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(57) Abstract: The present invention provides a method and system for assigning a unique logical address to a mobile station in a
cloud cell. In one embodiment, a master base station selects a unique logical address from an associated set of addresses, where each
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each of the base stations communicate in the cloud cell using the assigned unique logical address. Moreover, the master base station
notifies assignment of the unique logical address to the mobile station to slave base stations in the cloud cell.



Description
Title of Invention: METHOD AND APPARATUS FOR

ASSIGNING A LOGICAL ADDRESS IN A COMMUNICATION

SYSTEM
Technical Field

[1] The present invention relates to the field of mobile broadband system with multiple

base stations serving a single mobile station, and more particularly relates to a method

and system for assigning logical address to a mobile station in a cloud cell using a

disjoint address space.

Background Art
[2] Millimetre-Wave Mobile Broadband (MMB) system is a millimetre wave based

system which operates in a radio frequency range of 30 Gigahertz (GHZ) and 300

GHz. MMB system uses radio waves with wavelength in range of 1 millimetre (mm)

to 10mm and is a candidate for next generation mobile communication technology due

to considerable amount of spectrum available in mmWave band.

[3] Generally, in a MMB system, MMB base stations are deployed with higher density

than macro-cellular base stations in order to ensure good network coverage. This is

possible as transmission and reception of signals is based on narrow beams which

suppress interference from neighbouring MMB base stations and extend the range of

an MMB link.

[4] Typically, in a MMB network, multiple base stations form a grid with a large number

of nodes with which a mobile station can communicate, thereby ensuring high quality

equal grade of service (EGOS) irrespective of the location of the mobile station. The

grid having a plurality of base stations serving a mobile station is commonly termed as

virtual cell or cloud cell. In a could cell, the multiple base stations communicating with

a mobile station need to perform downlink transmission beamforming while the mobile

station communicating with the base stations need to perform downlink reception

beamforming for receiving downlink control information and data packets. Similarly, a

mobile station communicating with a base station in a cloud cell may need to perform

uplink transmission beamforming while the base station needs to perform uplink

reception beamforming for transmitting uplink data.

[5] Further, in a cloud cell, one of base stations acts as a master base station and

remaining base stations acts slave base stations with respect to the mobile station. The

base stations in the cloud cell serving a mobile station keeps changing dynamically

based on movement of the mobile station. The cloud cell thus is a user centric virtual

cell. In overlapping cloud cell scenario, a base station can be a part of more than one



cloud cell. In one cloud cell, the base station acts as a master base station for one

mobile station and in another cloud cell, the base station act as a slave base station for

another mobile station or the base station can act as a master base station for another

mobile station.

[6] Generally, in a conventional cellular system, a mobile station communicates with a

single base station and is assigned a unique logical address by the base station. The

logical address assigned by the base station distinguishes one mobile station from

another mobile station in the domain of the base station that has assigned the logical

address. Typically, the logical address assigned to the mobile station is used by the

base station for signalling resource allocation information to each mobile station. The

logical address in the resource allocation signalling enables the mobile station to

determine whether the resource allocation signalling received from the base station is

intended for itself or some other mobile station. Also, the logical address is used by the

mobile station in bandwidth request signalling transmitted to the base station. The

logical address in the bandwidth request enables the base station to unique identify the

mobile station from whom the bandwidth request is received. Accordingly, the base

station can allocate resources to the mobile station associated with the logical address.

Moreover, the logical address assigned to the mobile station is also used to scramble

physical layer protocol data units.

[7] In a cloud cell environment, a mobile station communicates with multiple base

stations and receives data and control information from multiple base stations. In order

to communicate with multiple base stations each of the base station assigns an in

dividual logical address that is unique across the mobile stations in its domain. The

mobile station needs to maintain multiple logical addresses and has to use the logical

address specific to the base station with which it communicates. The mobile station can

receive/transmit data and control packets from one or more base stations dynamically

as directed by the master base station in the cloud cell. This leads to increased

complexity at the mobile station as the mobile station has to keep determining the base

stations from which it has to communicate and then configure the logical address for

transmit/receive processing for determined base stations.

[8] The Medium Access Control (MAC) layer in the mobile station also needs to be

aware of the base station with which the mobile station is communicating in order to

prepare the control message (for e.g. bandwidth request) and data packets (Security al

gorithms uses logical address to protect data packets) carrying the appropriate logical

address. This would lead to delayed building of data packets and control packets by the

MAC layer in the mobile station. In a high speed network, this delayed building of data

packets is not desirable for fast processing.



Disclosure of Invention

Technical Problem
[9] Accordingly, the present invention has been designed to solve the above-mentioned

problems occurring in the prior art, and the present invention provides at least the ad

vantages described below.

[10] An aspect of the present invention is to provide a method and an apparatus for

assigning a logical address in a cloud cell.

[11] Another aspect of the present invention is to provide a method and an apparatus for

assigning disjoint sets of addresses to a plurality of base stations in a communication

system.

Solution to Problem
[12] In accordance with an aspect of the present invention, there is provided a method for

assigning a logical address to a mobile station in a cloud cell, wherein the cloud cell

comprises a plurality of base stations, each of the plurality of base stations comprising

a master base station and one or more slave base stations, the method comprises

selecting, by master base station, an unique logical address from its associated set of

addresses, wherein the set of addresses is a subset of a common address space, and

assigning the unique logical address to the mobile station so that the mobile station and

each of the plurality of base stations communicate in the cloud cell using the assigned

unique logical address.

