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This ianvention relates t©¢ cellular radio systems, and
5 in particular <o channel-assignment arrangements for such
systems.

In cellular radio systems & number of base stations
are provided which, between them, provide radio coverage for
the area to be served by the system. A mobile radio unit

10 within the service area can make radio contact with the base
station having the strongest signal, which is usually the
nearest. As the mobile unit travels through the service
area, the mobile unit may get further from this base station
so that the signal ‘strength on this first radio 1link

15 deteriorates. Cellular systems provide arrangements whereby
coﬁhunicagion can then be established wiqp a second base
station, the link with the first being relinquished. This
process.is known as "handover". Each mobile unit requires a
separate channel to be assigned in order to communicate with

20 a base station. A channel is assigned to the link between
the mobile unit and the base station when communication is to
be set up, the channel being selected from chose allocated
for use by the base station and available for setting up a
link (i.e.. not currently assigned to a link;- The different

25 channels may be frequencies, time slots within a frequency,
Oor some otﬂer division of the spectrum.

In order to avoid co-channel interference,
particularly at boundaries between cells, each cell must have

30 available to it a channel or group of channels which is
different from those allocated to its neighbours.
Considerable research has gone into optimising re-use
patterns of these channels, to determine how close together
two cells using the same channels can be without causing

35 significant co-channel interference, thereby allowing the
most efficient use of the spectrum. However, a major problem

is that different cells have different traffic levels at
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so.that the signal strength on this first radio 1-ink 15 deteriorates.

Cel Isul ar systens provide arrangenents whereby communi cation can then be
established with a second base station, the link with the first being
relinqui shed. This process.is known as "hapdever". Each nobile unit
requires a separate channel to be assigned in order to conmunicate with 20
a base station. A channel is assigned to the |ink between the nobile unit
and. t he base tiaffewenmhenimnesmusi dayj omoits always et aippredicctilabecbabesng
sel ected from |l ed, £ Us h Ssg. st.at [ or
setting up a Iﬂ}gs%eaca%%actl g-é}leng nggésﬁaﬂgdg Eéqa%%k@'&%ﬁﬁg L??%(rég%t
25 channel s mﬁﬁlbé?q r OguetRtRes cetipe %‘r%}‘!s «wetnhl wese r 8ga3&ncyimes do not

coincide. This can result in channels being idle in one celil

n

despite there being heavy demand in nearby cells.
~ To take a particular example, a cell serving a
transport centre such as a railway station is likgly to be at
its busiest during the peak travel hours. The number of
channels which need to be allocated to that cell in order to
10 achieve an acceptable call success rate is determined by the
call traffic density at the peak time. None of these
channels can be re-used in any other neighbouring cell (i.e.
one not necessarily adjacent to the first cell, but close
enough for co- channel- J.nterference to be a possibility).
- 15 However, a nelghhourlng cell may have a peak traffic density
at another time of day. This must also be given a channel
allocatibﬁ sufficiently great to handle its peak density.
The result is an inefficient use of the available channels,
) as at any time of day there is spare capacity in one or other
20 of the cells. -

Dynamic reconfiguration of the basic channel
allocation scheme in neighbouring cells, in order to match
changes in demand, is liable to have knock-on effects on
further cells unless strictly controlled. Any such

25 reconfiguration must also take place promptly to react to-
sudden surgés in-demand. Regular shifts in demand could be
handled automatically by switching channels from one cell to
another at predetermined times of day but this can only cope
with predictable shifts in demand. Moreover, if a block of"

30 channels is shifted at a set time, any calls operating on a
channel when it is shifted could be lost.

It is known from PCT patént application number
W091/01073, .in the name of Telecom Securicor Cellular Radio
Ltd, to provide a cellular radio system using time division

35 multiple access in which each sector of a cell structure is

subdivided into two sub-sectors. When communication is set
up between a mobile unit and the base station the required
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or -sone other division of the spectrum In or der to avoi d

co- channel Interference, particularly at boundaries between cells, each
cell must have 30 available to it a channel or group of channels which is
di fferent from those allocated to itsZ reighbours. Considerable
research has gone into optimsing re-use patterns of these channels,
to determ ne how cl ose together two cells using the sanme channel s can be
wi t hout causi ngi @8 signiisceormnsu ttedmnly itigiior aive sub-sacsipr din ohiiedh
the most ef {1 CLegtndisf Ofukdle SPICLEUTY HOWRYE! redud®d And AR IoF Difler
different cells have different traffic |evel's at This, Sheet Has Been

Repl aced Thi s*?uiRedr eARfcenEREUCRBet The possibility of co-channel

interference since a more highly directional antenna can be
used. The receive antenna at the base station can also be

(%))

made more directvional with similar benefits.

This prior art arrangement reduces the likelihood of
co~-channel interference and reduces the transmitter power
required at the base station. However, it does not increase

10 the overall capacity of any sector.

_ Because it assigns individual time slots it is also
limited to a situation where the base stations are co-
located, since synchronisation would otherwise be a problem.

In areas in which for reasons of topography and/or

15 radio traffic density the— basic cell structure would not
provide an adequate service, it has been proposed to provide
microcelléj A microcell covers a smaller area than that
covered by a typical macrocell of the basic cell structure.
Consequently microcell base stations can be of lower power

20 than the base stations of macrocells. Nevertheless, there is
a problem in selecting channels for use by the microcell
which do not inteifere with any channels in use in nearby
cells.

The present invention seeks to provide extra capacity

25 for one cell of a network with the minimum of disturbance to
the overall‘channel allocation scheme and without reducing
the maximum capacity of the neighbouring cells. The channels
to be assigned mdy be frequencies, time slots on a given
frequency, or some other division of the available spectrum;

30 In this system each cell retains its maximum capacity, but it
can be used by another cell when not needed by the first
cell. )

According to a first aspect of the invention, there is
provided a method of assigning channels in a mobile radio

35 system having a plurality of base stations, each base station
serving a cell of the system, and wherein a first pool of
channels is allocated to a first base station serving a first
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2 different times of day, not always on a predictable basis, and the
capacity requirenents have to be based on the busiest period of each cell,
even when these peak tines do not coincide. This can result in channels
being idle in one cell despite there being keavy denmand in nearby cells. To
take a particular exanple, a cell serving a transport centre such as

arailway station is likely to be at its busiest during the peak travel
hOUF S. The r“gfch contains a second, smaller, cell served by a

second kase station, and wherein a second pool of channels is _
allocated to a groan of base stations including the second
base station and, the method comprising controlling the group
5 of base stations such that the channels of the second pool
can each be assigned to only one of the group of base
stations at any one time. - _ )
According to a second aspect of the invention, there
is provided a mobile radio network comprising a plurality of
10 base stations, wherein a group of the base stations serving
at least a first macrocell and a microcell contained within
a macrocell each have means to. establish radio communication
with mobile radio units operating within their respective
cells, lncludlng means of selecting for such communication
15 any of a pool of channels, available for use by all members
of the aroup of base stations, which is not currently in use.
Accordlng to a third aspect of the invention, there is
provided a controller for controlling the plurality of base
B stations of a network of the kind referred to above
20 comprising means for iééntifying that a first base station
requires a channel for radio communication with a mobile
unit, means for identifying which of a plurality of channels
are currently available for use by the base station, means
for allocating to the first base station one of the available
25 channels, and means for identifying a channel currently in
use by the first base station as not being currently
available for use by any of the other base stations..
According to a fourth aspect of the invention, there
is provided a method for assigning channels for a mobile-
30 radio network characterised in that at least one of the base
stations of the network has available to it a plurality of
pools of channels each shared with & different cooperating
base station or group of cooperating stations, the channel
assignment system being arranged such that the first base
35 station is allocated a channel from the common pool of
channels having the greatest number of available channels.
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channel s which need to be allocated to that cell in order to 10 achieve an

acceptabl e call success rate is determned by the call traffic density at

t he peak tine. None of these channels can be re-used in any other

~nei ghbouring cell (i. e. one not necessarily adjacent to the first cell,
but cl ose enough for co-channel interference to be a possibility). 15
However, a nelg%fourlng cell may have a peak trehglc denS|té ft anot her

time of day. $ ARSEDRIPEERhe CGFERSA ¢ J Rt FBANREES| avahipple

great to handl#hehsapeeketesell yragheevesalt is an inefficient use of the

avai l abl e channels, ag Al AN tg of 08Vl 06LE dF HPIEveARIG, Y £hd Qg0
other 20 of the cell& - - g !
provided a mobile radio network comprising a plurality of

base stations, at least a first base station having available
to it a plurality of pools of channels each shared with a

[¥1]

different co-operating base station or group of co-operating
base stations, characterised in that means are provided for
allocating a channel to the first base station from the pool
10 of channels having the greatest number of available channels.
' According to a sixth aspect of the invention, there is
provided a controller for controlling a plurality of base
stations of a network of the kind described above comprising
means for identify that a channel is required by a first base
15 station, means for identifyifnig the pool of channels available
for-use by that base s;ation that has most 5hannels available
and means for instructing the first base station to operate

on that channel. |

All these arrangements require only limited

20 cooperation between base stations. In particular, it is only
necessary for each base station to have information on which
of the common pool of channels is in use by the other base
stations sharing that pool. In a particularly advantageous
arrangement the macrocells are two cell sectors which each

25 share channels with a microcell, which is itself located
within a third sector. In such a case the base stations for
the three sector may be co-located. The microcell antenna
may be remote from buﬁ'controlled from the same site as the
sector base stations, so their cooperation requires no -

30 additional signalling overhead on the network.

The disturbance to the overall reuse pattern of the
cell pattern is minimised, since only the three sectors
closest to the microcell are affected.

In-some situations there is a requirement for a

35 minimum level of availability of channels in each cell to be
satisfied at all times. Therefore, in one embodiment of the
invention at least one of the base stations also has
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Dynani ¢ reconfiguration  of the basic channel allocation schene in
nei ghbouring cells, in order to match changes in denmand, is liable to have
knock-on effects on further <cells wunless strictly controll ed.
Any such 25 reconfiguration nust also takezprace pronptly to react to
sudden surges i n-demand. Regul ar shifts in demand coul d be handl ed
automatical ly by sw tching channels fromone cell to another at_-
predet er ni ned avadkkahte dag bht at Hedicawedn|B3pdomE \RANRI ct Bhecchrnned
in demand. MyfV@imend HrHaflcadf bd0aebangekssush sthdé athaloathal chnfen -
any calls operatlng gn channel—=when it _is’shifted could be lost. It is_-~
known from PC'IE’ e 5§5PP&‘;{§IUI§ ra@ssigned to that base station £
none of the dedicated pool of channels are available.

This invention will now be further described by way of

(¥]]

example only with reference to the figures, in which:

Figure 1 shows schematically -a channel allocation
scheme in a cellular radio system to which this idvention may
be applied. )

0 Figure 2 shows schematically a group of cells in the
cellular system of figure 1 in more detail.

Figure 2 shows diagrammatically a channel allocation
scheme according to the invention for three macrocells Al,

A2, A3 and a microcell M. _
15 Figure 4 illustrates diagrammatically how the channels

are selected in a modification of the invention.
Figure 5 illustrates diagrammaticallfrhow the channels
are selected in another modification of the invention.
- In this example, the invention is used to provide a
20 channel allocation for a microcell located within a macrocell
of a cellular tadio system in order to provide extra capacity
at a location with a high peak call traffic density.
Figure 1 is an idealised diagrammatic representation
of part of a cellular radio system, illustrating a channel
25 allocation system. It shows the service area of the cellular
radio network divided into cells each served bf a base
station. Each cell is shown in the figure to be a regular
hexagon, although in practice the array will not be regular
because of practical considerations such as base-station
30 siting and power, which are selected to suit local topography
and call traffic density. It will also be appreciated that
cell boundaries are in practice zones rather than lines.
Each cell in this idealised array is allocated one of
seven groups of radio channels. Cells allocated different
35 groups of channels are identified by the different letters A,
B, C, Db E, F or G, and cells allocated the same group of
channels are all identified by the same letter. It can be
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W91/ 01073, in the nane of Tel ecom Securicor Cellular Radio Ltd. to provide
a cellular radio systemusing tine division 35 nultiple access in which
each sector of a cell structure is subdivided into two sub-sectors. Wen
comuni cation is set up between a nobile TGnit and the base station the
required This is the replacenment sheet Date: 11 MAR 997 3 In areas in

whi ch for reasons cgré£m¥@ra hylangé ggghocé ffEkgrde§££¥e any cell A)
is surrounded by six other ceils B, C, D, E, F, G none of
which has the same channei allocation. The nearest cell with
the same channel allocation ({(i.e. the nearest cell A) is
separated from the first cell 3 in any_direction by two other
cells.: In this idealised situation simple geometry gives a
distance between base stations using the same frequencies of
V7 (approximately 2% ) times the distance between adjacent
base stations. At such a distance acceptable coverage can be
i0 achieved near cell boundéries whilst keeping co-channel
interference between stations at an acceptable level.
. FPigure 2 shows in more detail nine cells A, B, C, D,
E, F, G, B’ and F/. Cells B’ and F’' are allocated the same
channels and cells B and F respectively. Each cell is
15 divided into three sectors, each having its own channel sub-
allocation from the main allocation of that cell. These sub-
allocations are denoted by suffixes 1, 2, 3, to each
identification letter. This sectorisation of the cells
reduces co~channel interference further, because for example
20 sector F2 is further from sector F'2 than the minimum
distance between cell F and cell F’. Sectorisation therefore
improves channel re-use and also allows directional rather
than omnidirecticonal transmitters to be used, since each
transmitter only needs to cover one-third of the total area
25 of the cell. The use of directional transmitters means that
lower power'outputs can be used than with omnidirectional

(V1]

transmitters.
This cell and sector structure is the basic macrocell

structure of the system.

