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A COMMUNICATION NODE AND A METHOD FOR ROUTING
TRAFFIC 'IN A COMMUNICATION NETWORK BY CALCULATING
AT LEAST ONE METRIC FOR AT LEAST ONE LINK AND A
SENSITIVITY PARAMETER FOR SAID METRIC

Technical Field

The present invention relates to a method of routing traffic as defined in the pream-

ble of claim 1.

Background of the Invention

The present invention applies to a communication network in which data can be
transmitted from a sender to a receiver via a number of intermediate network nodes.
Data can be transmitted via different routes, each comprising one or more of the in-
termediate network nodes. A direct path between two adjacent nodes is referred to
as a link. Depending on which communication links are used for a communication
flow different transmission routes (or paths) through the network from the seﬁder to

the receiver can be distinguished.

It is important in any such communication system to optimize the selection of the

routes to utilize the resources as efficiently as possible.

In existing routing solutions a route selection is typically based on assigning a cost
value, or metric, to each communication route, that is, a route metric. The route met-
ric is generally determined as the sum of the metric values for all links, or hops, in
the route. Typically, but not necessarily each node determines link metric values for
its own links and the values are distributed to other nodes using routing protocols.

The best route is typically selected to be the route that has the best route metric.

This pfior art solution has several problems. One is that the metric assigned to a
route may have an uncertainty. The metric may be determined based on the estima-
tion of link properties that may be subject to estimation errors. It may also take some
time before a metric can be considered when making a routing decision. This may

be due to the fact that certain changes, for example, in link properties, take some
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time before they are measured in the estimation process and thus influence an asso-
ciated metric. Also, it may take some time for a metric to be distributed to a function

which uses this metric for a routing decision.
The prior art solution described above also does not take into account the fact that
the route metric is a dynamic parameter, which changes over time, for example as

the load in the network changes.

Obiject of the Invention

It is an object of the present invention to enable more efficient use of network re-

sources by improving routing through the network.

Summary of the Invention

This object is achieved according to the present invention by a communication node
for use in a communication network in which data can be transmitted between a
sender and a receiver via at least two different routes, each route comprising at least
one link, said node comprising a link management function unit arranged to calcu-
late at least one metric value for said at least one link, characterized in that the link
management function unit is also arranged to calculate a sensitivity parameter value
for said at least one metric, said sensitivity parameter being indicative of how the

metric would change with a given change in the network.

The object is also achieved by a method of routing traffic from a sender to a receiver
in a communication network said method comprising for at least two possible routes
between the sender and the receiver the step of calculating at least one metric value
for at least a first link in the network, characterized by the steps of calculating a sen-
sitivity parameter value for said at least one metric, said sensitivity parameter being
indicative of how the metric would change with a given change in the network, and

taking said sensitivity parameter into account when selecting a route.
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Thus, the routing mechanism according to the invention is based on the metric for
each route and on the sensitivity of this metric to changes in the network, for exam-

ple changes to the load in the network.

The routing mechanism may also take into account the reliability of the metric by
calculating a reliability parameter for the metric and taking this reliability parameter

into account when making the routing decision.

The link management function unit is preferably also arranged to transmit said met-
ric and/or said sensitivity and/or said reliability parameter values to at least one
other link management function unit of another node in the communication network
and/or receive metric and/or sensitivity and/or reliability parameter values from at
least one other link management function unit of the other node in the communica-

tion network.

One or more of the nodes comprise means for selecting a route through the commu-
nication network based on the metric and sensitivity and/or reliability parameter val-

ues.

In prior art a routing decision is typically based on the metric of the route prior to
that routing decision. However, once data is transmitted on the route the metric will
generally change. According to the invention this is accounted for by considering
the metric’s sensitivity to changes in the network, preferably by taking into account

the derivative of the metric with respect to the traffic load.

The invention improves the performance, service quality support and capacity of

communication networks by improving the routing decisions.

