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DESCRIPTION

Technical Field

[0001] The invention relates to a protection system configured for switching between backhaul
technologies for upholding a communication in a wireless backhaul network.

Background

[0002] It is likely that a wireless backhaul system for small cells operates in a non-line-of-sight
(NLOS) environment. Conventionally, most wireless backhaul systems are designed for
microwave communications in a line-of-sight (LOS) environment which guarantees a high
availability of a desired data rate over a communication link or link, respectively. LOS operation
also guarantees an extremely low outage probability, i.e. the link is in principle never in outage
which is important when designing wireless backhaul systems that transport user data and
control data traffic between radio base stations (RBSs).

[0003] It is desirable that a wireless backhaul system operating in NLOS should also guarantee
a high availability and thus a very low outage probability. It is however difficult to achieve this
when using microwave frequencies, for instance microwave frequencies larger than 10 GHz,
for backhauling in NLOS. Nowadays a general consensus within the wireless industry is that
the capacity offered in existing cellular radio access networks based on macro cells cannot fulfil
the requirements for future mobile broadband services unless a capacity boost is achieved at
specific locations, such as at hotspots, cell edges and indoor locations. One approach to
increase the capacity at these locations is to deploy low power radio base stations, such as
pico RBSs, covering smaller cells within the macro cell coverage area in a heterogeneous
network. Assuming that each macro cell is supported by a few small cells, the number of cells
in the network and thus the required number of mobile backhaul (MBH) links will increase
dramatically. Due to its small coverage area it will be important that the small cell pico RBS is
arranged in a correct location, not limited by the availability of a broadband connection for
MBH. Further, the pico RBS will in many cases be placed or arranged below rooftop level of a
building, preventing a clear LOS between the pico RBS and an aggregation node that is co-
located with a macro RBS above rooftop. Typically, the macro RBS is arranged on a rooftop of
a building. The macro RBS is characterized by a large coverage area, by high power and
directional antennas. The pico RBS is typically arranged up to 6 meters above street level, for
instance on a building wall, dependent on the desired application and environment. In an
NLOS environment communication via a backhaul channel is primarily based on diffraction
and/or reflection. Traditional MBH technologies, such as copper, optical fiber or LOS
microwave links, may not always fit to such a heterogeneous backhaul scenario and thus they
need to be complemented by low cost wireless NLOS MBH links. NLOS propagation has
traditionally been proposed only for carrier frequencies below 6 GHz. However, wideband
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spectrum on these frequencies is a scarce resource and if made available it becomes
attractive to utilize this spectrum for mobile broadband services in a radio access network
(RAN).

[0004] Traditional fixed service LOS microwave point-to-point (PtP) links operate in licensed
frequency bands between 6 GHz and 42 GHz on channel bandwidths ranging from 3.5 MHz up
to 112 MHz. Due to the nature of the traffic carried by the MBH, traditional PtP LOS links are
required to have an extremely high availability. However, if a small cell is within the coverage
area of a macro cell in a heterogeneous deployment, an extremely high availability
requirement on the small cell backhaul can be debated. The requirement for a small cell MBH
is becoming an increasingly important topic that is discussed within the industry and it is driven
by the evolution towards flexible and cost effective heterogeneous deployments.

[0005] Over the last few years there has been an increased interest for the higher frequency
bands for MBH applications, in particular for the 60 GHz band comprising a 9 GHz of
bandwidth between 57 to 66 GHz and for the 70/80 GHz band comprising a total of 10 GHz
bandwidth between 71 to 86 GHz. Compared to the 56 and 112 MHz channels available for
traditional microwave links, the bandwidths offered in these bands are large which makes them
attractive. Parts of the 60 GHz band is license free spectrum which means that anyone can
deploy systems within that band as long as the equipment complies with predefined
regulations. Nevertheless, this frequency is particularly interesting for small cell MBH
applications since the excess oxygen loss at this band may attenuate interference from
neighbouring links enabling efficient frequency reuse.

[0006] In cellular communications a mobile user is associated or connected to a cell. The
choice of a cell is usually based on being connected to the, in some sense, best cell for the
particular user. Due to mobility of a user, the user might experience another cell as an
alternative connection. If needed, the system may handover the user to another cell
Conventionally, handovers are based on measurements on the access links from different cells
or base stations.