30 In this illustrative example there is, within the
coverage area of sector Al, a traffic ‘'hotspot' in which, at
certain times, a call traffic density significantly higher
than the average for the network is experienced. Sector Al
is unable to handle the total traffic on offer at busy times,

35 so an additional local transmitter is provided to handle the
extra traffic. The area of coverage of the local transmitter

is shown as microcell M.
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basi'c cell structure would not provide an adequate service, it has been
proposed to provide mcrocells. A mcrocell covers a snmaller area than that
covered by a typical cell of the basic cell ;structure (sonetinmes known as
"macrocells'). 5 Consequently microcell base stations can be of |ower
power than the base stations of macrocells. Nevertheless, there is a

probl emin sel ecting ,thE@%L;éu‘le USE s th rarh‘ir%%‘%kh WU A0 N0k cn
interfere with channels Tn"TUse i'n nearby cells. The prgéen I'nvention seeks
to provide extmhcrapabit yifor GRerly ' honesmdt ' thecwhannglisn ahboeatedofar
network with thgefboeMMAf QinStiy RAWE tH AdE OYes alrbuld nS’EaPE-%lvide any
al l ocation scheme_and w thout reducing the maximum capacity o

nei ghbour i ng CEPFESagRe R IGARAT Y & Ve “HE&MBREACKLY B2 ?r"é‘h%‘e%ci doreoves,
slots on a gi véllahii€lsedlyeady SO Oibrlleti 8208005 bbecéVRidalein its

spectrum In thi s SNSLEM GRchccely rgtains,1is Jmexl I EaRaC {dsa without
introducing co-channel interference.- The use.of special
channeis, not allocated to the main re-use pattern, Zor
microcells is possible, but. is an inefficient use of the

10 available spectrum.

Embodiments of the invention, using this structure,
will now be described.

In one arrangement according to the invention

- microcell M uses channels pooled with the adjacent sectors A2

- S and A3, the channels beiﬂé allocated tgo the three cells
dynamically according to demand. The base stations are in
communication with each other to ensure tﬁgt no channel :is
used by two Dbase stations simultaneously. This 1is

= particularly easy to implement if the base stations are co-

20 located. This will geﬁérally be the case for base stations
A2 and A3 serving adjacent sectors. Base station M may be
some distance away but in most architectures it would be
linked to statioﬁ Al, which would be co-located with the
other sectors’ base stations.

25 = However, this arrangement could result in unnecessary
blocking (call failure due to unavailability of channels)
when a pool is in full use but one of the other cells having
access to the pool has other channels available to it not in
use. A number of alternative embodiments, comprising methods -

30 of assigning channels to minimise blocking, are discussed
below.

In figure 3 a channel allocation scheme is shown for
the sectors Al, A2 and A3. Each sector has thirteen channels
allocated to it, sector A3 having channels 1 to 13, sector A2

35 having channels 14 to 26 and sector Al having channels 27 to
39. In practical channel allocation schemes adjacent channels
in the spectrum are not allocated to the same cell, to

I
HasBeenReﬁaced

"



According to a first aspect of the invention, there is provided a nethod of
assikgning channels in a nobile radio systemhaving a plurality of cells (A,
B, C etc), each having a transceiver for_tgapsmtting and receiving 5
radi o signals on one or nore channels, a first cell (A) having | ocated
withinit a smaller cell (M wherein a shared pool of channels (21-26) is

al located in Qﬁ!ﬁméé) fh@ {1 2RELEhYEd Uf thﬁtéﬁékéﬁcéemetﬁ}@erﬁnﬂd aé@ﬁ@.nd
transceiver, the method g ri si.ng controlling the trans

SrmlTer ool (WPHIRE S ne ‘S R ASER, CBa0, Be T8 e o AE SRERPERGNRE! SFnLRY
.shared pool catrhe)r&qd.&na.wssmqgmdx(s o dfe oHarded & rianstiss \spectatumny one

time, characterised that. J fiirst .c S t
A2, A3), each havi ngqu t?‘anséel%vé'r - tﬁec’%sat “{ e%y%egloe%% ?%%a?{’%l('él
within a fi?stcheamneds (v3ilapbe.t hextasdapeal cofanchéﬁnél $q X -wehh beeagor

?2&‘; ed with the trafscehunne?t 31584 056 (HPhnOUIed a2 ! Ne thie’ YhSiE&d 06t
channels for this pool is made in such a way as to minimise
inter-channel interference. For example the pool may consist

- of the six lowest frequencies available to sector A3 and the
10 six highest available to sector A2.
In a first arrangement the microcell, when it requires
a channel, selects an unused one from those available to it.
Secéors A2 and A3 have some channels 7 to 13, 14 to 20 not
available to the microcell i.e. reserved for the exclusive
15 use of these sectors or for pooling with other microcells.
Within the microcell a mobile unit is also in range of the
base station serving sector Al which will continue to meet
part of the traffic demand within the microcell.
In most current systems when a communication link is
20 required either for a handover or for establishing a new
call, a base station can select any channel from those
available to it. No preference is made between channels.
Whilst this is satisfactory when all channels can be used in
the same way, in the above embodiment it can be seen that the
25 use of chahnels 1 to 6, 21 to 26 by the sectors A2 and A3
would deprive microcell M of their use, but the use of
channels 7 to 20 would not. To avoid this problem, in a
first modification of the described embodiment, it is
arranged that when macrocell A3 requires a channel, one of
30 the channels 7 to 13 reserved for its exclusive use is
selected if such a channel is available. Only if no other
channel 1is available is a channel selected from those
channels 1 to 6 pooled with the microcell M. This means that
the macrocell dcoes not exclude the microcell from using a
35 pool channel unless the macrocell has no spare capacity.
In figure 4, channels 8, 9, 10 and 13 (denoted by an
X) are in use by sector A3. Channel 2 is also in use, but by
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This is the replacenent sheet Dater 3 0 JUL 1999 3a According to a
second aspect of the invention, there is provided a nobile radio network
conprising a plurality of cell's (A, B, C_etf)s each having a transceiver
for transmtting and receiving radio signal's on one or nore channels, one
of the cells (A) having located within it a smaller cell (M, mhereln a

shared pool (&&:@6)@8*6&@@6' s irf aldnaGAd | RreG@MBBsigniede oaNaeditels

of the 5 snall cel | h@ and a secoqg trapscei ver, mherelg t he transcel%er
serving the 1t*ar*’ the next annel to ke assigned to sector

mlght be one of the 'pool' channels !, 3 to 6, or one of
sector A3’ s ‘exclusive' channels 7, .1, 12. In fact, in this

(§1]

example the probability -s greater than 50% that it will
select a pool channel as more of these are available. To
avoid depriving the microcell of this pool channel the base
station of sector A3 is arranged so that it selécts one of
its exclusive channels 7 to 13 if one is available.
i0 In a further modification to the invention,
illustrated in figure 5, the microcell co-operates with two
or more macrocells and selects a channel for use from the
pool having the most channels available, This reduces the
chance of the microcell <taking the last available channel
- 1 from one pool; preventihél its use by _ the co-operating
macrocell, when several channels are séill available in
another-pool also available to the microcell.
In the example shown in figure 5, the microcell has
= six channels availéble{_five channels (21 to 24 and 26) from
20 the sector A2 pool, buf—only one (channel 2) from the sector
A3 pool. (It is immater:al whether it is the microcell or
the sector which is using a given pool channel). In this
example the microcell will use one of the channels 21 to 24
or 26 (seleéted at random) but will not use channel 2, since
25 the pool of which channel 2 is a member is currently more -
heavily used. - _ -

It should be noted that at times a sector may
nevertheless be using a pool channel even though non-pool
channels are available, despite the arrangements described-

30 above. This will occur if all non-pool channels were in use
at the time the call was set up, but some became available

during the duration of a call.

In a refinement of the described systeﬁ, the control

system may periodically monitor the channel usage and, should

35 it find a mobile using a pool channel when a non-pool channel
is available, hand the mobile over to the non-pool channel in

order to make the pool channel available.
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smaller cell (M and the second transceiver include channel selection neans
for.selecting any of the shared pool of channels (21-26) available for use
by both the transceiver of the smaller cell.{M and the second transceiver,
which is not already in use by the other transceiver, characterised in that
the cell (A) containing the 10 smaller cell ( is divided into sectors

M
(A, A2. A3), each s i pavid I it qug: ivef, 4 hgopibld eruge! | ;o
| ocated within a fi rgfié}élc{?or '?XI ;i',u‘{an t]([?'e ggi dat Qg‘ol ofé c#é’%%el gg%‘il}gé%g
bei ng shared WPRRERELIPRaHS&E| RBVEoFhaRBedf thEQsEcRBRS2LARC AS) agepdabiifan

the first sectorohAlhe ARCEOFSHEID t Sadet Ricadianbef! Qhdat RRannegdt izon, tbhare

I's provided a controller for controlling a plurality of transceivers of a
nobi | e radio n%ﬁ\b‘i%”*‘ﬁ \ﬂ??&‘hchésﬁ rsstta"t:r%fhygb‘i vePSsehfy PRV RN akyc( HF G

a cell, a sé&comdbilansmet ey isereageacfetwachade Staxildns comnund ratt ohest
established with the stronger one. Therefore, if microcell
pool channels are available, the mobile will be assigned one
of those, leaving channeis 27 to 39 free for use by mobiles
elsewhere in cell Al. If no pool channels are available, the

10 mobile will be assigned a channel £from the nearest base

station, namely Al.

Table 1 gives the results of applying these technigues

in a simulated traffic situation. The results are given for
15 eight situations. The first five are for traffic patterns

when traffic density in the microcell is three times that in

the rest of the cell array (which is otherwise uniform). (It

should be noted that the microcell occupies only one tenth of

the area of sector Al, so the total traffic on offer in any
20 one sector is still greater than that in the microcell).

The last three situations illustrate the position when
the traffic density is the same throughout. It is important
that the presence of the microcell does not seriously affect
the level of service in the other sectors at such times.

25 The-comparisons are given for two ' control* situations

of

1) no microcell, and
2) a ‘blind* microcell (i.e. using channels in common
with A2 and A3 regardless of whether they are
30 already in use).
These are compared with the three arrangements

discussed above _
3) microcell choosing free channels from pool (figure

3),
35 4) macrocell preferentially using non-pool channels
(figure 4), and
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Dat e: 3 0 JUL 1999 This Sheet Has Been R | aced 4 cell- which contains
a second, smaller, cell served by a second base station, and wherein a
second pool of channels is allocated to a gLoup of base stations including
t he second base station and, the nethod cornprising controlling the group 5
of base stations such that the channels of the second pool can each be

assjgned to only onesof nthecge?¥P RfidASthannels from the pool with most
' channels- free. (Figure 5). -
The conditions for =he simulation were:
- 13 channels per sector
- micreocell has 6 channels in common with each of A2 and A3.

i

- Average traffic level 7.4 Erlangs/sector
- microcell has approximately 10% of the area of sector Al,
and 3 times its traffic density per unit area. .
Measurements are made of the overall °*blocking'
10 levels, i.e. the percentagé of attempts to complete a
connection which are prevented because no suitable channel is
available in the individual macrocells Al (column a), A2 and
A3 (column b), and the microcell (column c¢), and the
resulting lost traffic (which is the total of the three
- 15 sectors and the"microcell,'féxpressed in Erlangs rather than
as a percentage) (column 4). This figuré-is 7.4 Erlangs x
(col 1 +2 xcol 2 + 0.3 x col 3)/100. The 5éighting factors
of 2 and 0.3 reflect the different areas represented by these
: columns, column 2 repreienting sectors A2 and A3, each having
20 the same size as sectoE Al, whilst column 3 represents the
microcell M whose total traffic is 0.3 of that of sector Al.
It will be seen from the table that a significant
reduction in the amount of lost traffic (from 1. 24E to 0. 88E)
is achieved by allocating . unused channels from adjacent
25 sectors. (An even greater reduction, to 0. 31, is achieved in
the 'blind'* microcell situation, but this uses some channels
. twice, in the microce;l and one of the sectors, leading to
unacceptable interference.) Smaller additional improvements
are achieved by preferentially allocating non-pool channels-
30 in the sectors and allocating channels to the microcell from
the pool with most channels available.
Although the overall blocking Ievel is reduced by this
method, some additional blocking occurs in the sectors A2 and
A3. This level rises from 1. 88% if no microcell is present,
35 (and therefore no channels can be taken from sectors A2 and
A3) to 4.56 in the worst-case situation (preferential
allocation of non-pool channel to macrocell - since this

i Hii“Bﬁfilllfﬂhced



stations at any one tinme. According to a second aspect of the invention,
there is provided a nobile radio network conprising a plurality of 10 base
stations, wherein a group of the base statlogs serving at least a first
macrocell and a microcell contained within & macrocel|l each have neans to
establish radio conmunication with nobile radio units operating w thin

their respectiye cells, includi S of cting f¢ gonmunicatl on
15 any of a po%‘} ‘oF o nne"l%":D ?%g“l rrgq 3%253 tﬂp "'IT(Hn ‘;ﬁgrs of Stfi8 3:roup
of base st ati opel wicihamnes snoto cuhaent‘-:l:gpw mrsethepcaoodi mvaiol abldi td the

aspect of the hAavegthPy, ;tNeRgs i &i LoV 0% & LUH Rl dflell Prigved i G e

plurality of base
microcell selects channeis from the pool with more available

channels, since this reduces the chances of depletion of the

w

other pool.
It is important that the system does not cause a

serious degrading of serwvice at times (probably most of the
time) when the traffic cdemand in the microcell is low. As
10 can be seen from the table, the effect of the arrangement is
that blocking in sectors A2 and A3 is marginally increased if
the$macrocell preferentially uses the non-pool channels, but
this effect is more than balanced by the improvement in the
microcell if it selects a channel from the pool with more
15 available. "In both cases there is an overall reduction in

the- amount of traffic-iost.
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stations of a network of the kind referred to above 20 conprising neans for
identifying that a first base station requires a channel for radio
comuni cation with a nobile unit, neans for, identifying which of a
plurality of channels are currently avai Iabi% Tor use by the base station,
nmeans for allocating to the first base station one of the avail able 25

channel s, and neans for identifying a ch%ggﬁéﬁfurrently I n use by the first

base station as not being currently avai
base stati ons.

or use by any of the other
According to a fourth aspect of the invention, there is

provided a nethod for a%éf:ﬂ@&”%?héggféﬁégéséé}xMﬂse' 130 éa‘?do%iﬂ%t WALK; o

characterised i'n that at

(¥])

20

25

30

35

east one o e . .
system having a plurality orf base stations, each base station

serving a cell of the system, and wherein a first pool of
channels is allocated to a first base station serving a first
cell which contains a second, smaller, cell served by a
second base station, and wherein a second pool of Ehannels is
allocated to a group of base stations including the second
base station, the method comprising controlling the group of
base stations such that the channels of the second pocl can
each be assigned to only one of the group of base stations at
any one time.

2. A channel assignment method as claimed in claim 1,
wherein at least one of the base stations also has allocated
to it a dedicated pool of channels, the channel assignment
method being such that one of the common pogl of channels is
only assigned to that base station if none of the dedicated
pool of channels are available.

