
cell related information. According to an aspect of the disclosure, the RBS cell related

information is a component of the data gathered in step S51.

According to an aspect, the RBS cell related information includes RBS cell traffic load, e.g.

traffic load of the cell in which the CGW is connected to an RBS.

Thus, since the present teaching proposes taking traffic load in the cellular network cell in
which the CGW is connected into account in the CGW selection, advantageous effects are
obtained. For instance, the present teaching allows an MD to select or be directed to a CGW
which is connected to the least loaded cell among a group of cells, or to a cell with excess
capacity, i.e., a cell which is not already fully loaded or has a load low enough to allow ample

CGW transmission resources.

In addition to being beneficial for the MD itself, this feature of taking traffic load in the
cellular network cell in which the CGW is connected into account in the CGW selection

process may also be used for load balancing between cells in the cellular network.

According to another aspect, the step of determining RBS cell traffic load includes receiving
RBS cell traffic load information from an operation and maintenance, O&M, entity. The RBS
cell traffic load information may include traffic load pertaining only to a cell or cells in which
at least one CGW of the capillary network is connected in each of the cell(s) or, alternatively,
the RBS cell information of an RBS may include traffic load pertaining to all the cells
controlled by the RBS, such that the traffic load from a combination of the cells constitute

the total traffic load experienced by the RBS.

Thus, a control mechanism is provided which enables the O&M entity to influence CGW

selection, which is an advantage.
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According to one aspect, the method further includes determining one or more dynamic
properties for each CGW and providing the determined one or more dynamic properties for
at least the other CGWs in the capillary network to each CGW; as well as selecting at least
one CGW out of the at least two CGWs based on a combination of the RBS cell related
information and the determined one or more dynamic properties. The method optionally
also comprises the step S63 of providing information to the MD to link to the cellular
network via the at least one selected CGW by setting up a local area connection to the

selected CGW.

Thus, by including the steps of determining one or more dynamic properties for each CGW
and selecting at least one CGW out of the at least two CGWs based on a combination of the
RBS cell related information and the determined one or more dynamic properties the MD
select or be directed to the CGW which will provide the most efficient traffic processing and
forwarding or which is the most beneficial from some other aspect, e.g. MD battery/energy

efficiency or cost of transmission resources.

According to an aspect, the one or more dynamic properties comprises any of traffic load
experienced by each CGW, channel quality of the cellular radio connection for the CGW, and

cellular radio access technology of the cellular network.

Consequently, the present disclosure improves on the CGW selection mechanisms in
capillary networks by taking additional information into account when making the CGW
selection decision. It also enables the network to have more control of the MD’s choice of
CGW, enabling steering of MDs to CGWs with suitable combination of load, cellular radio
channel quality and/or cellular RAT, which will enable more efficient processing and

forwarding of traffic.

According to another aspect, the method further includes the step of calculating a
preference value for each CGW based on the combination of RBS cell related information
and the determined one or more dynamic properties, and the step of selecting at least one
CGW out of the at least two CGW:s also comprises selecting at least one CGW out of the at

least two CGW:s based on the calculated preference value.
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According to a further aspect, the step of causing the MD to link to the cellular network via
the at least one selected CGW by setting up a local area connection to the selected CGW

comprises instructing the MD to set up a local area connection to a specified CGW.

Thus, there is disclosed a mechanism which allows external control of the CGW selection,

which is an advantage.

According to one aspect, the step of causing the MD to link to the cellular network via the at
least one selected CGW by setting up a local area connection to the selected CGW further

comprises instructing the MD to predict a channel quality of the local area connection.

According to another aspect, the step of selecting at least one CGW out of the at least two

CGWs comprises instructing the MD to perform a selection of a CGW.

According to an aspect, the step of selecting at least one CGW out of the at least two CGWs

comprises providing one or more policies and/or rules for CGW selection to the MD.

According to an aspect, all MDs of the capillary network are provided with the same policies

and/or rules.

According to an aspect, a policy and/or rule for CGW selection is based on MD application

parameters.

According to an aspect, the network node is a capillary network function, CNF, arranged to

control CGWs of one or more capillary networks.

According to an aspect, the step of causing the MD to link to the cellular network via the at
least one selected CGW includes providing instructions in a field in an RPL message in a link
layer message, such as a beacon message, in a unicast |pv6 router advertisement, in a CoAP

message or in an OMA-LWM2M message.