While the invention is applicable to any routed communication network it is particu-

larly useful for wireless multi-hop and/or ad-hoc networks. In particular it is useful
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for heterogeneous multi-hop networks where different link technologies (for exam-

ple, different radio access technologies) are used.

Acronyms

ARQ Automatic Repeat Request
BLER Block Error Rate

LMF Link Management Function
RAT Radio Access Technology

Brief Description of the Drawings

The present invention will be described in more detail in the following, with refer-
ence to the appended drawings, in which:

Figure 1 illustrates schematically transmission via a number of possible routes
through a communication network,

Figﬁre 2 shows an example of the sensitivity of a metric,

Figure 3 illustrates a first example of how the method according to the invention can
be applied,

Figure 4 illustrates a second example of how the method according to the invention
can be applied,

Figure 5 illustrates a telecommunications multi-hop network comprising both a

fixed and a wireless network.

Detailed Description of Embodiments

Figure 1 illustrates schematically transmission of data from a sender S to a receiver
R via a number of possible routes through a communication network. The network
comprises a number of intermediate nodes I, through which the data can be routed.
In Figure 1, five different routes 1, 2, 3, 4,5 are shown. The path from a first node
to a next node is referred to as a link, or hop. The first node can be either a sender S
or intermediated node I. The next node can be either a further intermediate node I or
a receiver R. When routing the data, traditionally a metric referred to as the cost is

determined for each route as the sum of the cost of all links, or hops, in the route.
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Typically, the route having the lowest cost is selected. At least some of the nodes
comprise a link metric function unit LMF, which controls and/or monitors the link
characteristics needed for determining a link metric for the link starting at the node.
Link metrics for each node are communicated to the link metric function units of
other nodes, as indicated by the dashed lines in Figure 1. Some nodes may only pro-
vide information to other nodes, some nodes may only receive information from
other nodes, and some may do both. If a node does not have a link metric function
unit, the link metrics for vthis node may be determined in another node. The link met-
ric function unit will be discussed in more detail below. Examples of link metrics

will be given in Table 1 below.

For bidirectional traffic, the sender can at the same time be receiver. Although a
route metric does not need to be symmetrical in both directions, typically this is the
case and thus for both directions the same path is selected. So if the Sender makes a
routing decision for one direction it can distribute this information to the Receiver,
which is the sender for the reverse direction. In this case the receiver has been in-

volved in the routing decision as well.

For each candidate route i considered in a routing algorithm one or more metrics M;
are considered, 1 being the number of the route. The metric of a route can be based
on, for example: |

e the number of hops in the route

e the route quality

e the supported rate

e the deléy

o the traffic load

e the capacity

e the bit and/or block error rate
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" Such a route metric is derived from all or some of the link metrics, which are deter-

mined for each hop of the route. The skilled person is familiar with how to deter-

mine route metrics.

The routing decision is typically based on the metric of the route prior to that rout-
ing decision. For example, two possible routes, A and B may have a very similar
route metric M and Mg, respectively, where Ma<Mp . In this example it is assumed
that a low value of the metric is a better property for the route. According to these
metrics a routing decision function will assign route A to a data flow. However, it
niay be that one link in route A has a heavy load, which means that M, increases
drastically after the new flow is assigned to route A. If, in contrast, the links of route
B have a low load, Mg would only change a little if a new flow was assigned to it.

This will be explained in more detail below.

According to the invention, in addition to the metric itself the reliability R; and/or
the sensitivity S; of the metric is considered.
The metric reliability can be based, among other things, on the following aspects:
o the reliability of the metric estimation
¢ the rate of change of this metric, for example, influenced by
o the velocity of a node,
o the type of radio access technology,
o the frequency band,
o statistics of the rate of change of the metric in the past
e the frequency with which the metric is estimated
e the frequency with which estimated metric values are distributed

o the signalling delay of metric values

In the above description every route is assumed to have only one single metric. A
route may, however, have a number of metrics assigned to it and a routing algorithm

using several of these metrics. This invention, of course, is also applicable if a num-
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ber of metrics is used, where for at least one of these metrics a sensitivity value

and/or a reliability value would be considered.

