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A Method for managing single channel spatial reuse in the presence of

Potentially Disruptive Nodes in a mobile ad-hoc network

Field of the invention

The invention relates to a method for managing spatial reuse on a
single channel in a mobile ad-hoc network comprising one or more potentially
disruptive nodes.

A potentially disruptive node or PDN is defined as a node having a
wide connectivity as explained below.

Discussion of prior art
A mobile network, for example a MANET (Mobile Ad-hoc Network), is

a kind of network that has the capability to reconfigure itself and change
locations. Such network is composed of a plurality of moving communication
nodes able to emit (fransmit) and to receive data from each other. The term data
means signailing or user traffic or any kind of traffic or data exchanged between
the nodes.

in some cases, a mobile network uses a single radio channel, and
data communications are usually transmitted in time slots, a time slot being
defined by its transmission time and its duration. |

A time slot used by a given node to transmit on a given radio channel
can be reused in transmigsion on the same radio channel by other nodes if they
are far away enough. Thus there is no interference.

Some nodes in a mobile network, known as potentially disruptive
nodes, may have a negative impact on performances because of their wide
connectivity compared to the one of the network average. This is notably due to
good propagation conditions and/or a favourable location of the node among
other nodes of the network.

One of the problems with such nodes is that they can reduce the

amount of slot spatial reuse in a mobile network. Moreover, PDN nodes can
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become routing bottlenecks if they have to relay too much data. A definition of a
PDN node is given in the application EP10290677.3.

The document of Liping Zhou titled “a hybrid MAC protocol based on
ADAPT with modified back-off mechanism” EDUCATION TECHNOLOGY AND
COMPUTER (ICETC), 2010, 2™°
PISCATAWY, NJ, USA, 22 june 2010, pages V4-143, XPO31718408 describes

a method for solve the problem pr lack of radio resources created by a PDN

international conference on, IEEE,

nodes.

Definition

Slot spatial reuse consists in reusing the same siot in transmission on
the same channel by several nodes if they are far away enough and thus do not
interfere. lnvention may also be applied in case of frequency hopping channel.

The channel Cy is used by all the nodes of the network to transmit in
S-SLOTs.

S-SLOTs are used, for example, to transmit signalling or user traffic or
any kind of traffic or data exchanged between the nodes. A data frame may also
comprise other types of slots than S-SLOTs. S-SLOTs may have a fixed position
or a random position inside a data frame. A S-cycle is composed of a given
number of data frames as explained after in connexion with figure 2.

Summary of the invention

Present invention concerns a method for managing the spatial reuse
of slots in a mobile network comprising several nodes Ni, said method
comprising a first sub-cycle and a second sub-cycle, said network comprising
one or more Potentially Disruptive Nodes (PDN), said nodes Ni and PDN
comprising a local table LT, a global table GT indicating the possible reusability
of 8-SLOTs, and a summary of the global table SGT adapted to determine
which S-SLOTs in the improved S-cycle can finally be reused by the local node,

said method comprising the interleaving of said two sub-cycles:
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e first sub-cycle, the normal S-cycle, where S-SLOTs are all assigned
statically and where each node has one and only one S-SLOT allocation,

o second sub-cycle, the improved S-cycle, where each node has one S-
SLOT assigned statically, and where for all nodes except PDN nodes,
one or more additional S-SLOTs is assigned dynamically when topology
makes it possible, dynamic S-SLOT allocations being equitably shared in
a 2-hop neighbourhood, and determined by performing S-SLOT spatial
reuse.

If two or more 1-hop neighbours announce their intentions to transmit
in the same S-SLOT j, i.e status BUSY_TX for S-SLOT j, the local node may
detect in advance a logical collision in S-SLOT j. To prevent a physical collision
to occur in S-SLOT j, the local node indicates, for example, in its local tabie LT
that S-SLOT j is JAMMED_OR_IN_COLLISION.

Each local node can update iis local table LT if it logically detects the
resolution of a logical collision, in order io stop transmitling a
JAMMED OR_IN_COLLISION status:

¢ |f a logical collision has been detected on S-SLOT j less than one S-cycle
ago, the local node should check the following conditions:

o Among the 1-hop neighbours involved in the logical collision, if only

one of them indicates in its local table a BUSY_TX status for S-
us of S-SLOT | should be set to BUSY_RX in the
local table LT of the local node,

o Among the 1-hop neighbours involved in the logical collision, if
zero of them indicate in its local table LT the BUSY_TX status for
S-SLOT j, the status of S-SLOT j should be set to FREE in the
local table of the local node,

o A non-PDN node transmits its current iocal table LT in each of its

static S-SLOT allocations, and potentially in each of its dynamic
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slot allocations, if better interactivity and convergence times are
desired.