[13] In accordance with another aspect of the present invention, there is provided a base

station comprises a processor, and a memory coupled to the processor, wherein the

memory comprises an address assignment module configured for selecting an unique

logical address from an associated set of addresses, wherein the set of addresses is a

subset of a common address space, and assigning the unique logical address to a

mobile station in a cloud cell for communication in the cloud cell.

[14] In accordance with further aspect of the present invention, there is provided a method

of allocating disjoint sets of addresses to a plurality of base stations in a geographical

area, the method comprises determining number of base stations located adjacent to

each other in a geographical area, determining an identifier associated with each of the

base stations in the geographical area, deriving disjoint sets of addresses from a

common address space based on the identifier of each base station and the number of

base stations, and allocating the disjoint set of addresses to said each of the base

stations so that each of the base stations uniquely assigns a single unicast logical

address to a mobile station in a respective cloud cell using the associated disjoint set of

addresses.

[15] In accordance with still further aspect of the present invention, there is provided a



network entity comprises a processor, and a memory coupled to the processor, wherein

the memory comprises a disjoint address set determination module configured for de

termining a number of base stations located adjacent to each other in a geographical

area, determining an identifier associated with each of the base stations in the geo

graphical area, deriving disjoint sets of addresses from a common address space based

on the identifier of each base station and the number of base stations, and allocating the

disjoint set of addresses to said each of the base stations so that each of the base

stations uniquely assigns a single unicast logical address to a mobile station in a re

spective cloud cell using the associated disjoint set of addresses.

Brief Description of Drawings
[16] Figure 1 is a schematic diagram illustrating a cloud cell environment, according to

one embodiment,

[17] Figure 2 is a process flow diagram illustrating an exemplary method of assigning

logical address to a mobile station in a cloud cell in a geographical area, according to

one embodiment,

[18] Figure 3 is a flow diagram illustrating an exemplary method of managing conflict in

assigned logical address when a new base station is being added to a cloud cell,

according to one embodiment,

[19] Figure 4 is a flow diagram illustrating an exemplary method of managing conflict in

assigned logical address when a new base station is being added to a cloud cell,

according to another embodiment,

[20] Figure 5 is a flow diagram illustrating an exemplary method of managing conflict in

assigned logical address when a new base station is being added to a cloud cell,

according to yet another embodiment,

[21] Figure 6 is a flow diagram illustrating another exemplary method of managing

conflict in assigned logical address when a new base station is being added to a cloud

cell, according to one embodiment,

[22] Figure 7 is a flow diagram illustrating another exemplary method of managing

conflict in assigned logical address when a new base station is being added to a cloud

cell, according to another embodiment,

[23] Figure 8 is a flow diagram illustrating another exemplary method of managing

conflict in assigned logical address when a new base station is being added to a cloud

cell, according to yet another embodiment,

[24] Figure 9 is a flow diagram illustrating yet another exemplary method of managing

conflict in assigned logical address when a new base station is being added to a cloud

cell, according to yet another embodiment,

[25] Figure 10 is a flow diagram illustrating a still another exemplary method of



managing conflict in assigned logical address when a new base station is being added

to a cloud cell, according to yet another embodiment,

[26] Figure 11 illustrates a block diagram of a base station, such as those shown in Figure

1, showing various components for implementing embodiments of the present subject

matter,

[27] Figure 12 is a tabular representation illustrating a categorised list of base stations and

associated set of addresses as maintained by the master base station,

[28] Figure 13 is a block diagram illustrating an exemplary wireless network system for

allocating disjoint sets of addresses to a plurality of base stations in a geographical

area, according to one embodiment,

[29] Figure 14 is a process flowchart illustrating an exemplary method of allocating

disjoint sets of addresses to a plurality of base stations in a geographical area,

according to one embodiment,

[30] Figure 15 illustrates a block diagram of an exemplary centralized entity, such as

those shown in Figure 13, showing various components for implementing em

bodiments of the present subject matter,

[31] Figure 16a is a schematic representation illustrating allocation of set of addresses to

geographically adjacent base stations, according to one embodiment,

[32] Figure 16b is a schematic representation illustrating allocation of set of addresses to

geographically adjacent base stations, according to another embodiment,

[33] The drawings described herein are for illustration purposes only and are not intended

to limit the scope of the present disclosure in any way.

Mode for the Invention
[34] The present invention provides a method and system for assigning a unique logical

address to a mobile station in a cloud cell. In the following detailed description of the

embodiments of the invention, reference is made to the accompanying drawings that

form a part hereof, and in which are shown by way of illustration specific em

bodiments in which the invention may be practiced. These embodiments are described

in sufficient detail to enable those skilled in the art to practice the invention, and it is to

be understood that other embodiments may be utilized and that changes may be made

without departing from the scope of the present invention. The following detailed de

scription is, therefore, not to be taken in a limiting sense, and the scope of the present

invention is defined only by the appended claims.

[35] Figure 1 is a schematic diagram illustrating a cloud cell environment 100, according

to one embodiment. The cloud cell environment 100 includes a plurality of cloud cells

102A-C constituting of base stations 104A-J located adjacent to each other in a geo

graphical area 101. Each cloud cell is a user centric virtual cell consisting of plurality



of base stations serving a mobile station. A cloud cell serving a mobile station may

have same base stations as in another cloud cell serving another mobile station. Also, a

cloud cell serving a mobile station may have some base stations same as base stations

in another cloud cell serving another mobile station. On the other hand, a cloud cell

serving a mobile station may have all distinct base stations from base stations in

another cloud cell serving another mobile station.

