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Method for providing a minimum coverage for multimedia

transmission in presence of switched off cells

The technical domain of the invention 1s the domain of
communication networks.

More particularly, the invention concerns a method to
optimize coverage in a cellular communication network where
at least one cell is switched off.

In order to save energy at the network level, some cells
of a cellular network may be switched off when the total load
is low, e.g. at night.

However the switching off of a cell creates a hole in the
area initially covered by said switched off cell.

The object of at least one embodiment is to propose to
cover such coverage holes with at least a minimal gquality of
service while minimizing the global transmission power budget
of the network. Said object is reach, particularly in the
frame of multimedia contents transmission, by exploiting the
flexibility brought by Multiple Description Coding (MDC).

The object of at least one embodiment is a method, in a
cellular communication network comprising cells among which
at least one cell is switched off, for providing at least a
minimum coverage for multimedia transmission, said multimedia
being parted 1into a number of independent autonomous
multimedia partitions, comprising the steps of:

- transmitting from all neighbour cells of said switched
off cell, multimedia partition(s) of a primary subset of all
multimedia partitions over a normal range,

- transmitting from at least a first and a second
neighbour cells of said switched off cell, multimedia

partition(s) of a secondary subset of all multimedia
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partitions over an extended range, said secondary subset
being totally disjoint from said primary subset,

the secondary subset of said first neighbour cell being
partially disjoint of the secondary subset of said second
neighbour cell when said first cell and said second cell are
adjacent.

According to another feature, each cell among the
neighbour cells of said switched off cell transmits at least
one multimedia partition, over an extended range.

According to another feature, each multimedia partition,
among all multimedia partitions, is transmitted by at least
one cell among the neighbour cells of said switched off cell,
over an extended range.

According to another feature, transmission of at least
one multimedia partition over an extended range is protected
by adding a protection code.

According to another feature, sald transmission 1is
protected by forward error correction, FEC.

According to another feature, transmission of at least
one multimedia partition over an extended range is done with
an emitting power generally equal to a normal emitting power
used for transmitting over a normal range.

According to another feature, transmission of at least
one multimedia partition over an extended range is done with
an emitting power extended with respect to a normal emitting
power used for transmitting over a normal range.

According to another feature, union of said primary
subset and of said secondary subset of a neighbour cell
comprises all multimedia partitions.

Alternately and according to another feature, a number of
multimedia partitions are absent from said primary subset and
from said secondary subset of a neighbour cell and thus not

transmitted from said cell.
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According to another feature, said number of absent
multimedia partitions is determined so that the power budget
for said neighbour cell, 1s lesser or equal than the power
budget of said cell if it would transmit all multimedia
partitions over a normal range, taking into account any
eventual protection budget.

According to another feature, said number of absent
multimedia partition is equal to the ratio of the cardinal of
the secondary subset to the coding rate of the protection
code.

According to another feature, the number of independent
autonomous multimedia partitions is equal to half the number
of neighbour cells of a switched off cell times the cardinal
of the secondary subset.

According to another feature, switched off cells are
regularly disseminated among all the cells.

Others features, details and advantages will become more
apparent from the detailed illustrating description given
hereafter with respect to the drawings on which:

- figures 1-4 are schematic plan views of an
illustrative cellular network with at least one
switched off cell,

- figure 5 is a zoomed detail of the coverage of said
switched off cell,

- figures 6-7 are 1illustrative of some switching off
patterns.

Multiple Description Coding (MDC) is a technique that
fragments a single multimedia content bitstream into at least
two  independent substreams referred to as multimedia
partitions or descriptions or layers. Each multimedia
partition is intended to be independently transported. The
packets of each partition can be routed over multiple,

different paths. At reception any partition can be used to
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decode the multimedia bitstream. When more than one partition
are recelved and available, a decoder can process them
jointly, and the resulting multimedia quality increases. The
highest reproduced quality 1is available if all original
partitions are received and available for decoding. The
initial aim of MDC 1is to ©provide error resilience to
multimedia stream transmissions. Since an arbitrary and
reduced number of partitions can be used to decode the
original stream, network congestions or packet losses (which
are common in best-effort networks such as e.g. the Internet)
does not interrupt the multimedia content transmission and
display but only causes a (temporary) loss of quality.

To compensate for the coverage hole introduced by the
switching off of a cell, it is known to ask to at least some
of the neighbour cells of said switched off cell to increase
their transmission power. This solution is relevant for all
types of transmitted content.