3. A channel assigﬁ;ent method as claimed in claim 1 or
2, wherein at least one of the base stations has available to
it a plurality of pools of channels each shared with a
different co-operating base station or group of co-operating
base stations, the channel assignment system being arranged

such that the base station is assigned a channel_from the -

pool having the greatest number of available channels.
4. A method according to claim 3, wherein there are two
base stations serving macrocells, each sharing channels with

a base station serving a microcell located within a macrocell"

served by the first base station.

5. A mobile radio network comprising a plurality of base
stations, wherein a group of the bdse stations serving at
least a first macrocell and a microcell contained within a
second macrocell each have means to establish radio
communication with mobile radio units operating within their
respective cells, inclu&ing means of selecting for such
communication any of a pool of channels, available for use by

O ROl
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stations of the network has available to it a plurality of pools of
channel s each shared with a different cooperating base station or group of
cooperating stations, the channel assignnenf_system being arranged such
that the first base 35 station is allocated-a channel from the common poo
of channel s having the greatest nunber of avail able channels. This is the

repl acment Sheg.lt.lD% he..*:]s:L o'vf‘R 1x997grou1;rh' S& eet y@it_BSﬁQ R‘Jlﬁ %d is not

currently in use.
5. A mobile radio network according to claim 5 wherein at

least one of the base stations has available to it channels
from at least two pools shared with different base stations

(9]

or groups of base stations, and having means for selecting a
channel from the pool'which has most channels available.

7. A mobile radio network as claimed in claim 5 or 6
wherein at least one of the base stations to which one of the

10 pools of channels is available, also has available to it a
further pool of channels not available of other members of
the_rgroup, the channel selection means of the base station
being arranged to select a channel from the shared pool only
if none of the further pool of channels is available.

15 8. A mobile radio network as claimed in claim 5, 6 or 7
wherein at least some of the group of base stations are
located tggether and share control functions.

9. A controller for controlling the plurality of base
stations of a network according to any of claims 5 to 8

20 comprising means for identifying that a first base station
requires a channel for radio communication with a mobkbile
unit, means for identifying which of a plurality of channels
are currently available for use by the base station, means
for allocating to the first base station one of the available

25 channels, —and means for identifying a channel currently in
use by the first base station as not being currently
available for use by any of the other base stations.

10. A controller according to claim 9, wherein the
channels available are allocated to pools each available to

30 a subset of the group of base stations, at least one of the
base stations having access to more than one of the pools,
wherein when the said base station requires a channel, the
controller allocates a channel to that base station from the
pool which has most channels available.

35 11. A controller according to eclaim 9 or 10 further
comprising means for instructing the first base station to

IO A i]|iiiﬁ|iﬁ|fﬁfi|||ﬁ
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This. arrangenent ensures no cell has no channels avail abl e when anot her
cell. has several. According to a fifth aspect of the invention, there is
provi ded a nobile radio network conprising a plurality of 5 base stations,
at least a first base station having avaitapfe to it a plurality of pools
of channels each shared with a different co-operating base station or group
of co-operatin%%base statlons aracgeilsed In that peans. are pFOVIﬁed for

allocating a c H%PIFBchglFrrs eL0R1Le RN PRoM FRETEESI RO Gradhaits
having the greatestheunbaseoftavabhabie stennel shadaedr tis ngvadlabkext h =

aspect of the |gventipnthgse sy M flehs ERBRASLL ©eckoTa CRBBIPL! HA0sR

plurality of bas
network characterised in that at least a first base station

Z of the network has available to it a plurality of pools of
channels each shared with a different cooperating base
station or group of cooperating stations, the channel
assignment system being arranged such that the first base
station is allocated a channel from the common pool of

10 channels having the greatest number of available channels.
13. A method according to claim 12 wherein at least one of
the base stations also has available to it a dedicated pool
of channels, the channel assignment method being such that
one of the common pook of channels is only allocated to that

- 15 base station 1‘ none of the dedicated pool of channels are
available.

14. A method according to claim 12 or 13 wherein there are

at least two base stations serving macrocells which each

- share channels with a base station serving a microcell

20 located within a third—macrocell.

15. A mobile radio network comprising a plurality of base
stations, at least one of the base stations having available
to it a plurality of pools of channels each shared with a
different co-operating base.station or group of co-operating

25 base stations, characterised in that means are provided for
allocating a channel to the first base station from the pool
of channels having the greatest number of available channels.
16. A mobile radio network according to claim 15 wherein
the first base station serves a microcell, and the other base’

30 stations covers a macrocell other than that within which thg
microcell of the first base station is located.

17. A mobile radio network according to claims 15 or 16
wherein a pool of channgls is shared between two macrocells
and a microcell within a third macrocell.

35 18. A controller for controlling a plurality of base
stations of a network according to any of claims 15 to 17
comprising means for identifying that a channel is required

This Sheet Has Been RTlaced
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stations of a network of the kind described above conprising neans for
identify that a channel is required by a first base 15 station, neans for
identifyiffg the pool of channels availahl g faqr-use by that base station
that has nost channels avail able and neans --for instructing the first base
station to operate on that channel. All t hese arrangenent s require

only limtedgh Wrﬁd&rbrbetﬂ@ﬁﬁ %Qd%tn%hlﬂiv&%g Ehep@b'blCB!EaEhahheﬂ.g
t o, have i nformation. on whic

only necessary for ase statio
Coimon ool or tRAAES TOF 84 By Ehatnnnst RSt KiAH Aok RoRE: FhgapRLe
pool. In a parava::ulahslq aadi/amtaagedibs- Ansepgeneny tie finrytodalslesstaeibnoto

cell sectors V@Bﬁﬁhﬁ?@%Ee with a mobile unit on that channel.

S 19, A controller according tc claim 18 further comprising
means for instructing the base station to communicate with a
mobile on a channel not pooled with other base stations if

such a channel is available.
- 20. A controller according to claim 19 further comprising
10 means for monitoring the availability of channels, and means
for identifying that a base station is communicating with a
mobile unit using a first channel pocled with another base
station, means for identifying whether a second channel, not
pooled with another base station, is available to the first
15 base station, and means for arranging that if such a second
channel is availablé_pommunication between the base station
and the mobile unit is handed over from the first channel to

the second channel.

20
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25 share channels with a microcell, which is-itself located within a third

sector. In such a case the base stations for the three sector nay be

co- | ocat ed. The microcell antenna may he yreenote from but-controlled from
the same site as the sector base stations, so their cooperation requires no
30 additional signalling overhead on the network. The disturbance to the

ovgrall reuse pat;ern of the cell p%?ﬁ&@ﬂ&kF(?&@ @Bsed, since only the
three sectors closest to the mcroce are affected. In- sonme situations
there is a requirenent for a 35 mnimum|level of availability of channel-s
in each cell tpchelsdbinstaadoasystemti®budes Hitred Gied ghbburieieFeadisnast,
of the A2, Al which each have a number of channels (1 to 13, 14 <o
26, 27 - 39 respectively) allocated £for their use. A
microcell M contained within cell Al is served by a separate
base station. The microcell has available to it channels 1
to 16 and 21 to 26 from the allocation; of neighbohring cells
A2 and A3. The -base stations A2, A3 and M are controlled
10 such that no channel is in use simultaneously in both the
microcell .M and cell A2 or A3. This arrangement allows
channels to be reallocated between neighbouring cells
according to demand, without reducing the peak capacity in

individual cells. - .

\
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invention at |east one of the base stations also has This is the
replacenent sheet Date: 11 MR - 1997 - . This Sheet Has Been Repl aced
available to it a dedicated pool of channels. = The-channel assignnment
system can be arranged such that one of the common- pool of channels is
only assigned to that base station if none of the dedicated pool of

channel s are-availa?&g. This invention will now be further described by way
of |£;.
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exanple only with reference to the figures, in which: Figure 1 shows
schematically -a channel allocation schene in a cellular radio systemto
which this invention nmay be applied. 10 Figure 2 shows schematically
a group of cells in the cellular systemof figure 1 in nore detail. Figure
3 shows diagranmatically a channel allocation schene according to the

i nvention for three macrocells Al, A2, A3 and a mcrocell- M 5:

Figure 4 illustrates._diagrammatically how the channels are selected in a
nodi fication of the invention. Eigure 5 illustrates diagrammatically how-=

t he channel s -

Fig.3 - CHANNELS IN
g 7|89 |10[11}12|18] “orrE Al

CHANNELS IN
SECTOR A2

28] CHANNELS IN
SECTOR At

CHANNELS IN
MICROCELL

27128129 | 30|31|32|32| 33{ 34|35[36 |37

CHANNELS IN
SECTOR A3

CHANNELS IN
SECTOR A2

T CHANNELS IN
27128 |29 | 3013132132 | 33{ 34| 35{36 [37 | 38 SEGTOR Al

CHANNELS IN
MICROCELL

CHANNELS IN
SECTOR A3

CHANNELS IN

DO SECTOR A2
738 CHANNELS IN

27|28{29|30|31 |32 |32 | 33| 34| 35{36 |37 SECTOR A1

MICROCELL
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are selected in another nodification of the invention. In this exanple, _
the invention is used to provide a 20 channel allocation for a m crocel

| ocated within a macrocell of a cellular radio systemin order-to provide
extra capacity at a location with a high peak call traffic density. Figure
1 is an idealised diagranmatic representatiaon of part of a cellular radio

system illustrating a channel 25 allocation system It shows the service
area of the cellular radio network divided into cells each served by a base
st ation. Each cel | dds.shown io the figure to Lo ; ,
al though in practicg[The; g ray mg%l net be |regul af becayse of prpcti¢h
consi derations such|as bp&e-stati ¢n-
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3@"§|t i‘.ngL'an_d power, which are selected to suit |dCal=topg

traﬂﬂiFﬂema%ywmq4eM+LL4usg_maémpraﬂaIedthat £l
practi ¢e zohdsHEReHEREh |in¥8. Edch cell in thi %
al | oca{Ed"orierot swageh.-dr-oupsgedt..badi o channel s.
35 grofiflsClef= ichannizsd ale b degetlifiled by the differ
E, F ofidG aandidel +s-4al Mcabagdt.ne. dane group of o . e
i dent i filJesibdmpct he: sape..l.etd piged ....L.L.jcan be This i g the repl acenent sheet
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This invention relates 0 cellular radio systems, and

in particular <o channel-assignment -arrangements for such

wn

systems.
In cellular radio systems & number of base stations
are provided-which, between them, provide radio coverage for
the area to be served by the system. A mobile radio unit
10 within the service area can make radio contact with the base
station. having the strongest signal, which is usually the
nearest. As the mobile unit travels through the service
area, the mobile unit may get further from this base station
so that the signal ‘strength on this first radio link
15 deteriorates. Cellular systems provide arrangements wherxeby
coﬁhunicagion can then be established with a second base
' station, the link with the first being relinquished. This
process.is known as "handover“. Each mobile unit requires a
separate channel to be assigned in order to communicate with
20 a base station. A channel is assigned to the link between
the mobile unit and the base station when communication is to
be set up, the channel being selected from chose allocated
for use by the base station and available for setting up a
link (i.e..  not currently assigned to a link. The different
25 channels may be frequencies, time slots within a frequency,

or some other division of the spectrum.

In oxder to avoid co—dhannel interference,
particularly at boundaries between cells, each cell must have
30 available to it a.channel or group of channels which is
different from those allocated to its neighbours.
Considerable research has gone into optimising re-use
patterns of these channels; to determine how close together
two cells using the same channels can be without causing
35 significant co-channel interference, thereby allowing the
most efficient use of the spectrum. However, a major problem
is that different cells have different traffic levels at

This Sheet Has Been Reﬂlaced : This is the replacement sheet
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seen fromfigure 1 that each cell (for exanple any cell A) is surrounded by
six other cells B, C, D, E, F, G none of which has the sane dhiaSheetHas Been Replaced
al l ocation. The nearest cell with the sane channel allocation

nearest cell A) is separated fromthe first cell Ain any dir I
other cells. In this idealised situation $inmple geometry gives a di stance

bet ween base stations using the sane frequencies of [err].7 (approxi mately
2[err] ) tines the distance between adjacent base stations, At _-such a.
di stance accebtEbpEeRBVELAGE ©Fn B/ 1010 'Y PRa? BERALGSARY S Pasis.
Y\,hi | ist keepi ngnd c:itd addiRd ci i efdRiieneR st Waos Sbabe Wws &d @) WIIRC BRkdkise

evel . =

period of each cell, even when these peak times do not

coincide. This can result >n channels being idle in one cell

n

despite there being heavy demand in nearby cells.

To take a particular example, a cell serving a
transport centre such as a railway station is likgly to be at
its busiest during the peak travel hours. The number of
channels which néed to be allocated to that cell in order to
10 achieve an acceptable call success rate is determined by the

call traffic density at the peak time. None of these
channels can be re-used in any other neighbouring cell (i.e.
one not necessarily adjacent to the first cell, but close
enough for co-channel interference to be a possibility).
15 However, a neiéhbouring célf may have a peak traffic density
at another time of day. This must also Bé given a channel
allocatibﬁ sufficiently great to handle its peak density.
The result is an inefficient use of the available channels,
as at any time of day there is spare capacity in one or other
20 of the cells. B

Dynamic reconfiguration of the basic channel
allocation scheme in neighbouring cells, in order to match
changes in demand, is liable to have knock-on effects on
further cells wunless strictly controlled. Any such

25 réconfiguration must also take place promptly to react to-
sudden.surdés in-demand. Regular shifts in demand could be
handled automatically by switching channels from one cell to

" another at predetermined times of day but this can only cope
with predictable shifts in demand. Moreover, if a block of

30 channels is shifted at a set time, any calls operating on a
channel when it is shifted could be lost.

It is known from PCT patént application number
W091/01073, .in the name of Telecom Securicor Cellular Radio
Ltd, to érbvide a cellular radio system using time division

35 multiple access in which each sector of a cell structure is

subdivided into two sub-sectors. When communication is set

up between a mobile unit and the base station the required
This is the replacement sheet
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Fi.gure 2 shows in nore detail nine cells A B, C, D E F, G, B  and F
Cell's B and F' are allocated the sane channels and cell s THs 86 Has Been Replaced
respectively. Each cell is 15 divided into three sectorgd,
its own channel sub- allocation fromthe nmain allocation ofsuuﬂﬂmnﬁw Jﬂ
These sub- allocations are denoted by sufdxes 1, 2, )
identification letter. This sectorisation of the cells reduces co-channel
interference further, because for exanple 20 sector F2 is further from
sector F' 2 thannehe lnimilsursdnsimantedbonbgenitklih tharmhiedéctor in which
Sectorisation Jfiereiong LFRLOVES; ghatule! :34S2eAled! $RoahhaUR. dbE GhbdaRal
rather than ommidirectional transmtiers to be used, since eac

‘requirad anéd reduces the Dpossibility of co-channel

interZerence since a more highly directional antenna can be

N

used. The receive antenna at the base station can also be
made more directional with similar benefits.