[36] For the purpose of illustration, three cloud cells viz. the cloud cell 102A, the cloud

cell 102B and the cloud cell 102C are depicted in Figure 1. The cloud cell 102A

includes a multiple base stations (BSs) 104A to 104C serving a mobile station (MS)

106A. In the cloud cell 102A, the BS 104A is assigned a role of a master and

remaining BSs 104B and 104C acts as a slave BS. Similarly, the cloud cell 102B

includes multiple BSs 104D to 104G serving a mobile station 106B. In the cloud cell

102B, the BS 104E is a master BS while the remaining BSs 104D, 104F and 104G acts

as slave BSs. Similarly, the cloud cell 102C includes multiple BSs 104H to 104J

serving a mobile station 106C. In the cloud cell 102C, the BS 104J is a master BS

while the remaining BSs 104H and 1041 acts as slave BSs.

[37] In each of the cloud cells 102A-C, a master BS can directly communicate data

packets with a data gateway (not shown) while a slave BS communicates with the data

gateway via the master BS. The data gateway may be directly connected to an Internet

Protocol (IP) network (not shown) or connected via other network nodes.

[38] It can be noted that a cloud cell consisting two or more BSs is formed when a mobile

station enters a wireless network. BSs in a cloud cell as well as a master BS keep

changing based on the movement of the mobile station. When a BS joins or exits the

cloud cell, the cloud cell is said to be updated.

[39] According to the present invention, a master base station (e.g., master base station

104A) in a cloud cell (e.g., the cloud cell 102A) assigns a single logical address to a

mobile station (e.g., the mobile station 106A) for communication with a plurality of

base stations (e.g., the base stations 104A-C) in the cloud cell 102A. In some em

bodiments, each of the base stations 104A-J in the geographical area 101 is allocated a

disjoint set of addresses derived from a common address space for the base stations

104A-J in the geographical area 101. In these embodiments, the master base station

104A assigns the single logical address from the associated disjoint set of addresses.

The common address space is recognized by all base stations 102A-J located in the ge

ographical area 101. However, a base station can assign a logical address to a mobile

station only from its associated set of addresses which is a subset of the common

address space. Detailed steps of assigning a logical address to a mobile station in a

cloud cell will be described in the description that follows.

[40] Figure 2 is a process flow diagram 200 illustrating an exemplary method of assigning



logical address to a mobile station in a cloud cell, according to one embodiment. When

a cloud cell 102A is formed, a master BS 104A needs to assign a unique logical

identifier to a mobile station 106A in the cloud cell 102A so that the base stations

104A-C and the mobile station 106A in the cloud cell 102A communicates with each

other using the unique logical address. The following steps describe a manner in which

logical address is assigned to the mobile station 106A by the master base station 104A.

[41] At step 202, the master base station 104A selects unique logical address from its a s

sociated set of addresses. According to the present invention, each base station in the

geographical area 101 is assigned a disjoint set of addresses from a common address

space. The set of addresses assigned to said each base station is a subset of the

common address space. Each base station is allowed to select an unique logical address

exclusively from the associated disjoint set of addresses for assigning to a mobile

station belonging to a respective cloud cell. However, it can be noted that, said each

base station can recognise other logical addresses in the common addresses which are

not present in the associated set of addresses but cannot assign to the mobile station in

the respective cloud cell.

[42] For the purpose of illustration, consider that the maximum number of base stations

allowed in a cloud cell is M and N is the number of geographically adjacent base

stations which are to be allocated different set of addresses, where adjacency can be

defined in terms of geographical proximity and where N > M. Also, consider that each

base station in the geographical area 101 is assigned a unique base station identifier

(BSID) by a centralized network entity (not shown) of a wireless network system (e.g.,

as shown in Figure 13). According to the present invention, the centralized entity

derives multiple sets of addresses from a common address space using a BSID and a

value N and allocates the multiple sets of addresses to the geographically adjacent base

stations.

[43] In one embodiment, the centralized entity allocates set of addresses to base station

with "BSIDs" such that logical addresses in the set of addresses satisfy the equality

"Address" modulo "N" == "BSIDx" modulo "N" as illustrated in Figure 16a. In this

embodiment, the centralized entity may assign a unique BSID to each of the geo

graphically adjacent base stations such that M number of the adjacent base stations has

a distinct value of "BSID" modulo "N".

[44] In alternate embodiment, consider that N = 2 and BSID is of size m bits, where m >

n. Also, consider that the common address space is of size k bits. In such case, the cen

tralized entity allocates a disjoint set of addresses to each of the geographically

adjacent base stations such that the set of addresses contains 2( ) logical addresses, as

illustrated in Figure 16b.

[45] In some embodiments, the centralized entity allocates a chunk of consecutive 2(



logical addresses from the common address space as a set of addresses such that the

first address is (BSID modulo N)*(2 ( ). In these embodiments, the centralized entity

assigns BSIDs to each of the geographical adjacent base stations such that M number

of adjacent base stations has a distinct value of "BSID" modulo "N".

[46] Upon selection of the unique logical address, at step 204, the master base station

104A assigns the unique logical address to the mobile station 106A so that the mobile

station 106A and each of the base stations 104A-C communicate in the cloud cell

102A using the assigned unique logical address. At step 206, the master base station

104A notifies assignment of the unique logical address to the mobile station 106A to

the slave base stations 104B and 104C in the cloud cell 102A.