Figure 7 is a block diagram schematically illustrating a network node for performing method
steps. In particular, there is shown a network node 70 arranged to select a capillary network
gateway, CGW, for linking a machine device, MD, arranged to operate according to a local
area access technology in a capillary network, to a cellular network. The network node
comprising a processor 71, a communication interface 72 and a memory 73. The memory

containing instructions executable by said processor whereby the network node is operative
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to: for each CGW, determining RBS cell related information for the RBS having a cellular
radio connection to the CGW and providing the determined RBS cell related information of
the CGW to the other CGWs in the capillary network, as well as to cause the MD to set up a
local area connection to a CGW based on the determined RBS cell related information. The
RBS cell related information may include traffic load pertaining only to a cell or cells in which
at least one CGW of the capillary network is connected in each of the cell(s) or, alternatively,
the RBS cell related information may include traffic load pertaining to all the cells controlled
by the RBS, such that the traffic load from the all the cells combined, constitute the total

traffic load experienced by the RBS.

According to an alternative, the network node 70 shown in Figure 7 is arranged to select a
capillary network gateway, CGW, for linking of a machine device, MD, arranged to operate in
a capillary network, to a cellular network, the capillary network including at least two CGWs,
each of which CGWs being adapted to forward traffic between the capillary network and a
respective radio base station, RBS, of the cellular network. The network node comprising a
processor 71, a communications interface 72 and a memory 73. The memory containing
instructions executable by said processor whereby the network node is operative to: gather
data related to cells of the respective RBSs having a cellular radio connection to the at least
two CGWSs; and select at least one CGW out of the at least two CGWs based on the gathered
data; and also cause the MD to link to the cellular network via the at least one selected CGW.
The data may include traffic load pertaining only to a cell or cells in which at least one CGW
of the capillary network is connected in each of the cell(s) or, alternatively, traffic load

pertaining to all the cells controlled by the RBS.
According to one aspect of the disclosure the processor comprises one or several of:

- a first gathering module 711 configured to determine one or more dynamic

properties for at least two CGWs in the capillary network,

- a selection control module 712 configured to control selection of at least one CGW

out of the at least two CGWs based on the determined dynamic properties; and
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- a link initiation module 713 configured to provide information to the MD on the
selected at least one CGW and/or to instruct the MD to link to the cellular network via the at

least one selected CGW.

The modules 711 to 713 are implemented in hardware or in software or in a combination
thereof. The modules 711 to 713 are according to one aspect implemented as a computer
program stored in the memory 73 which runs on the processor 71. The network node 70 is
further configured to implement all the aspects of the disclosure as described in relation to

the methods above.

According to an aspect, the network node is a capillary network function, CNF, and the
network node further includes a communication interface to at least one operation and

maintenance, O&M, entity.

Figure 8 shows a flowchart schematically illustrating embodiments of method steps
performed in a machine device. In particular, there is shown a method, performed in a
machine device, MD, arranged to operate according to a local area access technology in a
capillary network of selecting a capillary network gateway, CGW, for linking the MD to a
cellular network. The capillary network includes at least two CGWs, wherein each CGW is
arranged to operate according to a local area access technology in the capillary network and
to operate according to a cellular radio access technology in the cellular network and each
CGW has a cellular radio connection to a radio base station, RBS, of the cellular network. The
method comprises the steps of receiving S81 an instruction from a network node to select at
least one CGW based on gathered data related to cells of the RBSs having a cellular
connection to the respective CGW in the capillary network. In an optional step S81a, the MD
is configured with a set of policies and/or rules governing CGW selection; the policies and/or
rules received from the network node. According to a further aspect, the MD receives at
least a subset of the data gathered related to the cells of RBSs having a cellular radio
connection to the respective CGW. As disclosed in step S82, the MD is also capable of

retrieving RBS cell related information, e.g. from the network node or from the

According to one aspect of the disclosure, the above disclosed network node exercises
control over the MDs choice of CGW through explicit instructions to the MD, such as an

instruction to the MD to connect/associate with a selected CGW. The instruction could be
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sent to the MD from a currently connected CGW or possibly by a capillary network function,
CNF, as previously disclosed. The CGW to which the MD is currently connected sends the
instruction to the MD to connect/associate with a certain selected CGW. The CGW could
send the instruction in the form of a field in an RPL message, such as a link layer message or
as a parameter in a unicast IPv6 router advertisement, in a CoAP message or in an OMA

LWM2M message.