This prior art arrangement reduces the likelihood of
co-channel interference and reduces the transmitter power
required at the base station. However, it does not increase

10 the overall capacity of any sector. '

Because it assigns individual time slots it is also
limited to a situation where the bhase stations are co-
located, since synchronisation would otherwise be a problem.

In areas in which Eor reasons of topography and/or

15 radio traffic density the basic cell structure would not
provide an adequate service, it has been pEoposed to provide
microcellé: A microcell covers a smaller area than that
covered by a typical macrocell of the basic cell structure.
Consequently microcell base stations can be of lower power

20 than the base stations of macrocells. Nevertheléss, there is
a problem in selecting channels for use by the microcell
which do not interfere with any channels in use in nearby
cells.

The present invention seeks to provide extra capacity

25 for one cell of a network with the minimum of disturbance to
the overall‘channel allocation scheme and without reducing
the maximum capacity of the neighbouring cells. The channels
to be assigned may be frequencies, time slots on a given
frequency, or some other division of the available spectrum;

30 In this system each cell retains its maximum capacity, but it
can be used by another ‘cell when not needed by the first
cell. i

According to a first aspect of the invention, there is
provide& a method of assigning channels in a mobile radio

35 system having a plurality of base stations, each base station

serving a cell of the system, and wherein a first pool of
channels is allocated to a first base station serving a fixst

This is the replacement sheet
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transmtter only needs to cover one-third of the total area 25 of the cell.

The'use of directional transnmitters means that | ower poﬁhs&mu&iﬁﬁ Th
LI T]

used than with omidirectional transmtters. This cel
is the basic nmacrocell structure of the system 30

illustrative exanple there is, wthin tkhed4ceverage area of sector ,
traffic 'hotspot' in which, at certain tines, a call traffic denS|ty
significantly higher than the average for the network is experienced.
Sector Al is aebbl etichandhsaihe totaecondff ismaddest.f ecedl Isesywed nky, B85
SO an add't'OQ@éokQCaésér§¥§%n5ﬂ€”adé;Jﬁ ek ded éQcQﬁ@déébirEE channels is _

allocated to a group of base stations including the second

base station and, the methoa comprising controlling. the group

of hase stations such that the channels of the second pool

h

can each Dbe assigned to only one of the group of base
stations at any one time. - _
. According to a second aspect of the invention, there
is provided a mobile radio network comprising a plurality of
10 base stations, wherein a group of the base stations serving
at least a first macrocell and a microcell contained within
a macrocell each have means to. establish radio communication
with mobile radio units operating within their respective
cells, 1nclud:.ng ‘means of selecting for such communication
15 any of a pool of channels, available for use by all members
of the group of base stations, which is not currently in use.
Accordlng to a third aspect of the invention, there is
provided a controller for controlling the plurality of base
stations of a network of the kind referred to above
20 comprising means for iééntifyinq that a first base station
requires a channel.for radio communication with a mobile
unit, means for identifying which of a plurality of channels
are currently available for use by the base station, means
for allocating to the first base station one of the available
25 channels, and means for identifying a channel currently in
use by the first base station as not being currently
available for use by any of ‘the other base stations. .
According to a fourth aspect of the invention, there
is provided a method for assigning channels for a mobile-
30 radio network characterised in that at least one of the base
stations of the network has available to it a plurality of
pools of channels each shared with a different cooperating
base station or group of cooperating stations, the channel
assignment system being arranged such that the first base
35 station is allocated a channel from the common pecol of
channels having the greatest number of available channels.
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extra traffic.

m crocel |

Mor eover,

channels already in use in other sectors of cell A or |n |ts

(811

10

15

20
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35

This. arrangement ensures no cell has no channels available
when another cell has several.

According to a fifth aspect of the invention, there is
provided a mobile radio =zetwork comprising a plurality of
base stations, at least-a first base station having available
to it a plurality of pools of channels each shared with a
different co-operating base station or group of co-operating
base stations, characterised in that means are provided for
allocating a channel to the first base station from the pool
of channels having the greatest number of available channels.

According to a sixth aspect of the inﬁention, there is
provided a controller for controlling a plurality of base
stations of a network of the kind described above comprising
means for identify that a channel is required by a first base
station, means for identifyiifig the pool of channels available
for-use by that base s;ation that has most channels available
and means for instructing the first base station to operate
on that channel.

All these arrangements require only limited
cooperation between base stations. In particular, it is only
necessary for each base station to have information on which
of the common pool of channels is in use by the other base
stations sharing that pool. 1In a particularly advantageous
arrangement the macrocells are two cell sectors which each
share channels with a microcell, which is itself located
within a third sector. In such a case the base stations for
the three sector may be co—locatéd; The microcell antenna
may be remote from buf'controlled from the same site as the

sector base stations, so their cooperation requires no -

additional signalling overhead on the network.

The disturbance to the overall reuse pattern of the
cell pattern is minimised, since only the three sectors
closest to the microcell are affected. -

In- some situations there is a requirement for a
minimum ;eiel of availability of channels in each cell to be

satisfied at all times. Therefore, in one embodiment of the

invention at least one of the base stations also has

The area of coverage of the local transmtter is shown as ——
M This is the replacenent sheet Date: 11 MAR 1§®§$mﬂfﬁsB«mRelmmd

difficulty arises in allocating channels -for the n1croce|
none of the channels allocated to nmacrocell Al can be used,
woul d not provide any increase in capaC|ry‘f0r t he nacrocel
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nei ghbours B, C, D, E, F and G cannot be used without introducing

co-channel interference. The use of special channel s, Thigih B Ropl
the main re-use pattern, for m.crocells is possible, bu i | i ent
use of the 10 avail able spectrum Enbodi nents of the inv hi s

structure, will now be described. In one éarrangenent according to the
i nvention mcrocell Muses channels pooled with the adjacent sectors A2 15
and A3, the channels being allocated to the three cells dynamically
according to dvpbhdbleTRe Hasa defiwwredrzodln ebneRaReet$on Bheh cwgmel

other to ensupgsihaheRR §P8PBRIcd® be arranged such that one of the common -

pool of channels is only assigned to that base station if

none of the dedicated pool of channels are available.
This invention will now te further described by way of

an

example only with reference to the figures, in which:

Figure ! shows schematicalij:a. channel allocation
scheme in a cellular radio system to which this iﬁvention may
be applied.

4] Figure 2 shows schemaéically a group of cells in the
cellular system of figure 1 in more detail.

Figure 2 shows diagrammatically a channel allocation
scheme according to the invention for three macrocells Al,
A2, A3 and a microcell M. -

:5 Figure 4 illustrates diagrammatically how the channels
are selected in a modification of the invention.

Figure 5 illustrates diagrammaticalli:how the channels
are selected in another modification of the invention.

- In this example, the invention is used to provide a
20 channel allocation for a microcell located within a macrocell
of a cellular radio system in order to provide extra capacity

at a location with a high peak call traffic density.

Figure 1 is an idealised diagrammatic representation
of part of a cellular radio system, illustrating a channel

25 allocation system. It shows the service area of the cellular
radio network divided into cells each served by a base
station. Each cell is shown in the figure to be a regular
hexagon, although in practice the array will not be regular
because of practical considerations such as base-station

30 siting and power, which are selected to suit local topography
and call traffic density. It will also be appreciated that
cell boundaries are in practice zones rather than lines.

Each cell in this idealised array is allocated one of
seven gréﬁps of radio channels. ' Cells allocated different

35 groups of channels are identified by the different letters A,
B, C, D, E, F or G, and cells allocated the same group of
channels are all identified by the same letter. It can be

This is the replacement shest
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used by two base stations sinultaneously. This i's particularty-
easy to inplenent if the base stations are co- 20 | ocat edThnsS]ibdtHasVBeEdR 1ace
generally be the case for base stations A2 and A3 serving
Base station M nmay be sone distance away but in nost archi uId
be linked to station A, which would be co-{qcated with the o

base stations. 25 - However, this arrangenent coul d result |n
unnecessary bl ocking (call failure due to unavailability of channels) when
a pool isin Eala.b Lz§-embu& SRS qf e Oheh cehhs (fz@,w 032 SrkyP dellq. RPo!
has ot her channel s avail e to it not in use. A nunber alternative
enbodi ment s, éénﬁPF§PH§QﬁﬂfRXB51x other cells B, C, D, E, F, G none of

.which has the same channel allocation. The nearest cell with
the same channel allocatzcn fi.e. the nearest cell A) is

separated from the first cell 3 in any direction by two other

n

cells: In this idealised situation simple geometry gives a
distance between base stations using the same ffequencies of
¥7 (approximately 2% ) times the distance between adjacent
base stations. At such a distance acceptable coverage can be

10 achieved near cell boundaries whilst keeping co-channel
interference between stations at an acceptable level.

. Figure 2 shows in more detail nine cells 34, B, C, D,
E, F, G, B’ and F'. Cells B’ and F' are allocated the same
channels and cells B and F respectively. Each cell 1is

15 divided into three sectors, each having its own channel sub-
allocation from the main allocation of that cell These sub-
allocatlons are denoted by suffixes 1, 2, 3, to each
identification letter. This sectorisation of the cells
reduces co-channel interference further, because for example

20 sector F2 is further from sector F’'2 than the minimum
distance between cell F and cell F'. Sectorisation therefore
improves channel re-use and also allows directional rather
than omnidirectional transmitters to be used, since each
transmitter only needs to cover one-third of the total area

25 of the cellz The use of directional transmitters means that
lower power-outputs can be used than with omnidirectional
transmitters.

This cell and sector structure is the basic macrocell
structure of the system.

30 In this illustrative example there is, within the
coverage area of sector Al, a traffic ‘hotépot‘ in which, at
certain times, a call traffic density significantly higher
than the average for the network is experienced. Sector Al
is unable to handle the total traffic on offer at busy times,

35 so an additional local transmitter is provided to handle the
extra traffic. The area of coverage of the local transmitter

is shown as microcell M. o
Fhis is the replacement shest
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30 of " assi gni ng—channel s te—mAi-Ai se bl ocking, are discussed below. In
figure 3 a chanpglgal ol egnilgenl scheme is shown for the sectors A, A2 and
A3. Each sector 4 nnels allocated to it, sector A3 having
channels 1 to :Zﬁmﬂg Eﬁm havi ng channels 14 to 26 and sector Al

havi ng channel s . ractical chagnel allocation schenes adjacent

channels in the spectrumare not allocated to the sane cell, to This is the
repl acenent sheet Date: 1 1 MAR 1997 .
A difficulty arises in allocating channels for <che
microcell M.  Cleaarly none of the channels allocated zo-

macrocell Al can ze used, since this would not provide any

increase in capacirty for the macrocell as a whole. Moreover,

[¥1)

channels already in use in other sectors of cell A, or in its
neighbours B8, €, D, E, 7 and G, cannot be used without'
introducing co-channel Interference.- The use.of special
channels, not allocated to =the main re-use pattern, Zor
microcells is possible, but. is an inefficient use of the
10 available spectrum,. '
Embodiments of the invention, using this structure,
will now be described.
In one arrangement according to the invention
microcell M uses chanmels pooléd with the adjacent sectors A2
- '5 and A3, the channels beiﬁ; allocated tqQ the three cells
dynamically according to demand. The base stations are in
communication with each other to ensure tﬂzt no channel is
used by two base stations simultaneously. This is
= particularly easy to implement if the base stations are co-

20 located. This will geﬁérally be the case for base stations
A2 and A3 serving adjacent sectors. Base station M may be
some distance away but in most architectures it would be
linked to station Al, which would be co-located with the
other sectors’ base stations.

25 = However, this arrangement could result in unnecessary
blocking (call failure due to unavailability of channels)
when a pool is in full use but one of the other cells having
access to the pool has other channels available to it not in
use. A number of alternative embodiments, comprising methods -

30 of assigning channels to minimise blocking, are discussed
below. |

In figure 3 a channel allocation scheme is shown for
the sector§ Al, A2 and A3. Each sector has thirteen channels
allocated to it, sector A3 having channels 1 to 13, sector A2

35 having channels 14 to 26 and sector Al having channels 27 to

39. In practical channel allocation schemes adjacent channels
in the spectrum are not allocated to the same cell, to

This is the replacément shest
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nt rference between adjacent channels. The

m.nt ni se the |ikeltnRead: Qg
Be 99t o signify the relative positions of the
rocell is located in sector Al and has

nunbers used here a
channels in the spe ,
twel ve 5 channels a ! snares channels 1 to 6 with sector A3,

and channels 21 to 26 with sector A2. Thé thoi ce of channels for this
pool is made in such a way as to mnimse inter-channel interference. For

exanpl e the pool may copnsist. of rhe six Jowest frequencies available to
Sector A3 aneiRs othen; bhestiagad| B o RRectEFTRCAS KahiaEh | Ad) oot
arrangenent tdmadfigirsucelthe Whatbdds ne@di hexe are not intended to signify

the relative positions of the channels in the spectrum.
The micxocell is-;ocated in sector Al and has twelve
5 channels available. it shares channels 1 to 6 with sector
A3, and channels 21 to 26 with sector A2. The choice of
channels for this pool is made in such a way as to minimise
inter-channel interference. For example the pool may consist
of the six lowest frequenc;eé available to sector A3 and the
10 six highest available to sector A2.
In a first arrangement the microcell, when it requires
a channel, selects an unused one from those available to it.
Secéors A2 and A3 have some channels 7 to 13, 14 to 20 not
available to the microcell i.e. reserved for the exclusive
15 use of these sectors or for pooling with other microcells.
Within the microcell a mobile unit is also in range of the
base station serving sector Al which will continue to meet
part of the traffic demand within the microcell.
In most current systems when a communication link is
20 required either for a handover or for establishing a new
call, a base station can select any channel from those
available to it. . No preference is made between channels.
Whilst this is satisfactory when all channels can be used in
the same way, in the above embodiment it can be seen that the
25 use of chahnels 1 to 6, 21 to 26 by the sectors A2 and A3
would deprfve microcell M of their use, but the use of
channels 7 to 20 would not. To avoid this problem, in a
first modification of the described embodiment, it is
arranged that when macrocell A3 requires a channel, one of
30 the channels 7 to 13 reserved for its exclusive use is
selected if such a channel is available. Only if no other
channel is available is a channel selected from those
channels 1 to 6 pooled with the microcell M. This means that
the macrocell does not exclﬁde the microcell from using a
35 pool channel unless the. macrocell has no spare capacity.
In figure 4, channels 8, 9, 10 and 13 (denoted by an
X) are in use by sector A3. Channel 2 is also in use, but by
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A3 ‘have sone cha &ﬁdto 20 not available to the mcrocell i.e.
réeserved for the e of these sectors or for pooling wth

ot her microcells. roceII a mobile unit is also in range of

t he base station serV|ng sector Al ;whi ch wiol I- continue to neet part of the
traffic demand within the nicrocell. In nost current systens when a

conmmuni cation link is 20 required either for a handover or for-establishing
a new call, almsenistzic¢ahl.can dd echaamgleshawrek feasaighese &vai-mabliteso

1. No pref & ANGe-4 5 R0 aetynan GhAMS! S<oWWd Shsd ik S cAtd SlASE ORY -

a cﬁahnel selecﬁﬁ ﬁﬁ unused one fromthose available to it. Sectors A2 and

when all channel’s can used
arght be one of the 'pool' channels L, 3 to 6, or one of
sector A3d's 'exclusive' channels 7, .1, (2. In fact, in this

w

0% that it will

in

sxample the probability -s greater than
select a pool channel as more of these are available. To
avoid depriving the microcell of this pool channel the base
station of sector A3 is arranged so that i1t selects one of
its exclusive channels 7 to 13 if one is available.

