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(57) Abstract: A network node, a wireless device and a respective method performed by the same in a wireless communication net -
work employing heterogeneous frequency band types, the network node being operative to serve wireless devices in a non- licensed
frequency band and in a licensed frequency band, the network node serving a wireless device in a non-licensed frequency band are
provided. The method in the network node comprises configuring (110) a fallback carrier in the licensed frequency band to the wire -
less device, wherein if the network node determines that the wireless device should switch to the licensed frequency band, the meth -
od comprises handing over (130) the wireless device to the fallback carrier.
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NETWORK NODE, WIRELESS DEVICE,RESPECTIVE METHOD PERFORMED

THEREBY FOR SUPPORTING WIRELESS DEVICE OPERATION IN
HETEROGENEOUS FREQUENCY
BANDS

Technical field

[0001] The present disclosure relates to wireless communication networks and
in particular to wireless communication networks operating in heterogeneous

frequency bands.

Background

[0002] The number or users of communication networks and especially wireless
communication networks is ever increasing. Further, the number of wireless
devices that a user may use in order to make of services offered by the
communication networks is increasing. This puts increasing demand on capacity
and resources of the communication networks. In order to meet the increasing
demands, small cells or low power radio base stations providing radio coverage
within a limited area are supposed to be increasingly popular in real deployments.
Networks comprising both so-called macro radio base stations and low power
radio base stations are generally referred to as heterogeneous networks, or
hetnets. A macro radio base station is a “full power” radio base station, i.e. a
regular radio base station as in a homogenous wireless communication network
where all the radio base stations have approximately similar or the same output
power. A low power radio base station is generally placed within the coverage
area, also referred to as cell, of the macro radio base station and this the cell of
the low power radio base station is at least partly overlapping with the cell of the

macro radio base station.

[0003] Since the coverage areas, or cells, of the macro radio base station and at
least one low power radio base station is at least partly overlapping, interference
may become a problem and a limitation as to how many low power radio base
stations may be employed within the coverage area of a macro radio base station,
also referred to as macro cell. Thus, even though low power radio base stations

employed within a macro cell may increase the data rates, capacity and/or
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resources within the macro cell, it might not be enough in order to meet the

requirements and demands posed on the wireless network in that macro cell.

Summary

[0004] The object is to obviate at least some of the problems outlined above. In
particular, it is an object to provide a network node and a method performed by a
network node in a wireless communication network employing heterogeneous
frequency band types, the network node being operative to serve wireless devices
in a non-licensed frequency band and in a licensed frequency band, the network
node serving a wireless device in a non-licensed frequency band. It is further an
object to provide a wireless device and a method performed by a wireless device
operative in a wireless communication network employing heterogeneous
frequency bands, the wireless device performing a random access control
procedure to become connected to a network node. These objects and others may
be obtained by providing a network node, a wireless device and a respective
method performed by a network node and a wireless device according to the

independent claims attached below.

[0005] According to an aspect a method performed by a network node in a
wireless communication network employing heterogeneous frequency band types,
the network node being operative to serve wireless devices in a non-licensed
frequency band and in a licensed frequency band, the network node serving a
wireless device in a non-licensed frequency band is provided. The method
comprises configuring a fallback carrier in the licensed frequency band to the
wireless device, wherein if the network node determines that the wireless device
should switch to the licensed frequency band, the method comprises handing over

the wireless device to the fallback carrier.

[0006] According to an aspect, method performed by a wireless device
operative in a wireless communication network employing heterogeneous
frequency bands, the wireless device performing a random access control
procedure to become connected to a network node is provided. The method

comprises receiving information from the network node comprising parameters
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comprising information pertaining to carrier frequency and band type, and
selecting a carrier of a frequency band type offered by the network node to camp

on based on the received information

[0007] According to an aspect, a network node in a wireless communication
network employing heterogeneous frequency band types, the network node being
operative to serve wireless devices in a non-licensed frequency band and in a
licensed frequency band, the network node serving a wireless device in a non-
licenced frequency band is provided. The network node comprises a processor
and a memory, the memory comprising instructions which when executed by the
processor causes the network node to configure a fallback carrier in the licensed
frequency band to the wireless device, wherein if the network node determines
that the wireless device should switch to the licensed frequency band, the
instructions in the memory causes, when executed by the processor, the network

node to hand over the wireless device to the fallback carrier.

[0008] According to an aspect, a wireless device operative in a wireless
communication network employing heterogeneous frequency bands, the wireless
device performing a random access control procedure to become connected to a
network node is provided. The wireless device comprises a processor and a
memory, the memory comprising instructions which when executed by the
processor causes the wireless device to receive information from the network
node comprising parameters comprising information pertaining to carrier frequency
and band type, and to select a carrier of a frequency band type offered by the

network node to camp on based on the received information.

[0009] The network node in the wireless communication network employing
heterogeneous frequency band types, the method performed by the network node,
the wireless device operative in a wireless communication network employing
heterogeneous frequency bands and the method performed by the wireless device
may all have the same advantages. One possible advantage is that the wireless
device may remain served by the network node, or another network node, in the

licensed frequency band in case the non-licensed frequency band becomes
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unavailable. It may thus be possible to avoid losing the connection with the
wireless device which enhances user experience and avoids resource demanding
cell reselection procedure. Another possible advantage is load balancing by
configuring different fallback licensed carriers for different wireless devices. In this
way, situations where all the wireless devices will access the same licensed which
may incur congestion may be avoided. Still a possible advantage is that QoS for

different types of services may be guaranteed.

Brief description of drawings

[00010] Embodiments will now be described in more detail in relation to the

accompanying drawings, in which:

[00011] Figure 1ais a flowchart of a method performed by a network node in a
wireless communication network employing heterogeneous frequency band types

according to an exemplifying embodiment.

[00012] Figure 1b is a schematic illustration of a communication network

operating in heterogeneous frequency band types according to an example.

[00013] Figure 1cis a flowchart of a method performed by a network node in a
wireless communication network employing heterogeneous frequency band types

according to an exemplifying embodiment.

[00014] Figure 1d is a flowchart of a method performed by a network node in a
wireless communication network employing heterogeneous frequency band types

according to still an exemplifying embodiment.

[00015] Figure 1e is a flowchart of a method performed by a network node in a
wireless communication network employing heterogeneous frequency band types

according to yet an exemplifying embodiment.

[00016] Figure 1fis a flowchart of a method performed by a network node in a
wireless communication network employing heterogeneous frequency band types

according to another exemplifying embodiment.
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[00017] Figure 2a is a flowchart of a method performed by a wireless device
operative in a wireless communication network employing heterogeneous

frequency bands according to an exemplifying embodiment.

[00018] Figure 2b is a flowchart of a method performed by a wireless device
operative in a wireless communication network employing heterogeneous

frequency bands according to still an exemplifying embodiment.

[00019] Figure 2c is a flowchart of a method performed by a wireless device
operative in a wireless communication network employing heterogeneous

frequency bands according to yet an exemplifying embodiment.

[00020] Figure 3 is a block diagram of a network node in a wireless
communication network employing heterogeneous frequency band types

according to an exemplifying embodiment.

[00021] Figure 4 is a block diagram of a wireless device operative in a wireless
communication network employing heterogeneous frequency bands according to

an exemplifying embodiment.

[00022] Figure 5 is a block diagram of a network node in a wireless
communication network employing heterogeneous frequency band types

according to an exemplifying embodiment.

[00023] Figure 6 is a block diagram of a wireless device operative in a wireless
communication network employing heterogeneous frequency bands according to

an exemplifying embodiment.

[00024] Figure 7 is a block diagram of an arrangement in a network node in a
wireless communication network employing heterogeneous frequency band types

according to an exemplifying embodiment.

[00025] Figure 8 is a block diagram of an arrangement in a wireless device
operative in a wireless communication network employing heterogeneous

frequency bands according to an exemplifying embodiment.
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Detailed description

[00026] Briefly described, a network node and a method performed by a network
node in a wireless communication network employing heterogeneous frequency
band types, the network node being operative to serve wireless devices in a non-
licensed frequency band and in a licensed frequency band, the network node
serving a wireless device in a non-licensed frequency band are provided. Further,
a wireless device and a method performed by a wireless device operative in a
wireless communication network employing heterogeneous frequency bands, the
wireless device performing a random access control procedure to become

connected to a network node are provided.