[0007] A microwave-based wireless backhaul system operating in NLOS will have problems
with guaranteeing a high availability and low outage probability due to a number of issues
related to microwave propagation in urban NLOS. Some typical disadvantages and problems
are described in the following: Weather effects, such as rain and snow, will change the
diffraction properties; non-existing penetration of obstacles since high-frequency radio waves
rely mostly on reflections and diffractions; trees and other objects may move in the wind;
temporary obstacles, for instance tall vehicles passing close to the small cell RBS mounted at
or just above street level; long-term changes in the urban topology, for instance new buildings,
commercial billboard signs and so on; unexpected multipath propagation due to strong
reflections; and high gain antennas, i.e. pencil beam antennas, that become misaligned due to
weather effects or vandalism.

[0008] There is a need to provide high gain antennas for compensating for the high path loss
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associated with high frequencies in an NLOS environment. If the backhaul to/from a particular
access point fails or is lost, the users connected to that particular access point could ideally do
a handover to another access point with a functioning backhaul. However, a failed backhaul
connection means that the network has lost all of its communication to/from that access point
which makes it impossible for the access point to request such a handover of its users.

[0009] Instead, this handover has to be requested by the users themselves which might mean
that many users have to quickly do simultaneous handover requests which increase the
likelihood of dropped connections. It could be that the users might have a poor, a very poor or
even a non-existing connection to an alternative access point. For instance, the users might be
indoors and connected to an indoor access point that receives its backhaul connection via an
outdoor or close to an outdoor antenna solution.

[0010] EP 2424327 describes either using a licensed radio frequency spectrum or an
unlicensed radio frequency spectrum for backhaul communication between two network
entities in dependence of network load and QoS (Quality of Service), using a suitable radio
frequency communication technology for both radio frequency spectrums.

[0011] WO 2012/105881 and WO 2009/014764 describe using different backhaul propagation
paths in dependence of estimated capacity.

Summary

[0012] It is the object of the invention to provide a possibility for increasing availability of a
wireless backhaul network in connection with decreasing the outage probability of a backhaul
link and for providing a more robust backhauling.

This object is achieved by the subject matter of the independent claims. Preferred
embodiments are defined in the dependent claims.

[0013] According to independent claim 1, a first aspect of the invention, this object is achieved
by a protection system, configured for switching between backhaul technologies for upholding
a communication in a wireless backhaul network, comprising a main node and a dependent
node, wherein the main node and the dependent node are configured for communicating with
each other via a backhaul channel, and a switching unit configured for selecting a backhaul
technology for a communication via the backhaul channel, wherein at least one of the main
node and the dependent node are further configured for measuring a quality parameter of the
backhaul channel, wherein the switching unit is further configured for switching the backhaul
technology selected for the communication via the backhaul channel to a predefined backhaul
technology dependent on the quality parameter measured.

The main node preferably corresponds to a macro radio base station or to a macro cell,
whereas the dependent node preferably corresponds to a pico radio base station or to a pico
cell, respectively. The term "switching between backhaul technologies” does not only mean that
it is either switched to one or to another backhaul technology but also that there could be a mix
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between at least two backhaul technologies. This allows to uphold a communication or being
connected using a plurality of backhaul technologies at the same time, preferably at least
during a handover process. The wireless backhaul network preferably corresponds to a
wireless non-line-of-sight backhaul network. The term "communication” in its general meaning
refers to two nodes, i.e. to a first node and to a second node, communicating with each other,
for instance via a channel, wherein the first node preferably transfers information or data to the
second node. The first node preferably comprises a radio transmitter and the second node
preferably comprises a radio receiver. The first node and the second node are preferably
arranged in a radio communication system.