[47] Figure 3 is a flow diagram 300 illustrating an exemplary method of managing

conflict in the assigned logical address when a new base station is being added to the

cloud cell 102A, according to one embodiment. When a new base station 104D is

being added to the cloud cell 102A, the master base station 104A indicates the unique

logical address currently assigned to the mobile station 106A to the base station 104D

prior to adding the base station 104D to the cloud cell 102A, at step 302. At step 304,

the base station 104D determines whether the currently assigned logical address

belongs to its associated set of addresses. If the currently assigned logical address does

not belong to the associated set of addresses, at step 306, the base station 104D sends a

response message indicating that the currently assigned logical address does not belong

to the set of addresses allocated to the base station 104D. At step 308, the master base

station 104A adds the base station 104D to the cloud cell 102A. Accordingly, the base

station 104D uses the currently assigned logical address to the mobile station 106A for

communication with the mobile station 106A.

[48] Figure 4 is a flow diagram 400 illustrating an exemplary method of managing

conflict in the assigned logical address when the new base station 104D is being added

to the cloud cell 102A, according to another embodiment. At step 402, the master base

station 104A indicates the unique logical address currently assigned to the mobile

station 106A to the base station 104D prior to adding the base station 104D to the

cloud cell 102A. At step 404, the base station 104D determines whether the currently

assigned logical address belongs to the allocated set of addresses. If the logical address

belongs to the allocated set of addresses, then at step 406, the base station 104D de

termines whether the logical address that belongs to the allocated set of addresses is

assigned to another mobile station. If the logical address belongs to the allocated set of

addresses and is not assigned to another mobile station, then at step 408, the base

station 104D sends a response message with a same set indicator set to TRUE to the

master base station 104A. For example, the same set indicator in the response message

may indicate that the currently assigned logical address belongs to the allocated set of



addresses and whether assigned to another mobile station or not. The same set

indicator set to 'TRUE' indicates that the currently assigned logical address belongs to

the allocated set of addresses and is not assigned to another mobile station.

[49] Upon receiving the response message, at step 410, the master base station 104A de

termines whether there exist a base station in the cloud cell 102A whose associated set

of addresses are same as the base station 104D. Alternatively, upon receiving the

response message, the master base station 104A may decide not to add the base station

104D to the cloud cell 102A. If there exists such base station in the cloud cell 102A,

then at step 412, the master base station 104A removes such base station (e.g., any of

the base stations 104B and C) having the same set of addresses as the base station

104D and adds the base station 104D to the cloud cell 102A. Alternatively, at step 412,

the master base station 104A may decide not to add the base station 104D to the cloud

cell 102A if there exists such base station in the cloud cell 102A. Also, it may be

possible that, the master base station 104A may add the base station 104D to the cloud

cell 102A without removing the base station which has the same set of addresses as the

base station 104D.

[50] Figure 5 is a flow diagram 500 illustrating an exemplary method of managing

conflict in the assigned logical address when the new base station 104D is being added

to the cloud cell 102A, according to yet another embodiment. It is appreciated that the

steps 502 to 506 are same as the steps 402 to 406 of Figure 4. If, at step 506, the base

station 104D determines that the logical address belongs to the allocated set of

addresses and is assigned to another mobile station, then at step 508, the base station

104D selects a unique logical address from the associated set of addresses. At step 510,

the base station 104D sends a response message including the unique logical address to

the master base station 104A and indicating that the currently assigned logical address

belongs to the allocated set of addresses and is assigned to another mobile station.

[51] Upon receiving the response message, at step 512, the master base station 104A de

termines whether there exist a base station in the cloud cell 102A whose associated set

of addresses are same as the base station 104D. If there exist no base station having the

same set of addresses, the master base station 104A may directly add the base station

104D to the cloud cell 102A and proceeds to step 516. If there exists such base station

in the cloud cell 102A, then at step 514, the master base station 104A removes such

base station (e.g., any of the base stations 104B and C) having the same set of

addresses as the base station 104D and adds the base station 104D to the cloud cell

102A.

[52] At step 516, the master base station 104A re-assigns the unique logical address

received in the response message to the mobile station 106A so that the mobile station

106A and each of the base stations communicate in the cloud cell 102A using the re-



assigned unique logical address. At step 518, the master base station 104A notifies re

assignment of the unique logical address to the mobile station 106A to the slave base

stations in the cloud cell 102A. Alternatively, at step 514, the master base station 104A

may decide not to add the base station 104D to the cloud cell 102A if there exists such

base station in the cloud cell 102A. In such case, the master base station 104A may not

re-assign the unique logical address.

[53] Alternatively, upon receiving the response message, the master base station 104A

may reject the inclusion of the base station 104D to the cloud cell 102A.

[54] Figure 6 is a flow diagram 600 illustrating another exemplary method of managing

conflict in the assigned logical address when a new base station is being added to the

cloud cell 102A, according to one embodiment. When a new base station 104D is

being added to the cloud cell 102A, the master base station 104A indicates the unique

logical address currently assigned to the mobile station 106A along with one of a first

indicator and a second indicator to the base station 104D, at step 602. For example, the

first indicator indicates that one or more base stations in the cloud cell 102A has same

set of addresses as the set of addresses from which the unique logical address is

currently assigned to the mobile station 106A. The second indicator indicates that all

the base stations in the cloud cell 102A has same set of addresses as the set of

addresses from which the unique logical address is currently assigned to the mobile

station 106A. Any one of the first indicator and the second indicator is communicated

to the base station 104D along with the currently assigned unique logical address. The

master base station 104A may not transmit the first indicator, if the value of the second

indicator is TRUE'(i.e., all the base stations has same set of addresses). On the other

hand, the master base station 104A may transmit the first indicator if the value of the

second indicator is 'FALSE'(i.e., not all but at least two of the base stations in the cloud

cell 102A has same set of addresses). This is possible as the master base station 104A

maintains a list of base stations along with their set of addresses.