[00027] In order to increase capacity and/or resources of a communication
network, the network support communication both in a non-licensed frequency

band and in a licensed frequency band.

[00028] A Licensed frequency band is also referred to as an Authorised Shared
Access, ASA, band. There are different types of non-licensed frequency bands,

e.g. Licenced Shared Access, LSA, and un-licensed frequency band.

[00029] Generally, a wireless communication network operates on a licensed
frequency band. This frequency band is limited and may thus become insufficient

to meet the increasing demands and requirements of the communication networks.

[00030] One solution to offer increased capacity and/or resources may thus be to
make use of shared frequency bands for traffic-offloading in future, e.g. in Europe
Authorised Shared Access, ASA,/Licenced Shared Access, LSA, may be
considered for 2.3-2.4 GHz and in the US it is applicable to the 3.5 GHz process.

[00031] Employing heterogeneous frequency bands may be performed within a
radio base station so that one and the same radio base station may support
communication both in a non-licensed frequency band and in a licensed frequency
band. Another alternative is e.g. to let the macro radio base stations use the
licensed frequency band and let the low power radio base stations use the non-

licensed frequency band.
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[00032] A wireless device may be capable of operating at frequency bands with
different types (e.g. licensed, non-licensed bands) simultaneously, or at a different
time. When the wireless device is served by an operator utilising heterogeneous
band with one radio access technology, RAT, it is necessary to provide a solution
on how to use of specific types of bands at different situations. Throughout this
disclosure, LTE will be used as an illustrative example of RAT. However, these

illustrative examples should not be seen as only applicable systems.

[00033] LSA is a complementary way of authorising and accessing spectrum, i.e.
frequency resources, in addition to licensed (exclusive) and license-exempt
(unlicensed). In some frequency bands there may be underutilisation of the
spectrum resources either in time, geography, and/or frequency. LSA may allow

such spectrum to be used much more efficiently and flexibly.

[00034] From network side, there may be a LSA controller. The LSA controller
retrieves the information about spectrum made available under an LSA scheme
from an LSA repository of the incumbent spectrum user and therefore has
information on the available spectrum in any given location where its radio base
stations are sited. Under this scheme, the base stations may be allowed to
transmit in the LSA band only where the LSA controller indicates that the spectrum

is available and no harmful interference is caused to the incumbent.

[00035] Wireless communication networks, e.g. LTE, only use licensed band for
network services its LTE nodes (i.e. evolved Node B, eNB, and User Equipment,
UE) take licensed operating band as granted always, i.e. LTE systems are the
exclusive primary systems and thus hold total controllability in licensed exclusive
band.

[00036] However, for non-licensed band, it may not be as reliable as the licensed
exclusive band according to LSA operation rules. Taking 3.5GHz as one example,
there will be shipping Radar systems as incumbent spectrum user in the USA. At
certain time, the low power radio base station is operating on this LSA carrier while
the shipping Radar systems are moving near. Hence the LSA controller will

receive the information the band is not available. Then the low power radio base
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station must stop using that LSA carrier for transmission immediately. This
procedure is transparent to wireless devices connected to this low power radio
base station. In other words, wireless devices which lose connection may blindly
run the cell reselection procedure. This procedure (i.e. frequency search and
measurement) brings quite considerable service interruption which may impact the

end user experience.

[00037] There may be some additional signalling format change on measurement,
reporting procedure or power control (e.g. primary system detection request)

which is not needed in licensed band. For new wireless devices supporting
licensed band and non-licensed band simultaneously, they may not be able to

decide if there is need to do this without knowledge of band type.

[00038] By deploying wireless communication networks in heterogeneous bands
(i.e. in both licensed band and non-unlicensed band), different eNBs may be
operating on different types of band or even the same eNB on multiple bands with

different types.

[00039] Embodiments herein relates to a method performed by a network node in
a wireless communication network employing heterogeneous frequency band

types. Such a method will now be described with reference to figures 1a-1e.

[00040] The network node is operative to serve wireless devices in a non-
licensed frequency band and in a licensed frequency band; the network node is
serving a wireless device in a non-licensed frequency band. Figure 1a illustrates
the method comprising configuring 110 a fallback carrier in the licensed frequency
band to the wireless device, wherein if the network node determines that the
wireless device should switch to the licensed frequency band, the method

comprises handing over 130 the wireless device to the fallback carrier.

[00041] The network node may support both licensed and non-licensed
frequency band. At one point in time, the network node serves the wireless device
in the non-licensed frequency band. As described above, the wireless

communication system in which the network node is employed may not be in
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control of the non-licensed frequency band and may detect at any time (e.g. by
receiving information from another node such as e.g. an LSA controller) that the
non-licensed frequency band is becoming unavailable. Thus the network node
configures a fallback carrier in the licensed frequency band to the wireless device.
Since the wireless communication system in which the network node is employed
has full control over the licensed frequency band, the wireless network and thus

the network node, has full control over the configured fallback carrier.

[00042] During a point in time, when the wireless device is being served by the
network node in the non-licensed frequency band, the network node determines
that the wireless device should switch to the licensed frequency band. This may be
determined by the network node receiving information from another node or device
that the non-licensed frequency band is becoming unavailable. Thus the wireless

device may not continue to use the resource of the non-licensed frequency band.

[00043] In response to determining that the wireless device should switch to the
licensed frequency band, the network node hands over 130 the wireless device to

the fallback carrier in the licensed frequency band.

[00044] Figure 1b illustrates an exemplifying network architecture of a
heterogeneous wireless communication network employing heterogeneous
frequency band. In this specific example, only low power network nodes 1210 and
1220 operate in non-licensed frequency band, whereas the macro network node
1100 operates in licensed frequency band. It shall be pointed out that this is
merely an example, and the method may be implemented in heterogeneous and
homogeneous wireless communication networks, and in case of heterogeneous
wireless communication networks all network nodes may be operable in both the
licensed and the non-licensed frequency band irrespective of the network node
being a macro or a low power network node. Figure 1b also illustrates the
heterogeneous wireless communication network employing heterogeneous
frequency band comprising a LSA controller 1000. The LSA controller 1000 may
be responsible for monitoring the availability of the non-licensed frequency band

and in case the non-licensed frequency band is becoming unavailable, the LSA
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controller 1000 may notify at least network nodes being operable to provide

service by means of the non-licensed frequency band.

[00045] By configuring the fallback carrier in the licensed frequency band that the
wireless device can switch to in case of non-licensed frequency band becoming
unavailable, several problems may be solved. Without this solution, when the
network node would stop operation on the non-licensed frequency band, the
wireless device would trigger the evaluation of out-of-sync and in-sync evaluation.
If the wireless device would determine that it is out-of-sync, the wireless device
would continue monitoring the downlink radio quality within a configured period
(T310 timer), if the synchronisation is recovered then the wireless device would
remain to be connected to the network node. However, if the synchronisation is
not recovered during the preconfigured period, the wireless device would
determine the original radio link is lost and finish the cell reselection procedure
within another configured period (T311 timer). After the new target cell or network
node is determined, the wireless device would start the access procedure to the

new target cell or network node. The whole procedure may take several seconds.

[00046] The method performed by the network node may have several
advantages. One possible advantage is that the wireless device may remain
served by the network node, or another network node, in the licensed frequency
band in case the non-licensed frequency band becomes unavailable. It may thus
be possible to avoid losing the connection with the wireless device which
enhances user experience and avoids resource demanding cell reselection
procedure. Another possible advantage is load balancing by configuring different
fallback licensed carriers for different wireless devices. In this way, situations
where all the wireless devices will access the same licensed which may incur
congestion may be avoided. Still a possible advantage is that QoS for different

types of services may be guaranteed.

[00047] The method may further comprise informing 120 the wireless device

about the configured fallback carrier. This is also illustrated in figure 1c.

10
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[00048] The wireless device may be informed about the configured fallback
carrier in various ways, both explicitly and implicitly. An example of explicit
informing the wireless device is by signalling information about the fallback carrier
to the wireless device. Signalling the information to the wireless device may be

done in different ways as will be described in more detail below.
[00049] The fallback carrier may be a predefined primary carrier.