[0014] It is thus an idea of the invention to allow a wireless backhaul connection to fall back to
a macro RBS access as a backup solution in the event of an outage, preferably by using
microwave frequencies. Backhauling using access systems can also be called "in-band
relaying" or "out-band relaying" which are defined in 3GPP. Preferably, the wirelessly
backhauled small cell RBS, in other words the pico RBS, is preferably arranged within the
coverage area of the macro cell or the macro RBS, respectively, which operates on regular
international mobile telecommunication standard bands (IMT bands). IMT represents a
technology standard underlying 3G mobile telecommunications, whereas 3G is merely one of
many examples of IMT technologies. In this way, the overall wireless backhaul connection
becomes more robust due to system diversity and/or due to technology diversity. Typically, in
NLOS the more unreliable wireless backhauling using microwave technology may fail due to
different reasons and then this can be communicated via IMT technology, for instance using
high speed packet access (HSPA) or long-term-evolution (LTE) back to the macro RBS with the
invention at hand. Furthermore, control data and prioritizing data traffic can still be
communicated via IMT technology. HSPA represents a mobile broadband technology, whereas
LTE is a standard for a wireless communication technology. Preferably, a macro RBS prioritizes
the scheduling of a small cell RBS backhauling in the event of a poor or a lost microwave
connection.

[0015] According to a preferred embodiment of the invention, the switching unit is further
configured for requesting a status parameter of the backhaul channel, wherein the status
parameter comprises a communication status from at least one of the main node and the
dependent node. The switching unit is preferably further configured for transmitting the
requested status parameter of the backhaul channel to the dependent node and/or to the main
node. Preferably, the quality parameter of the backhaul channel comprises a received signal
strength (RSL) parameter, a channel quality indicator (CQIl) parameter, a latency measure
parameter and/or repeated retransmission requests, wherein the quality parameter is
configured for indicating performance of the backhaul channel. The predefined backhaul
technology preferably comprises a mobile telecommunication technology, such as HSPA and
LTE, a microwave technology and/or a wireless local area network technology, such as Wi-Fi.

[0016] According to a preferred embodiment of the invention, the protection system comprises
a diversity unit configured for receiving the status parameter of the backhaul channel
transmitted from the switching unit, the switching unit being arranged at least partly inside the
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main node and/or being arranged at least partly inside the dependent node, wherein the
diversity unit is further configured for controlling and for prioritizing data traffic between the
main node and the dependent node dependent on the status parameter received and/or
dependent on the quality parameter. The diversity unit is preferably arranged at least partly
inside the main node and/or is preferably arranged at least partly inside the dependent node,
the diversity unit being further configured for scheduling data traffic towards the dependent
node and/or towards the main node dependent on the quality parameter and/or dependent on
the status parameter. Preferably, the diversity unit, arranged at least partly inside the
dependent node, is further configured for sending a prioritizing request and/or for sending a
scheduling request to the main node.

[0017] According to a preferred embodiment of the invention, the predefined backhaul
technology corresponds to HSPA and/or LTE and is based on a relaying-type of backhaul. With
reference to 3GPP terminology, an LTE RBS is called enhanced node base station (eNB). A
relay in 3GPP terminology is an eNB that is backhauled to another eNB using LTE technology.
Hence, it is switched between a relaying-type of backhaul and a microwave backhaul. The
dependent node is preferably arranged in non-line-of-sight to the main node within a
predefined coverage area of the main node.

[0018] According to independent claim 11, a second aspect of the invention, above-mentioned
object is achieved by a main node, configured for communicating in a protection system
according to the first aspect of the invention, wherein the main node is configured for
communicating via a backhaul channel and for measuring a quality parameter of the backhaul
channel. The main node preferably comprises a switching unit configured for selecting a
backhaul technology for a communication via the backhaul channel, wherein the switching unit
is further configured for switching the backhaul technology selected for the communication via
the backhaul channel to a predefined backhaul technology dependent on the quality parameter
of the backhaul channel measured.

[0019] According to independent claim 13, a third aspect of the invention, above-mentioned
object is achieved by a dependent node, configured for communicating in a protection system
according to the first aspect of the invention, wherein the dependent node is configured for
communicating via a backhaul channel and for measuring a quality parameter of the backhaul
channel. The dependent node preferably comprises a switching unit configured for selecting a
backhaul technology for a communication via the backhaul channel, wherein the switching unit
is further configured for switching the backhaul technology selected for the communication via
the backhaul channel to a predefined backhaul technology dependent on the quality parameter
of the backhaul channel measured.