.0 In a further =modification to the invention,
illustrated in figure 5, the microcell co-operates with two
or more macrocells and selects a channel for use from the
pool héving the most channels available. This reduces the
chance of the microcell taking the last available channel
from one pool: preventihél its use by _the co-operating
macrocell, when several channels are still available in

'
-
n

another-pool also available to the microcell.
In the example shown in figure 5, the microcell has:
* six channels available: five channels (21 to 24 and 26) from
20 the sector A2 pool, bufionly one (channel 2) from the sector
A3 pool. (It is immaterral whether it is the microcell or
the sector which is using a given pool channel). In this
example the microcell will use one of the channels 21 to 24
or 26 (selected at random) but will not use channel 2, since
25 the pool of which channel 2 is a member is currently more -
heavily used. -

It should be noted that at times a sector may
nevertheless be using a pool channel even though non-pool
channels are available, despite the arrangements described-

30 above. This will occur if all non-pool channels were in use
at the time the call was set up, but some became available
during the duration of a call. =

In a refinement of the described systeﬁ, the control
system may periodically monitor the channel usage and, should

35 it find a mobile using a pool channel when a non~pool channel
is available, hand the mobile over to the non-pool channel in

order to make the pool channel available.
This is the replacement sheet
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channels 1 to 6, Re gsectors A2 and A3 woul d deprive m crocel

the same way, in above enbo iment it can be seen that the 25 use of
M of their use, 7@ hannels 7 to 20 would not. To avoid this

problem in a f|r the described enbodinent, it 1is
arranged that when nacrocell rqu|res-a.channeI one of 30 the -channels
7 to 13 reserved for its exclusive use is selected if such a channel is
avai |l abl e. Only if no other channel is available is a channel selected

from those channel s Witthi® po edniwixdeelie i cRocepbbile ThhRitneaeguikingt he
macrocel | doeg,npl . £x6 ﬁugflﬁhﬁaULCERQQELLérO”EHsénSné 3P Pgobgchaniehnie

unl ess the. nacrocelT has no spare capacit

from the microcell base station M, and channels 27 to 39
available from base station Al. As is conventional, if a
mobile unit is in range of two base stations communication is

established with the stronger one. Therefore, if microcell

n

pool channels are available, the mobile will be assigned one
of those, leaving channelis 27 to 39 free for use by mobiles
elsewhere in cell Al. If no pool channels are available, the

10 mobile will be assigned a channel £from the nearest base

station, namely Al.

Table 1 givés the results of applying these techniques

in a simulated traffic situation. The results are given for
15 eight situations. The first five are for traffic patterns
when traffic density in the microcell is three times that in
the rest gf the cell array (which is otherwise uniform). (It
should pe noted that the microcell occupies only one tenth of
the area of sector Al, so the total traffic on offer in any

20 one sector is still greater than that in the microcell).

The last three situations illustrate the position when
the traffic density is the same throughout. It is important
that the presence of the microcell does not seriously affect
the level of service in the other sectors at such times.

25 The-comparisons are given for two ' control' situations
of .
1) no microcell, and
2) a ‘blind' microcell (i.e. using channels in common
with A2 and A3 regardless of whether they are
30 already in use).

These ére compared with the three arrangements
discussed above

3) microcell choosing free channels from pool (figure

3),
35 4) macrocell preferentially using non-pool channels

(figure 4), and
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l.A* fi gu.re 4, channels 8, 9, 10 and 13 (denoted by an X) are in use

b
sector A3. Channel 2 is also in use, but by This is the ris < ged
Dat e: 11 MAR 1997 the mcrocell. I f channels we to
-nobiles arbitrarily the next channel to be assigned to se ' be

one of the 'pool' channels 1, 3 to 6, or i@8ne of sector A3' s 'exclusive
channels 7, 11, 12. In fact, in this exanple the probability is greater

than 50% that it wll 3
3) microcell using channels £rom the pool with most

channels- fxee. (Figure 5). -
mhe conditions for the simulation were:
- 13 channels per sector
- microcell has 6 channels in common with each of A2 and A3.

- Average traffic level 7.4 Erlangs/sector
- microcell has approximately 10% of the area of sector Al,
and 3 times its traffic density per unit area. -
Measurements are made of the overall *®blocking'
10 levels, i.e. the percentagé of attempts to complete a
connection which are prevented because no suitable channel is
available in the individual macrocells Al (column a), A2 and
A3 (column b), and the microcell (column <¢), and the
resulting lost traffic (which is the total of the three
. 15 sectors and the microcell, (expressed in Erlangs rather than
as a percentage) (column d4d). This figuré-is 7.4 Erlangs x
(col 1 +°2 x col 2 + 0.3 x col 3)/100. The 5éighting factors
of 2 and 0.3 reflect the different areas represented by these
columns, column 2 representing sectors A2 and A3, each having
20 the same size as sectoi Al, whilst column 3 represents the
microcell M whose total traffic is 0.3 of that of sector Al.
It will be seen from the table that a significant
reduction in the amount of lost traffic (from 1. 24E to 0. 88E)
is achieved by allocating.unused channels from adjacent
25 sectors. (An even greater reduction, to 0. 31, is achieved in
the *blind* microcell situation, but this uses some-channels
twice, in the microce}l and one of the sectors, leading to
dnacceptable interference. ) Smaller additional imﬁrovements
are achieved by preferentially allocating non-pool channels-
30 in the sectors and allocating channels to the microcell from
the pool with most channels available.
Although the overall blocking Ievel is reduced by this
method, some additional blocking occurs in the sectors A2 and
A3. This ievel rises from 1.88% if no microcell is present,
35 (and therefore no channels can be taken from sectors A2 and
A3) to 4.56 in the worst-case situation (preferential
allocation of non-pool channel to macrocell - since this
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sel ect a pool channel as nore of these are avail abl e. To avoi d depriving
the mcrocell of this- pool channel the base station of sector A3 is
arranged so that it selects one of its exclusive channels 7 to 13 if one is
available. :0 In. a further nodification to the invention,
illustrated in figure 5, the microcell co-operates with two or nore
macrocel I s and selects a channel for use fromthe pool having the nost

channel s avai |l abl e. This reduces the chante of the nicrocell t aki ng t he
| ast avail abl e channel 15 from one pool, preventing its use by the
co-operating nmacrocell, when several channels are still available in

anot her pool %t¥8S aFaf dhteFethetnf cFZEEFRST opportunity to seize the
ool channels so that they are then ot available to the

macrocell, ) This situation is significantly improved if the
microcell selects channeis from the pool with more available

channels, since this reduces the chances of depletion of the

wn

other nool.
It is important that the system does not cause a

serious degrading of serwvice at times-(probably most of the
time) when the traffic demand in the microcell is low. As
10 can be seen from the table, the effect of the arrangement is
that blocking in sectors A2 and A3 is marginally increased if
the macrocell preferentially useé the non-pool channels, but
thi; effect is more than balanced by the improvement in the
microcell if it selects a channel from the pool with more
15 available. " In both cases there is an overall reduction in

the- amount of traffic.losct.

——

-
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l.n* the exanple shown in figure 5, the mcrocell has six _channel's avail able:
five channels (21 to 24 and 26) from 20 the sector A2 pool, but on y

(channel 2) fromthe sector A3 pool. (It is imuateri al WhﬂmEeHw Replabf

m crocell or the sector which is using a given pool channe -
exanpl e the nmicrocell will use one of the:ghannels 21 to Z%HVM"“!H” Q(E

at randonm) but will not use channel 2, since 25 the pool o

is a menber is currently nore heavily used. It should be noted that at

times a sector may neverthel ess be using;gﬁﬂgpl channel even though
non- pool channels are avail able, despite the arrangenents descri bed

. A method of assigniag channels in a mobile radio
system having a plurality of base stations, each base station
serving a cell of the system, and wherein a first pool of

n

channels is allocated to a first base station serving a first
cell which contains a second, smaller, cell served by a
second base station, and wherein a second pool of Ehannels is
allocated to a group of base stations including the second
10 base station, the method comprising controlling the group of
base stations such that the channels of the second pool can
each be assigned to only one of the group of base stations at
any one time. '
2. A channel assignment method as claimed in claim 1,
wherein at leas% one of the base stations also has allocated
to it a dedicated pool of channels, the ;hannel assignment
method being such that one of the common pool of channels is
only assigned to that base station if none of the dedicated

,_.
(3,

- pool of channels are available.

20 3. A channel assigﬁ;ent method as claimed in claim 1 or
2, wherein at least one of the base stations has available to
it a plurality of pools of channels each shared with a
different co-operating base station or group of co-operating
base stations, the channel assignment system being arranged

25 such that the base station is assigned a channel from the -
pool having the greatest number of available channéls.
4. A method according to claim 3, wherein there are two
base stations serving macrocells, each sharing channels with
a base station serving a microcell located within a macrocell"

30 served by the first base station.
5. A mobile radio network comprising a plurality of base
stations, wherein a group of the_bése stations serxrving at
least a f;rst macrocell and a microcell contéined within a
second macrocell each have means to establish radio

35 communication with mobile radio units operating within their
respective cells, including means of selecting for such

communication any of a pool of channels, available for use by
This is the replacement sheet
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30- above. This will occur if all non- pool channels were in use at the tine
the call 'was set up, but sone becane avail abl e during t heThikshest HasrBeaf Replaced

call. In a refinenent of the described system. the control

periodically nmonitor the channel usage and, should 35 it fi I -
using a. pool channel when a non-pool channgl-is avail able, hand the nobile
over to the non-pool channel in order to nake the pool channel avail able.

This is the replacenment sheet Date: 11 MAR 1997 '
all members of the group of base stations, which is not

currently in use.
5. A mobile radio network according to claim 5 wherein at
ieast one of the base stations has available to it channels

from at least two pools shared with different base stations

(¢

or groups of base stations, and having means for selecting a
channel from the pool which has most channels available.

7. A mobile radio network as claimed in claim 5 or 6
wherein at least one of the base stations to which one of the

10 pools of channels is available, also has available to it a
further pool of channels not available of other members of
the group, the channel selection means of the base station
béi;g arranged to select' a channel from the shared pool only
if none of the further pool of channels is available.

15 8. A mobile radio network as claimed in claim 5, 6 or 7
wherein at least some of the group of base stations are
located- t.c;gether and share control functions.

9, A controller for controlling the plurality of base
stations of a network according to any of claims 5 to 8

20 comprising means for identifying that a first base station
requires a channel for radio communication with a mobile
unit, means for identifying which of a plurality of channels
are currently available for use by the base station, means
for allocating to the first base station one of the available

25 channels,-and means for identifying a channel currently in
use by the first base station as not being currently
available for use by any of the other base stations.

10. A controller according to claim 9, wherein the
channels available are allocated to pools each available to

30 a subset of the group of base stations, at least one of the
base stations having access to more than one of the pools,
wherein when the said base station requires a channel, the
controller allocates a channel to that base station from the
pool which has most channels available.

35 11, A controller according to eclaim 9 or 10 further
comprising means for instructing the first base station to

- —

R O A L
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1.2 CLAIMB 1.

havi ng.'a plurality of cells (A, B, C etc), each having all
transmtting and receiving 5 radio signals on one or nDre

first cell (A having located within it a smaller cel

of channels (21 -26) is allocated in connDn to the transcel

shar ed pool

A nmet hod of assigning channels in a nDblle radlo_systen1

of the smaller cell (M and a second transt®iver, the nethod conpr|5|ng
controlling the transceiver of the snaller ceII (h@ and the second"

transcei ver

such that each ggangF he sh ool can.onl y-be ai?
to-one 10 of SPRBURLSRAEEeFY ﬁeuPF cRaFRRRRELS 8BTS RYeh
first cell (A&oletderlﬂadelatacgpnsois §Ath éecnéﬁmeeatﬂ Aazibgbhe.

transcei ver

(31}

10

15

20

25

30

35

59? Sn%ilgétﬁghlégﬁ 5?2{[ 1ng channels for a mobile radio

network characterised in that at least a first base station
of the network has available to it a plurality of pools of
channels each shared with a different cooperating .base
station or group of cooperating stations, the channél
assignment system being arranged such  that the first base
station is allocated a channel from the common pool of
channels having the greatest number of available channels.
13. A method according to claim 12 wherein at least one of.
the base stations also has available to it a dedicated pool
of channels, the channel assignment method being such that
one of the common pook of channels is only allocated to that
base station if none of ﬁh;.dedicated pogl of channels are
available.

14. A method according to claim 12 or 13 Wherein there are
at least two base stations sexrving macrocells which each
share- channels with a base station serving a microcell
located within a third macrocell.

15. .A mobile radio network comprising a plurality of base
stations, at least one of the base stations having available
to it a plurality of pools of channels each shared with a
different co-operating base.station oxr group of co-operating
base stations, characterised in that means are provided for
allocating a channel to the first base station from the pool
of channels having the greatest number of available channels.
16. A mobile radio network according to claim 15 wherein
the first base station serves a microcell, and the other base’
stations covers a macrocell other than that within which the
microcell of the first base station is located.