[00050] This is an example of informing the wireless device implicitly. If the
fallback carrier is a predefined primary carrier, then the wireless device already
has knowledge about the fallback carrier. One example of the wireless device
already having knowledge about the fallback carrier is by obtaining the information

from system information.

[00051] Usually, by a conventional cell-search procedure, a wireless device
synchronises to a radio base station or cell, acquires the physical-layer identity of
the cell, and detects the cell frame timing. Once this has been achieved, the
wireless device has to acquire the cell system information. This is information
repeatedly broadcasted by the network, which needs to be acquired by wireless

devices to facilitate channel access within a specific cell.

[00052] Generally, system information includes downlink and uplink cell
bandwidths, uplink/downlink configuration in the case of Time Division Duplex,
TDD, detailed parameters related to random-access transmission and uplink
power control, etc. In LTE, system information is delivered by two different
mechanisms over two different transport channels. A limited amount of system
information, corresponding to the so-called Master-Information Block, MIB, is
transmitted using the Broadcast Channel, BCH. The main part of the system
information, corresponding to different so-called System-Information Blocks, SIBs,

is transmitted using the downlink shared channel, DL-SCH.

[00053] The method may further comprise receiving 115, from the wireless
device, a request for frequency band type of a carrier by means of which the

wireless device is connected to the network node, wherein the method further

11
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comprises informing 116 the wireless device of the frequency band type of the

carrier.

[00054] As described above, there may be some additional signalling format
change on measurement, reporting procedure or power control (e.g. primary
system detection request) which is not needed in licensed band. For new wireless
devices supporting licensed band and non-licensed band simultaneously, they
may not be able to decide if there is need to do this without knowledge of band
type. Thus a wireless device may send a request for information about frequency
band type of the carrier by means of which the wireless device is connected to the
network node. This is received 115 by the network node, which subsequently
informs 116 the wireless device of the frequency band type of the carrier, see also
figure 1d. Figure 1d illustrates that this may happen at different points in time,
which is illustrated in figure 1d and subsequently also in figures 1e and 1f by
arrows indicating “from XXX, YYY” and the arrows “to ZZZ, CCC”. This is to
illustrate that all actions and/or events possibly taking place may do so in different

orders so that one has not necessarily have to occur before another.

[00055] Still further, as illustrated in figure 1e, the method may comprise
determining 101 parameters comprising information pertaining to carrier frequency
and band type supported by the network node, and signalling 102 the determined

parameters to wireless devices currently camping on the network node.

[00056] According to an embodiment, signalling 102 the determined parameters
to the wireless devices currently camping on the network node comprises
broadcasting the determined parameters in a Master Information Block, MIB
and/or transmitting the determined parameters in a System Information Block, SIB,

the parameters.

[00057] As described above, a network node may signal information to wireless
devices by broadcasting MIB on a BCH and/or transmitting SIB on a DL-SCH.
Another way to signalling information to the wireless device is by means of
Resource Radio Control, RCC, signalling. Generally, cell specific information is

signalled by means of MIB and/or SIB and information specific for the wireless

12
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device is signalled by means of RRC signalling. In this manner, a wireless device
may be able to select a network node and/or a carrier in the licensed or non-
licensed frequency band based on the parameters comprising information
pertaining to carrier frequency and band type supported by the network node. It
may be that not all network nodes support all different frequencies in the non-
licensed frequency band. By determining and signalling this information to the
wireless device, the wireless device may make a choice of carrier dependent on

e.g. how delay tolerant the service is that the wireless device wishes to engage in.

[00058] The method may further comprise assigning 103 a first priority of the
served wireless device in the non-licensed frequency band, the first priority being
higher than a second priority assigned to a second wireless device engaged in an
initial random access control procedure, wherein if the non-licensed frequency
band becomes unavailable, the served wireless device is prioritised before the
second wireless device with regards to the configured fallback carrier, see also

figure 1f.

[00059] A situation may arise where the network node has to prioritise between
different wireless devices, e.g. when the network node becomes heavily loaded
and/or when frequency resources are running low. By assigning a higher priority to
the wireless device currently being served by means of the non-licensed frequency
band than to the wireless device currently engaged in the initial random access
control procedure, the wireless device already being served by the network node
will not be dropped in case e.g. frequency resources are running low. The wireless
device engaged in the initial random access control procedure has not yet become
served by the network node. The two wireless devices may have the same, or
different, handling priority when it comes to e.g. subscription or quality of service,
QoS, but this priority is not regarded when it comes to prioritising between the
wireless device currently being served by means of the non-licensed frequency
and the wireless device currently engaged in the initial random access control

procedure.

13
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[00060] In an example where the wireless device currently engaged in the initial
random access control procedure has a higher handling or QoS priority than the
wireless device currently being served by means of the non-licensed frequency
band, the network node may actually instead prioritise the wireless device
currently engaged in the initial random access control procedure by assigning a
higher priority to the wireless device currently engaged in the initial random access
control procedure than the wireless device currently being served by means of the

non-licensed frequency band.

[00061] The method may further comprise identifying 160 a delay tolerant
wireless device being served in the licensed frequency band, and handing over

170 the delay tolerant wireless device to the non-licensed frequency band.

[00062] Different wireless device may be engaged in different services. Different
services may be more or less delay tolerant. Thus a wireless device being
engaged in a delay tolerant service may be referred to as a delay tolerant wireless
device. Similarly, a wireless device being engaged in a delay sensitive service
may be referred to as a delay sensitive wireless device. Since the communication
network is in control over the licensed frequency band but have less control, or is
out of control, over the non-licensed frequency band, it may be preferable to have
as many wireless devices as possible being served by means of the licensed
frequency band. However, if the resources of the licensed frequency band are
running low, then some wireless devices may need to be served by means of the
non-licensed frequency band. Since the communication network is in control over
the licensed frequency band, it is plausible that wireless devices being served by
means of the licensed frequency band may suffer less delay, or is more likely to
stay serviced and not dropped. Thus in order to increase the probability that the
delay sensitive wireless devices experience good or acceptable quality, they
should remain serviced by means of the licensed frequency band as much as
possible. Consequently, delay tolerant wireless devices may be handed over to
the non-licensed frequency band in order to ensure, or increase probability, that
delay sensitive wireless devices remain serviced by means of the licensed

frequency band. Thus, the network node identifies a delay tolerant wireless device

14
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being served in the licensed frequency band, and hands over the delay tolerant

wireless device to the non-licensed frequency band.

[00063] Embodiments herein also relate to a method performed by a wireless
device operative in a wireless communication network employing heterogeneous
frequency bands. Embodiments of such a method will now be described with
reference to figures 2a-2c. The wireless device is performing a random access

control procedure to become connected to a network node.

[00064] Figure 2a illustrates the method comprising: receiving 210 information
from the network node comprising parameters comprising information pertaining to
carrier frequency and band type, and selecting 230 a carrier of a frequency band

type offered by the network node to camp on based on the received information.

[00065] When the wireless device is performing the random access control
procedure to become connected to a network node, one task for the wireless
device is to select a carrier to use for subsequent use to engage in a service
provided by means of a wireless communication network of which the network
node is comprised. There may be a plurality of different parameters and/or factors
that form a basis by means of which different carriers are more or less suitable to
use for the service the wireless device will engage in. Thus, the wireless device
receives information from the network node about available and/or offered carrier
frequency and frequency band type. Based at least partially on the frequency band
type and carrier frequency available and/or offered by the network node, the
wireless device selects a carrier of a frequency band type offered by the network

node to camp on.

[00066] The method performed by the wireless device may have the same and/or
similar advantages as those of the method performed by the network node. One
possible advantage is that the wireless device may remain served by the network
node, or another network node, in the licensed frequency band in case the non-
licensed frequency band becomes unavailable. It may thus be possible to avoid
losing the connection with the wireless device which enhances user experience

and avoids resource demanding cell reselection procedure. . Another possible
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advantage is load balancing by configuring different fallback licensed carriers for
different wireless devices. In this way, situations where all the wireless devices will
access the same licensed which may incur congestion may be avoided. Still a

possible advantage is that QoS for different types of services may be guaranteed.

[00067] The method may further comprising determining 220 a Quality Of Service,
QoS, Class of a service the wireless device intends to engage in, wherein
selecting 230 the carrier of the frequency band type further is based on the

determined QoS.