According to another aspect of the disclosure, the network exercises its control over the
CGW selection indirectly through policies and/or rules. These policies and/or rules are
preferably configured in the MD by an O&M entity, possibly via the CNF. The CGW selection
related information of each CGW is sent from the CGW to the MD in the form of a field in an
RPL message, as a link layer message, e.g. a field in a beacon message, or as a parameterina
broadcast or unicast IPv6 router advertisement, as a parameter in a CoAP message or as a
parameter in an OMA LWM2M message. This information may be explicit descriptions of the
load, cellular radio channel quality and/or cellular RAT associated with the CGW that the MD
retrieves upon reception, but it may also be information in more condensed forms, e.g. a

preference value.

Even though the MD may receive explicit instructions to select a certain CGW, it is the MD
itself that executes the CGW selection. Consequently, in step 583, the MD selects the at least
one CGW, either based on explicit instructions from the network, or based on applying the
policies and/or rules. As illustrated in the optional step S82, the MD retrieves RBS cell
related information for the RBS having a cellular connection to the CGW. According to an
aspect, the cell related information for the RBS is the cell traffic load of the cell in which the
CGW is connected to the RBS. According to another aspect, the cell related information for
the RBS is the combined cell traffic load of all the cells controlled by the RBS, thus

constituting the total traffic load experienced by the RBS.

According to an aspect, the step S82 of retrieving cell related information further includes
retrieving one or more dynamic properties for the CGW. According to an aspect, the one or
more dynamic properties comprises load experienced by each CGW, channel quality of the
cellular radio connection for the CGW, and/or cellular radio access technology of the cellular

network.
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According to an aspect, the step of setting up a local area connection to a CGW comprises

receiving instructions from a network node to set up the connection to a specified CGW.

According to an aspect, the step of setting up a local area connection to a CGW comprises

receiving instructions from a network node on how to select a CGW.

According to an aspect, the step of setting up a local area connection to a CGW is based on

one or more policies and/or rules for CGW selection stored in the MD.

According to an aspect, the one or more policies for CGW selection include a policy and/or

rule based on MD application parameters.

In a variant the MD has a relation with the CNF, or at least the MD is visible and reachable
from the CNF. In this variant the CNF either retrieves the RBS cell related information, also
known as CGW choice related information, from the CGWs or is inherently aware of it. Based
on this information and possibly information about the MD and/or the application it is
running, the CNF determines whether the MD should change to another CGW and, if so,
sends an explicit instruction to the MD. The CNF may acquire information about the MD
and/or its application from the MD or the Application Server or by observing and sniffing the
MD’s traffic, provided that the MD’s user data traffic passes through the CNF. In a slight
variation of this variant, the CNF sends the instruction to the MD’s current CGW instead of

directly to the MD, requesting the CGW to send an instruction to the MD.

It would also be possible to replace the CNF with a pure O&M entity, such as an O&M entity
dedicated for management of MDs, CGWs and/or capillary networks. Both the CNF and an
O&M entity may also be involved simultaneously. For instance an O&M entity may gather
the CGW choice related information and pass it to the CNF, so that the CNF may distribute
the information to the CGWs of the capillary network. Alternatively, the CNF may use the
CGW choice related information received from the O&M entity to determine the most
suitable CGW and/or send an instruction accordingly to the MD or the MD’s current CGW. It
is also conceivable, that the CNF and the O&M entity would have the opposite roles in such a
cooperation, i.e. the CNF gathering the CGW choice related information and passing it to the

O&M for further distribution or CGW selection triggering.

36



10

15

20

25

30

WO 2015/126302 PCT/SE2014/051069

In solution variants where the CNF or an O&M entity gathers the CGW choice related
information, the RBS cell related information could be retrieved from the RBS. If so, the
O&M entity may use a management interface towards the RBS. The CNF could also have a
direct interface towards the RBS, but if the CNF is integrated with the SCS, then a more likely

path for the information retrieval could be via the MTC-IWF and the MME, SGSN and/or MSC.

Following the selection of the at least one CGW, the MD performs the step S84 of setting up
a local area connection to a selected CGW. The MD could of course have more than one local
area connection. In such case, the MD may set up two or more local area connections, e.g. to
respective CGWSs. As was disclosed above, the step S84 of setting up a local area connection
to a CGW comprises receiving instructions from a network node to set up the connection to
a selected CGW, but could also comprise receiving instructions from a network node on how
to select a CGW, e.g. based on one or more policies and/or rules for CGW selection stored in
the MD. According to an aspect of the disclosure, such policies and/or rules for CGW

selection includes a policy and/or rule based on MD application parameters.