As soon as a node has identified itself as a PDN node, for example, it
stops transmitting its local table and release its potential dynamic S-SLOT
allocations. A PDN node continues updating its local table LT, its global table GT |
and its summary of the local table SGT.

According to an embodiment, a non-PDN node transmits its current
table in each of its static $-SLOT allocations, and if needed in each of its
potential dynamic S-SLOT allocations in order to improve convergence times.

According to another embodiment, a S-SLOT can have one of the
four possibie statuses in the improved S-cycle:

- BUSY_TX: The local node transmits in the S-SLOT;

- FREE: The local node does not transmit in the S-SLOT and it does not detect
enough activity in the S-SLOT,;

- BUSY_RX: The local node receives data properly, or it detects some activity in
the S-SLOT even though it is not able to decode data properly;

- JAMMED OR_IN_COLLISION: The S-SLOT is jammed by an enemy or
suffers collisions from the network itself.

The dynamic S-SLOT allocations mechanisms use, for example,
among other variables, the number of 2-hop neighbours of the local node, in
order to calculate the theoretical maximum number of dynamic S-SLOT
aliocations the local node can have. If the number of 2-hop neighbours is zero,
the node tries to reuse all the dynamic S-SLOTs of the improved S-cycie.

The steps to build a local table of a local node are, for example, the
following steps:

e analysis of a local table transmitted by its 1-hop neighbours and received
by the local node,

e logical detection of a collision,
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¢ logical detection of a resolution of a logical collision,

¢ physical detection of the FREE, BUSY_RX or
JAMMED OR_IN_COLLISION status,

¢ BUSY_RX status for the static S-SLOT allocations of 1-hop neighbours.

The global table, which indicates the possible reusability of S-SLOTs
in the improved S-cycle, is built, for example, by analyzing the local tables
received from each 1-hop neighbour of the local node in the following way:

Let i represent the identity id of a 1-hop neighbour from which the
local node has received a local table,

Let j designate the S-SLOT number in the improved S-cycle; GT{i,j)
can either be equalto O or 1,

GT{(i,j)=0 means that S-SLOT j is potentially reusable by the local
node, according to the local table transmitted by node |,

GT(i,j)=1 means that S-SLOT j is not reusable by the local node,
according to the local table transmitted by node i,

If the local table received from a 1-hop neighbour i indicates that S-
SLOT jis FREE, then GT(i,j)=0,

if the local table received from a 1-hop neighbour i indicates that S-
SLOT | is BUSY _RX, BUSY_TX or JAMMED OR_IN_COLLISION, then
GT(i,j)=1.

According to an embodiment, to determine which S-SLOTs in the
improved S-cycle can finally be reused by the local node, said process
comprises the analysis of the global table:

Let i represent the id of a 1-hop neighbour from which the local node has
received a local fable. Let j designate the S-SLOT number in the improved S-
cycle.

Let SGT(j) =D GT(, j) with GT(i,j) can either be equal to 0 or 1,

A reusable S-SLOT verifies the three foliowing criteria:
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- LT(j)=FREE,

- SGT(j)=0.

- A back-off counter for S-SLOT | is, for example, equal to 0, back-off counter
being a random integer between 0 and a given number.

The present invention concerns also a network for managingr reuse in
single channel condition in a mobile network comprising several nodes Ni, said
network comprising one or several Potentially Disruptive Nodes (PDN), said
nodes Ni and PDN comprising a local table LT, a global table GT and a
summary of the global table SGT wherein the nodes of the network comprises
means for execufing at least the steps of method according to characteristics
previously mentioned.

Brief description of the drawings

Other objects, features and advantages of the present invention will
become apparent from the detailed description of the invention which follows,
when considered in light of the accompanying drawings in which:

« Figure 1, is a schematic representation of a mobile ad-hoc network,

» Figure 2, is an example of normal and improved S-cycles,

¢ Figure 3, is an example of local table,

« Figure 4, is an example of a global table,

» Figure 5, is an example of summary of a global table, and

¢ Figure 6, is a diagram used to determine the new status of a 3-3LOT in
the local table of a local node, after the local node has received a local
table transmitted by another node.