[00068] As briefly described above, there may be a plurality of different
parameters and/or factors that form a basis by means of which different carriers
are more or less suitable to use for the service the wireless device will engage in.
The QoS class is an example of such a parameter and/or factor. The QoS class
may for example indicate that the service is delay tolerant or delay sensitive, which

may affect the suitability of the different frequency bands.

[00069] According to an embodiment, the wireless device is being served by the
network node by means of a carrier in the non-licensed frequency band, wherein
the method comprises determining 240 a fallback carrier in the licenced frequency
band.

[00070] The wireless device has in this embodiment become served by the
network node. In conjunction to becoming served or after having becoming served,
the wireless device determines a fallback carrier in the licensed frequency band.
The wireless device may determine the fallback carrier by receiving information
from the network node in different ways. As described above, the network node
may signal the fallback carrier by means of e.g. broadcasting MIBs on the BCH,
transmitting system information in SIBs on the DL-SCH and/or transmitting RRC
signalling to the wireless device. Thus, once the wireless device receives the
information about the fallback carrier, the wireless device can be said to determine

the fallback carrier.
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[00071] The method may further comprise determining 250 that the non-licensed
frequency band is becoming unavailable and accessing 260 the determined

fallback carrier.

[00072] At a point in time when the wireless device is being served by the
network node by means of a carrier in the non-licensed frequency band, the
wireless device determines that the non-licensed frequency band is becoming
unavailable. The determination may be done in different ways as will be
exemplified in more detail below. One example is illustrated in figure 1b, where the
LSA controller 1000 informs the network node about the fact that the non-licensed
frequency band is becoming unavailable. Upon determining that the non-licensed
frequency band is becoming unavailable, the wireless device accesses the
determined fallback carrier. In this manner, the wireless device avoids its
connection to the network node, by means of the carrier in the non-licensed
frequency band, is lost or dropped when the carrier in the non-licensed frequency

band becomes unavailable.

[00073] Determining 250 that the non-licensed frequency band is becoming
unavailable may comprise determining that a monitored pilot quality of the non-

licensed frequency band has fallen below a threshold.

[00074] This is another example of how to determine that the carrier in the non-
licensed frequency band is becoming unavailable. The wireless device may
measure pilot signals and/or reference signals transmitted from the network node.
The network node may transmit pilot signals and/or reference signals both in the
licensed and the non-licensed frequency band. By monitoring and/or measuring
the quality of pilot signals and/or reference signals transmitted by the network
node in the non-licensed frequency band, the wireless device may detect that the

quality falls below the threshold.

[00075] Determining 250 that the non-licensed frequency band is becoming
unavailable may comprise determining that the wireless device has not been

scheduled for a predetermined period of time.
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[00076] This is still a further example of how to determine that the carrier in the
non-licensed frequency band is becoming unavailable. When the wireless device
is being served by the network node by means of the carrier in the non-licensed
frequency band, the wireless device may both transmit and receive data.
Generally, a wireless device may not transmit data in uplink freely, but instead
requests a scheduling grant which tells the wireless device e.g. when the wireless
device may transmit data in uplink. It shall be pointed out that the wireless device
may not need to actively send requests for scheduling grants. The scheduling
grants may be sent to the wireless device from the network node without the

wireless device actively having to request them.

[00077] If the wireless device is not scheduled for a predetermined period of time,
i.e. does not receive a scheduling grant from the network node, the wireless
devices determines that the non-licensed frequency band is becoming unavailable

and hence accesses the determined fallback carrier.

[00078] Wireless communication network nodes (e.g. an eNB, radio base station
and wireless devices) initialising operation in heterogeneous frequency bands
should first be aware of the operating carrier's frequency band type. A network
node such as e.g. an eNB or a radio base station may check an Operation and
Maintenance, O&A, preconfigured database to know the exact band type. Wireless
devices may obtain such information in multiple ways as described above, e.g. by
predefinitions at manufacturing, cell-specific broadcast information, or UE-specific

RRC signalling, or even stored information in SIM cards.

[00079] For a wireless device served in non-licensed frequency bands, the
network node configures a fallback carrier, which may be a carrier in the licensed
frequency band or cell operating or providing carriers in the licensed frequency
band. The fallback carrier or cell may admit the fallback wireless device with
higher priority than an initial access wireless device with the traffic of same
handling priority. The network node may shift delay tolerant wireless device(s) to

non-licensed frequency band carriers.
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[00080] When a wireless device is aware that it is served by an unlicensed
frequency band carrier, the following procedures can be carried out to ensure the
user experience. (1) Fallback carrier procedure: the wireless device maintains one
or multiple several backup licensed carriers to enable fast cell reselection at
served carrier unavailable. (2) QoS-oriented cell selection/reselection: in practice,
different services require different QoS and the user experience impairment is
different at service interruption. As a solution, a wireless device with only delay-
tolerant service is ok to be served by unlicensed frequency band carrier while a
wireless device with delay-sensitive services is more preferred served by licensed
frequency band carrier. An alternative solution is to configure a larger offset for cell
selection/reselection to guarantee most of wireless devices can camp on licensed
frequency band carrier. (3) Adjustment for signalling: When wireless devices know
the operating carrier is non-licensed, they will enable the additional signalling
format on measurement, reporting procedure or power control (e.g. primary
detection measurement request); Otherwise, remain the legacy signalling

procedure.

[00081] The network node may know the band type (e.g. licensed or non-licensed)
according to a pre-configuration or acquire band type information via O&A pre-

configured database indicating that of each potential operating carrier.

[00082] A wireless device may be informed of the band type by one of the
following ways. (1) Predefined band type list on the wireless device side, e.g. a
mapping table between carrier frequency and band type stored information in the
wireless device or the Subscriber |dentity Module, SIM, card. (2) Cell-specific
information periodically broadcasted by the network node, e.g. MIB or SIB
information. For example, one more information element, |IE, cellCarrierType in
SIB1 may be added to indicate the carrier frequency band type of the network
node or cell. There may be a one to one mapping between cellCarrierType and
cellldentity. Here cellCarrierType may use ‘0’ as licensed and ‘1" as non-licensed.
(3) If there is no stored frequency band type information in the wireless device for
its serving network node, the wireless device may request the network node to

provide frequency band type information. Then the network node may send the
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information, e.g. through RRC signalling. Finally the wireless device may store the

information (carrier range and type).

[00083] Thus, for a wireless device served by non-licensed frequency band
carrier only, the wireless device may maintain one or multiple several configured
fallback carriers (licensed carrier preferred) to enable fast cell reselection when

served carrier (in non-licensed frequency band) is becoming unavailable.

[00084] As described above, wireless devices may be classified into two classes:
low QoS requirement (delay-tolerant) wireless device and high QoS requirement
(delay-sensitive) wireless device. The wireless devices may select a network node
or cell having the highest reference signal strength or lowest path loss. In this way,
a high QoS requirement (delay-sensitive) wireless device in some cases may

probably prefer camping on a carrier in the licensed frequency band.

[00085] Assume a wireless device is not aware of frequency band type and
selects a non-licensed one to camp on. When it becomes unavailable at some
time, the wireless device may have to spend time to perform inter-frequency cell
reselection, which includes re-doing a time-consuming frequency-searching
procedure. Thus, QoS of access initiated by those wireless devices cannot be
guaranteed. Thus, if it is a delay sensitive wireless device (meaning it can initiate
delay sensitive service), then (a) if there are only network nodes ( or cells)
providing non-licensed frequency band carriers found by the wireless device, just
select a carrier in the non-licensed frequency band to camp on, or (b) if there are
network nodes (or cells) providing carriers in licensed and shared frequency band
found by the wireless device, select the carrier in the licensed frequency band
having the best RSRQ/RSRQ to camp on. If it is a delay tolerant wireless device,
follow current cell selection/reselection rules. Alternatively, another example is to
configure a larger offset for cell selection/reselection to guarantee that most of the
wireless devices may camp on licensed frequency band carriers, i.e. the wireless
devices only select or reselect a non-licensed frequency band carrier to camp on

when the RSRP is much better than that in licensed frequency band carrier.