[0020] According to independent claim 15, a fourth aspect of the invention, above-mentioned
object is achieved by a method for switching between backhaul technologies for upholding a
communication, comprising the steps: a) selecting a backhaul technology used for a
communication via a backhaul channel, b) measuring a quality parameter of the backhaul
channel, and c¢) switching the backhaul technology selected for the communication via the
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backhaul channel to a predefined backhaul technology dependent on the quality parameter
measured in the previous step.

[0021] According to a preferred embodiment of the invention, the method comprises the step
of controlling data traffic and of prioritizing data traffic dependent on the quality parameter
measured. Preferably, the method comprises the step of sending a prioritizing request and/or
of sending a scheduling request via the backhaul channel.

[0022] Hence, it is an idea of the invention that the IMT technology based backup ensures high
availability of a data connection between a macro cell and a small cell RBS such that at least
control and prioritized data can be communicated to/from the network. Furthermore, the
backhaul network is more robust compared to a solution where the users are connected to a
small cell RBS and do a user handover to another access point in the event of a backhaul
outage. Thus, it is easier to do a single and network controlled "backhaul handover" between
two already established technologies which are prepared for such an event compared, for
instance, to a case of letting multiple users do simultaneous handover to another access point.
With the invention at hand the users stay connected to the small cell RBS. This is
advantageously ensured in case of a poor, a very poor or even in case of a non-existing
connection to an alternative access point. For instance, the users might be indoors and
connected to an indoor access point that receives its backhaul connection via an outdoor or
close to outdoor antenna solution.

[0023] Advantageously, it is ensured that it is always possible to check the status and that it is
possible to communicate control signalling to/from the small cell even in the event of a
microwave outage such that the network triggers appropriate actions to resolve the problem.
This results in a higher availability irrespective of, for instance, weather effects but also serves
as a protection system or a diversity system for failures, such as hardware failures.

Brief description of the drawings

[0024] Further objects and advantages of the present invention will become apparent from the
following description of the preferred embodiments that are given by way of example with
reference to the accompanying drawings. In the figures:

Fig. 1
illustrates a protection system, a main node and a dependent node according to a first
preferred embodiment of the invention;

Fig. 2
illustrates a NLOS backhaul solution where microwave is used as the primary backhaul
technology and IMT technology for backup according to a second preferred embodiment
of the invention;

Fig. 3
shows a scenario for a path loss model with diffraction over buildings according to a third
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preferred embodiment of the invention;

Fig. 4
shows additional path loss experienced at 32 GHz compared to 2.3 GHz according to
the third preferred embodiment of the invention;

Fig. 5
illustrates a method for switched backhaul diversity according to a fourth preferred
embodiment of the invention; and

Fig. 6
schematically illustrates the steps of a method for switching between backhaul
technologies according to a fifth preferred embodiment of the invention.

Detailed description

[0025] Fig. 1 shows a protection system 5 that is configured for switching between different
backhaul technologies. A main node 1 is shown that comprises a switching unit 4 and a
diversity unit 6. Furthermore, a dependent node 2 is shown that also comprises a switching
unit 4 and a diversity unit 6. In this first preferred embodiment, the main node 1 and the
dependent node 2 correspond to a macro RBS and to a pico RBS, respectively.
Communication between the macro RBS 1 and the pico RBS 2 takes place via a backhaul
channel 3. Since the pico RBS 2 is in NLOS to the macro RBS 1, the communication is based
on reflections and diffractions taken place in the urban NLOS environment. In this first
preferred embodiment, the urban NLOS environment is characterized by a building 7. The
switching unit 4 of the pico RBS 2 selects a backhaul technology that is a microwave
technology which is used for communication via the backhaul channel 3. Further, the macro
RBS 1 measures a quality parameter of the backhaul channel 3 and afterwards directs the
result of this measurement, i.e. the quality parameter measured, to the switching unit 4 which
is arranged inside the macro RBS 1 in this first preferred embodiment. In this first preferred
embodiment, the received signal level (RSL) is below a certain predefined value and thus the
backhaul technology is switched to a different backhaul technology which is a mobile
telecommunication technology, such as LTE.