Description of one embodiment

Figure 1 is a schematic representation of a mobile ad-hoc network

comprising several radio communication nodes Ni. Some of them are potentially

disruptive nodes (PDN) such as defined above.
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The radio communication nodes are, for example, mobile phones 104,
105, 106, portable computers 101, 102, 103, electronic tablets 107, 108, 109, or
aerial vehicle 100. More generally, a node is an equipment that comprises
means of transmitting/receiving data on a selected radio channel to/from other
nodes of the network, or other networks. The neighbouring nodes that can be
reached directly without the use of another node are called one-hop or 1-hop
neighbour nodes.

The method proposed according to the present invention is based on
the use of static and dynamic S-SLOT allocation mechanisms. Proposed
solution according to the invention uses a new concept of normal sub-cycle
(normal S-cycle) and improved sub-cycle (improved S-cycle) allowing the PDN
nodes to be managed. A node needs to know its 2-hop neighbourhood.
Neighbours are discovered thanks to the 5-SLOTs or other kinds of slots such
as beacon slots.

Static allocations are determined, for example, according to the
identity of nodes and have, as aim, to give at least one S-SLOT transmission
opportunity to each node for each sub-cycle, whatever the topology of the
network.

Dynamic allocations are determined by executing spatial reuse
mechanisms and their aim is to allow nodes, except PDN nodes, to transmit
more than once in the improved sub-cycle, when topology authorizes it.

The object of the present invention is also based on the use of both
slot statuses tables exchanged between nodes, and physical information
(provided by the physical layer and used by the MAC (Medium Access Control)
layer), in order to improve the convergence time and the reactivity, in view of the
mobility of the nodes.

In the example given in the following description, the S-cycle is

composed of two sub-cycles, temporally interieaved:
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Normal S-cycle: 3-SLOTs are all assigned statically. S-SLOT spatial reuse is
not allowed in the normal S-cycle. Each node has one and only one S-SLOT
allocation. in the normal S-cycle.

Improved S-cycle: Each node has one S-SLOT assigned statically, plus, for all
nodes except PDNs,.one or more additional S-SLOTs assigned dynamically
when S-SLOT spatial reuse is possible.

Definitions and concept being given, embodiments of the invention will

now be described.

Normal and improved S-cycles
In this example, as previously introduced, the S-cycle is composed of

two sub-cycles, temporally interleaved: _
a) first sub-cycle or Normal S-cycle: S-SLOTs are all assigned statically. S-
SLOT spatial reuse is not allowed in the normal S-cycle. Each node has one and
only one S-SLOT allocation.
b) second sub-cycle or Improved S-cycle: each node has one S-SLOT assigned
statically, plus, for all nodes except PDNs, one or more additional S-SLOTs
assigned dynamically when S-SLOT spatial reuse is possible.
The interleaving may be, for example, constituted of 50% of S-SLOTs in the
normal S-cycle and 50% of S-SLOTs in the improved S-cycle, or any other
values, a% for S-SLOTs in the normal S-cycle and b% of S-SLOTs in the
improved S-cycle, the sum a+b being equal to 100%.

A PDN is not allowed to perform S-SLOT spatial reuse due to its large
number of neighbours.

A PDN reduces the amount of S-SLOT spatial reuse that could take
place in the network if this PDN was not present, for the following reasons:
- each time a PDN transmits, none of its 1-hop neighbours can transmit in the

same S-SLOT. Otherwise, one (or more) 1-hop neighbour(s) of the PDN would

be interfered.
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- when a 1-hop neighbour of a PDN transmits, neither the PDN nor its 1-hop
neighbours can transmit in the same S-SLOT. Otherwise, the PDN would be
interfered. |

As soon as a node has identified itself as a PDN, it stops performing
reuse and it is not taken into account by its 1-hop neighbours to determine their
potential reusable S-SLOTs. This solution allows performing reuse in the
improved S-cycle as if there were no PDN in the network (i.e. the PDN node’s
neighbourhood is not taken into account when performing the S-SLOT spatial
reuse).