20



10

15

20

25

30

WO 2015/113226 PCT/CN2014/071703

[00086] When wireless devices find that a certain candidate operating carrier is in
the non-licensed frequency band, they may carry out proper adjustment on
signalling format on measurement, reporting procedure or power control. For
instance, the network node providing non-licensed band may need the assistance
of wireless devices to perform primary system sensing. The network nodes may
signal to the wireless devices to request necessary information from the wireless
devices and then the wireless devices may report measurements in different
format. This signalling is not needed when the network node is operating in
licensed band. It is only activated when the wireless devices are aware of that the

operating frequency band is a non-licensed one.

[00087] Embodiments herein also relate to a network node in a wireless
communication network employing heterogeneous frequency band types, the
network node being operative to serve wireless devices in a non-licensed
frequency band and in a licensed frequency band. The network node has the
same objects, technical features and advantages as the method performed by the
network node as described above. The network node will hence only be described
in brief with reference to figure 3 in order to avoid unnecessary repetition. The
network node is serving a wireless device in a non-licenced frequency band and is

illustrated in figure 3.

[00088] Figure 3 illustrates the network node 300 comprising a processor 321
and a memory 322, the memory comprising instructions which when executed by
the processor causes the network node 300 to configure a fallback carrier in the
licensed frequency band to the wireless device, wherein if the network node
determines that the wireless device should switch to the licensed frequency band,
the instructions in the memory causes, when executed by the processor, the

network node 300 to hand over the wireless device to the fallback carrier.

[00089] The network node has the same possible advantage as the method
performed by the network node. One possible advantage is that the wireless
device may remain served by the network node, or another network node, in the

licensed frequency band in case the non-licensed frequency band becomes
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unavailable. It may thus be possible to avoid losing the connection with the
wireless device which enhances user experience and avoids resource demanding
cell reselection procedure. Another possible advantage is load balancing by
configuring different fallback licensed carriers for different wireless devices. In this
way, situations where all the wireless devices will access the same licensed which
may incur congestion may be avoided. Still a possible advantage is that QoS for

different types of services may be guaranteed.

[00090] According to an embodiment, the memory 322 further comprises
instructions which when executed by the processor 321 causes the network node

300 to inform the wireless device about the configured fallback carrier.

[00091] According to yet an embodiment, the fallback carrier is a predefined

primary carrier.

[00092] According to still an embodiment, the memory 322 further comprises
instructions which when executed by the processor 321 causes the network node
300 to receive, from the wireless device, a request for frequency band type of a
carrier by means of which the wireless device is connected to the network node,

and to inform the wireless device of the frequency band type of the carrier.

[00093] According to another embodiment, the memory 322 further comprises
instructions which when executed by the processor 321 causes the network node
300 to determine parameters comprising information pertaining to carrier
frequency and band type supported by the network node, and to signal the

determined parameters to wireless devices currently camping on the network node.

[00094] According to an embodiment, signalling the determined parameters to
the wireless devices currently camping on the network node comprises
broadcasting the determined parameters in a Master Information Block, MIB
and/or transmitting the determined parameters in a System Information Block, SIB,

the parameters.

[00095] According to yet an embodiment, the memory 322 further comprises

instructions which when executed by the processor 321 causes the network node
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300 to assign a first priority of the served wireless device in the non-licensed
frequency band, the first priority being higher than a second priority assigned to a
second wireless device engaged in an initial random access control procedure,
wherein if the non-licensed frequency band becomes unavailable, the served
wireless device is prioritised before the second wireless device with regards to the

configured fallback carrier.

[00096] According to still an embodiment, the memory 322 further comprises
instructions which when executed by the processor 321 causes the network node
300 to identify a delay tolerant wireless device being served in the licensed
frequency band, and to hand over the delay tolerant wireless device to the non-

licensed frequency band.

[00097] Embodiments herein also relate to a wireless device operative in a
wireless communication network employing heterogeneous frequency bands, the
wireless device performing a random access control procedure to become
connected to a network node. The wireless device has the same objects, technical
features and advantages as the method performed by the wireless device as
described above. The wireless device will hence only be described in brief with
reference to figure 4 in order to avoid unnecessary repetition. The wireless device
400 is illustrated in figure 4 comprising a processor 421 and a memory 422, the
memory comprising instructions which when executed by the processor causes
the wireless device 400 to receive information from the network node comprising
parameters comprising information pertaining to carrier frequency and band type,
and to select a carrier of a frequency band type offered by the network node to

camp on based on the received information.

[00098] The wireless device has the same possible advantage as the method
performed by the wireless device. One possible advantage is that the wireless
device may remain served by the network node, or another network node, in the
licensed frequency band in case the non-licensed frequency band becomes
unavailable. It may thus be possible to avoid losing the connection with the

wireless device which enhances user experience and avoids resource demanding
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cell reselection procedure. Another possible advantage is load balancing by
configuring different fallback licensed carriers for different wireless devices. In this
way, situations where all the wireless devices will access the same licensed which
may incur congestion may be avoided. Still a possible advantage is that QoS for

different types of services may be guaranteed.

[00099] According to an embodiment, the memory 422 further comprises
instructions which when executed by the processor 421 causes the wireless
device 400 to determine a QoS Class of a service the wireless device intends to
engage in, wherein selecting the carrier of the frequency band type further is

based on the determined QoS class.

[000100] According to still an embodiment, the wireless device is being served by
the network node by means of a carrier in the non-licensed frequency band,
wherein the memory 422 further comprises instructions which when executed by
the processor 421 causes the wireless device 400 to determine a fallback carrier

in the licenced frequency band.

[000101] According to yet an embodiment, the memory 422 further comprises
instructions which when executed by the processor 421 causes the wireless
device 400 to determine that the non-licensed frequency band is becoming

unavailable and to access the determined fallback carrier.

[000102] According to another embodiment, determining that the non-licensed
frequency band is becoming unavailable comprises determining that a monitored

pilot quality of the non-licensed frequency band has fallen below a threshold.

[000103] According to yet an embodiment, determining that the non-licensed
frequency band is becoming unavailable comprises determining that the wireless

device has not been scheduled for a predetermined period of time.

[000104] Embodiments herein also relate to a network node in a wireless
communication network employing heterogeneous frequency band types, the

network node being operative to serve wireless devices in a non-licensed
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frequency band and in a licensed frequency band, the network node serving a

wireless device in a non-licenced frequency band.

[000105] The network node has the same objects, technical features and
advantages as the network node and the method performed by the network node
as described above. The network node will hence only be described in brief with

reference to figure 5 in order to avoid unnecessary repetition.

[000106] The network node 500 is illustrated in figure 5 comprising a configuring
unit 503 for configuring a fallback carrier in the licensed frequency band to the

wireless device, wherein if the network node determines that the wireless device
should switch to the licensed frequency band, the network node 500 comprises a

handing over unit 504 for handing over the wireless device to the fallback carrier.

[000107] The network node has the same possible advantage as the method
performed by the network node. One possible advantage is that the wireless
device may remain served by the network node, or another network node, in the
licensed frequency band in case the non-licensed frequency band becomes
unavailable. It may thus be possible to avoid losing the connection with the
wireless device which enhances user experience and avoids resource demanding
cell reselection procedure. Another possible advantage is load balancing by
configuring different fallback licensed carriers for different wireless devices. In this
way, situations where all the wireless devices will access the same licensed which
may incur congestion may be avoided. Still a possible advantage is that QoS for

different types of services may be guaranteed.

[000108] Embodiments herein also relate to a wireless device operative in a
wireless communication network employing heterogeneous frequency bands, the
wireless device performing a random access control procedure to become

connected to a network node.

[000109] The wireless device has the same objects, technical features and

advantages as the wireless device and the method performed by the wireless
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device as described above. The wireless device will hence only be described in

brief with reference to figure 6 in order to avoid unnecessary repetition.

[000110] The wireless device 600 is illustrated in figure 6 comprising a receiving
unit 603 for receiving information from the network node comprising parameters
comprising information pertaining to carrier frequency and band type, and a

selecting unit 604 for selecting a carrier of a frequency band type offered by the

network node to camp on based on the received information.

[000111] The wireless device has the same possible advantage as the method
performed by the wireless device. One possible advantage is that the wireless
device may remain served by the network node, or another network node, in the
licensed frequency band in case the non-licensed frequency band becomes
unavailable. It may thus be possible to avoid losing the connection with the
wireless device which enhances user experience and avoids resource demanding
cell reselection procedure. Another possible advantage is load balancing by
configuring different fallback licensed carriers for different wireless devices. In this
way, situations where all the wireless devices will access the same licensed which
may incur congestion may be avoided. Still a possible advantage is that QoS for

different types of services may be guaranteed.