[55] At step 604, the base station 104D determines whether the currently assigned logical

address belongs to the associated set of addresses. If the currently assigned logical

address does not belong to the associated set of addresses, at step 606, the base station

104D sends a response message including a same set indicator set to FALSE to the

base station 104D. The same set indicator set to FALSE indicates that the currently

assigned logical address does not belong to the set of addresses allocated to the base

station 104D. At step 608, the master base station 104A adds the base station 104D to

the cloud cell 102A.

[56] Figure 7 is a flow diagram 700 illustrating another exemplary method of managing

conflict in the assigned logical address when the new base station 104D is being added

to the cloud cell 102A, according to another embodiment. At step 702, the master base



station 104A indicates the unique logical address currently assigned to the mobile

station 106A along with at least one of a first indicator and a second indicator to the

base station 104D prior to adding the base station 104D to the cloud cell 102A. At step

704, the base station 104D determines whether the currently assigned logical address

belongs to the allocated set of addresses.

[57] If the logical address belongs to the allocated set of addresses, then at step 706, the

base station 104D determines whether the logical address that belongs to the allocated

set of addresses is assigned to another mobile station. If the logical address belongs to

the allocated set of addresses and is not assigned to another mobile station, then at step

708, the base station 104D sends a response message with a same set indicator set to

'TRUE' to the master base station 104A. For example, the same indicator in the

response message may indicate that the currently assigned logical address belongs to

the allocated set of addresses and whether assigned to another mobile station or not.

The same set indicator set to 'TRUE' indicates that the currently assigned logical

address belongs to the allocated set of addresses and is not assigned to another mobile

station. Accordingly, at step 710, the master base station 104A adds the base station

104D to the cloud cell 102A and updates the list of base stations which has the same

set of addresses.

[58] Figure 8 is a flow diagram 800 illustrating another exemplary method of managing

conflict in the assigned logical address when the new base station 104D is being added

to the cloud cell 102A, according to yet another embodiment. It is appreciated that the

steps 802 to 806 are same as the steps 702 to 706 of Figure 7. If, at step 806, the base

station 104D determines that the logical address belongs to the allocated set of

addresses and is assigned to another mobile station, then at step 808, the base station

104D determines whether the first indicator indicates whether any base station in the

cloud cell 102A has the same set of addresses from which the logical address is

currently assigned to the mobile station 106A.

[59] At step 809, the base station 104D selects a unique logical address from the allocated

set of addresses such that the selected logical address is different from the currently

assigned logical address if the first indicator indicates that none of the base stations in

the cloud cell 102A are allocated the same set of addresses from which the logical

address is currently assigned to the mobile station 106A. At step 810, the base station

104D sends a response message including the unique logical address to the master base

station 104A.

[60] Upon receiving the response message, at step 812, the master base station 104A re

assigns the unique logical address received in the response message to the mobile

station 106A. At step 814, the master base station 104A adds the base station 104D to

the cloud cell 102A and updates the list of base stations which has the same set of



addresses. At step 816, the master base station 104A notifies assignment of the unique

logical address to the mobile station 106A to the slave base stations 104A-D in the

cloud cell 102A.

[61] Figure 9 is a flow diagram 900 illustrating yet another exemplary method of

managing conflict in the assigned logical address when the new base station 104D is

being added to the cloud cell 102A, according to yet another embodiment. It is ap

preciated that the steps 902 to 906 are same as the steps 702 to 706 of Figure 7. If, at

step 906, the base station 104D determines that the logical address belongs to the

allocated set of addresses and is assigned to another mobile station, then at step 908,

the base station 104D determines whether the second indicator indicates whether all

the base station in the cloud cell 102A has the same set of addresses from which the

logical address is currently assigned to the mobile station 106A.

[62] At step 909, the base station 104D identifies one or more unassigned logical

addresses in the allocated set of addresses if the second indicator indicates that all the

base stations in the cloud cell 102A are allocated the same set of addresses from which

the logical address is currently assigned to the mobile station 106A. At step 910, the

base station 104D sends a response message including the list of identified logical

addresses to the master base station 104A.

[63] Upon receiving the response message, at step 912, the master base station 104A de

termines one or more unassigned logical addresses from the set of addresses of the

base stations 104A-C in the cloud cell 102. At step 914, the master base station 104A

identifies an identical logical address from the list of unassigned logical address and

the one or more unassigned logical addresses. At step 916, the master base station

104A re-assigns the identical logical address to the mobile station 106A. At step 918,

the master base station 104A adds the base station 104D to the cloud cell 102A and

updates the list of base stations which has the same set of addresses. At step 920, the

master base station 104A notifies assignment of the identical logical address to the

mobile station 106A to the slave base stations 104A-D in the cloud cell 102A.

[64] Figure 10 is a flow diagram 1000 illustrating a still another exemplary method of

managing conflict in the assigned logical address when the new base station 104D is

being added to the cloud cell 102A, according to yet another embodiment. It is ap

preciated that the steps 1002 to 1006 are same as the steps 702 to 706 of Figure 7. If, at

step 1006, the base station 104D determines that the logical address belongs to the

allocated set of addresses and is assigned to another mobile station, then at step 1008 is

performed. At step 1008, the base station 104D determines whether the first indicator

indicates whether few base stations in the cloud cell 102A has the same set of

addresses from which the logical address is currently assigned to the mobile station

106A. At step 1010, the base station 104D sends a response message indicating that the



currently assigned logical address belongs to the allocated set of addresses and is

assigned to another mobile station if the first indicator indicates that not all but few

base stations in the cloud cell 102A are allocated the same set of addresses to which

the currently assigned logical address belongs to.