A PDN may suffer collisions on the S-SLOTs in the improved S-cycle
that are reused. These S-SLOTs may not be properly received (decoded) by the
PDN. This is why the normal S-cycle exists.

As S-SLOT spatial reuse is not allowed for each PDN node in the
normal S-cycle and as S-SLOTs are all assigned statically, collisions cannot
occur and each PDN receives all S-SLOTs properly in the normal S-cycle.

The normal S-cycle is defined as NMAX occurrences of S-SLOTS,
with an even S-SLOT number for example in the S-cycle {S-SLOTs 0, 2, 4, ..,
2*NMAX-2), where NMAX corresponds to the maximum number of nodes
allowed in the network.

The improved S-cycle is defined as NMAX occurrences of S-SLOTs,

with an odd S-SLOT number for example in the S-cycle (8-SLOTs 1, 3,...,

2*NMAX-1) according to a repartition of 50% of S-SLOTs in the normal S-cycle
and 50% of S-SLOTs in the improved S-cycle.

Now the static S-SLOT ailocation will be described. Each node has

one static S-SLOT allocation in the normal S-cycle and one static S-SLOT

allocation in the improved S-cycle,
Transmission: the local node fransmits during its static S-SLOT

allocation in the normal S-cycle and in the improved S-cycle,
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Reception: The local node is in a receiving state during all the S-
SLOTs of the normal and improved S-cycles, except its own two static S-SLOT

allocations.

Then the dynamic S-SLOT allocation will be presented. The aim of
the dynamic S-SLOT allocation mechanisms is to perform S-SLOT spatial reuse,
when topology makes it possible, and to allow nodes, except PDNs, to transmit
more than once in the improved S-cycle.

Dynamic S-SLOT allocations are equitably shared in a 2-hop
neighbourhood. -

A PDN is not allowed to perform S-SLOT spatial reuse due to its large
number of neighbours.

A PDN reduces the amount of S-SLOT spatial reuse that could take
place in the network if this PDN was not present. As soon as a node has
identified itself as a PDN, it stops performing reuse and it is not taken inio
account by its 1-hop neighbours to determine their potential reusable S-SLOTs.
This solution allows to do reuse in the improved S-cycle as if there were no PDN
in the network (i.e. the PDN node’s neighbourhood is not taken into account
when performing the S-SLOT spatial reuse).

The dynamic S-SLOT allocation mechanisms are single channel
mechanisms. One channel, C;, is used by all the nodes of the network to
transmit in S-SLOTs.

In order to execute the different mechanisms previously described, the
nodes of the network according to the present invention must maintain tables

that will now be described.
Each node maintains a local table LT, a global table GT and a

summary of the global table SGT.
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Local table LT
The local table describes the status of the NMAX S-SLOTs of the

improved S-cycle, from the local node point of view. An example is given on
figure 3.
Let j designate the S-SLOT number in the improved S-cycle. Let LT(j)
represent the status of S-SLOT j.
The possible status of an S-SLOT in the improved S-cycle is for
example one of the four following statuses:
- BUSY_TX: The local node transmits in the S-SLOT;
- FREE: The local node does not transmit in the S-SLOT and it does not detect
enough activity in the S- SLOT,
- BUSY_RX: The local node receives data properly, or it detects some activity in
the S-SLOT even though it is not able to decode data properly;
- JAMMED _OR_IN_COLLISION: The S-SLOT is jammed by an enemy or
suffers a collision from the network itself.
One embodiment to build the local table LT comprises for example the
following steps:
e analyzing the local tables transmitted by its 1-hop neighbours and
received by the local node;
¢ analyzing the metrics provided by the physical (PHY) layer when the local
node is listening to a S-SLOT,
s taking into account the static S-SLOT allocation of its 1-hop neighbours in
the improved S-cycle;
« taking into account the static S-SLOT allocation of the local node, and its
potential dynamic S-SLOT allocation(s).
More generally an example of steps to construct a local table is for example
performed in the following order:

« Logical analysis of a local table received by the local node,
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» Logical detection of a collision,

« Logical detection of a resolution of a logical collision,

« Physical detection of the three statuses FREE, BUSY_RX or
JAMMED_ OR_IN_COLLISION,

¢ BUSY_RX status for the static S-SLOT allocations of 1-hop neighbours.