[000112] In figure 5, the network node 500 is also illustrated comprising a
communication unit 501. Through this unit, the network node 500 is adapted to
communicate with other nodes and/or entities in the wireless communication
network. The communication unit 501 may comprise more than one receiving
arrangement. For example, the communication unit 501 may be connected to both
a wire and an antenna, by means of which the network node 500 is enabled to
communicate with other nodes and/or entities in the wireless communication
network. Similarly, the communication unit 501 may comprise more than one
transmitting arrangement, which in turn are connected to both a wire and an
antenna, by means of which the network node 500 is enabled to communicate with
other nodes and/or entities in the wireless communication network. The network

node 500 further comprises a memory 502 for storing data. Further, the network
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node 500 may comprise a control or processing unit (not shown) which in turns is
connected to the different units 503-504. It shall be pointed out that this is merely
an illustrative example and the network node 500 may comprise more, less or

other units or modules which execute the functions of the network node.

[000113] It should be noted that figure 5 merely illustrates various functional units
in the network node 500 in a logical sense. The functions in practice may be
implemented using any suitable software and hardware means/circuits etc. Thus,
the embodiments are generally not limited to the shown structures of the network
node 500 and the functional units. Hence, the previously described exemplary
embodiments may be realised in many ways. For example, one embodiment
includes a computer-readable medium having instructions stored thereon that are
executable by the control or processing unit for executing the method steps in the
network node 500. The instructions executable by the computing system and
stored on the computer-readable medium perform the method steps of the network

node 500 as set forth in the claims.

[000114] In figure 6, the wireless device 600 is also illustrated comprising a
communication unit 601. Through this unit, the wireless device 600 is adapted to
communicate with other nodes and/or entities in the wireless communication
network. The communication unit 601 may comprise more than one receiving
arrangement. For example, the communication unit 601 may be connected to both
a wire and an antenna, by means of which the wireless device 600 is enabled to
communicate with other nodes and/or entities in the wireless communication
network. Similarly, the communication unit 601 may comprise more than one
transmitting arrangement, which in turn are connected to both a wire and an
antenna, by means of which the wireless device 600 is enabled to communicate
with other nodes and/or entities in the wireless communication network. The
wireless device 600 further comprises a memory 602 for storing data. Further, the
wireless device 600 may comprise a control or processing unit (not shown) which
in turn is connected to the different units 603-604. It shall be pointed out that this is

merely an illustrative example and the wireless device 600 may comprise more,
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less or other units or modules which execute the functions of the wireless device
600.

[000115] It should be noted that figure 6 merely illustrates various functional units
in the wireless device 600 in a logical sense. The functions in practice may be
implemented using any suitable software and hardware means/circuits etc. Thus,
the embodiments are generally not limited to the shown structures of the wireless
device 600 and the functional units. Hence, the previously described exemplary
embodiments may be realised in many ways. For example, one embodiment
includes a computer-readable medium having instructions stored thereon that are
executable by the control or processing unit for executing the method steps in the
wireless device 600. The instructions executable by the computing system and
stored on the computer-readable medium perform the method steps of the

wireless device 600 as set forth in the claims.

[000116] Figure 7 schematically shows an embodiment of an arrangement in a
network node 700. Comprised in the arrangement in the network node 700 are
here a processing unit 706, e.g. with a DSP (Digital Signal Processor). The
processing unit 706 may be a single unit or a plurality of units to perform different
actions of procedures described herein. The arrangement in the network node 700
may also comprise an input unit 702 for receiving signals from other entities, and
an output unit 704 for providing signal(s) to other entities. The input unit and the
output unit may be arranged as an integrated entity as illustrated in the example of

figure 5 and the communication unit 501.

[000117] Furthermore, the arrangement in the network node 700 comprises at
least one computer program product 708 in the form of a non-volatile memory, e.g.
an EEPROM (Electrically Erasable Programmable Read-Only Memory), a flash
memory and a hard drive. The computer program product 708 comprises a
computer program 710, which comprises code means, which when executed in
the processing unit 706 in the arrangement in the network node 700 causes the
network node to perform the actions e.g. of the procedure described earlier in

conjunction with figures 1a-1f.
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[000118] The computer program 710 may be configured as a computer program
code structured in computer program modules 710a-710e. Hence, in an
exemplifying embodiment, the code means in the computer program of the
arrangement in the network node 700 comprises a configuring unit, or module, for
configuring a fallback carrier in the licensed frequency band to the wireless device,
wherein if the network node determines that the wireless device should switch to
the licensed frequency band. The computer program further comprises a hand-

over unit, or module, for handing over the wireless device to the fallback carrier.

[000119] The computer program modules could essentially perform the actions of
the flow illustrated in figures 1a-1f, to emulate the network node 500. In other
words, when the different computer program modules are executed in the

processing unit 706, they may correspond to the units 503-504 of figure 5.

[000120] Figure 8 schematically shows an embodiment of an arrangement in a UE.
Comprised in the arrangement in the wireless device 800 are here a processing
unit 806, e.g. with a DSP (Digital Signal Processor). The processing unit 806 may
be a single unit or a plurality of units to perform different actions of procedures
described herein. The arrangement in the wireless device 800 may also comprise
an input unit 802 for receiving signals from other entities, and an output unit 804
for providing signal(s) to other entities. The input unit and the output unit may be
arranged as an integrated entity as illustrated in the example of figure 6 and the

communication unit 601.

[000121] Furthermore, the arrangement in the wireless device 800 comprises at
least one computer program product 808 in the form of a non-volatile memory, e.g.
an EEPROM (Electrically Erasable Programmable Read-Only Memory), a flash
memory and a hard drive. The computer program product 808 comprises a
computer program 810, which comprises code means, which when executed in
the processing unit 806 in the arrangement in the wireless device 800 causes the
arrangement in the wireless device 800 to perform the actions e.g. of the

procedure described earlier in conjunction with figures 2a-2c.
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[000122] The computer program 810 may be configured as a computer program
code structured in computer program modules 810a-810e. Hence, in an
exemplifying embodiment, the code means in the computer program of the
arrangement in the wireless device 800 comprises a receiving unit, or module, for
receiving information from the network node comprising parameters comprising
information pertaining to carrier frequency and band type. The computer program
further comprises a selecting unit, or module, for selecting a carrier of a frequency
band type offered by the network node to camp on based on the received

information.

[000123] The computer program modules could essentially perform the actions of
the flow illustrated in figures 2a-2c, to emulate the wireless device 600. In other
words, when the different computer program modules are executed in the

processing unit 806, they may correspond to the units 603-604 of figure 6.

[000124] Although the code means in the respective embodiments disclosed
above in conjunction with figures 5 and 6 are implemented as computer program
modules which when executed in the respective processing unit causes the
network node and the wireless device respectively to perform the actions
described above in the conjunction with figures mentioned above, at least one of
the code means may in alternative embodiments be implemented at least partly as

hardware circuits.

[000125] The processor may be a single CPU (Central processing unit), but could
also comprise two or more processing units. For example, the processor may
include general purpose microprocessors; instruction set processors and/or
related chips sets and/or special purpose microprocessors such as ASICs
(Application Specific Integrated Circuit). The processor may also comprise board
memory for caching purposes. The computer program may be carried by a
computer program product connected to the processor. The computer program
product may comprise a computer readable medium on which the computer
program is stored. For example, the computer program product may be a flash

memory, a RAM (Random-access memory) ROM (Read-Only Memory) or an
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EEPROM, and the computer program modules described above could in
alternative embodiments be distributed on different computer program products in

the form of memories within the network node and the wireless respectively.

[000126] It is to be understood that the choice of interacting units, as well as the
naming of the units within this disclosure are only for exemplifying purpose, and
nodes suitable to execute any of the methods described above may be configured
in a plurality of alternative ways in order to be able to execute the suggested

procedure actions.

[000127] It should also be noted that the units described in this disclosure are to

be regarded as logical entities and not with necessity as separate physical entities.