[0026] In this first preferred embodiment, the switching unit 4 requests a status parameter of
the backhaul channel 3, wherein the status parameter comprises a communication status from
the macro RBS 1 and from the pico RBS 2. The switching unit 4 transmits the status parameter
of the backhaul channel 3 requested to the pico RBS 2 and to the macro RBS 1. According to
other preferred embodiments of the invention, a node or RBS measures its own status and
initiates the switching without any status reporting being done via the backhaul. In other words,
if a node itself detects a backhaul problem then the node initiates a switch which is preferably
communicated to the other node.

[0027] Fig. 2 illustrates a NLOS backhaul solution where microwave is used as the primary
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backhaul technology and IMT technology for backup according to a second preferred
embodiment of the invention. The narrow arrow illustrates diffracted microwaves and the wide
arrows illustrate diffracted and reflected IMT radio waves. A macro RBS 1 communicates via a
backhaul channel 3 with a pico RBS 2. Both the macro RBS 1 and the pico RBS 2 are arranged
in an urban environment which is characterized by three buildings 7 in this second preferred
embodiment. Microwave frequencies in principle rely on rooftop diffraction to reach the pico
RBS 2, whereas the IMT band based technology has better propagation characteristics using
multipath propagation with reflections and diffraction around the buildings 7 in NLOS which is
illustrated by the wide arrows in this second preferred embodiment.

[0028] Fig. 3 shows a path loss model with diffraction over buildings according to a third
preferred embodiment of the invention. The parameters used for the model are given by hy

equal to 5 m, hy equal to 20 m, H equal to 33 m and D equal to 15 m, respectively. Fig. 4

shows the additional path loss a signal experiences at a microwave frequency of 32 GHz
compared to an IMT frequency of 2.3 GHz according to the third preferred embodiment of the
invention. The relative attenuation in dB is illustrated over the hop length which is given by the
distance between the macro RBS 1 and the pico RBS 2 shown in fig. 3. The solid curve in fig. 4
represents the relative attenuation without rain and the dashed curve illustrates the situation
for 50 mm/hr rain intensity. Fig. 4 illustrates a numerical example where only above rooftop
diffraction is considered. Further, a plurality of buildings being arranged in between the
corresponding nodes are considered since the hop length varies from 100 m up to 2000 m. At
a hop length of 500 m one can see how the 32 GHz channel suffers from additional path
losses of 33 dB and 39 dB for without rain and with rain, respectively. It is noticeable how the
curves with rain and without rain behave differently with increasing hop length. While the
additional path loss decreases with increasing distance when there is no rain, the additional
path loss increases with increasing distance in 50 mm/hr rain intensity. This is primarily due to
the diffraction losses which are higher at 2.3 GHz than at 32 GHz since there are more
obstacles, such as buildings, within the first Fresnel zone at 2.3 GHz. However, rain
attenuation, which amounts to approximately 12 dB/km at 32 GHz, dominates the higher
diffraction loss at 2.3 GHz which makes the additional path loss increasing with increasing hop
length in rain. Hence, fig. 4 illustrates clearly the challenge when using microwave frequencies
compared to IMT bands in NLOS. The extra path loss is at least 33 dB or more for distances
up to 500 m, which will have an obvious effect on attainable availabilities and corresponding
fading margins.

[0029] Fig. 5 illustrates a method for switched backhaul diversity according to a fourth
preferred embodiment of the invention. The received signal strength (RSL) is a measure of the
quality of the channel. In a first step 13, it is checked whether RSL is large and thus if the
channel quality is good but if RSL is small then the channel quality is poor. The value of the
design parameter P is a measure for deciding when to switch backhaul technology. The
prioritized backhaul information is re-routed via IMT technology back to the network, for
instance using 3GPP LTE radio access back to a 3GPP eNB in case of a poor microwave
backhaul. The microwave backhaul can be in outage or close to outage. If the RSL is large the
channel quality is good but if the RSL is small than the channel quality is poor. Optionally, a
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prewarning can be sent 14 to the macro RBS in case the RSL is small. In this case it is always
switched 15 to inband relaying and prioritized information is routed 16 via IMT technology. This
continues 17 while the microwave backhaul is still poor otherwise it is switched back 18 again
to the microwave backhaul. The decision is based upon the design parameter P. Preferably, P
is larger than the minimum RSL required for the backhaul to work to avoid abrupt events. In
case of a backhaul outage or whenever it is desired to communicate between a pico RBS and
a macro RBS, the macro RBS schedules the pico RBS in a similar way as it schedules users
connected to the macro RBS but in a prioritized way, which is realized, for instance, by an in-
band relay according to 3GPP terminology.