However, when considering multimedia content, and the
properties of MDC, the global transmission power budget over
the network can be further reduced while still guaranteeing a
satisfactory level of reception, or quality of experience
(QoE) .

Figure 1 shows an illustrative cellular network that will
be used to help describing the principles of the present
application. Said network comprise some cells 1, 3-8. One of
them, cell 1, is switched off. Its neighbour cells, e.g.
cells 3-8 are ON and try to compensate for the coverage hole
let in the area 1 formerly covered by cell 1.

According to one embodiment, the multimedia content to be
transmitted is parted 1into a number n of independent
autonomous multimedia partitions, e.g. MDC partitions. Since
these partitions are independent and autonomous, the number

available for reception in every area may not necessary be
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the maximum n, but can be reduced to a lesser number in order
to reduce the global transmission power budget. As soon as,
at least one partition may be received 1in every area,
including the coverage holes let by switched off cells 1, a
minimum coverage is provided.

The proposed method may provide at least a minimum
coverage for multimedia transmission, by fTransmitting from
all neighbour <cells 3-8 of said switched off cell 1,
multimedia partition(s) of a primary subset of all multimedia
partitions over a normal range and by transmitting from at
least a first and a second neighbour cells 3-8 of said
switched off cell 1, multimedia partition(s) of a secondary
subset of all multimedia partitions over an extended range. A
normal range may be understood here as a range usual for a
cell, i.e. the range used when all cells are switched ON. An
extended range may be understood here as a range extended at
least to cover the centre 2 of said switched off cell 1.

The primary and secondary subsets are each defined for
each cell and may be different from one cell to another.
Advantageously, the secondary subset of a given cell 1is
totally disjoint from the primary subset of said cell, since
a given partition, 1if transmitted by a given cell, is either
transmitted over a normal range or over an extended range.

Totally disjoint must be understood in the present
application as not comprising any element (here partition) in
common.

In order to benefit from the properties of MDC the
secondary subset of a first neighbour cell is advantageously
partially disjoint of the secondary subset of a second
neighbour cell when said first neighbour cell and said second

w

neighbour cell are adjacent. This rule is referred as “non
adjacency rule” in the following text.

Partially disjoint must be understood in the present



10

15

20

25

30

WO 2012/069253 PCT/EP2011/067931

application as not totally overlapping. In other words, at
least one element comprised in a first set is not comprised
in a second set partially disjoint from said first set or at
least one element comprised 1in the second set 1is not
comprised in the first set. In other words, at least one
element is comprised in only one of the two sets.

On the contrary, when said first neighbour cell and said
second neighbour cell are not adjacent, they may transmit the
same partitions, that 1s their respective secondary subsets
may exactly overlap.

To 1illustrate said rule, one may refer to an example
illustrated at figures 2-4. Here the topology is supposed to
be hexagonal and the switched off cell 1 has six neighbour
cells 3-8. It 1s assumed here that the MDC uses three (n=3)
different partitions named P1l, P2, P3. In order to enforce
the "non adjacency rule", a first cell 3 may transmit Pl with
an extended range 3' as illustrated in figure 2, a second
cell 4 may transmit a partially disjoint subset, that is not
comprising only Pl, e.g. P2 with an extended range 4', as
illustrated in figure 3 and a third cell 5 may transmit a
partially disjoint subset, that 1is not comprising only P2,
e.g. P3 with an extended range 5', as illustrated in figure
4., To complete the figure, while still enforcing the rule,
cell 6 may transmit Pl with an extended range 6' as
illustrated in figure 2, cell 7 may transmit P2 with an
extended range 7' as i1llustrated in figure 3, and cell 8 may
transmit P3 with an extended range 8' as illustrated in
figure 4. In the previous first example, all secondary
subsets, even corresponding to non adjacent <cells, are
partially disjoint. In addition they are even totally
disjoint. This provides the lowest budget, but also leads to
the lowest QoE.

Here, as can be seen in figure 5, figuring partitions
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that can be received according to the location of the
receiver in the coverage hole of cell 1, all three partitions
Pl1, P2 and P3 may be received everywhere. A receiver, e.dqg.
located in quarter 9 may receive Pl from cell 3, may receive
P3 from cell 8 and may receive P2 from cell 4.