[000128] While the embodiments have been described in terms of several
embodiments, it is contemplated that alternatives, modifications, permutations and
equivalents thereof will become apparent upon reading of the specifications and
study of the drawings. It is therefore intended that the following appended claims
include such alternatives, modifications, permutations and equivalents as fall

within the scope of the embodiments and defined by the pending claims.
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WHAT IS CLAIMED IS:

1. A method (100) performed by a network node in a wireless
communication network employing heterogeneous frequency band types, the
network node being operative to serve wireless devices in a non-licensed
frequency band and in a licensed frequency band, the network node serving a
wireless device in a non-licenced frequency band, the method comprising:
configuring (110) a fallback carrier in the licensed frequency band to the wireless
device, wherein if the network node determines that the wireless device should
switch to the licensed frequency band, handing over (130) the wireless device to

the fallback carrier.

2. A method (100) according to claim 1, further comprising informing (120)

the wireless device about the configured fallback carrier.

3. A method (100) according to claim 1 or 2, wherein the fallback carrier is a

predefined primary carrier.

4. A method (100) according to any of claims 1-3, further comprising

receiving (115), from the wireless device, a request for frequency band type of a
carrier by means of which the wireless device is connected to the network node,
wherein the method further comprises informing (116) the wireless device of the

frequency band type of the carrier.

5. A method (100) according to any of claims 1-4, further comprising
determining (101) parameters comprising information pertaining to carrier
frequency and band type supported by the network node, and signalling (102) the

determined parameters to wireless devices currently camping on the network node.

6. A method (100) according to claim 5, wherein signalling (102) the
determined parameters to the wireless devices currently camping on the network

node comprises broadcasting the determined parameters in a Master Information
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Block, MIB and/or transmitting the determined parameters in a System Information

Block, SIB, the parameters.

7. A method (100) according to any of claims 1-6, further comprising
assigning (103) a first priority of the served wireless device in the non-licensed
frequency band, the first priority being higher than a second priority assigned to a
second wireless device engaged in an initial random access control procedure,
wherein if the non-licensed frequency band becomes unavailable, the served
wireless device is prioritised before the second wireless device with regards to the

configured fallback carrier.

8. A method (100) according to any of claims 1-7, further comprising
identifying (160) a delay tolerant wireless device being served in the licensed
frequency band, and handing over (170) the delay tolerant wireless device to the

non-licensed frequency band.

9. A method (200) performed by a wireless device operative in a wireless
communication network employing heterogeneous frequency bands, the wireless
device performing a random access control procedure to become connected to a
network node, the method comprising receiving (210) information from the network
node comprising parameters comprising information pertaining to carrier frequency
and band type, and selecting (230) a carrier of a frequency band type offered by

the network node to camp on based on the received information.

10. A method according to claim 9, further comprising determining (220) a
Quality Of Service, QoS, Class of a service the wireless device intends to engage
in, wherein selecting (230) the carrier of the frequency band type further is based

on the determined QoS.

11. A method (200) according to claim 9 or 10, the wireless device being
served by the network node by means of a carrier in the non-licensed frequency
band, the method comprising determining (240) a fallback carrier in the licenced

frequency band.
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12. A method (200) according to claim 11, further comprising determining
(250) that the non-licensed frequency band is becoming unavailable and

accessing (260) the determined fallback carrier.

13. A method (200) according to claim 12, wherein determining (250) that the
non-licensed frequency band is becoming unavailable comprises determining that
a monitored pilot quality of the non-licensed frequency band has fallen below a
threshold.

14. A method (200) according to claim 12, wherein determining (250) that the
non-licensed frequency band is becoming unavailable comprises determining that

the wireless device has not been scheduled for a predetermined period of time.

15. A network node (300) node in a wireless communication network
employing heterogeneous frequency band types, the network node being
operative to serve wireless devices in a non-licensed frequency band and in a
licensed frequency band, the network node serving a wireless device in a non-
licenced frequency band, the network node (300) comprising a processor (321)
and a memory (322), the memory comprising instructions which when executed by
the processor causes the network node (300) to configure a fallback carrier in the
licensed frequency band to the wireless device, wherein if the network node
determines that the wireless device should switch to the licensed frequency band,
the instructions in the memory causes, when executed by the processor, the

network node (300) to hand over the wireless device to the fallback carrier.

16. A network node (300) according to claim 15, wherein the memory (322)
further comprises instructions which when executed by the processor (321)
causes the network node (300) to inform the wireless device about the configured

fallback carrier.

17. A network node (300) according to claim 15 or 16, wherein the fallback

carrier is a predefined primary carrier.

18. A network node (300) according to any of claims 15-17, wherein the

memory (322) further comprises instructions which when executed by the
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processor (321) causes the network node (300) to receive, from the wireless
device, a request for frequency band type of a carrier by means of which the
wireless device is connected to the network node, and to inform the wireless

device of the frequency band type of the carrier.

19. A network node (300) according to any of claims 15-18, wherein the
memory (322) further comprises instructions which when executed by the
processor (321) causes the network node (300) to determine parameters
comprising information pertaining to carrier frequency and band type supported by
the network node, and to signal the determined parameters to wireless devices

currently camping on the network node.

20. A network node (300) according to claim 19, wherein signalling the
determined parameters to the wireless devices currently camping on the network
node comprises broadcasting the determined parameters in a Master Information
Block, MIB and/or transmitting the determined parameters in a System Information

Block, SIB, the parameters.

21. A network node (300) according to any of claims 15-20, wherein the
memory (322) further comprises instructions which when executed by the
processor (321) causes the network node (300) to assign a first priority of the
served wireless device in the non-licensed frequency band, the first priority being
higher than a second priority assigned to a second wireless device engaged in an
initial random access control procedure, wherein if the non-licensed frequency
band becomes unavailable, the served wireless device is prioritised before the

second wireless device with regards to the configured fallback carrier.

22. A network node (300) according to any of claims 15-21, wherein the
memory (322) further comprises instructions which when executed by the
processor (321) causes the network node (300) to identify a delay tolerant wireless
device being served in the licensed frequency band, and to hand over the delay

tolerant wireless device to the non-licensed frequency band.
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23. A wireless device (400) operative in a wireless communication network
employing heterogeneous frequency bands, the wireless device performing a
random access control procedure to become connected to a network node, the
wireless device (400) comprising a processor (421) and a memory (422), the
memory comprising instructions which when executed by the processor causes
the wireless device (400) to receive information from the network node comprising
parameters comprising information pertaining to carrier frequency and band type,
and to select a carrier of a frequency band type offered by the network node to

camp on based on the received information.

24. A wireless device (400) according to claim 23, wherein the memory (422)
further comprises instructions which when executed by the processor (421)

causes the wireless device (400) to determine a Quality Of Service, QoS, Class of
a service the wireless device intends to engage in, wherein selecting the carrier of

the frequency band type further is based on the determined QoS.

25. A wireless device (400) according to claim 23 or 24, the wireless device
being served by the network node by means of a carrier in the non-licensed
frequency band, wherein the memory (422) further comprises instructions which
when executed by the processor (421) causes the wireless device (400) to

determine a fallback carrier in the licenced frequency band.

26. A wireless device (400) according to claim 25, wherein the memory (422)
further comprises instructions which when executed by the processor (421)
causes the wireless device (400) to determine that the non-licensed frequency

band is becoming unavailable and to access the determined fallback carrier.

27. A wireless device (400) according to claim 26, wherein determining that
the non-licensed frequency band is becoming unavailable comprises determining
that a monitored pilot quality of the non-licensed frequency band has fallen below
a threshold.

28. A wireless device (400) according to claim 26, wherein determining that

the non-licensed frequency band is becoming unavailable comprises determining
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that the wireless device has not been scheduled for a predetermined period of

time.

29. A network node (500) in a wireless communication network employing
heterogeneous frequency band types, the network node being operative to serve
wireless devices in a non-licensed frequency band and in a licensed frequency
band, the network node serving a wireless device in a non-licenced frequency
band, the network node (500) comprising a configuring unit (503) for configuring a
fallback carrier in the licensed frequency band to the wireless device, wherein if
the network node determines that the wireless device should switch to the licensed
frequency band, the network node (500) comprises a handing over unit (504) for

handing over the wireless device to the fallback carrier.