According to a further aspect of the disclosure, irrespective of whether the CGW, the CNF or
another entity makes the CGW selection decision on behalf of an MD, the decision making
entity is provided with the CGWs that are currently reachable for the MD and possibly also
other contextual parameters such as the MD’s channel quality to different CGWs, the CGWs’
channel quality to their respective RBS and/or the application the MD is running. An
alternative could be that the MD obeys a received CGW selection instruction only if the CGW
it is directed to is available to the MD or reachable with a reasonable channel quality. Yet
another alternative is that the instruction has the form of a number of CGWs listed in
priority order so that if the first CGW in the list is unavailable, or has too poor channel

guality, the MD chooses the next CGW in the list, and so on.

Figure 9 is a block diagram schematically illustrating some modules of an exemplary
embodiment of a machine device, MD, 90 for performing the method steps. The machine
device 90, comprises a processor or processing circuitry 91 that may be constituted by any
suitable Central Processing Unit, CPU, microcontroller, Digital Signal Processor, DSP, etc.
capable of executing computer program code. The computer program may be stored in a

memory, 92. The memory 92 can be any combination of a Random Access Memory, RAM,
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and a Read Only Memory, ROM. The memory 92 may also comprise persistent storage,
which, for example, can be any single one or combination of magnetic memory, optical

memory, or solid state memory or even remotely mounted memory.

The MD 90 further comprises radio circuitry 93. However, even though an radio
communication interface is illustrated for the MD, the principles of the disclosure are also
applicable to a wired interface and the previously discussed method performed in machine
device is not limited to a machine device including a radio circuitry. The radio circuitry 93 is
configured to provide a radio communication interface for wireless communication with
gateways of a capillary network providing a link between the capillary network and a cellular
network. The radio circuitry 93 is adapted to receive an instruction from a network node to
select at least one capillary network gateway CGW for setting up a local area connection.

The received instruction is processed in the processor 91.

According to one aspect the disclosure further relates to a computer-readable storage
medium, having stored thereon a computer program which when run in an MD 90 causes
the MD to perform any of the aspects of the method described above. When the computer
readable code is run in the processor 91 of the MD 90, it causes the MD 90, to determine
one or more dynamic properties to perform the received instruction, to select S83 at least
one CGW based on the determined one or more dynamic properties, and to set up 584 a

local area connection to the at least one selected CGW.

According to one aspect of the disclosure the processor comprises one or several of:
- a selection module 911 configured select at least one CGW based on the received

instruction; and

- aconnection establishment module 912 configured to set up a local area connection

to the at least one CGW .

The modules 911 and 912 are implemented in hardware or in software or in a combination
thereof. The modules 911 and 912 are according to one aspect implemented as a computer
program stored in the memory 93 which runs on the processor 91. The machine device 90 is
further configured to implement all the aspects of the disclosure as described in relation to

the methods above.
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The foregoing description of scenarios and example embodiments has been presented for
purposes of illustration and description and is not intended to be exhaustive or to limit
example embodiments to the precise form disclosed. Modifications and variations of the
disclosed example embodiments are within the scope of the disclosure. The examples
discussed herein were chosen and described in order to explain the principles and the
nature of various example embodiments and its practical application to enable a person
skilled in the art to utilize the example embodiments in various manners and with various
modifications as are suited to the particular use contemplated. The features of the
embodiments described herein may be combined in all possible combinations of methods,

apparatus, modules, systems and computer program products.

In the drawings and specification, there have been disclosed exemplary embodiments.
However, many variations and modifications can be made to these embodiments.
Accordingly, although specific terms are employed, they are used in a generic and
descriptive sense only and not for purposes of limitation, the scope of the embodiments

being defined by the following claims.
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CLAIMS

A method, performed in a network node, of selecting a capillary network gateway,
CGW, for linking of a machine device, MD, arranged to operate in a capillary
network, to a cellular network, the cellular network being arranged to operate
according to a radio access technology different from the radio access technology of
the capillary network, the capillary network including a plurality of CGWs, each of
which CGWs being adapted to forward traffic between the capillary network and a

radio base station, RBS, of the cellular network, the method comprising:

- for at least two CGWs of the plurality of CGWs, gathering (S51) data related
to cells of RBSs having a cellular radio connection to the respective CGW in

the capillary network; and

- controlling (S52) selection of at least one CGW out of the at least two

CGWs based on the gathered data.