However, the total disjunction 1is not mandatory, and
secondary subsets of non adjacent cells may overlap as in the
following distinct second example. Let us assume that the MDC
uses six (n=6) different partitions named P1-P6. In order to
enforce the "non adjacency rule", a first cell 3 may transmit
P1, P2 and P3, a second cell 4 may transmit P4, P5 and P6 and
a third cell 5 may transmit P1l, P2 and P3. To complete the
figure, while still enforcing the rule, cell 6 may transmit
P4, P5 and P6, cell 7 may transmit Pl, P2 and P3 and cell 8
may transmit P4, P5 and P6. Here some non adjacent cells,
e.g. cell 3 and «cell 5 share some partitions. This
"redundancy" prejudicially raises the budget but
advantageously raises the number of partitions that may be
received in a given area, thus raising the QoE.

Here again, as in the first example, all six partitions
P1-P6 may be received everywhere. A receiver, e.g. located in
quarter 9, may receive P1-P3 from cell 3 and may receive P4-
P6 from cell 8 and/or from cell 4.

According to a third example, secondary subsets of
adjacent cells may also partially overlap while enforcing the
"non adjacency rule". Let us assume that the MDC uses six
(n=6) different partitions named P1-P6. A first cell 3 may
transmit Pl and P2, a second cell 4 may transmit P2 and P3, a
third cell P3 and P4. To complete the figure, while still
enforcing the rule, cell 6 may transmit P4 and P5, cell 7 may
transmit P5 and P6 and cell 8 may transmit P6 and Pl. Here
all adjacent cells share one partition but have each one not

shared partition. This "redundancy" prejudicially raises the
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budget but advantageously raises the number of partitions
that may be received in a given area, thus raising the QoE.

Here, not all partitions P1-P6 may be received
everywhere. A recelver, e.g. located in gquarter 9, may
receive Pl and P2 from cell 3, may receive P2 and P3 from
cell 4 and may receive Pl and P6 from cell 8, that is, four
partitions P1, P2, P3, P6 out of six, two of them Pl, P2 with
two possible sources.

In order to provide a good coverage of hole with a low
budget, it is advantageous that each cell among the neighbour
cells 3-8 of saild switched off cell 1 transmits at least one
multimedia partition, over an extended range. This 1is
equivalent to have no secondary subset empty.

Another way, complementary or additional to the previous,
to provide a good coverage of hole is to have each multimedia
partition, among all multimedia partitions, transmitted by at
least one cell among the neighbour cells 3-8 of said switched
off cell 1, over an extended range.

To compensate for possible perturbations incurred due to
increased range for the partitions that are transmitted over
an extended range, at least some of said transmissions over
an extended range may advantageously be protected. A
protection may be offered by the addition of a protection
code. Let us consider such a protection code to have a coding

rate of r. This means the use of said protection code adds an

. 1 L .
relative overhead of — to a transmission, transforming an
r

amount of x bits transmitted, to an increased amount of
1 , .

x| 1+—| bits transmitted.
r

Said protection may e.g. comprise a forward error

correction, FEC. Said protection prejudicially raises the

1
budget by said overhead of — but may allow in compensation
r



10

15

20

25

30

WO 2012/069253 PCT/EP2011/067931

for a reduction of the number of partitions transmitted
either in the primary subset or in the secondary subset.

A multimedia partition transmitted over a normal range is
typically transmitted using a reference or normal emitting
power. Transmission of at least one multimedia partition over
an extended range 3'-8' may be done with an emitting power
extended with respect tTo a normal emitting power. The
extension of the emitting power may be e.g. proportional to
the extension of the range from normal range to extended
range.

Alternately, transmission of at least one mnultimedia
partition over an extended range 3'-8', if said partition is
advantageously protected, may be done with an emitting power
generally equal to a normal emitting power. Here the
increased reliability provided by the protection may
compensate for the relative decrease of emitting power.

Several embodiments may be adopted depending on the
trading off between budget and QoE.

According to a first embodiment, favouring the QoE toward
the budget, a neighbour cell may transmit all the partitions
either with a normal range or with an extended range.
Otherwise said, union of the primary subset and of the
secondary subset of the «cell comprises all mnultimedia
partitions, or any partition 1is tfransmitted either over a
normal range or over an extended range.