[0030] According to another preferred embodiment of the invention, a microwave-based
connection in NLOS provides a rate R4 that is available T1 % of the time and further a

corresponding IMT based connection provides a rate R that is available T, % of the time. For
simplicity also fixed rates are assumed and that Ry = R, = R which makes sense if the

microwave connection has wider bandwidth but worse path loss in NLOS compared to the IMT
connection. Finally, it is assumed that the two links show independent outage probabilities.
Availability is defined as one minus outage probability. The network is in outage if and only if
both the microwave based backhaul and the IMT based backhaul are both in outage at the
same time, which becomes a very low probability event which implies a higher availability of the
backhauling compared to other preferred embodiment covering a scenario when only a single
backhaul technology is used. With the assumptions above, the total availability T4 in % of the

backhauling in this preferred embodiment becomes

T, = [1—(1— It j[ —LDJOO%,

100 100
and corresponding availabilities can thus be calculated by applying above mentioned formula.
Once the channel quality is good enough, a backhaul handover back to the microwave
backhaul technology is initiated.
Fig. 6 schematically shows the step of a method for switching between backhaul technologies
in a wireless backhaul network according to a fifth preferred embodiment of the invention. In a
first step, a backhaul technology used for communication via a backhaul channel between a
main node and a dependent node is selected 8. In a second step, a quality parameter of the
backhaul channel is measured 9. In a final step, the backhaul technology selected is switched
10 to a predefined backhaul technology for communication between the main node and the
dependent node dependent on the quality parameter measured in the previous step 9. In
further steps, control 11 and prioritizing 12 data traffic between the main node and the
dependent node using the predefined backhaul technology is performed.
According to another preferred embodiment of the invention, a step of sending a prioritizing
request and/or of sending a scheduling request via the backhaul channel is performed.
According to yet other preferred embodiments of the invention, the step of sending a
prioritizing request or of sending a scheduling request is not performed via the backhaul
channel but, in case it has been switched to an alternative backhaul technology, such as to
LTE, LTE prioritizes the backhaul scheduling. For instance, this can be done by a 3GPP in-
band relay which comprises reserved resources for the in-band relaying, i.e. the LTE
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"backhaul” prioritizes backhaul traffic in case backhaul is switched to in-band LTE.

[0031] While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered illustrative or
exemplarily and not restrictive; the invention is not limited to the disclosed embodiments. The
invention is defined in the appended independent claims. Particular implementation examples
of the invention, also referred to "embodiments” of the invention, are defined in the dependent
claims. The word "embodiment” (referring to the invention and used throughout the present
description) has to be understood as "implementation example” of the invention.

[0032] Other variations to the disclosed embodiments can be understood and affected by
those skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality. The
mere fact that certain measures are recited in mutually different dependent claims does not
indicate that the combination of these measures cannot be used to advantage. Any reference

signs in the claims should not be construed as limiting the scope.
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Patentkrav