[65] Upon receiving the response message, at step 1010, the master base station 104A

adds the base station 104D to the cloud cell 102A and updates the list of base stations

which has the same set of addresses. At step 1012, the master base station 104A de

termines a set of addresses which is allocated to the least number of base stations in the

cloud cell 102A from the sets of addresses allocated to the respective base stations

104A-D in the cloud cell 102A. In some embodiments, the master base station 104A

maintains a categorised list of base stations and associated set of addresses, as shown

in Figure 12. In these embodiments, the master base station 104A updates the list of

base stations and associated set of addresses when any of the base stations is removed

or added from/to the cloud cell 102A. For example, when a base station(s) is added to

the cloud cell 102A, the base station indicates associated set of addresses to the master

base station 104A. At step 1014, the master base station 104A selects a unique logical

address from the determined set of addresses. At step 1016, the master base station

104A re-assigns the unique logical address to the mobile station 106A. At step 1018,

the master base station 104A notifies re-assignment of the unique logical address to the

mobile station 106A to the slave base stations 104A-D in the cloud cell 102A.

[66] Figure 11 illustrates a block diagram of an exemplary base station 104A, such as

those shown in Figure 1, showing various components for implementing embodiments

of the present subject matter. In Figure 11, the base station 104A includes a processor

1102, memory 1104, a read only memory (ROM) 1106, a transceiver 1108, a commu

nication interface 1110, and a bus 1112.

[67] The processor 1102, as used herein, means any type of computational circuit, such

as, but not limited to, a microprocessor, a microcontroller, a complex instruction set

computing microprocessor, a reduced instruction set computing microprocessor, a very

long instruction word microprocessor, an explicitly parallel instruction computing m i

croprocessor, a graphics processor, a digital signal processor, or any other type of

processing circuit. The processor 1102 may also include embedded controllers, such as

generic or programmable logic devices or arrays, application specific integrated

circuits, single-chip computers, smart cards, and the like.

[68] The memory 1104 may be volatile memory and non-volatile memory. The memory

1104 may include an address assignment module 1114 for assigning a unique logical

address from disjoint set of addresses in a common address space to the mobile station

106A in the cloud cell 102A, according to the embodiments illustrated in Figures 1 to

10. A variety of computer-readable storage media may be stored in and accessed from



the memory elements. Memory elements may include any suitable memory device(s)

for storing data and machine-readable instructions such as read only memory, random

access memory, erasable programmable read only memory, electrically erasable pro

grammable read only memory, hard drive, removable media drive for handling

memory cards, Memory Sticks™, and the like.

[69] Embodiments of the present subject matter may be implemented in conjunction with

modules including functions, procedures, data structures, and application programs, for

performing tasks, defining abstract data types, or low-level hardware contexts. The

address assignment module 1114 may be stored in the form of machine-readable in

structions on any of the above-mentioned storage media and is executable by the

processor 1102. For example, a computer program may include the machine-readable

instructions capable of assigning a unique logical address from disjoint set of addresses

in a common address space to the mobile station 106A in the cloud cell 102A,

according to the teachings and herein described embodiments of the present subject

matter. The computer program may be included on a non-transitory computer-readable

storage medium and loaded from the storage medium to a hard drive in the non-volatile

memory.

[70] The components such as the ROM 1106, the transceiver 1108, the communication

interface 1110, and the bus 1112 are well known to the person skilled in the art and

hence the explanation is thereof omitted.

[71] Figure 13 is a block diagram illustrating an exemplary wireless network system 1300

for allocating disjoint sets of addresses to a plurality of base stations in a geographical

area, according to one embodiment. The wireless network system 1300 includes a cen

tralized network entity 1302 and a plurality of base stations 104A-J located adjacent to

each other in the geographical area 101. In an exemplary embodiment, the base

stations 104A-J may be part of the cloud cells 102A-C as shown in Figure 1

[72] According to the present invention, the centralised network entity 1302 is configured

for deriving disjoint sets of addresses from a common address space and allocating the

disjoint sets of addresses to the plurality of base stations 104A-J in the geographical

area 101 as described in greater detail below.

[73] Figure 14 is a process flowchart 1400 illustrating an exemplary method of allocating

disjoint sets of addresses to the plurality of base stations 104A-J in the geographical

area 101, according to one embodiment. At step 1402, a number of base stations

located adjacent to each other in a geographical area are determined. At step 1404, an

identifier associated with each of the base stations in the geographical area is de

termined.

[74] At step 1406, multiple sets of addresses are derived from a common address space

based on the identifier of each base station (BSID) and the number of base stations (N)



such that each of the sets of addresses are subset of the common address space.

Referring to Figure 16a, the disjoint sets of addresses derived from a common address

space 1602 such that each of the disjoint sets of addresses contains logical addresses

which satisfy the equality "Address" modulo "number of base stations" == "Base

Station Identifier" modulo "number of base stations". Referring to Figure 16b, the

multiple sets of addresses are derived from the common address space 1602 such that

each of the multiple sets of addresses contains 2( logical addresses, where 'k' is size

of the common address space and 'n' is an integer. The value of 'n' can be calculated

based on the number of base stations which is equal to 2 . In one embodiment, a chunk

of consecutive 2* logical addresses are derived from the common address space 1602

as a set of addresses such that the first logical address is (BSID modulo N)*(2 ( ).