17. - A mobile radio network according to claims 15 or 16
wherein a paol of channgls is shared between two macrocells
and a microcell within a third macrocell.

18. A controller for controlling a plurality of base
stations of a network according to any of claims 15 to 17
comprising means for identifying that a channel is required

This is the replacement sheet
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l,ocated within a first sector (A), and the said pool of channels (21-26)
bei hg shared with the transceiver of a sector (A2) other than the first
sector (Al). 15 2. A channel assignnment nethod as clainmed in claim1l,
wherein the smaller cell Mhas available to it a plurality of pools of
channel s (1-6, 21-26) each shared with a different co-operating sector (A3,
A2) the channel assignnent system being arranged such that the smaller cel
(M is assigned a channel fromthe shared iygoel (1-6, 21-26) having the
great est nunber of avail able channels. 20 3. A channel assi gnnent
method as clained in claim1 or 2, wherein the second sector (A2) also has
al l ocated to »y &1hk£ﬁ(sﬂ&xiqnxﬂmeﬁn(ﬁm&nﬁdbat@fyiﬁQ)theh@oo&aoﬁebhannels

(5138 15 orf PR (hd B (BBE She s It RUE AR nal 585 Ehpde s
of available and_neans for instructing the fixst base statlon to
communicate with a mobile unit on that channel.

19, A controller according tc claim 18 further comprising
means for instructing the base station to communicate with a
mobile on a channel not pooled with other base stations if

191}

such a channel is available.
- 20. A controller according to claim 19 further comprising
10 means for monitoring the availability of channels, and means
for identifying that a base station is communicating with a
mobile unit using a first channel pooled with another base
station, means for identifying whether a second channel, not
pooled with another base station, is available to the first
15 base station, and means for arranging that if such a second
channel is available pommunication between the base station
and the mobile unit is handed over from the first channel to

the second channel.

20
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25 channel s (14-20) are available. 4. A channel assignnment net hod
according to claim 3, wherein if the transceiver of the second sector (A2)
is comrunicating with a nobile unit using a first channel fromthe shared
pool (21-26), and a second channel fromthe 30 dedi.cated pool (14-20)
becones avail abl e, conmuni cati on between the transceiver and the nobile
unit is handed over fromthe first channg|{_to the second channel. This is

t he repl acenent s 13 5. A nobi |l e Tadi o network conprising a
plurality of cells (A B, C;, etc); each

CELLULAR RADIO SYSTEM

ABSTRACT (Fig 3)

A cellular radio system 1ncludes three neighbouring cells A3,
A2, Al which each have a number of channels (1 to 13, 14 To

-

26, 27 - 39 respectively) allocated Zor their use. A
arcrocell M contained within ceil Al is served by a separate
base station. The microcell has available to it channels 1
to 16 and 21 to 26 from the allocations of neighbohring cells

A2 and A3. The ‘base stations A2, A3 and M are controlled

"

10 such that no channel is in use simultaneously in both the
microcell .M and cell A2 or A3. This arrangement allows
channels to be reallocated between neighbouring cells

according to demand, without reducing the peak capacity in

individual cells.
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having a transceiver for transmtting and receiving radio signals on one or
more channels, one of the cells (A) having located witnin it a smaller cel
(M, wherein a shared pool (21-26) of channels is allocated in comon to
the transceiver of the 5 smaller cell (M and a second transceiver,
wherein the transceiver serving the smaller cell (M and the second
transcei ver include channel selection ans for selecting any of the shared
pool of channels (21-26) available for~/0se by both the transceiver of the
smaller cell (M angeksthegsecond transceiver, which is not already in use by
t he ot her transcei Med\Jchiaracterised in that the cell (A) containing the 10
smaller cell (M is divided into sectors (A, A2, A3), each sector having a
transceiver, the smalle lng | ocghed wthin agirs ector (Al),
and the said pool of )

one of the sectors (

This is the replacement sheet

Date: 11 mar 1997



15 6. A nobil e radi o network according to claim5 wherein the smaller
‘cell (M has available to it channels fromat |east two pools (1-6, 21-26)
shared with different sectors (A3, A2), and having neans for selecting a
channel fromthe shared pool 11-6, 21-26) which has nost channels
avai l able. 20 7. A nmobile radio network as clainmed in claim5 or 6
wherein at | east one of the sectors (A21 to which one of the shared pools
of channels (21-26) is available, al 9 has available to it a dedicated pool
of channels (14-20), not available to t3he smal ler cell (M. the channel
sel ection neans being arranged to select a channel fromthe shared pool
(21-26) only if none of the dedicated pool of channels (14- 25 20) is
avai l abl e. 8. A nobil e radi o network according to claim?7, further
conpri si 1 for popitoring the availahility of channe ri ns
for idenﬁlg 1 7] 8|9 [10]11]12]13 CHANKELS TN

: SECTOR A3

CHANNELS [N
SECTOR A2

CHANNELS [N
27128129 | 30313232 33/ 34|35[36 37 |38 SECTOR A1

CHANNELS IN
MICROCELL

CHANNELS IN
SECTOR A3

CHANNELS IN
SECTOR A2

- CHANNELS IN
27128 129 1 301313232 | 33| 34| 35{36 |37 |38 SECTOR A1

CHANNELS IN
MICROCELL

- 5 i v
DB 2DE]  CHANNELS IN

CHANNELS IN
SECTOR A2

% N

CHANNELS IN
27128129130|31 |32 |32 33 34135136 37| 38 SECTOR A1

CHANNELS IN
MICROCELL
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2

t.ranscei ver of the second sector (A2) is comunicating with a nobile unit
usi‘'ng a 30 first channel fromthe shared pool (21-26), nmeans for

i dentifyi ng whet her a second channel fromthe dedicated pool (14-20) is
avai l abl e, and neans for arranging that, if such a second channel is
avai |l abl e, comuni cati on between the transceiver and the nobile unit is

handed over fromthe first channel to the second channel, - 13 - gives
the microcell the greatest opportunity/8o seize the pool channels so that
they are then not avallable to the macrocell. ) This situation is
significantly i npropet—rf=—tir=
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f Yoayq2 Tos
n‘t crciﬁﬁ?ﬂA(ﬂ:MieN:r$}mmsnel sgfrop the pool with nore avai | abl e 5 channel s,

¥&higoneduees. Lhe pghanags|of depletion of the other pool It is
mmﬁrta,nt t hat,.the \ﬁystergodq@s not cause a serious Qegradl ng of service at
;n;es (probably nogp - ot the 4ifre) when theltraffic demand in the m crocel |
b oo As 10 .can b%%‘% fromthe table, the effect of the arrangenent is
at bI OCkI ng fin sectorsTAZ ang %@Meased i f the macrocell
on pool ffect is nore than -
aé‘!"l‘ljt;‘-‘ *rmrnc\i infthe microcell if it selects a channel from

- .,...In _both cases there is an overall
ﬁggug'?f)lonw: E]h or e q’\?s E}X\%ntlon rélates to cellular radio systems, and in particular to

channel-assignment arrangements for such systems.

5 In cellular radio systems a number of base stations are provided which,
between them, provide radio coverage for the area to be served by the system. A
mobile radio unit within the service area can make radio contact with the base
station having the strongest signal, which is usually the nearest. As the mobile

" unit travels through the service area, the mobile unit may get further from this
10 base station so that the signal strength on this first radio link deteriorates. Cellular
systems provide arrangements whereby communication can then be established
with a second base station, the link with the first being relinquished. This process
is known as “"handover". Each rhobile unit requires a separate channel to be
assigned in order to communicate with a base station. A channel is assigned to
15 the link between the mobile unit and the base siati_on when communication is to be
set up, the channel being selected from chose allocated for use by the base station
and available for setting up a link (i.e. not currently assigned to a link. The
different channels may be frequencies, time slots within a frequency, or some
other division of the spectrum.

20 In order to avoid. co-channel interference, particularly at boundaries
between cells, each cell must have available to it a channel or group of channels
* which is different from those allocated to its neighbours. Considerable research
has gone into optimising re-use patterns of these channels; to determine how close
together two cells using the same channels can be without causing’ significant co-
25 chann"el. interference, thereby allowing the most efficient use of the spectrum.
However, a major problem is that different cells have different traffic levels at
different times of day, not always on a predictable basis, and the capacity
requirements have to be based on the busiest period of each cell, even when these
peak times do not coincide. This can result in channels being idle in one cell

30 despite there being heavy demand in qearby cells.
To take a particular example, a cell serving a transport centre such as a
railway station is likely to be at its busiest during the peak travel hoﬁrs. The

number of channels which need to be allocated to that cell in order to achieve an
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. the-anmount. of traffic lost. This Sheet Has Been Re laced This is the
repl acenent sheet Thi s Sheet Has Been Raced CLAIMS 1. A met hod of
assigning channels in a nobile radio systemhaving a plurality of base
stations, each base station 5 serving a c2l|l of the system and wherein a
first pool of channels is allocated to a first base station serving a first

acceptable call success rate is determined by the call traffic density at the peak
time. None of these channels can be re-used in any other neighbouring cell {i.e.
one not necessarily adjacent to the first cell, but close enough for co-channel
interference to be a possibility). However, a néighbouring_ cell may have a peak
5 traffic density at another time of day. This must also be given a channel allocation
sufficiently great to handle its peak density. The result is an inefficient use of the
available channels, as at any time of déy there is spare capacity in one or éther of
the cells.

Dynamic reconfiguration of the basic channel allocation scheme in
10 neighbouring cells, in order to match changes in demand, is liable to have knock-on
effects on further cells unless strictly controlled. Any such reconfiguration must
also take place promptly to react to sudden surges in demand. Regular shifts in
demand could be handled automatically by switching channels from one cell to
another at predetermined times of day but this can onh} cope with predictable
15 shifts in demand. Moreover, if a block of channels is shifted at a set time, any

calls operating on a channel when it is shifted could be lost.

‘It is known, for example from Yum et al {IEEE international Conference on
Communications, Vol 3, 14th June 1992 C'hicago pages 1703-1709: “Hot-spot
traffic relief in cellular systems” to temporarily transfer a channel from one cell to a

20 ‘hot-spot’ in a adjacent cell. However, in the arrangements discussed in this

article cell close to the ‘hot-spot’ using the same channels as the donor cell {’co-

" channel cells’) must also have their channel allocations modified to avqid

interference. This can be ameliorated to some extent by aividing each cell, either

using a directional (sectored) arrangement, or using short range and Ioﬁg range

25 parts and a.rranging that in the “co-channel” cells the channel donated to the ‘hot-

spot’ is only used in those parts where interference with the hot-spot cell will not

occur (i.e. those sectors aimed away from the hot spot, or in the short-range part

only). The sectored version would also be incompatible with conventional sectored
patterns. '

30 This arrangement is complex, and requires the base stations of all the cells

involved to co-operate. [t al_so' reduces the capacity, not only of the donor cell, but

of parts of the co-channel cells as well.
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1

céll whi ch contains a second, snaller, cell servdd ne--base
station, and wherein a second pool of channels is ﬁ?ﬁ@%a"ﬁggfm%ﬂéﬁl‘bhp of
base stations including the second 10 base station,_the MM@EDconpr si ng
controlling the group of base stations su&n that the channel s of The second
pool can each be assigned to only one of the group of base stations at any
one tine. 2.  Afbanneh wiigi & ' haR{ chdlo Wath ity the:
wherein at |east one o? t he @asquggtn??gggg?%pﬁgg g}laféca? g(??ﬂ[“gbl s‘%ﬁhe"
dedi cat ed pbasic ckll shrannee yyouldeot hawvitzl arasdéqyane servine; tdwskieen propmseditbat
ggﬁeogft[‘ﬁeﬁgog egaf’rg%'oc%s.“}?%%lo%ehSco%'r 2SR et Gnbl Fhat 88 0er2d By QN

typical cell of the basic cell structure (sometimes known as ‘macrocells’).

5 Consequently microcell base stations can be of lower power than the base stations
of macrocells. Nevertheless, there is a problem in selecting channels for use by
the micréceil which do not interfere with channels in use in nearby cells.

The present invention seeks to provide extra capacity for such a ‘hot spot’
" occurring in one cell of a network with the minimum of disturbance to the overall -
10 channel allocation scheme and without reducing the maximum capacity of
neighbouring cells. The channels to be assigned may be frequencies, time slots on
a given frequency, or some other division of the available spectrum. In this system
each cell retains its maximum capadity.
According to a first aspect of the invention, there is provided a method of
15 assigning channels in 2 mobile radio system having a plurality of cells, at least one
cell being divided into sectors and having a smaller cell located within a first
sector, the sectors and the smaller cell each having a transceiver for transmitting
and receiving radio signals on one or more channels, wherein a shared pool of
channels is allocated in common to a second sector and to the smaller cell, the
20 method comprising controlling the transceivers of the second sector and the
smaller cell such that each channel of the shared pool can only be assigned to one
* of the sector and the smaller cell at any one time. .
According to a second aspect of the invention, there is provided a mobile
radio network comprising a plurality of cells, at least one cell being divided into
25 sectors and having a smaller cell located within a first sector, the sectors and the
smaller cell each having a transceiver for transmitting and receiving radio signals
on one or more channels, wherein the transceivers serving the second sector and
the smaller cell include channel selection means for selecting any of a shared poal
of channels available for use by both the smaller cell and the second sector, which
30 is not already in use by either the smaller cell or the second sector.
According to a third aspect of the invention, there is provided a controller
for controlling a plurality of transceivers of a mobile rqdio network in whi'ch a first

transceiver serves a first sector of a cell, a second transceiver serves a second
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. pool .of channels are avail able. 20 3. A channel assignnent nethod as -
claimed in claim1 or 2, wherein at |east one of the base stations has
available to it a plurality of pools of channels each shared with a
different co-operating base station or gréup of co:-operating base stations,
t he channel assignnment system being arranged 25 such that the base station

e 750 AR Bl AP 1R aBEED s SPUTR eRRR e S S ©
stations’ serfitkngedtdE a6 M iterein daah IPdscBigeC a1 ABtessWid B pbobas @hsihmdls, Othe
serving a mscercggg Ianc.’tI Ct)ﬁl? etgar\xlgcteur\lrlerr']s %elrrzgcgl%%g{eld ?e’aosl'?aerreéi/ e;:cniooll)yaft gﬁarfriegsStthbease
station. '
controller comprising means for identifying that a requires a channel for radio
5 communication with a mobile unit, means for identifying whic.;h of its allocated pool
of channels are currently available for use by the transceiver, means for allocating
to the transceiver one of the shared pool of channels, and means for identifying a
channel currently in use by the transceiver as not being currently available for use
" by any other transceiver to which the shared pool is allocated.
10 All these arrangements only require co-operation between the components
{sectors and microcell) forming a single cell. The antennas for the sectors of one
cell are usually co-located. The microcell antenna may be remote from them-but
controlled from the same site as the sector antennas, so their co-operation requires
no additional s:gnalhng overhead on the network. '
15 The disturbance to the overall reuse pattern of the cell pattern is
minimised, since only the cell containing the microcell is affected.