1. Beskyttelsessystem (5), der er konfigureret til at skifte mellem backhaul-
teknologier til at opretholde backhaul-kommunikation mellem to knudepunkter
i et tradlest backhaul-netvaerk, omfattende:

et hovedknudepunkt (1) og et afhaengigt knudepunkt (2), hvor hovedknude-
punktet (1) og det afhangige knudepunkt (2) er konfigureret til backhaul-kom-
munikation med hinanden, hvor beskyttelsessystemet (5) yderligere omfatter

en omskiftningsenhed (4), der er anordnet i det mindste delvist inden i hoved-
knudepunktet (1) og/eller anordnet i det mindste delvist inden i det atheengige
knudepunkt (2), og som er konfigureret til at udveelge en backhaul-teknologi
for backhaul-kommunikationen, hvor mindst et af hovedknudepunktet (1) og
det afheengige knudepunkt (2) yderligere er konfigureret til at male et kvalitets-
parameter for backhaul-kommunikationen, hvor omskiftningsenheden (4)
yderligere er konfigureret til at skifte den backhaul-teknologi, der er udvalgt til
backhaul-kommunikation, til en foruddefineret backhaul-teknologi afheengigt af
det malte kvalitetsparameter, hvor de forskellige backhaul-teknologier mulig-
ger anvendelse af forskellige frekvensband med forskellige propagationsegen-
skaber for den backhaul-kommunikation, der finder sted mellem hovedknude-
punktet og det afhangige knudepunkt.

2. Beskyttelsessystem ifslge krav 1, hvor omskiftningsenheden (4) yderligere
er konfigureret til at anmode om et statusparameter for backhaul-kommunika-
tionen, hvor statusparameteret omfatter en kommunikationsstatus fra mindst
et af hovedknudepunktet (1) og det afheengige knudepunkt (2).

3. Beskyttelsessystem ifslge krav 2, hvor omskiftningsenheden (4) yderligere
er konfigureret til at transmittere det anmodede statusparameter for backhaul-
kommunikationen til det afhaengige knudepunkt (2) og/eller til hovedknude-
punktet (1).

4. Beskyttelsessystem ifalge et af de foregaende krav, hvor kvalitetsparame-
teret for backhaul-kommunikationen omfatter et parameter for modtagesignal-
styrke, et parameter for kanalkvalitetsindikator, et parameter for latensmaling
og/eller gentagne retransmissionsanmodninger, hvor kvalitetsparameteret er
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2

konfigureret til at indikere performance for backhaul-kommunikationen.

5. Beskyttelsessystem ifalge et af de foregdende krav, hvor den foruddefine-
rede backhaul-teknologi omfatter en mobil telekommunikationsteknologi, sé&-
som HSPA og LTE, en mikrobglgeteknologi og/eller en tradl@s LAN-teknologi,
sasom Wi-Fi.

6. Beskyttelsessystem ifalge et af kravene 2 og 3 og krav 4 til 5, nar afhaengigt
af krav 2, omfattende en diversitetsenhed (6), der er konfigureret til at modtage
statusparameteret for backhaul-kommunikationen transmitteret fra omskift-
ningsenheden (4), hvor diversitetsenheden (6) yderligere er konfigureret til at
styre og prioritere datatrafik mellem hovedknudepunktet (1) og det afheengige
knudepunkt (2) afheengigt af det modtagne statusparameter og/eller afheengigt
af kvalitetsparameteret.

7. Beskyttelsessystem ifalge krav 6, hvor diversitetsenheden (6) er anordnet i
det mindste delvist inden i hovedknudepunktet (1) og/eller er anordnet i det
mindste delvist inden i det afhangige knudepunkt (1), idet diversitetsenheden
(6) er yderligere konfigureret til at planleegge datatrafik mod det afhaengige
knudepunkt (2) og/eller mod hovedknudepunktet (1) afheengigt af kvalitetspa-
rameteret og/eller afhaengigt af statusparameteret.

8. Beskyttelsessystem ifalge krav 7, hvor diversitetsenheden (6), der i det
mindste delvist er anordnet inden i det afheengige knudepunkt (1), yderligere
er konfigureret til at sende en prioriteringsanmodning og/eller til at sende en
planlaegningsanmodning til hovedknudepunktet (1).

9. Beskyttelsessystem ifalge et af de foregaende krav, hvor den foruddefine-
rede backhaul-teknologi svarer til HSPA og/eller LTE og er baseret pa en vi-
deresendende type backhaul.