[75] Figure 15 illustrates a block diagram of an exemplary centralized entity 1302, such as

those shown in Figure 13, showing various components for implementing em

bodiments of the present subject matter. In Figure 15, the centralized entity 1302

includes a processor 1502, memory 1504, a read only memory (ROM) 1506, a

transceiver 1508, a communication interface 1510, and a bus 1512.

[76] The processor 1502, as used herein, means any type of computational circuit, such

as, but not limited to, a microprocessor, a microcontroller, a complex instruction set

computing microprocessor, a reduced instruction set computing microprocessor, a very

long instruction word microprocessor, an explicitly parallel instruction computing m i

croprocessor, a graphics processor, a digital signal processor, or any other type of

processing circuit. The processor 1502 may also include embedded controllers, such as

generic or programmable logic devices or arrays, application specific integrated

circuits, single-chip computers, smart cards, and the like.

[77] The memory 1504 may be volatile memory and non-volatile memory. The memory

1504 may include a disjoint address set determination module 1514 for deriving

disjoint sets of addresses from a common address space and allocating the disjoint sets

of addresses to the plurality of base stations 104A-J in the geographical area 101,

according to the embodiments illustrated in Figures 13 and 14. A variety of computer-

readable storage media may be stored in and accessed from the memory elements.

Memory elements may include any suitable memory device(s) for storing data and

machine -readable instructions such as read only memory, random access memory,

erasable programmable read only memory, electrically erasable programmable read

only memory, hard drive, removable media drive for handling memory cards, Memory

Sticks™, and the like.

[78] Embodiments of the present subject matter may be implemented in conjunction with

modules including functions, procedures, data structures, and application programs, for

performing tasks, defining abstract data types, or low-level hardware contexts. The



disjoint address set determination module 1514 may be stored in the form of machine-

readable instructions on any of the above-mentioned storage media and is executable

by the processor 1502. For example, a computer program may include the machine-

readable instructions capable of deriving disjoint sets of addresses from a common

address space and allocating the disjoint sets of addresses to the plurality of base

stations 104A-J in the geographical area 101, according to the teachings and herein

described embodiments of the present subject matter. The computer program may be

included on a non-transitory computer-readable storage medium and loaded from the

storage medium to a hard drive in the non-volatile memory.

[79] The components such as the ROM 1506, the transceiver 1508, the communication

interface 1510, and the bus 1512 are well known to the person skilled in the art and

hence the explanation is thereof omitted.

[80] The present embodiments have been described with reference to specific example

embodiments, it will be evident that various modifications and changes may be made

to these embodiments without departing from the broader spirit and scope of the

various embodiments. Furthermore, the various devices, modules, and the like

described herein may be enabled and operated using hardware circuitry, for example,

complementary metal oxide semiconductor based logic circuitry, firmware, software

and/or any combination of hardware, firmware, and/or software embodied in a

machine readable medium. For example, the various electrical structure and methods

may be embodied using transistors, logic gates, and electrical circuits, such as ap

plication specific integrated circuit.
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Claims
A method of assigning a logical address to a mobile station in a cloud

cell, wherein the cloud cell comprises a plurality of base stations, each

of the plurality of base stations comprising a master base station and

one or more slave base stations, comprising:

selecting, by master base station, an unique logical address from its a s

sociated set of addresses, wherein the set of addresses is a subset of a

common address space; and

assigning the unique logical address to the mobile station so that the

mobile station and each of the plurality of base stations communicate in

the cloud cell using the assigned unique logical address.

The method of claim 1, wherein each of the plurality of base stations in

a geographical area is assigned a disjoint set of addresses from the

common address space.

The method of claim 1, further comprising:

notifying assignment of the unique logical address to the slave base

stations in the cloud cell.

The method of claim 1, further comprising:

sending the unique logical address currently assigned to the mobile

station to a new base station currently being added to the cloud cell.

The method of claim 4, further comprising:

determining whether the unique logical address currently assigned to

the mobile station belongs to a set of addresses associated with said

new base station;

determining whether the unique logical address is assigned to another

mobile station belonging to another cloud cell if the unique logical

address belongs to the set of addresses associated with said new base

station; and

sending a notification to the master base station indicating that the

unique logical address does not belong to the set of addresses a s

sociated with said new base station.

The method of claim 5, further comprising:

sending a notification to the master base station indicating that the

unique logical address belongs to the set of addresses associated with

said new base station and the unique logical address is not assigned to

another mobile station.

The method of claim 6, further comprising:
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determining whether there exist any base station in the cloud cell with

the set of addresses identical to the set of addresses of said new base

station upon receiving the notification;

removing the determined base station having the set of addresses

identical to the set of addresses of said new base station; and

adding said new base station to the cloud cell as a slave base station.

[Claim 8] The method of claim 6, further comprising:

determining whether there exists any base station in the cloud cell

having the set of addresses identical to the set of addresses of said new

base station upon receiving the notification; and

rejecting inclusion of said new base station in to the cloud cell if any

base station in the cloud cell is having the set of addresses identical to

the set of addresses of said new base station.

[Claim 9] The method of claim 5, further comprising:

selecting a unique logical address from the set of addresses associated

with said new base station; and

sending a notification indicating that the unique logical address belongs

to the set of addresses associated with said new base station and the

unique logical address is assigned to said another mobile station to the

master base station, wherein the notification includes the unique logical

address selected from the set of addresses associated with said new

base station.