The metric sensitivity describes how the metric varies depending on a certain input
parameter p. The input parameter can be, for example, 2 change in the traffic rate
(traffic load), a change in quality of service (QoS) requirements, a change in the
typical packet size, or something else. The metric sensitivity S;(p) thus describes
how the metric Mi changes if the parameter p changes. In the case that Si(p) is a
complex function, a simplified form of describing the metric sensitivity may be use-
ful. This may be done, for example, by using a certain number of elements in a Tay-

lor series expansion of the complex function.

An example of the sensitivity of a metric is given in Figure 2. As can be seen, in this
example, the metric for capacity increases with the parameter traffic load. When the
traffic load is low the metric increases slowly and S; is low. When the traffic load
increases the metric curve becomes steeper, that is, the sensitivity S; of the capacity
increases, as can be seen by the straight lines indicating the change of capacity with

changing load at different values of the traffic load.

Reliability and sensitivity may vary for different hops of a route. For the overall
route reliability and sensitivity the reliability and sensitivity must be combined in a

suitable way.

According to the invention the actual routing algorithm will make a routing decision
based on a decision metric. This decision metric is a combination of the routing met-
ric M with the metric reliability R and/or the metric sensitivity S. Referring again to

Figure 1, this means that in addition to the metric M; for each possible route through
the network, a reliability parameter R; and/or a sensitivity parameter S; is determined

for each route i.
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Different solutions of determining the decision metric are possible, for example:

- filtering routes: all routes where R exceeds certain thresholds can be removed

from the set of possible routes,

- scaling metrics: the route metric M can be scaled by the corresponding metric

5 reliability R and/or the metric sensitivity S. Similarly, link metrics can be

scaled by their reliability or sensitivity before they are included in the route

metric.

- Predictive metric: based on an expected change of an input parameter p, the

predicted metric PM is estimated depending on the actually determined met-

10 ric M and the metric sensitivity with respect to a parameter p.

In table 1 a number of link metrics will be discussed.

Link Metric Sensi-

Type of Link Determination of Link | Link Metric
Metric Metric (M) by LMF Reliability tivity (S) with re-
(R) deter- spect to parameter P
mined by determined by LMF
LMF
Supported rate | The rate that can be used | Can be di- P = traffic load:
[kb/s] for that link, depending | rectly deter-
on link capacity, link mined by LMEF can determine
quality, traffic load, type | LMF based how M would change
of RAT, Multiple- on precision, | for a change of traffic
Access Scheme, etc. reliability and | load by P. S depends
timeliness of | e.g. on the total ca-
link meas- pacity ¢, the load in
urements and | the system /. LMF
variability of | can determine how M
the rate. would look like if a

total load increase to
I+P (relative load
([+P)/c). The detailed
formula depends on
the type of RAT, the
multiple-access
scheme etc.
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Transmission Depends on type of RAT | See above. P = traffic load:

delay on link (interleaving, frame

[ms] structure, ...), link delay, Increase in load can
ARQ operation and increase multiple-
BLER. May also depend access delay and
on load (multiple-access queuing delay.
delay and queuing de-
lay).

Awvailable link

capacity [kb/s — | same as supported rate

circuit-

switched-

equivalent]

Absolute traffic | Mainly useful if absolute

load, used ca- capacity is also pro-

pacity [kb/s — vided: E.g. this link has

circuit- a capacity of ~12 Mb/s

switched- with a current average

equivalent] load of 8 Mb/s.

Relative traffic | Mainly useful if absolute

load [% of ca- | capacity or traffic load

pacity] is also provided: E.g.
this link has average
load of 8 Mb/s which is
80% of the capacity.