So doing, the power budget of the cell, with respect to
the power budget of said cell if it would transmit all
multimedia partitions over a normal range, that is, if all
cells where ON, 1is increased by the budget caused by the
range extensions. The budget of a switched on cell is
slightly increased, but the QoE in the area normally covered
by said cell is not degraded, that is, is kept unchanged. In

order that the switching off of a cell remains advantageous,
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the 1increases of all neighbour cell budgets must together
stay lesser than the power budget saved by the switching off
of the cell.

The power budget according to the first embodiment may be
computed. It i1s interesting to compare to the normal or
initial power budget, without any switched off cell.

Let us consider as an illustration, a network with 1
cells, n MDC partitions and an elementary budget P to
transmit one partition over a normal range. The initial power
budget is [xnxP.

According to the first embodiment, let be 1/k a ratio of
switched on cells, and thus 1/k a number of switched on
cells, let be m a number of partitions transmitted with an
extended range (that 1s the cardinal of the secondary
subset), and P' an elementary budget to transmit one
partition over an extended range. P' may e.g. be calculated
with the formula of emitted power function of distance, e.qg.

obtained from the following Walfish-Tkegami model:

-2
411 ;
])received = C X [_ J X dﬂ X Pemiﬂed
A
where C is a constant, and 1 = 2 in free space and i = 2.6 in

urban environment.
As the carrier frequency and the minimum reception level
are kept the same for each partition, we can deduce that

P xd' .

emitted

Let d’ be the extended distance. d =kxd if we consider

an extension in a linear referential. This leads to P =k'xP.

So the total power budget of the first embodiment is:
/ _
;kﬁﬁ@P+mka]

Fnergy is saved i1f said power budget 1is lesser than the

initial power budget, that is:
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ékn—mﬂ1+mxk74£lxnxP

k' -1 n
<—.
k-1 m

That is: (m-m)+mxk' <kxn thus This last

inequality gives the condition for the switching off to be
energy saving, under the first embodiment hypothesis.

According to a second embodiment, further limiting the
global power budget, some partitions among all partitions may
not be transmitted by a neighbour cell. In that case a
neighbour cell only sends a reduced number of partitions.
The omitted partitions may either be of a normal range or of
an extended range. In that case, a protection of the
remaining extended transmissions may compensate a reduced
number by an increased reliability of remaining partitions.

Furthermore, the increased reliability provided by the
protection, may even be considered sufficient to permit the
needed coverage extension without extending the emitting
power. A partition intended to be transmitted over an
extended range may be transmitted with a normal emitting
power, instead of an extended/increased one.

There, a number of partitions are absent from both
primary and secondary subsets of the cell. They are thus not
transmitted from said cell. Said number of non transmitted
partitions may be determined so as to reduce the power
budget. The higher 1is the number the lower 1is the power
budget. In one particular case, the budget of a switched on
cell is unchanged, but the QoE in the area normally covered
by said cell 1is slightly degraded. It is also possible to
lower the power budget for said cell under the normal power
budget of said cell, that is, 1f it would transmit all
multimedia partitions over a normal range. The eventual
protection budget incurred by the eventual addition of some
protection can here be taken into account.

The power budget according to the second embodiment may
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be computed. Let be j the number of absent partitions. n-j
partitions are to be transmitted. n-j-m partitions are to be
transmitted over a normal range, and m partitions have to be

transmitted over an extended range. This leads to a budget of
[ : .
;kn—nr—jﬂ1+mP] if an extended emitting power P' is used for

partitions transmitted over an extended range. If here,
instead of raising the emitting power P to P', it is chosen
to protect the extended partitions and to transmit them with

an normal emitting power of P, sald budget Dbecomes

[ . 1 . .

;(n—m—ﬁ+mﬂ+—)P, where r is a coding rate of the
r

protection code.

With a hypothesis of an ON cell working with the same
power budget as usual, when all cells are ON, the last
formula may be rewritten (n—m—j)+m(l+%):n, or j:%. This
formula gives a value of the number j of non transmitted

partitions guaranteeing a power saving. In fact, in that

m
case, with — non transmitted partitions, the total budget
r

{
becomes ;xnxP, lesser than the initial budget [IxmxP . The

energy saving is here directly function of k, that is of the
ratio of switched off cells.