30. A wireless device (600) operative in a wireless communication network
employing heterogeneous frequency bands, the wireless device performing a
random access control procedure to become connected to a network node, the
wireless device (600) comprising a receiving unit (603) for receiving information
from the network node comprising parameters comprising information pertaining to
carrier frequency and band type, and a selecting unit (604) for selecting a carrier
of a frequency band type offered by the network node to camp on based on the

received information.

31. A Computer program (710), comprising computer readable code means,
which when run in a processing unit (706) comprised in an arrangement in a
network node (700) according to claims 15-22 causes the network node (700) to

perform the corresponding method according to claims 1-8.

32. A Computer program product (708) comprising computer program (710)

according to claim 31.

33. A Computer program (810), comprising computer readable code means,
which when run in a processing unit (806) comprised in an arrangement in a
wireless device (800) according to claims 23-28 causes the wireless device (800)

to perform the corresponding method according to claims 9-14.
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34. A Computer program product (808) comprising computer program (810)

according to claim 33.

38



WO 2015/113226 PCT/CN2014/071703

100 —, 0
/

Configuring fallback carrier in licensed frequency
band to the wireless device

A

Wireless device swiich
fo licensed band?

l Yes /‘130

Handing over wireless device fo configured fallback carrier

Fig. 1a

100
T From 102, 103, 110 or 116,

l /?20

informing wireless device about configured fallback carrier

lTo 101, 103, 115, or 129

Fig. 1¢c

1/8



WO 2015/113226 PCT/CN2014/071703

1000
[ tsa |

eomste ]\

Low power network node
Non-licensed frequency band

Low power network node

Non-licensed frequency band
Macro network node

\\ Licensed frequency band

Fig. 1b

2/8



WO 2015/113226 PCT/CN2014/071703

100 —, lFrom 102, 103, 110 or 120 I’HS

Receiving request from wireless device for frequency band type of carrier

l Ve 116

Informing wireless device about frequency band type of carrier

lTo 101, 103, 110 or 129
Fig. 1d

100
T LFrom 103, 116, 110 or 120

Ve 101
Determining parameters comprising information pertaining to
carrier frequency and band type supported by the network node

l e

Signalling determined parameters to wireless devices

lTo 103, 110, 115, 120 or 129

Fig. le

3/8



WO 2015/113226 PCT/CN2014/071703

100 ~— From 102, 110, 116 or 120

103
e

Assigning first priority to wireless device in non-licensed frequency band

lTo 101, 110, 115, 120, or 129

Fig. 1f

200 —_
210
Ve

Receiving information comprising parameters pertaining to
carrier frequency and band type from network node

230
I S

Selecting carrier of frequency band coffered by network
node based on received information

Fig. 2a

4/8



WO 2015/113226

200 ~—,
. From 210
220
l S

Determining QoS class of service
wireless device intends to engage in

230
! S

Selecting carrier of frequency band offered by network node
based on received information and on determined QoS

Fig. 2b

200
T l From 230

240
Ve

Determining fallback carrier in licensed frequency band

L /250

PCT/CN2014/071703

Determining non-licensed frequency band becoming unavailable

l Ve 260

Accessing determined fallback carrier

Fig. 2¢

5/8



WO 2015/113226

330 Communication unit

F:N
| e Nemory
| | 321 Processor n K _____ .
’ | 310
Z §;2;2; Memﬁry ’ Eb
323 Computer
! program
R F__‘I_ v _ ,
300 Network Node ' 340 Further :

functionality E

______________________

____________________________________

421 Processor

422 Memory

%
¥

o

fa—

o

423 Computer
program

400 Wireless device

Iy
v

PCT/CN2014/071703

Fig. 3

Fig. 4



WO 2015/113226 PCT/CN2014/071703

500 Network  + 501
Node Communication unit

503 Configuring unit

504 Handover unit

509 Further
| functionality
Fig. 5
600 Wireless | 601
Device  Communication unit !
603 Receiving unit ll\/lcnory |
604 Selecting unit 502
609 Further |
- functionality
"""""""""""" ' Fig. 6

7/8



WO 2015/113226 PCT/CN2014/071703
700
702 —
Input 708
—i Computer 710
rog.prod
; 706 prog.p ggg?;u;er
%put Processing
unit 7103
710b
710¢
710d
710e
700 Arrangement in ,
network node Fig. 7
800
802 —
Input 808
—‘ Computer 810
rog.prod C i
; 806 prog.p ; r%ggn er
% ot | Processing
P unit 810a <
810b
810c
810d
810e
@ Arraﬂgemeni in Fig. 8
wireless device

8/8



INTERNATIONAL SEARCH REPORT

International application No.
PCT/CN2014/071703

A. CLASSIFICATION OF SUBJECT MATTER

HO4W 72/04(2009.01)i; HO4W 16/14(2009.01)i; HO4L 27/26(2006.01)i; HO04W 88/06(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4W

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPLEPODOC,CNPAT: network,node,base,nb,wireless,frequency,carrier,band,license,hand over,switch

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y CN 103430606 A (INTEL CORPORATION) 04 December 2013 (2013-12-04) 1-34
paragraphs [0007]-[0080] and figures 1-6
Y CN 101686534 A (HUAWEI TECHNOLOGIES CO., LTD) 31 March 2010 (2010-03-31) 1-34
claim | and description page 7
Y CN 101371511 A (QUALCOMM FLARION TECHNOLOGIES, INC) 18 February 2009 1-34
(2009-02-18)
paragraphs [0042]-[0043], [0060]-[0066] and figuresl, 2, 7, 20A, 20B
Y WO 2012028254 Al (ALCATEL LUCENT) 08 March 2012 (2012-03-08) 1-34
description pages 7-14 and figures 1-9
A CN 103168491 A (TELEFONAKTIEBOLAGET L M ERICSSONPUBL) 19 June 2013 1-34
(2013-06-19)
the whole document
A CN 101772087 A (ZTE CORPORATION) 07 July 2010 (2010-07-07) 1-34
the whole document

D Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

. document defining the general state of the art which is not considered

A to be of particular relevance

«p earlier application or patent but published on or after the international
filing date

“r document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“« document referring to an oral disclosure, use, exhibition or other
means

pr document published prior to the international filing date but later than

the priority date claimed

wp later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

X

wy”

document member of the same patent family

“&”

Date of the actual completion of the international search

Date of mailing of the international search report

6,Xitucheng Rd., Jimen Bridge, Haidian District, Beijing
100088 China

Facsimile No. (86-10)62019451

11 October 2014 27 October 2014
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA(ISA/CN) SHEN,Minjie

Telephone No. (86-10)62413417

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2014/071703
. Pat&.ant document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 103430606 A 04 December 2013 us 2014051485 Al 20 February 2014
EP 2684410 Al 15 January 2014
EP 2684408 Al 15 January 2014
CN 103703385 A 02 April 2014
WO 2012121751 Al 13 September 2012
WO 2012121784 A2 13 September 2012
[N 2014043979 Al 13 February 2014
JpP 2014511646 A 15 May 2014
EpP 2684068 A2 15 January 2014
us 2013265984 Al 10 October 2013
CN 103430605 A 04 December 2013
WO 2012121774 A2 13 September 2012
WO 2012121757 Al 13 September 2012
us 2013336224 Al 19 December 2013
KR 20130123430 A 12 November 2013
EpP 2684322 A2 15 January 2014
CN 103430490 A 04 December 2013
CN 101686534 A 31 March 2010 WO 2010037325 Al 08 April 2010
us 2011170508 Al 14 July 2011
CN 101371511 A 18 February 2009 WO 2007082256 Al 19 July 2007
EpP 1974503 Al 01 October 2008
IND ELNP200805656 E 26 September 2008
Jp 2009523388 A 18 June 2009
KR 20080092437 A 15 October 2008
KR 20100122125 A 19 November 2010
EpP 2337422 Al 22 June 2011
WO 2012028254 Al 08 March 2012 Ep 2426974 Al 07 March 2012
CN 103210677 A 17 July 2013
us 2013225179 Al 29 August 2013
CN 103168491 A 19 June 2013 EpP 2609772 Al 03 July 2013
us 2013155991 Al 20 June 2013
WO 2012026857 Al 01 March 2012
CN 101772087 A 07 July 2010 WO 2010124503 Al 04 November 2010

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - wo-search-report
	Page 49 - wo-search-report