A non-PDN node transmits its current local table LT in each of its
static S-SLOT allocations, and potentially in each of its dynamic S-SLOT
allocations, if better interactivity and convergence times are desired.

A PDN node does not transmit its local table because a PDN is not
allowed to perform S-SLOT spatial reuse, and it is useless for a PDN to transmit
its local table because the latter should not be taken into account by its 1-hop
neighbours.

This solution aliows non-PDN nodes to perform S-SLOT spatial reuse
in the improved S-cycle as if there were no PDN in the network (i.e. the PDN
node’s neighbourhood is not taken into account when performing the S-SLOT
spatial reuse).

When a node is switched on, the S-SLOT corresponding to the static
allocation of the local node in the improved S-cycle always has a BUSY_TX
status, and all the other $-SLOTs have by default the FREE status.

Figure 6 describes an example of analysis of a local table received

by the local node.

Giobal table GT
A node also has a global table which is, for example, in the form of a

matrix. The aim of this giobal table is to indicate the possible reusability of S-
SLOTs in the improved S-cycle, notably by analyzing the local tables received

from each 1-hop neighbour of the local node. An example is given on figure 4.
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Let i represent the identity Id of a 1-hop neighbour from which the
local node has received a local table.

Let j designate the S-SLOT number in the improved S-cycle. GT(i.j)
can either be equal to 0 or 1.

GT{(i,j)=0 means that S-SLOT j is potentially reusable by the local
node, according to the local table transmitted by node 1.

GT(ij)=1 means that S-SLOT j is not reusable by the local node,
according to the local table transmitted by node i.

If the local table received from a 1-hop neighbour i indicates that S-
SLOT jis FREE, then GT(i,j)=0.

If the local table received from a 1-hop neighbour | indicates that S-
SLOT j is BUSY_RX, BUSY_TX or JAMMED_OR_IN_COLLISION, then
GT(,j)=1.

The entry in the global table corresponding to the local table sent by a
1-hop neighbour should be saved until a new local table is received from this
neighbour.

The global table received from a {NON} 1-hop neighbour should be
discarded. The expression {NON} 1-hop neighbour means that the node is not a
“t1-hop neighbour”.

If a 1-hop neighbour becomes a {NON} 1-hop neighbour, its
corresponding entry in the global table should be deleted.

As soon as a 1-hop neighbour becomes a PDN, its corresponding

entry in the global table should be deleted.

Summary of the global table SGT
As introduced previously, a node also has a summary of the global

table SGT: an example is given on figure 5.
The aim of the summary of the global table SGT is to determine which

S-SLOTs in the improved S-cycle can finally be reused by the local node.



10

15

20

25

14

Let i represent the id of a 1-hop neighbour from which the local node

has received a local table; let j designate the S-SLOT number in the improved S-
cycle;

Let SGT(j) =D GT(i.J)

The summary of the global table is updated after each update of the global

table.

A back-off counter can be created for a S-SLOT | if:
- one of the two cases of conflict described in the diagram of logical analysis of a
local table is met,
- or the status JAMMED OR_IN_COLLISION is detected physically (using PHY
metrics, as defined after).

The aim of the back-off counter is to avoid that the local node tries to
reuse, at the next S-cycle or at the same time as a 1-hop neighbour, a S-SLOT
that just suffered a conflict or a jamming.

The back-off counter is a random integer between 0 and a given
number. It is, for example, decremented by 1 at the beginning of each S-cycle,
till it reaches 0. If the-back-off counter for S-SLOT is not equal to 0, this S-SLOT
cannot be reused by the local node.

A reusable S-SLOT j respects, for example, the three following criteria:

- LT{j}=FREE,

- SGT(j)=0,

- The back-off counter for S-SLOT j is equal to 0.

If SGT(j)=0, this means that S-SLOT j is FREE for all the 1-hop neighbours of
the local node.

In the example of figure 5, if the back-off counter for S-SLOT #2 is
equal to 0, this S-SLOT is reusable by the local node because LT(2)=FREE (cf.
figure 3) and SGT(2)=0 (see figure 5).
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Figure 6 gives an example of logical analysis of a local tabie received
by the local node. When the local node X in this example receives a local table
LT transmitted by a node Y, the new status of S-SLOT Z in the local table should
be determined according, for example, fo the diagram of figure 6 where:

- Z_STATUS_LT_Y: Status of S-SLOT Z announced by a node Y in its local
table.