In a preferred arrangement the smaller cell has available to it a plurality of
pools of channels each shared with a different co-operating sector, the channel
assignment system being arranged such that the smaller cell is assigned a channel

20 from the pool having the greatest number of available channels. This shares out
the depletion of channels in the neighbouring sectors and ensures capacity is
" maintained in each sector. .
In some situations there is a requirement for a minimum level of availabil‘;ty
of channels in each cell td be satisfied at all times. Therefore, in one embodiment
25 of the'invention, at least one of the sectors also has available to it a dedicated pool
of channels, the channel assignment system being arranged such that one of the
shared pool of channels is only assigned to that sector if none of the dedicated
pool of channels are available. Preferably, if the transceiver of the second sector is
communicating with a mobile unit using a first cha.nnel from the shared pool, and a
30 second channel from the dedicated pool becomes available, communication

between the transceiver and the mobile unit is handed dver from the first channel

to the second channel.
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© 5, A nmobil e radi o network conmprising a plurality of base stations,
wherein a group of the base stations serving at |least a first macrocell and
a mcrocell contained within a second mnmacrocell each have neans to
establish radio 35 communication with nolg le radio units operating within
their respective cells, including nmeans of selecting for such comunication

any of a pool of channels, avajlable for use by This is the replacenent
sheet Thi s SheetNfdrvention Wil noyk bg further described by way of example only with

reference to the figures, in which:

Figure 1 shows schematically a channel allocation scheme in a cellular
radio system to which this invention may be applied.

5 Figure 2 shows schemarically a group of cells in the cellular system of
figure 1 in more detail.

Figure 3 shows diagrammatically a channel allocation scheme according to
the inventidn for three sectors A1, A2, A3 and a microcell M.

Figure 4 illustrates diagrammatically how the channels are selected in a

10 modification of the invention.

Figure 5 illustrates diagrammatically how the channels are selected in
another modification of the invention.

In this example, the invention is used to provide a channel allocation for a
microcell located within a sector of a cellular radio system in order to provide extra

15 capacity at a location with a high peak call traffic density.

Figure 1 is an idealised diagrammatic representation of part of a cellular
radio system, illustrating a channel allocation system. It shows the service area of
the cellular radio network divided into cells each served by a base station. Each
cell is shown in the figure to be a regular hexagon, although in practice the array

20 will not be regular because of practical coﬁsiderations such as base-station sitting
and power, which are selected to suit local .topography and call traffic density. It
) will also be appreciated that cell boundaries are in practice zones rather than lines_.
Each cell in this idealised array is allocated one of seven groups of radio
channels. Cells allocated different groups of channels are identified by the
25 differe'ht- letters A, B, C, D, E, F or G, and cells allocated the same group of
channels are all identified by the same letter. It can be seen from figure 1 that
each cell {for example any cell A} is surrounded by six other cells B, C, D, E, F, G
none of which has the same channel allocation. The nearest cell with the same
channel allocation (i.e. the nearest cell A} is separated from the firét cell A in any
30 direction by two other cells. In this idealised situation simple geometry gives a
distance between base stations using the same frequencies of V7 (approximately

22/3 )} times the distance between adjacent base stations. At such a distance
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*-15- all menbers of the group of base stations, which i's not currently in
use. 5. A nobile radio network according to claim5 wherein at | east one
of the base stations has available to it channels -romat |east two pools
shared with different base stations or grogps of base stations, and having
means for selecting a channel fromthe pool which has nost channels

avai | abl e. e radio petwork as clainmed in claim5 or 6 wherein
at | east oneaﬁ‘fep[t%%!eb‘fa%"eergqeatann e t3¢hifiYee nesn ecelif bevrdaries pwbilss keerinmmsel s

i's avail abl echél’arfe‘!’ﬂiéﬁe&\ﬁ%h'b@ﬁ]v@eﬂ Sratibndaf & bE&HtaNOlevR. Channels not
avai |l abl e of other nenbers of

Figure 2 shows in more detail nine cells A, B, C, D, E, F, G, B' and F'.

Cells B' and F' are allocated the same channels as cells B and F respectively. Each

5 cell is divided into three sectors, each having its own channel sub-allocation from

the main allpcation of that cell. These sub-allocations are denoted by suffixes 1,

2, 3, to each identification letter. This sectorisation of the cells reduces co-

channel interference further, because for example sector F2 is further from sector

F'2 than the minimum distance between cell F and cell F'. Sectorisation therefore

10 improves channel re-use and also allows directional rather than omnidirectional

transmitters to be used, since each transmitter only needs to cover one-third of the

total area-of the cell. The use of directional transmitters means that lower power
outputs can be used than with omnidirectional transmitters.

This cell and sector structure is the basic ma_c;rocell structure of the

15 system. ' ) )

In this illustrative example there is, within the coverage area of sector A1,
a traffic "hot spot” in which, at certain times, a call traffic den‘sity significantly
higher than the average for the network is experienced. Sector A1 is unable to
handle the total traffic on offer at busy times, so an additional local transmitter is

20 provided to handle the extra traffic. The area of coverage of the local transmitter
is shown as microcell M. .

A difficulty arises in allocating channels for the microcell M. Clearly none
of the channels allocated to sector A1 can be used, since this would not provi;ie
any increase in capacity for the sector as a whole. Moreover, channels'already in

25 use in other sectors of cell A, or in its neighbours B, C, D, E, F and G, cannot be
used without introducing co-channel interference. The use of special channéls,
not allocated to the main re-use pattern, for microcells is possib!e, but is an
inefficient use of the available spectrum. .

'Embodiments of the invention, using this st.ructure, will now be described.

30 In one arrangement according to the invention microcell M uses channels
pooled with the adjacent sectors A2.and A3, the channels being allocated to the
three cells dynamically accordiné to demand.. The base stations are in

‘communication with each other to ensure that no channel is used by two base

This ig the raplscement sheet
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"t he group, the channel selection neans of the base station being arranged
to'sel ect ‘a channel fromthe shared pool only if none of the further pool

of channels is available. 15 8. A nmobile radio network as clained in
claimb5, 6 or 7 wherein at |east sonme of tshe group:.of base stations are
| ocat ed together and share control functions. 9. A controller for

controlling the plurality of base stations of a network according to any of
clains 5 to BapenseApiaseaysivedinis srartiedanly eesntp imrIemant if the beseswtatieng i on

requires a cf %gl)c%t%ﬁ. AL Quiff QORI BL 1D cYdd fbr DD Rt RAY AL and RGN
I denti fying V\EI ch of a plura |9y o? cﬁanne S are current Iny avaldlnggl e f"gé
use by the bafjgcestsectars. nive@nantenna of base station M may be some distance away but
in most architectures it would be controlled from base station A1, which would be
5 co-located with the other sectors’ base stations, A2, A3.

This arrangement could result in unnecessary blocking {call failure due to
unavailability of channels) when a pool is in full use but one of the other cells
having accéss to the pool has other channels available to it not in use. A number
of alternative embodiments, comprising methods of assigning channels to minimise

10 blocking, are discussed below.

In figure 3 a channel allocation scheme is shown for the sectors A1, A2
and A3. Each sector has thirteen channels allocated to it, sector A3 having
channels 1 to 13, sector A2 having channels 14 to 26 and sector A1 having
channels 27 to 39. In practical channel aliocation schemes adjacent channels in

15 the spectrum-are not allocated to the same cell, to minimise the likelihood of
interference between adjacent channels. The numbers used here are illustrative
and not intended to signify the relative positions of the channels in the spectrum.

The microcell is located in sector A1 and has twelve channels available. It
shares channels 1 to 6 with sector A3, and channels 21 to 26 with sector A2,

20 The choice of channels for this pool is made in such a way as to minimise inter-
channel interference. For example the pool may consist of the six lowest
frequencies available to sector A3 and the six highest available to sector A2.

In a first arrangement the microcell, when it requires a channel, selects-an
unused one from those available to it. Sectors A2 and A3 have some channels 7

25 to 13 ‘14-to 20 not available to the microcell i.e. reserved for the exclusive use of
these sectors or for pooling with other microcells. Within the microcell a mobile
unit is also in range of the base station serving séctor A1 which will continue to
meet part of the traffic demand within the microceil.

In most current systems when a communication link is reqhired either for a

30 handover or for establishing a new call, a base station can select any channel from
those available to it. No preference is made between channels. Whilst this is
satisfactory when all channels can be used in the same way, in ihe above

embodiment it can be seen that the use of channels 1 to 6, 21 to 26 by the
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‘for allocating to the first base station one of the available 25 channels,
and means for identifying a channel currently in use:by the first base
station as not being currently available for use by any of the other base
stations. 10. A controller accordinggto claim 9, wherein the
channel s available are allocated to pools each available to 30 a subset of
the group of base stations, at |east one of the base stations having access
to nore thanSSS¥sdh2 @Rd Adyyasld dperive mioesl Mind thair disbabet the atse @f chagoélses

o e phte TSI B by oRARARCh 4 el bR bR
to claim 9erobodidhehur tthierarranged that when sector A3 requires a channel, one of the
channels 7 to 13 reserved fo.r its exclusive use is selected if such a channel is
5 available. Only if no other channel is available is a channel selected from those
channels 1 to 6 pooled with the microcell M. Thié means that the sector does not
exclude the microcell from using a pool channel unless the sector has no spare
capacity.

In figure 4, channels 8, 9, 10 and 13 (denoted by an X) are in use by

10 sector A3. Channel 2 is also in use, but by the microcell. If channels were
assigned .to mobiles arbitrarily the next channel to be assigned to sector A3 might
be one of the “pool™ channels 1, 3 to 6, or one of sector A3's ‘exclusive®
channels 7, 11, 12. In fact, in this example the probabi[ity is greater than 50%
that it will select a pool channel as more of these are available. To avoid depriving

15 the microcell of this pool channel the base station.of sector .A3 is arranged so that
it selects one of its exclusive channels 7 to 13 if oné is available.

In a further modification to the invention, illustrated in figure 5, the
microcell co-operates with two or more sectors and selects a channel for use from
the pool having the most channels available. This reduces the chance of the

20 microcell taking the last available channel from one pool, preventing its use by the
co-operating sector, when several channels are still available in another pool also
available to the microcell. .

In the example shown in figure 5, the microcell has six channels available:
five channels (21 to 24 and 26) from the sector A2 pool, but only one {channel 2)

25 from ;h.e sector A3 pool. (It is immaterial whether it is the microcell M or the
sector A3 which is using a given pool channel). In this example the microcell will
use one of the channels 21 to 24 or 26 (selected at random) but will not use
channel 2, since the pool of which channel 2 is a member is currently more
heavily used. .

30 It should be noted that at times a sector may nevertheless be using a pool
channel even though non-pool channels are available,'despite the arrangements
described above. This will occur if all non-pool channels were in use aé the time

the call was set up, but some became available during the duration of a call.
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"corrprlsmg means for instructing the first base station to This is the

repl acement sheet This Sheet Has Been Replaced -16- comunicate with
the nobile unit on a channel not available to other base stations if such a
channel is available. 12. A nmet hod for agsigning channels for a nobile

radi o network characterised in that at least a first base station of the

network has available to, it a Pl urality of pools of
n a refinement of the descrlbed system, the control system may

periodically monitor_the channel usage and, should it find a mobile using a pool
channel when a non-pool channel is available, hand the mobile over to the non-pool
channel in order to make the pool channel available.

5 Within the microcell M a mobile unit requiring connection will have
channels 1 to 6 and 21 to 26 available from the microcell base station M, and
channels 27 to 39 available from base station A1. As is conventionél, if a mobile
unit is in range of two base stations communication is established with the

" stronger one. Therefore, if microcell pool channels are available, the mobile will be
10 assigned one of those, leaving channels 27 to 39 free for use by mobiles
elsewhere in cell A1. If no pool channels are available, the mobile will be assigned
a channel from the neafest base station, namely A1.
Table 1 gives the results’ of applying these techniques in a simulated
traffic situation. The results are given for eight situations. The first five are for
15 traffic patterr'fs when traffic density in the microcell is three times that in the rest
 of the cell array (which is otherwise uniform}. (It should be noted that the
microcell occupies only one tenth of the area of sector A1, so the total traffic on
offer in any one sector is still greater than that in the microcell).
The last. three situations illustrate the position when the traffic density is
20 the same throughout. [t is important that the presence of the microcell does not
seriously affect the level of service in the other sectors at such times.
The comparisons are given for two "control"® situations of
1) no microcell, and '
2) a “blind" microcell (i.e. using channels in common with A2 and A3
25 regar&le.ss of whether they are already in use).
These are compared with the three arrangements discussed above
3) microcell choosing free channels from pool (figure 3},
4) sector preferentially using non-pool channels (figure 4), and
5) microcell using channels from the pool with most channels free.
30 (Figure 5).
The conditions for the simul.ation were:
- 13 channels per sector

- microcell has 6 channels in common with each of A2 and A3.
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- channel s each shared with a different cooperating base station or group

of-* cooperating stations, the channel assignnent system being arranged
such that the first base station is allocated a channel fromithe conmon
pool of 10 channels having the greatest n er of avail able channels. 13.
A met hod according to claim12 wherein at least one of the base stations
al so has available to it a dedicated pool of channels, the channel

assi gnnent rmAhadgbe#aﬁtjcmh?tmatlamﬁaci:ort he conmon pooI of channel s is-
only allocated.to

15 base .st af ] none of the t ed pol
channel s are @!Fé?‘l‘eo{{: %s a@f“'”’“ﬁ\"’n@"z %86‘6?%? EF‘%‘S’ %2‘"8? thé? ein
there are  density per unit area.