Absolute link Normalized link quality

quality for different RATs

[l

Relative link Could be a relative value

quality with respect to a RAT

[ specific reference ideal
link quality.

Absolute link

capacity [kb/s — | Link capacity estimate Reliability of | Sensitivity is in gen-

circuit- estimate eral zero.

switched-

equivalent]

Hop count

= 1 for each link (hop).
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(Static) Link 0 = unsecure - -
Capabilities
= secure
E.g. Security
Level
[0....1]

To what level is
the link ci-
phered.

To what level is
the link integ-
rity protected.

Table 1 Link metrics

In the following it will be discussed how to determine route metrics from link met-
rics. The following notation will be used in the discussion:
° vMi ik link metric, where
o 1 denotes the route number,
o j denotes the hop number
o k denotes the type of metric
e S;jx metric sensitivity, i, J, and k as above

e Rk metric reliability; i, j, and k as above

It is assumed that a link management function LMF is located at each node, or at
least in some of the nodes, in the multi-hop network. The LMF controls and/or
monitors the link characteristics needed for determining a link metric. LMF; is the
LMF located before hop number i. If there are n hops in a route, there are up to n+1

LMFs.

Different LMFs can exchange information for controlling/measuring link metrics,
for example (multi-) radio resource management information. If an LMF is not

available at each node, the LMF of another node can estimate the metrics for some
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hops. In case the metric estimation is imprecise, this may be reflected in a low reli-

ability of the metric.

It is assumed that for each hop in a route a link metric M, a link metric sensitivity
Sijxand a link metric reliability Ry; exist. These values are stored in the LMF unit
of the node, or if the node has no LMF unit, in the LMF unit of another node.
When a node is about to transmit data to a receiver its LMF unit calculates route
metrics and route metric sensitivities and/or route metric reliabilities for different
possible routes. The following steps are required to determine a route metric, a route
metric sensitivity and a route metric reliability:

- for each route all link metrics with respect to a parameter k and belonging to

said route i are combined to a route metric

~

M, =F(M,

ij.k?

S, ,x(p); R, ,;,)according to a function (F). Hereby the link

metrics for all hops i along the route are considered and also the sensitivity
with respect to a number of different parameters p may be considered

- similarly all link metric sensitivities Si,j,k(p) are combined to a route metric

sensitivity .SN”,.,J.),{ (p) =F(S,,,(p);R, ,,)and all link metric reliabilities Ri,j,k are

combined to a route metric reliability R,, = F(R, ).

The routing decision is then made in the LMF unit of the relevant node, to select
the best suited route. For this decision the /7 e § a(p ).E . Tor different metric

types can be combined and the sensitivity towards different input parameters p

can be considered.
A pre-selection of valid routes can be determined as follows:

- In a first step, all routes i that do not fulfil a minimum requirement for some

metric type k are discarded (requirement M > M,, ). Asan example, only

ke min
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routes where all links support a minimum security requirement are consid-
ered as valid routes.
- In a second step, all routes i that do not have a minimum reliability for some

~

metric type k are discarded (requirement R x> Ry )- As an example, only

kmin
routes where the metric about a supported rate is valid with a probability lar-

ger than 60% are allowed as valid routes.

From the remaining set of valid routes the one is selected which maximizes the

decision metric, which can be expressed as:
Mj = a(ﬂj.kl +4p, '§j,k1(]71) +4p, 'gj,m(Pz) +A)+ ()
ﬁ(Mj.kz +4p, '§j,kz(p1) +4p, '§j,k2(p2)+ A)+ A

Note that some metric ;. may be better when it has a large value (for exam-
ple, supported rate, link quality, etc) while another metric M x2 May be better
when it has a small value (for example, delay, number of hops, etc). These dif-
ferences need to be normalized when determining A/ ;- Also note that the above
equation to determine M ; is expressed in a linear form. Depending on the value
range for a metric the equation for M ; can also comprise other functional rela-

tionships of, for example, polynomial or exponential form.