- PRE_Z STATUS_LT_X: Previous status of S-SLOT Z in the local table of the
local node (node X), before logical analysis of the local table transmitted by
node Y.

-NEW_Z STATUS_LT X: New status of S-SLOT Z in the local table of the local
node (node X), after logical analysis of the local table transmitted by node Y.

In this diagram, the word « JAMMED » is used f{o designate «
JAMMED _OR_IN_COLLISION ».

The logical detection of a collision may be realized in the foliowing
way; the status of S-SLOT j should be set to JAMMED_OR_iN_COLLISION in
the local table LT of the local node when two or more 1-hop neighbours indicate
in their local table the BUSY _TX status for S-SLOT j.

If two or more 1-hop neighbours announce their intentions to transmit

in the same S$-SL.OT j, the local node detects in advance a logical collision in S-

&
SLOT j. To prevent a physical collision to occur in S-SLOT |, the local node

VMTEHIL A Pll)’ L 11 Lo

indicates in its local table that S-SLOT jis JAMMED_OR_IN_COLLISION.

Logical detection of a resolution of a logical collision
If a logical collision was detected on S-SLOT j less than one S-cycle

ago, the local node can check the following conditions:
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« Among the 1-hop neighbours involved in the logical collision, if only one of
them indicates in its local table the BUSY_TX status for S-SLOT j, the status of
S-SLOT j can be set to BUSY_RX in the local table of the local node.

» Among the 1-hop neighbours involved in the logical collision, if zero of them
indicates in its local table the BUSY_TX status for S-SLOT j, the status of S-
SLOT j can be set to FREE in the local table of the local node.

it is useful that the local node updates its local table if it logically detects the
resolution of a logical collision, in order to stop transmitting the
JAMMED OR_IN_COLLISION status while there is no logical collision anymore.
The terms "less than one S-cycle ago” are useful because, if the logical collision
is not solved logically before S-SLOT j occurs, it will be analyzed physically (i.e.

using the PHY metrics), when the local node listens to S-SLOT |.

According to the invention, the state of the radio channel can be
analyzed using metrics provided by the PHY layer. When the local node (node
X) is listening to S-SLOT Z in the improved S-cycle, the new status of S-SLOT £
in the local table of the local node should be determined. The three possible
statuses are:

- FREE: the local node does not detect enough activity in the 5- SLOT.

- BUSY_RX: the local node receives data properly, or it detects some activity in
the S-SLOT even though it is not abie to decode data propeny.

- JAMMED_OR_IN_COLLISION: the S-SLOT is jammed by an enemy or suffers

collisions from the network itself,

According to an embodiment of the invention, the maximum number
MAX_DYN of dynamic S-SLOT allocations obtainable by a non-PDN node is
chosen according to the 2-hop neighbourhood of the local node. Dynamic S-

SLOT allocations are equitably shared in a 2-hop neighbourhood; Let
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L._USED_DYN a list of the dynamic S-SLOT allocations of the local node and
S L _USED_DYN designates the size of the L_USED_DYN list.

Proper number of dynamic S-SLOT allocations: $_L_USED DYN =
MAX_DYN
If a non-PDN node has the theoretical number of dynamic S-SLOT

allocations, it does not need to release or gain aliocations.

Release of dynamic S-SLOT allocations for a non-PDN node:
S_L _USED DYN > MAX_DYN

if a non-PDN node has more dynamic S-SLOT allocations than the
maximum number, it has to release R = 8 L USED_DYN - MAX_DYN
allocation(s).
The R dynamic S-SLOT allocation(s) to release can either be:
- randomly chosen in the L_USED_DYN iist,
- chosen in the L_USED_DYN list so that the two static S-SLOT allocations and
the potentially remaining dynamic S-SLOT allocation(s) are as uniformly

distributed as possible in the S-cycle.

Released S-SLOT - BUSY_TX to FREE status
.F

The local table LT of the local node is updated fo take info account

the status of the released S-SLOT(s). The status of a released S-SLOT is set
from BUSY_TX to FREE in the local table of the local node.

Let L_AVAIL _DYN the list of the reusable S-SLOTs j that fulfils the three
following criteria:

- LT(j)=FREE,

- SGT(j)=0,

- the back-off counter for S-SLOT j is equal to 0.
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Let S L AVAIL_DYN the size of the L_AVAIL_DYN iist.