[Claim 10] The method of claim 9, further comprising:

determining whether there exist any base station in the cloud cell

having the set of addresses identical to the set of addresses of said new

base station upon receiving the notification;

removing the determined base station having the set of addresses

identical to the set of addresses of said new base station; and

adding said new base station to the cloud cell as a slave base station.

[Claim 11] The method of claim 10, further comprising:

re-assigning the unique logical address received in the notification to

the mobile station; and

notifying assignment of the unique logical address to the slave base

stations in the cloud cell.

[Claim 12] The method of claim 9, further comprising:

determining whether there exists any base station in the cloud cell

having the set of addresses identical to the set of addresses of said new

base station upon receiving the notification; and
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rejecting inclusion of the said new base station to the cloud cell if any

base station in the cloud cell is having the set of addresses identical to

the set of addresses of said new base station.

[Claim 13] The method of claim 11, wherein sending the unique logical address

currently assigned to the mobile station to the said new base station

comprises:

sending, to said new base station, the unique logical address currently

assigned to the mobile station and at least one of a first indicator in

dicating whether one or more base stations in the cloud cell are having

same set of addresses from which the unique logical address is

currently assigned to the mobile station and a second indicator in

dicating whether all the base stations in the cloud cell are having the

same set of addresses from which the unique logical address is

currently assigned to the mobile station.

[Claim 14] The method of claim 13, wherein selecting the unique logical address

from the set of addresses associated with said new base station

comprises:

determining whether one or more of the base stations in the cloud cell

has the set of addresses identical to the set of addresses associated with

said new base station based on the least one of the first indicator and

the second indicator if the unique logical address is assigned to another

mobile station;

selecting a unique logical address from the set of addresses associated

with said new base station if none of the base stations in the cloud cell

has identical set of addresses as the said new base station; and

identifying one or more unassigned logical addresses selected from the

set of addresses associated with said new base station if all the base

stations in the cloud cell has identical set of addresses as said new base

station.

[Claim 15] The method of claim 14, wherein sending the notification indicating

that the unique logical address belongs to the set of addresses and the

unique logical address is assigned to said another mobile station

comprises:

sending a notification including the unique logical address selected

from the set of addresses associated with the said new base station.

[Claim 16] The method of claim 15, wherein sending the notification indicating

that the unique logical address belongs to the set of addresses and the

unique logical address is assigned to said another mobile station
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comprises:

sending a notification including a list of the unassigned logical

addresses identified from the set of addresses of said new base station.

[Claim 17] The method of claim 14, wherein sending the notification indicating

that the unique logical address belongs to the set of addresses and the

unique logical address is assigned to said another mobile station

comprises:

sending a notification to the master base station indicating that the

unique logical address belongs to the set of addresses associated with

said new base station and the unique logical address is assigned to

another mobile station if the one or more of the base stations in the

cloud cell has identical logical addresses as said new base station.

[Claim 18] The method of claim 15, wherein re-assigning the unique logical

address to the mobile station comprises:

re-assigning the unique logical address received in the notification to

the mobile station.

[Claim 19] The method of claim 16, wherein re-assigning the unique logical

address to the mobile station comprises:

determining one or more unassigned logical addresses in the set of

addresses associated with each of the base stations in the cloud cell

upon receiving the notification;

determining an identical unique logical address from the determined

one or more unassigned logical addresses and the list of unassigned

logical addresses received from said new base station; and

assigning the determined identical unique logical address to the mobile

station.

[Claim 20] The method of claim 17, wherein re-assigning the unique logical

address to the mobile station comprises:

identifying a set of addresses which is associated with the least number

of base stations in the cloud cell;

obtaining a unique logical address from the identified set of addresses;

and

assigning the unique logical address to the mobile station.

[Claim 21] A base station comprising:

a processor; and

a memory coupled to the processor, wherein the memory comprises an

address assignment module configured for implementing a method of

any one of claim 1 to claim 20.
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[Claim 22] A method of allocating disjoint sets of addresses to a plurality of base

stations in a geographical area, the method comprising:

determining number of base stations located adjacent to each other in a

geographical area;

determining an identifier associated with each of the base stations in the

geographical area;

deriving disjoint sets of addresses from a common address space based

on the identifier of each base station and the number of base stations;

and

allocating the disjoint set of addresses to said each of the base stations

so that each of the base stations uniquely assigns a single unicast

logical address to a mobile station in a respective cloud cell using the

associated disjoint set of addresses.

[Claim 23] The method of claim 22, wherein deriving the disjoint sets of addresses

from the common address space based on the identifier of each base

station and the number of base stations comprises:

deriving the disjoint sets of addresses from the common address space

such that each of the disjoint sets of addresses contains logical

addresses which satisfy the equality "Address" modulo "number of base

stations" == "Base Station Identifier" modulo "number of base

stations".

[Claim 24] The method of claim 22, wherein deriving the disjoint sets of addresses

from the common address space based on the identifier of each base

station and the number of base stations comprises:

deriving the disjoint sets of addresses from the common address space

such that each of the disjoint sets of addresses contains 2( logical

addresses, where 'k' is size of the common address space and 'n' is an

integer.

[Claim 25] The method of claim 24, wherein the number of base stations is equal

to value 2 .

[Claim 26] The method of claim 22, wherein each of the disjoint sets of addresses

is a subset of the common address space.

[Claim 27] A network entity comprising:

a processor; and

a memory coupled to the processor, wherein the memory comprises a

disjoint address set determination module configured for implementing

a method of any one of claim 22 to claim 26.
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