There may also be a trade-off between several metrics. A utility function, known

in the art, can be used to combine multiple metrics into one comparable value.

Link metrics, link metric sensitivity and link metric reliability must be distrib-
uted between the nodes in order for the various nodes to be able to determine a
route metric M, a route metric sensitivity S and a route metric reliability R, re-
spectively. As stated above, route metric sensitivity S, route metric reliability R

or only one of the two may be used in addition to the route metric itself.
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The distribution of link information across nodes creates signalling overhead and
it is therefore desired to limit the amount of signalling. Therefore, link informa-

tion should only be distributed when it is of significance to the route decisions.

Possible mechanisms for limiting the distribution of link information can be to

distribute only when deemed necessary, and to aggregate for multiple links.

Triggers for distributing link information when it is deemed necessary can be

based on, for example:

- if the sensitivity S has changed more than a certain amount

- if the reliability R has changed more than a certain amount or passed a spe-
cific threshold

- if'the link metric M has changed more than a certain amount or passed a spe-

cific threshold (such as when a link bottleneck has been identified)

Aggregation of link information for multiple links can be used when forwarding
metrics to nodes that are not able, or not allowed, to make routing decisions for
these links. A possible mechanism for aggregation can be to calculate sub-route

metrics in the same manner as is used for the complete route.

A distributed subscription approach can be used to notify other nodes of what in-
formation is to be forwarded and related triggers such as “only transfer this informa-

tion when the metric has changed by more than 10%”.

Each node will then subscribe to information from other nodes according to its own
local needs and subscriptions from other nodes. The distributed subscription ap-
proach also provides input to each node on how to aggregate information. A node

can also request required information from other nodes whenever that is desirable
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for making a routing decision either as an alternative or in addition to the subscrip-

tion.

Figure 3 illustrates an example of how metric sensitivities with respect to load can
be used to improve the routing decision when the route metric is the sum of the link

metrics for all the links in the route.

A very small two-hop network is shown in Figure 3. The network has three nodes
31,32, 33. For each hop, there are two available Radio Access Technologies (RAT),
A and B. The link metric for each link/hop i may, for example, be based on the

equation

1
Mi”‘]_[/c (2)

where
- L is the current load of the link
- Cis the capacity of the link
- AL is the incremental load of a new flow that should be routed from the first

node 31 to the third node 33 through the second node 32.

The first hop, that is, between the first 31 and the second node 32 is designated 1
and the second hop, from the second 32 to the third node 33 is designated 2. The ra-

dio access technologies are designated A and B, respectively.

Table 2 shows the current values of L and C for the different links, and the resulting
value of M for all links. As can be seen, for each hop, the value of M is lowest for
RAT B. According to this prior art calculation, therefore, RAT B should be selected

for both hops, resulting in a total route metric of 5.

1A 1B 2A 2B
7 10 6 3
10 15 10 5
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M 3,33 3 2.5 25

Table 2: metric calculated before routing according to prior art

Assuming that ALI=1, that is, the load of the new flow is 1, the situation after rout-
ing the new flow will be as shown in table 3. L will in each case be incremented by
1 resulting in a new value L’, while C will remain unchanged. Thus a new metric
value M’ can be calculated according to

I

, 3)
-5

which is the same as

; 1
e wayy
C

the new value of M’ for each hop is shown in Table 3.

M =

1A 1B 2A 2B
L’ 8 11 7 4
C 10 15 10 5
M’ 5 3,75 3,33 5

Table 3: metric calculated after routing

As can be seen, after the flow has been routed the route metric for the chosen route,
using RAT B for each hop, is 8.33. If, however, RAT A is used instead for the sec-
ond hop, then the route metric is reduced to 7.08, so a posteriori this would actually
have been a better routing decision. The problem is that in most situations it would
not be feasible to request updated metric values from the LMFs of all nodes first and

then take the routing decision based on these updated metrics.