Gain of dynamic S-SLOT allocations for a non-PDN node: S_L._USED_DYN
< MAX_DYN

if a non-PDN node has less dynamic S-SLOT allocations than the
maximum number, it has to gair] G allocation(s):
S L AVAIL_DYN =MAX_DYN-S_L_USED_DYN, G=8_L_AVAIL_DYN,
IfS L _AVAIL_DYN > MAX_DYN-S_L_USED_DYN, G = MAX_DYN -
S_L_USED_DYN.
The G dynamic S-SLOT allocation(s) to gain can either be:
- randomiy chosen in the L_AVAIL_DYN list,
- chosen in the L_AVAIL_DYN list so that the static S-SLOT allocations and the

dynamic S-SLOT allocation(s) are as uniformly distributed as possible in the S-

cycle.

Gained S-SLOT - FREE to BUSY_TX status

The local table LT of the local node is updated to take into account
the status of the gained S-SLOT(s). The status of a gained S-SLOT is set from
FREE to BUSY_TX in the local table of the local node.

Without departing of the scope of the invention, it is possible to apply.
- both the physical and logical parts of the algorithms described previously,
- or only the logical part,

- or only the physical part.

If only the logical part of the algorithms is applied:

All the dynamic reuse requirements should be applied except: the
step “Physical detection of the FREE, BUSY_RX or
JAMMED OR_IN_COLLISION status” in the construction of the Local Tabie.
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If only the physical part of the algorithms is applied:
The following requirements shouid still be applied:
- the BUSY _TX status for the static S-SLOT allocations of the local node, i.e
when a node is switched on, the S-SLOT corresponding to the static allocation
of the local node in the improved S-cycle always has a BUSY_TX status, and ali
the other S-SLOTs have by default the FREE status.”
- the BUSY_RX status for the static S-SLOT allocations of 1-hop
neighbours (concept of priority of static S-SLOTs),
- the construction of the global table, for example:
- 1-hop neighbours,
- Memorisation,
- Local table received from a {NON} 1-hop neighbour,
- 1-hop neighbour becoming {NON} 1-hop neighbour,
- 1-hop neighbour becoming PDN,
- the Back-off counter, the proper number of dynamic S-SLOT allocations;
the release of dynamic S-SLOT allocations for a non-PDN node; the released S-
SLOT - BUSY_TX to FREE status; the construction of the summary of the global
table: the gain of dynamic S-SLOT allocations for a non-PDN node; the gained
S-SLOT - FREE to BUSY_TX status.

nly the physical part of the requirement on the back-off counter should be

T

Advantages
Method and network according to the present invention offer notably

the following advantages:

e Minimizing the impact of PDN nodes in the performances of a mobile

network;
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e Using the logical and physical information in order to improve
convergence time and reactive time, in view of the mobility of the nodes

of network.
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Claims

1 — A method for managing the spatial reuse of slots in a mobile network
comprising several nodes Ni, comprising a first sub-cycle and a second sub-
cycle, said network comprising one or more Potentially Disruptive Nodes (PDN),
said nodes Ni and PDN comprising a local table LT, a global table GT indicating
the possible reusability of S-SLOTs, and a summary of the global table SGT
adapted to determine which S-SLOTs in said second sub-cycle can finally be
reused by the lfocal node, said method comprising the interleaving of said two
sub-cycles:
¢ first sub-cycle, the normal S-cycle, where S-SLOTs are all assigned
statically and where each node has one and only one §-SLOT aliocation,
s second sub-cycle, the improved S-cycle, where each node has one S-
SLOT assigned statically, and where for all nodes except PDN nodes,
one or more additional S-SLOTs is assigned dynamically when topology
makes it possible, dynamic S-SLOT allocations being equitably shared in
a 2-hop neighbourhood, and determined by performing S-SLOT spatial

reuse.

2 — Method according to claim 1, wherein if two or more 1-hop neighbours
announce their intentions to transmit in the same S-8LOT j, i.e status BUSY_TX
for S-SLOT j, the local node detects in advance a logical collision in S-SLOT j
and to prevent a physical collision to ocour in S-SLOT |, the local node indicates
in its local table LT that S-SLOT j is JAMMED_OR_IN_COLLISION.