Measurements are made of the overall “blocking™ levels, i.e. the
5 percentage of attempts to complete a connection which are prevented because no
suitable channel is available in the individual sectors A1 (column a}, A2 and A3
{column b)), and the microcell {column c), and the resulting lost traffic (which is the
total of the three sectors and the microcell, {(expressed in Erlangs rather than as a
" percentage) {column d). This figure is 7.4 Erlangs x {col 1 + 2 x col 2 + 0.3 x col
10 3)/100. The weighting factors of 2 and 0.3 reflect the different areas represented
by these.columns, column 2 representing sectors A2 and A3, each having the
same size as sector A1, whilst column 3 represents the microcell M whose total
traffic is 0.3 of that of sector A1,
It will be seen from the table that a significant re-cjluction'in the amount of
15 lost traffic {(from 1.24E to 0.88E) is achie\'red by allocating-unused channels from
adjacent sectors. (An even greater reduction, to 0.31, is achieved in the "blind"
microcell situation, but this uses some channels twice, in the microcell and one of
the sectors, leading to wunacceptable interference.) Smaller additional
improvements are achieved by preferentially alioc.ating non-pool channels in the
20 sectors and allocating channels to the microcell from the pool with most channels
available. '
Although the overall blocking level is reduced by this method, some -
additional blocking occurs in the sectors A2 and A3. This level rises from 1.88%
if no microcell is present, {and therefore no channels can be taken from sectors A2
25 and A3) to 4.56 in the worst-case situation (preferential allocation of non-pool
channel to sector - since this gives the microcell the greatest oppor'tunity to seize
the pool channels so that they are then not available to the sector.) This situation
is significantly improved if the microcell selects channels from the pool'with more
available channels, since this reduces the chances .of depletion of the other pool.
30 It is important that the system does not cause a se'rious degrading of
service at times (probably most of the time) when the traffic demand in the
microcell is low. As can be seen from the table, the effect of the arranéement is
that blocking in sectors A2 and A3 is marginally increased if the sector
This is the replacement sheet
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- at least two base stations serving macrocells which each share channel s
wi'th a base station serving a mcrocell 20 located within a third
macrocel | . 15. A nmobi |l e radi o network conprising a plurality of base
stations, at |east one of the base stationg having:available to it a
plurality of pools of channels each shared with a different co-operating
base-station ogeﬁg l.ﬁg of .co-operating 25 base stations, characterised in

that neans € diFes ghe Zionzogl £ nnelse bk Saie eftect i more thanhalanced dwi on
fromthe pOOt'heQﬁ*np?S\i’é?ﬁéﬂtSmh@:\é' tﬂﬂ:r&éb‘ﬁ lgrlteQéIQ&E é"UHSﬁ‘fel Qfor (R Pa&' withhAgRel s.

16. A nmobil e radio network according to claim 15 wherein Tirst base
st ati on servawilablgi dn both casesritietehis aptdwerallyadection in the amount of traffic lost.

" This is the replacement sheet
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"30_ stations covers a macrocell other than that within which the mcrocell
of "'the first b ron-Ts tocated. 17. A nobil e radi o network

according to cl ai B ohedt s &gl N a pool of channels_is shared hetween
two macrocells an ithin a third macrocel I} THES SHBET HASABEEN
controller for con| rality of base stationg of appgtavepnk
according to any o 17 conprising neans f geei-depittHhg-that a
channel is required - 17 - .

1. A method of assigning channels in a mobile radio system having a plurality
of cells, at least one cell being divided into sectors and having a smaller cell
5 located within a first sector, the sectors and the smaller cell each having a
transceiver for transmitting and receiving radio signals on one or more channels,
wherein a shared pool of channels is allocated in common to a second sector and
to the smaller cell, the method comprising controlling the transceivers of the
second sector and the smaller c'ell such that each channel of the shared pool can

10 only be assigned to one of the sector and the smaller cell at any one time.

2, A channel assignment method as claimed in claim 1, wherein the smaller ..
cell has available to it a plurality of pools of channels each shared with a different
co-operating sector, the channel assignment system being arranged such that the

15 smaller cell is assigned a channel from the shared pool having the greatest number

of available channels.

3. A channel assignment method as claimed in claim 1 on: 2, wherein the

second sector also has allocated to it a dedicated pool of channe_ls, the channel
20 assignment method being such that or'xe.o__f the shared pool of channels is only

assigned to that sector if none of the dedicated pool of channels are available.

4, A channel assignment method according to claim 3, wherein if the

transceiver of the second sector is communicating with a mobile unit using a first
25 channel from the shared pool, and a second channel from the dedicated pool

becomes available, communication between the transceiver.and the mobile unit is

handed over from the first channel to the second channel.

5. A mobile radio network comprising a plurality of cells, at least one cell
30 being divided into sectors and having a smaller cell located within a first sector,
the sectors and the smaller cell each having a transceiver for transmitting and
receiving radio signals on one or more channels, wherein the transceivers serving

the second sector and the smaller cell include channel selection means for

This is the replacement sheet
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. by a base statiaop, rrean for |dent|fy| ng the pool j: @-H-a for-
use by that base nost channel s aval a {En ArBEENr
i nstructing the f on to comunicate w#-h. ___BM Duni t
t hat channel . | er accorqgng tc claim18 fu_r-t'h‘er“"‘*

conpri sing rreans for |nstruct|ng the base station to comunicate with a
nobi |l e on a channel not, pooled with other base stations if such a channel

_is avail abl eelesgng a”VA°EBrﬁ"\a(ﬁq geolRfcehamnals. gyaiabls for19se Ry dieeh the amallen ng
10 means f orcdioiidt el dadohd Sedbdi Wakhlit bt Qﬁ'eﬂﬁﬂr@esby 2Rk R @ﬁxafl@trcell or

identifying that a base station is communicating with a nobile unit using a
first channehepecdrdisedtoh anot her base

5 6. A mobile radio network according to claim 5 wherein the smaller cell has
available to it channels from at least two pools shared with different sectors, and

having means for selecting a channel from the shared pool which has most

channels available.

10 7. A mobile radio network as claimed in claim 5 or 6 wherein at least one of
the sectors to which one of the shared pools of channels is available, also has
available to it a dedicated pool of channels, not available to the smaller cell, the
channel selection means being arranged to select a channel from the shared pool
only if none of the dedicated pool of channels is available.

15 -7 )

8. A mobile radio network according to claim 7,'further comprising means for
monitoring the availability of channels, and means for identffying that the
transceiver of the second sector is communicating with a mobile unit using a first
channel from the shared pool, means for identifying whether a second channel

20 from the dedicated pool is available, and means for arranging that, if such a secénd

channel is available, communication between the transceiver and the mobile unit is

- handed over from the first channel to the second channel.

9. A controller for controlling a plurality of transceivers of a mobile radio
25 netwo"rk. in which a first transceiver serves a first sector of a cell, a second
transceiver serves a second sector of the cell, and a third transceiver serves a
smalier cell located within the first sector, and wherein each traqsceiver has
access to a pool of channels, the second and third transceivers being allocated a
shared pool of channels, the controller comprising means for_ide'ntifying that a
30 requires a channel for radio communication with a mobile unit, means for
identifying which of its allocated pool of channels are currently available for use by
the transceiver, means for allocating to the transceiver one of the share& pool of

channels, and means for identifying a channel currently in use by the transceiver

* This is the replacement sheet
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" station, neans for identifying whether a second channel, not pool ed with
anot her base station, is available to the first 15 base station, and neans

for arranging that if such a second channel is avail ﬁ@g@@ﬁﬂ

bet ween the base station and the nobile uit is hand
channel to the second channel. 20 This Sheet Has Been{ Re_

repl acement as *}?o‘%t bgﬁé ec:urrently available for use by any other transceiver to which the.

Itr st
it he

shared pool is allocated. -

10. A controller according to claim 9, wherein the smaller cell has available to
5 It at least two pools shared with different sectors, wherein when the smaller cell

requires a channe!, a channel is allocated to that cell from the poaol which has most

channels available.

it A controller according to claim 9 or 10 wherein the transceiver of the
10 second sector also has available to it a dedicated pool of channels not available to
the smaller cell, further comprising means for instructing the transceiver of the
second sector to communicate with the mobile unit on a channel from the

dedicated pool if such a channel is available.

15 12. A controller according to claim 11 further pomprising means for monitoring
the availability of channels, and means for identifying that the transceiver of the
second sector is commumcatmg with a mobile unit using a first channel from the
shared pool, means for identifying whether a second channel from the dedicated
pool is available, and means for arranging that if such a second channel is available

20 communication between the transceiver and the mobile unit is handed over -from

the first channel to the second channel.

13. A method substantially as described herein, with reference to the
drawings.
25 -

14. A network substantially as described herein, with reference to the -

drawings.

15. A controller substantially as described herein, with reference to the

30 drawings.
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In areas in which for reasons of topography and/or radio traffic density the

basic cell structure would not provide an adequate service, it has been proposed to
provide microcells,

A microcell covers a smaller area than that covered by a
typical cell of the basic cell structure (sometimes known as ‘macrocells’).
Consequently microcell base stations can be of lower power than the base stations
of macrocells. Nevertheless, there is a2 problem in selecting channels for use by
the microcell which do not interfere with channels in use in nearby celis.

The present invention seeks to provide extra capacity for such a ‘hot spot’
occurring in one cell of a network with the minimum of disturbance fo the overall .
channel allocation scheme and without reducing the maximum 'capacity of
neighbouring cells. The channels to be assigned may be frequencies, time slots on
a given frequency, or some other division of the available spectrum. In this system
each cell retains its maximum capacdity.

According to a ﬁrst aspect of the invention, there is provided

a method of assigning channels in a mobile radio system having a plurality
of cells {A, B, C, etc), each having a transceiver for transmitting and receiving
radio signals on one or more channels, a first cell {A) having located within it a
smaller cell (M), wherein a shared pool of channels (21-26) is allocated in common
to the transceiver of the smaller cell (M) and a second transceiver, the method
comprising controlling the transceiver of the smaller cell (M) and the second
transceiver such that each channel of the shared pool can only be assigned to one
of the transceivers at any one time, characterised in that the first cell (A} is divided
into sectors (A1, A2, A3), each having a transceiver, the smailer cell (M} being
located wit.hin a first sector (A1), and the said pool of channels {21-26} being
shared with the transceiver of a sector {A2) other than the first sector (A1).
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According to a second aspect of the invention, there is provided

a mobile radio network comprising a plurality of celis (A, B, C, etc); each
having a transceiver for transmitting and receiving radio signals on one or more
channels, one of the cells (A} having located within it a smaller cell {M), wherein a
shared pool (21-26) of channels is allocated in common to the transceiver of the
smaller cell (M} and a second transceiver, wherein the transceiver serving the
smaller cell (M) and the second transceiver include channel selection means for
selecting any of the shared pool of channels {21-28) available for use by both the
transceiver of the smaller cell (M) and the second transceiver, which is not already
in use by the other transceiver, characterised in that the cell (A) containing the
smaller cell {M) is divided into sectors (A1, A2, A3}, each sector having a
transceiver, the smaller cell (M} being located within a first sector {A1), and the

said pool of channels (21-286) being shared with the transceiver of one of the
sectors (A2, A3) other than the first sector (A1),

According to a third aspect of the invention, there is provided a controller

for controlling a plurality of transceivers of a mobile radio network in which a first

transceiver serves a first sector of a cell, a second transceiver serves a second
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CLAIMS
1. A method of assigning channels in a mobile radio system having a plurality
of cells {A, B, C, etcl, each having a transceiver for transmitting and receiving
radio signals on one or more channels, a first cell {A) having located within it a
smaller celi (M), wherein a shared pool of channels {21-28) is allocated in common
to the transceiver of the smaller cell (M) and a second transceiver, the mathod
comprising controlling the transceiver of the smaller cell (M) and the second
transceiver such that sach channel of the shared pool can only be assigned to one
of the transceivers at any one time, characterised in that the first cell (A) is divided
into sectors (A1, A2, A3), each having a transceiver, the smaller cell (M} being
located within a first sector {A1), and the said pool of channels (21-28) being
shared with the transceiver of a sector (A2) other than the first sector {A1).
2. A channel assignment method as claimed in claim 1, wherein the smaller
cell M has available to it a plurality of pools of channels {1-6, 21-26) each shared
with a different co-operating sector (A3, A2) the channel assignment system being

arranged such that the smaller cell {M) Is assigned a channel from the shared pool
{1-6, 21-28) having the greatest number of available channeis.

3. A channel assignment method as claimed in claim 1 or 2, wherein the
second sector {A2) also has allocated to it a dedicated pool of channels (14-20),
the channel assignment method being such that one of the shared pool of channels )

121-26} is only assigned to that sector {A2} if none of the dedicated pool of
channels {14-20) are available,

4, A channel assignment method according to claim 3, wherein if the

transceiver of the second sector {A2) is communicating with a mobile unit using a
first channel from the shared pool (21-26), and a second channel from the
dedicated pool {14-20} becomes available, communication between the transceiver

and the mobile unit is handed aver from the first channel to the second channel.

This is the replacement sheet.
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B. A mobile radio netwbrk comprising a plurality of cells {A, B, C, etc}; each

having a transceiver for transmitting and receiving radio signals on one or more
channels, one of the celis [A) having located within it a smaller cell (M), wherein a
shared pool (21-26) of channels is allocated in common to the transceiver of the
smaller cell (M} and a second transceiver, wherein the transceiver serving the
smaller cell (M) and the second transceiver include channe! selection means for
selecting any of the shared pool of channels {21-26) available for use by both the
transceiver of the smaller cell {M) and the secohd transceiver, which is not already
in use by the other transceiver, characterised in that the cell {A) containing the
10 smaller cell (M} is divided into sectors (A1, A2, A3), each sector having a
transceiver, the smaller cell (M) being located within a first sector (A1), and the

said pool of channels {21-26) being shared with the transceiver of one of the
sectors {A2, A3) other than the first sector (A1).

16 6. . A mobile radio network according to claim 6 wherein the smaller cell (M)

has available to it channels from at least two pools {1-6, 21-26) shared with

different sectors (A3, A2), and having means for selecting a channel from the
shared pool [1-6, 21-26) which has most channels available.

20 7. A mobile radio network as claimed in claim 5 or 6 wherein at least one of

the sectors (A2) to which one of the shared pools of channels (21-26) is availab(e_,
. also has available to it a dedicated pool of channels (14-20), not available to the
smaller cell (M}, the channel selection means being arranged to select a channel

from the shared pool {21-286) only if none of the dedicated pool of channels {14-
25 20) is available. '

8. A mobile radio network according to claim 7, further comprising means for

monitoring the availability of channels, and means for identifying that the

transceiver of the second sector {A2) is communicating with a mobile unit using a

first channel from the shared pool {21-28), means for identifying whether a second
channel from the dedicated pool {14-20) is

30

Aseal

available, and means for arranging that,
if such a secand channel is available, communication between the transceiver and

the mobile unit is handed over from the first channel to the second channel,

[
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