The method of claim 1, wherein the step of controlling (552) selection of the at least
one CGW comprises selecting (S52a) the at least one CGW out of the at least two
CGWs based on the gathered data and providing information to the MD on the

selected at least one CGW.

The method of claim 1, wherein the step of controlling (552) selection of the at least
one CGW comprises configuring (552b) in the MD a set of policies and/or rules

governing a CGW selection by the MD.

The method of claim 3, wherein the step of controlling (552) selection of the at least
one CGW further comprises sending (S52c) at least a subset of the gathered data to
the MD, whereupon the MD performs selection of the at least one CGW out of the
at least two CGW using said at least a subset of the gathered data and/or data

retrieved by the MD as input data to the policies and/or rules.

The method of any of claims 2 to 4, further comprising sending (S53) an instruction

to the MD to connect or associate with the at least one CGW.
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10.

11.

12.

13.

The method according to any of the preceding claims, wherein the network node is
a capillary network function, CNF, arranged to control CGWs of one or more

capillary networks.

The method according to any of claims 1-5, wherein the network node is an O&M

entity arranged to manage for CGWs, MDs, and/or for capillary networks.

The method according to any of claims 1-5 wherein the network node is a CGW.

The method according to any of the preceding claims, wherein the data related to

cells of the respective RBSs comprises RBS cell traffic load.

The method of claim 9, wherein the RBS cell traffic load is the traffic load in one or
more cells served by the RBS in which at least one of the plurality of CGWs in the
capillary network is connected to the RBS or wherein the RBS cell traffic load is the

combined traffic load of all the cells served by the RBS.

The method according to any of the preceding claims, wherein the MD is arranged
to operate according to a local area access technology in the capillary network, each
CGW being arranged to operate according to a local area access technology in the
capillary network and to operate according to a cellular radio access technology in
the cellular network, wherein each CGW has a cellular radio connection to a radio
base station, RBS, of the cellular network, and the step of gathering (S51) data
comprising the step of, for each CGW, determining (S61) RBS cell related

information for an RBS having a cellular radio connection to the CGW.

The method according to claim 11, further comprising the step of providing (S62)
the determined RBS cell related information of at least the other CGWs in the

capillary network to each CGW.

The method of claim 12, further comprising providing (S63) instructions to the MD
to set up a local area connection to a CGW based on the determined RBS cell

related information.
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14.

15.

16.

17.

18.

19.

The method according to any of claims 11 to 13, wherein the step of gathering (S51)
data related to the cells of the respective RBSs further comprises obtaining the

determined RBS cell related information of at least the other CGWs.

The method of any of claims 11 to 14, wherein the RBS cell related information

includes RBS cell traffic load.

The method of claim 15, wherein the RBS cell traffic load is the traffic load in one or
more cells served by the RBS in which at least one of the plurality of CGWs in the
capillary network is connected to the RBS or wherein the RBS cell traffic load is the

combined cell traffic load of all the cells served by the RBS.

The method of any of claims 11 to 16, wherein the step of determining RBS cell
traffic load includes receiving RBS cell traffic load information from an operation

and maintenance, O&M, entity.

The method of any of the preceding claims, further including the steps of:

- determining one or more dynamic properties for each CGW that is a
candidate for selection in the capillary network;

- providing each CGW in the capillary network with the determined one or
more dynamic properties for at least the other CGWs in the capillary
network; and

- selecting at least one CGW out of the at least two CGWSs based on a
combination of the RBS cell related information and the determined one or
more dynamic properties; and

- providing information to the MD on the selected at least one CGW.

The method of claim 18, wherein the one or more dynamic properties comprises
any of traffic load experienced by each CGW, channel quality of the cellular radio
connection for each CGW, and the cellular radio access technology for each CGW

connection to the cellular network.
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20.

21.

22.

23.

24.

The method of any of claim 18 or 19, further including the step of calculating a
preference value for each CGW based on the combination of RBS cell related
information and the determined one or more dynamic properties, and wherein the
step of selecting at least one CGW out of the at least two CGWs comprises selecting
at least one CGW out of the at least two CGWs based on the calculated preference

value.