3 — A method according to claim 1 wherein each local node updates its local
table LT if it logically detects the resolution of a logical collision, in order to stop
fransmitting a JAMMED OR_IN_COLLISION status.



10

15

20

25

22

If a logical collision has been detected on S-SLOT j less than one S-cycle ago,
the local node shall check the following conditions:

« among the 1-hop neighbours invoived in the logical collision, if only one of
them indicates in its local table a BUSY_TX status for S-SLOT j, the
status of S-SLOT j shall be set to BUSY_RX in the iocal table LT of the
local node,

« among the 1-hop neighbours involved in the logical collision, if zero of
them indicates in its focal table LT the BUSY_TX status for S-SLOT j, the
status of S-SLOT j shall be set to FREE in the local table of the local

node,

4 — A method according to claim 1, wherein as soon as a node has identified
itself as a PDN node, it stops transmitting its local table and release its potential
dynamic S-SLOT allocations, PDN node continues updating its local table LT, its

global table GT and summary of the global table SGT.

5 — A method according to claim 1 wherein a non-PDN node transmits its current
table in each of its static S-SLOT aliocations, and if needed in each of its

potential dynamic S-SLOT allocations in order to improve convergence times.

6 — A method according to claim 1 wherein in the improved S-cycle a S-SLOT
has one of the four possible statuses:

- BUSY_TX: the local node transmits in the S-SLOT,

- FREE: the local node does not transmit in the S-SLOT and it does not detect
enough activity in the S-SLOT,;

- BUSY_RX: the local node receives data properly, or it detects some activity in

the S-SLOT even though it is not able to decode data properly;
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- JAMMED_OR_IN_COLLISION: the S-SLOT is jammed by an enemy or suffers

collisions from the network itself.

7 — A method according to claim 1 wherein the dynamic S-SLOT allocations
mechanisms use, among other variables, the number of Z-hop neighbours of the
jocal node, in order fo calculate the maximum number of dynamic S-SLOT
allocations the local node can have and if the number of 2-hop neighbours is

zero, the node tries to reuse all the dynamic S-SLOTs of the improved S-cycle.

8 — A method according to claim 1 wherein the steps to build a locai tabie of a
local node are:
« analysis of a local table transmitted by its 1-hop neighbours and received
by said local node,
» logical detection of a collision,
« logical detection of a resolution of a logical collision,
e Physical detection of the FREE, BUSY_RX or
JAMMED_OR_IN_COLLISION status,
¢« BUSY_ RX status for the static S-SLOT allocations of 1-hop neighbours.

9 — A method according to claim 1 wherein the global table, which indicates the
possibie reusabiiity of S-SLOTs in the improved S-cycle, is buiit by anaiyzing the
local tables received from each 1-hop neighbour of the local node in the
following way:

Let i represent the identity id of a 1-hop neighbour from which the
local node has received a local table,

Let j designate the S-SLOT number in the improved S-cycle, GT(i,j)

being equal to O or 1,
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If the local table received from a 1-hop neighbour i indicates that S-
SLOT jis FREE, then GT(i,j)=0,
If the local table received from a 1-hop neighbour i indicates that S-

SLOT j is BUSY_RX, BUSY_TX or JAMMED_OR_IN_COLLISION, then
GT(i,j)=1.

10 — A method according to claim 1 wherein to determine which S-SLOTs in the
improved S-cycle can finally be reused by the local node it comprises the
construction of the summary global tabie SGT:

Let i represent the id of a 1-hop neighbour from which the local node has
received a local table,

Let j designate the S-SLOT number in the improved S-cycle,
SGT(j) = Y GT(i.,j) GT(i}) being equal to 0 or 1

and then a reusable S-SL.OT verifies the following criteria:
- LT(j)=FREE,
- SGT(j)=0.

11 - A method according to claim 10 wherein a back-off counter for S-SLOT j is

equal to 0, back-off counter being a random integer between 0 and a given

number.

12 — A network for managing reuse in single channel condition in a mobile
network comprising several nodes Ni, said network comprising one or more
Potentially Disruptive Nodes (PDN), said nodes Ni and PDN comprising a local
table LT, a global table GT, and a summary of the globai table SGT wherein the
nodes of the network comprises means for executing at least the sieps of

method according to one of claims 1 fo 11.