10. Beskyttelsessystem ifslge et af de foregdende krav, hvor det afthaengige
knudepunkt (2) er anordnet i ikke-synslinje til hovedknudepunktet (1) inden for
et foruddefineret deekningsomrade for hovedknudepunktet (1).
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11. Hovedknudepunkt (1), der er konfigureret med en omskiftningsenhed (4),
som er anordnet inden i hovedknudepunktet (1) til at skifte mellem backhaul-
teknologier til at opretholde backhaul-kommunikation med et afhaengigt knu-
depunkt (2), yderligere konfigureret til at male et kvalitetsparameter for back-
haul-kommunikationen, hvor omskiftningsenheden (4) yderligere er konfigure-
ret til at skifte den backhaul-teknologi, der er udvalgt til backhaul-kommunika-
tion, til en foruddefineret backhaul-teknologi afhaengigt af det malte kvalitets-
parameter, hvor de forskellige backhaul-teknologier muligger anvendelse af
forskellige frekvensband med forskellige propagationsegenskaber for den
backhaul-kommunikation, der finder sted mellem hovedknudepunktet (1) og
det afhangige knudepunkt (2).

12. Hovedknudepunkt (1) ifelge krav 11, omfattende en omskiftningsenhed
(4), der er konfigureret til at udvaelge en backhaul-teknologi til en backhaul-
kommunikation, hvor omskiftningsenheden (4) yderligere er konfigureret til at
omskifte den backhaul-teknologi, der er udvalgt til backhaul-kommunikationen
til en foruddefineret backhaul-teknologi afhaengigt af det malte kvalitetspara-
meter for backhaul-kommunikationen.

13. Afhaengigt knudepunkt (2), der er konfigureret med en omskiftningsenhed
(4), som er anordnet inden i det afheengige knudepunkt (2), til at skifte mellem
backhaul-teknologier til at opretholde backhaul-kommunikation med et hoved-
knudepunkt (1) yderligere konfigureret til at male et kvalitetsparameter for
backhaul-kommunikationen, hvor omskiftningsenheden (4) yderligere er kon-
figureret til at skifte den backhaul-teknologi, der er udvalgt til backhaul-kom-
munikation til en foruddefineret backhaul-teknologi afheengigt af det maite kva-
litetsparameter, hvor de forskellige backhaul-teknologier muligger anvendelse
af forskellige frekvensband med forskellige propagationsegenskaber for den
backhaul-kommunikation, der finder sted mellem det afhangige knudepunkt
(2) og hovedknudepunktet (1).

14. Afheengigt knudepunkt (2) ifelge krav 13, omfattende en omskiftningsen-
hed (4), der er konfigureret til at udvaelge en backhaul-teknologi til en back-
haul-kommunikation, hvor omskiftningsenheden (4) yderligere er konfigureret
til at omskifte den backhaul-teknologi, der er udvalgt til backhaul-kommunika-
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tionen, til en foruddefineret backhaul-teknologi afhaengigt af det malte kvali-
tetsparameter for backhaul-kommunikationen.

15. Fremgangsmade til at skifte mellem backhaul-teknologier til at opretholde
en backhaul-kommunikation mellem to knudepunkter, hvor fremgangsmaden
omfatter falgende trin:

a) at udveelge (8) en backhaul-teknologi til anvendelse for backhaul-kommuni-
kation,

b) at male (9) et kvalitetsparameter for backhaul-kommunikationen og

c) at skifte (10) den backhaul-teknologi, der er udvalgt til backhaul-kommuni-
kationen til en foruddefineret backhaul-teknologi afhangigt af kvalitetsparame-
teret, som er malt i det foregaende trin, hvor de forskellige backhaul-teknolo-
gier muligger anvendelse af forskellige frekvensband med forskellige propa-
gationsegenskaber til backhaul-kommunikation, der finder sted mellem hoved-
knudepunktet og det afheengige knudepunkt.

16. Fremgangsmade ifglge krav 15, omfattende trinnet med at styre (11) data-
trafik og med at prioritere (12) datatrafik afhaengigt af det malte kvalitetspara-
meter.

17. Fremgangsmade ifelge et af kravene 15 og 16, omfattende trinnet med at
sende en prioriteringsanmodning og/eller med at sende en planleegningsan-
modning via backhaul-kommunikationen.
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Fig.3
Additional path loss for 32 GHz compared to 2.3 GHz
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