The method of any of claims 3-20, wherein all MDs of the capillary network are

provided with the same policies and/or rules.

The method of any of claims 3-21, wherein a policy and/or rule for CGW selection is

based on MD application parameters.

The method of any of claims 2-22, further comprising providing the information or
sending the instruction in a field in an RPL message in a link layer message in a
unicast IPv6 router advertisement, in a CoAP message or in an OMA-LWM2M

message.

A network node (70) arranged to select a capillary network gateway, CGW, for
linking a machine device, MD, operating according to a local area access technology
in a capillary network including a plurality of CGWs, to a cellular network, the
network node comprising a processor (71), a communication interface (72) and a
memory (73), said memory containing instructions executable by said processor

whereby the network node is operative to:

- for at least two CGWs of the plurality of CGWs, gathering (S51) data related
to cells of RBSs having a cellular radio connection to the respective CGW in

the capillary network; and

- controlling (S52) selection of at least one CGW out of the at least two

CGWs based on the gathered data.
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25.

26.

27.

28.

29.

30.

The network node of claim 24, wherein the network node (70) is a capillary network
function, CNF, and wherein the network node further includes a communication

interface to at least one operation and maintenance, O&M, entity.

A computer-readable storage medium, having stored thereon a computer program
which when run in a network node, causes the network node to perform the

method as disclosed in any of claims 1-23.

A method, performed in a machine device, MD, of selecting a capillary network

gateway, CGW, for linking the MD to a cellular network, wherein the MD operates

according to a local area access technology in a capillary network and wherein the
capillary network comprises a plurality of CGWs that each have a connection to the
cellular network, the method comprising:

- receiving (S81) an instruction from a network node to select at least one
CGW based on data gathered related to cells of RBSs having a cellular radio
connection to the respective CGW in the capillary network;

— selecting (S83) the at least one CGW; and

- setting up (S84) a local area connection to the at least one selected CGW.

The method of claim 27, wherein the step of receiving (581) an instruction from the
network node comprises receiving (S81a) a set of policies and or rules governing
CGW selection by the MD and receiving (S81b) at least a subset of the gathered

data from the network node.
The method of claim 28 further comprising the step of:
- for each CGW, retrieving (582) RBS cell related information for the RBS

having a cellular radio connection to the CGW.

The method of claim 29, wherein the retrieved RBS cell related information is the

cell traffic load.
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31.

32.

33.

34.

35.

36.

37.

38.

The method of claim 30, wherein the cell traffic load is the traffic load in one or
more cells served by the RBS in which at least one of the plurality of CGWs in the
capillary network is connected to the RBS or wherein the cell traffic load is the

combined traffic load of all the cells served by the RBS.

The method of any of claims 29-31, wherein the step of retrieving further includes
retrieving one or more dynamic properties for each CGW; and the step of selecting
a CGW is based on a combination of the RBS cell related information and the one or

more dynamic properties.

The method of claim 32, wherein the one or more dynamic properties comprises
load experienced by each CGW, channel quality of the cellular radio connection for
the CGW, and/or cellular radio access technology for the CGW connection to the

cellular network.

The method of any of claims 27-33, wherein the step of setting up (584) a local area
connection to at least one CGW comprises receiving instructions from a network

node to set up the connection to a specified CGW.

The method of any of claims 27-34, wherein the step of receiving (S81) an

instruction from a network node from a network node on how to select a CGW.

The method of any of claims 27-35, wherein the step of selecting (S83) the at least
one CGW is based on one or more policies and/or rules for CGW selection stored in

the MD.

The method of claims 36, wherein the one or more policies and/or rules for CGW

selection includes a policy and/or rule based on MD application parameters.

A machine device, MD, (90) arranged to select a capillary network gateway, CGW,
for linking the machine device to a cellular network, the MD operating according to

a local area access technology in a capillary network comprising a plurality of CGWs,
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the MD comprising a processor (91), radio circuitry (93) and a memory (92), said

memory (92) containing instructions executable by said processor (91) whereby the

machine device is operative to:

- receive an instruction from a network node to select at least one CGW
based data gathered related to cells of RBSs having a cellular radio
connection to the respective CGW in the capillary network;

- select the at least one CGW; and

- set up a local area connection to the cellular network via the at least one

selected CGW.

A computer-readable storage medium, having stored thereon a computer program

which when run in a machine device, MD, causes the MD to perform the method as

disclosed in any of claims 27-38.
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