According to the invention metric sensitivities with respect to load can be used to
improve the routing decision in this case. The derivative of Mi with respect to the

load L can be used as the sensitivity Si:
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oM, 1
S'_ﬁL —C(]—%,) (5)

The sensitivity depends on the load. According to the invention the LMF unit of
each node computes the sensitivity in addition to the metric and exchanges both

with other nodes as necessary.

When determining the route and the route metrics for the new flow the incremental

load AL of this flow can already be considered by using the effective link metrics:
M, =M, +8 4L (6)
Table 4 shows the values of L, C, M, S and M’ in the same example as above. Ac-

cordingly, table 4 is identical to table 1, except that new rows holding values for S

and M’ has been added.

1A 1B 2A 2B
L 7 10 6 3
C 10 15 10 5
M 3,33 3 2,5 2,5
S 1,11 0.6 0.625 1.25
M 4.44 3.6 3.125 3.75

Table 4 metric calculated including sensitivity according to the invention

As can be seen in table 4, the route having minimal route metric is in fact the route
using RAT B for the first hop and RAT A for the second hop. It is worth noting that

the sensitivities only provide accurate predictions of the updated metrics if the

changes are small.

With reference to Figure 4 a second example of how to apply metric sensitivities ac-

cording to the invention will be discussed. This example shows how metric sensi-
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tivities with respect to load are used when data can be transmitted between two
nodes 41, 42 via a multitude of different channels (links). For simplicity, only two
channels are shown; the example can be easily extended to an arbitrary number of
channels. In this scenario the routing decision decides on which of the available

channels is selected for transmission.

A one-hop connection with two different channels is considered. The metric for
each channel is here based on the supported data rate r with respect to some refer-

ence data Iy

7.,
M="L (7)

The routing decision selects the link (channel) that minimizes the route metric.

In this example a new flow from node 1 to node 2 with incremental load AL=1 is
added. If the routing selection is only based on the link metric M according to equa-

tion (7) the flow would be routed via the channel A as shown in Figure 4.

If the value of r,./=2Mb/s and r=5Mb/s for RAT A and r=4Mb/s for RAT B, then
for RAT A M=0.4 and for RAT B M=0.5

However, the different channels can have quite different characteristics and in this
case a routing decision based on the metric sensitivity may provide a better solution.
For example, the different channels can
a) differ in the type of RAT that is used with different resource characteristics
and multiple access schemes
b) have a different number of users n accessing the channel

¢) have different capacity C and different load L.
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Although the metric is based on the supported data rate r this value can be deter-
mined according to a channel specific function that depends on, for example, C, n, L

and some other values.

The sensitivity g% of r with respect to a change in traffic load L can be derived, for

“example, from empirical observations, or from the function that determines . For a

complex function a Taylor series approximation of this function can also be used to
. Or . . e .
determine AL In the given example, the metric sensitivity with respect to the traffic

load S(1) can then be determined as

oM OM or Vo OF
S(L)=—=———=—-—-.— 8
(L) oL or oL r? oL ®

In this case, for Figure 4 a metric sensitivity S(L) and a resulting decision metric /
for a traffic load increase of AL =1Mb/s is given. Although channel A has a lower
link metric M and a higher supported rate r, the overall decision metric M is lower
for channel B. This is because r has different sensitivities for the different channels.
One reason for this could be, for example, that channel A has a higher relative load
of the channel capacity due to other traffic. Another reason could be that channel A
uses a multiple access scheme that is more sensitive to load increase (for example,
Carrier Sense Multiple Access) than channel B (Which could use, for example, some
reservation based multiple access scheme). Or channel A has a higher number of us-

ers accessing the channel.

Table 4 shows the values of r, M, S and the overall decision metric 47 calculated

according to the equation

]\NJ:M+AL-S(L)=M+AL-%—AZ 9)
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Where S(]) is as calculated according to equation (8).