The number of independent autonomous multimedia
partitions n may be linked to the number of neighbour cells
of a switched off cell by another equation. If it is admitted
that each neighbour cell of a switched off cell extends its
range so as to cover half of the area left "empty" by said
switched off cell, and that there are a number u of such
neighbour cells, the number of independent autonomous
multimedia partitions n is equal to u/2 times the cardinal of

the secondary subset.
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If hexagonal topology is retained, that is, if cells are
regularly disseminated, a given switched off cell 1 has six
neighbours (u=6). With such a modelling hypothesis, the
number of independent autonomous multimedia partitions n is
advantageously taken equal to a multiple of three (u/2), n =
3 x m. In that case m is advantageously the cardinal of the
secondary subset. First example shows n = 3 and m = 1. Second
example shows n = 6 and m = 3. m = 2, with n = 6, the optimal
case, would be possible and equivalent to the first example.
Second example 1s thus suboptimal in order to increase the
QoE while also increasing the power budget.

Advantageously the method provides better results when
switched off cells are regularly disseminated among all the
cells. With a hexagonal hypothesis, different regular
patterns of switching off may be retained with different
densities that may adapt to the load decrease.

Figure 6 shows a very dense switching off map, with a
ratio of one switched off cell (pointed cells are switched
off) out of three. In that case k = 3/2. The periodic pattern
of switching off is figured in dgrey.

Figure 7 shows another switching off map, with a ratio of
one switched off cell (pointed cells are switched off) out of
four. In that case k = 4/3. The periodic pattern of switching

off is figured in grey.
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CLAIMS

1. A method, in a cellular communication network comprising
cells among which at least one cell 1is switched off, for
providing at least a minimum coverage for multimedia
transmission, said multimedia being parted into a number of
independent autonomous multimedia partitions, comprising the
steps of:

- transmitting from all neighbour <cells (3-8) of said
switched off cell (1), multimedia partition(s) of a primary
subset of all multimedia partitions over a normal range,

- transmitting from at least a first (3-8) and a second (3-8)
neighbour cells of said switched off cell (1), multimedia
partition(s) of a secondary subset of all multimedia
partitions over an extended range (3'-8'), said secondary
subset being totally disjoint from said primary subset,

the secondary subset of said first neighbour cell (3-8) being
partially disjoint of the secondary subset of said second
neighbour cell (3-8) when said first cell and said second

cell are adjacent.

2. The method of claim 1, wherein each cell among the
neighbour cells (3-8) of said switched off cell (1) transmits
at least one multimedia partition, over an extended range

(3'-8").

3. The method of claim 1 or 2, wherein each multimedia
partition, among all multimedia partitions, is transmitted by
at least one cell among the neighbour cells (3-8) of said

switched off cell (1), over an extended range (3'-8").

4. The method of any one of c¢laims 1 to 3, wherein

transmission of at least one multimedia partition over an
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extended range (3'-8') 1s protected by adding a protection

code.

5. The method of c¢laim 4, wherein said transmission 1is

protected by forward error correction, FEC.

6. The method of claim 4 or 5, wherein transmission of at
least one multimedia partition over an extended range (3'-8")
is done with an emitting power generally equal to a normal

emitting power used for transmitting over a normal range.

7. The method of any one of <c¢laims 1 to 4, wherein
transmission of at least one multimedia partition over an
extended range (3'-8') 1s done with an emitting power
extended with respect to a normal emitting power used for

transmitting over a normal range.

8. The method of any one of claims 1 to 7, wherein union of
sald primary subset and of said secondary subset of a

neighbour cell (3-8) comprises all multimedia partitions.

9. The method of any one of claims 1 to 7, wherein a number
of multimedia partitions are absent from said primary subset
and from said secondary subset of a neighbour cell (3-8) and

thus not transmitted from said cell (3-8).

10. The method of claim 9 wherein said number of absent
multimedia partitions is determined so that the power budget
for said neighbour cell (3-8), 1is lesser or equal than the
power budget of said cell if it would transmit all multimedia
partitions over a normal range, taking into account any

eventual protection budget.
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11. The method of c¢laim 10 wherein said number of absent
multimedia partition is equal to the ratio of the cardinal of
the secondary subset to the coding rate of the protection

code.

12. The method of any one of claims 1 to 11, wherein the
number of 1independent autonomous multimedia partitions 1is
equal to half the number of neighbour cells of a switched off

cell times the cardinal of the secondary subset.

13. The method of any one of claims 1 to 12, wherein switched

off cells (1) are regularly disseminated among all the cells.
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