Channel A Channel B
R 5Mb/s 4Mb/s
Sr/3L -3.5 -1.2
M 0.4 0.5
S 0.28 0.15
M 0.68 0.65

Table 5 metrics for Figure 4 according to the invention

A third example is a two-hop wireless transmission where one hop is a fixed con-
nection. This example is based on extending a multi-hop transmission paradigm into
the functional distribution of transmission protocols within the RAN architecture. It
is assumed, for example that the Multi-Hop ARQ concept (in some contexts referred
to as “Multi-hop Generic Link Layer”) is used. The link layer is terminated in a
bearer gateway and the access points are already considered as relays. (In a
WCDMA system the first hop would be the Iub interface between the RNC and
Node B and the second hop would be the radio Uu interface.)

For this example it is assumed that one part of the multi-hop route does not have a
metric since it is a priori assumed not to be the bottleneck (for example, because it is
a fibre connection). As is shown by this example, the invention can be applied in an
operating scenario where complete knowledge of the whole network is not avail-

able, that is, some hops must be considered as fixed connections.

In connection with the third example, Figure 5 illustrates a telecommunications
multi-hop network comprising both a fixed 51 and a wireless network 53. An L2
protocol RL2 spans from a radio bearer gateway RBG via a radio access point RAP
to a user terminal UT. The connection from the RAP to the UT can also go via one

or more intermediate relay nodes RN. In this case the link between RBG and RAP is
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a fixed link, which may not play a role at all in determining . and S L since it

has little influence on the overall performance of the route. For the route parameters,

therefore, only the wireless links play a role and the fixed links are not considered.
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Claims

. A communication node for use in a communication network in which data

can be transmitted between a sender and a receiver via at least two different
routes, each route comprising at least one link, said node comprising a link
management function unit (LMF) arranged to calculate at least one metric
value for said at least one link, characterized in that the link management
function unit (LMF) is also arranged to calculate a sensitivity parameter
value for said at least one metric, said sensitivity parameter being indicative

of how the metric would change with a given change in the network.

. A node according to claim 1, wherein the link management function unit

(LMF) is arranged to calculate said sensitivity parameter based on a deriva-

tive of said metric with respect to a variable on which said metric depends.

. A node according to claim 1 or 2, wherein the link management function unit

(LMF) is arranged to calculate a reliability parameter for said metric.

. A node according to any one of the preceding claims, wherein the link man-

agement function unit is arranged to transmit said metric and/or said sensitiv-
ity and/or said reliability parameter values to at least one other link manage-

ment function unit of another node in the communication network.

. A node according to any one of the preceding claims wherein the link man-

agement function unit is arranged to receive metric and/or sensitivity and/or
reliability parameter values from at least one other link management function

unit of another node in the communication network.
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6. A node according to any one of the preceding claims, further comprising means
(LMF) for selecting a route through the communication network based on the

metric and sensitivity and/or reliability parameter values.

5 7. A method of routing traffic from a sender to a receiver in a communication net-
work said method comprising for at least two possible routes between the sender
and the receiver the step of calculating at least one metric value for at least a first
link in the network, characterized by the steps of calculating a sensitivity pa-
rameter value for said at least one metric, said sensitivity parameter being indica-

10 tive of how the metric would change with a given change in the network, and

taking said sensitivity parameter into account when selecting a route.

8. A method according to claim 7, wherein the sensitivity parameter is based on a
derivative of said metric with respect to a variable on which said metric depends.
15
9. A method according to claim 7 or 8, further comprising the step of calculating a
reliability parameter for said at least one metric and taking said reliability pa-

rameter into account when selecting a route.

20 10. A method according to any one of the claims 7-9, further comprising the step of
receiving metric and sensitivity parameter values related to at least a second link
in the network and taking said received metric and sensitivity parameter values

into account when selecting a route.
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