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(57) Abstract: A method is provided a wireless system for optimizing network throughput in a wireless communication system.

o More particularly, the methodology of the invention evaluates the both individual user data throughput as well as the data
throughput of a larger user population, in determining the base station to which a user should attach when entering the wireless
system. In an alternate embodiment, the invention methodology evaluates such individual user data throughput and the user popu
lation throughput in determining whether or not to handoff a data session for a user from one base station to the other.



METHOD AND APPARATUS FOR OPTIMIZING
NETWORK THROUGHPUT

FIELD OF THE INVENTION

[001] The present invention generally relates to managing throughput in a wireless

communications system.

BACKGROUND OF THE INVENTION

[002] In 4G macro-cellular wireless networks, such as LTE or WiMAX, users

communicate bi-directionally with a single base station, typically the closest base

station (i.e., "closest" from an R propagation-loss perspective), chosen from a set of

neighboring base stations that provide wireless coverage over a geographical area in

which the user is located. As the user moves, the mobile terminal associated with that

user proposes re-attachment (or handover) to a different base station based on relative

or absolute values of received signal strength from the new (or target) base station.

This base station accepts the user for handover to it as the new serving base station, if

the reported signal strength is sufficiently strong (either in absolute value or relative

to that of the current serving base station).

[003] Heterogeneous networks are now being developed wherein cells of smaller size

are embedded within the coverage area of larger macro cells, primarily to provide

increased capacity in targeted areas of data traffic concentration. Such heterogeneous

networks try to exploit the spatial variations in user (and traffic) distribution to

efficiently increase the overall capacity of the wireless network.

[004] However, as a result of the significant non-uniformities in distribution of user

traffic, the heterogeneous networks are also characterized by the quality that the data

throughput which a user receives from a given base station (whether at one of the

embedded small cells or at the umbrella macro cell) depends highly on the number of

users contending for service from that base station.

SUMMARY OF INVENTION

[005] A method is provided a wireless system for optimizing network throughput in a

wireless communication system. More particularly, the methodology of the invention

evaluates the both individual user data throughput as well as the data throughput of a



larger user population, in determining the base station to which a user should attach

when entering the wireless system. In an alternate embodiment, the invention

methodology evaluates such individual user data throughput and the user population

throughput in determining whether or not to handoff a data session for a user from

one base station to the other.

BRIEF DESCRIPTION OF THE FIGURES

[006] The teachings of the present invention can be readily understood by considering

the following detailed description in conjunction with the accompanying drawings,

in which:

[007] Figure 1 provides a schematic depiction of a wireless system arrangement in

which the method of the invention may be implemented.

DETAILED DESCRIPTION

[008] In the following description, for purposes of explanation and not limitation,

specific details are set forth such as particular architectures, interfaces, techniques,

etc., in order to provide a thorough understanding of illustrative embodiments of the

invention. However, it will be apparent to those skilled in the art that the invention

may be practiced in other illustrative embodiments that depart from these specific

details. In some instances, detailed descriptions of well-known devices, circuits, and

methods are omitted so as not to obscure the description of described embodiments

with unnecessary detail. All principles, aspects, and embodiments, as well as specific

examples thereof, are intended to encompass both structural and functional

equivalents thereof. Additionally, it is intended that such equivalents include both

currently known equivalents as well as equivalents developed in the future.

[009] The invention is described hereafter in terms of user admission to a wireless

network as a function of both user and network performance. The invention

methodology is applied for both admission of a new user to one of two or more cells

in a network and to handover of a user from a serving cell to another cell in the

network. While the disclosed invention methodology is described for an exemplary

case of a heterogeneous network having at least one macro cell and one or more small

cells embedded within the macro cell, the invention methodology is applicable to



both typical macro cellular networks and wireless networks employing multiple radio

access technologies as well, and the claimed invention is intended to cover all such

applications of that methodology. Moreover, the invention methodology is described

for simplicity of illustration in terms the user admission decision being between a first

and a second cell of the wireless network, but it should be clear that the methodology

can be readily extended to admission among multiple cells of the network.

Accordingly, the use the illustrative two-cell case in the description following is

solely for purposes of illustrating the invention principles, and is not in any way

intended to limit the scope of the invention.

[0010] As noted above, the invention is herein described in terms of an exemplary

application of the invention methodology to a heterogeneous network consisting of a

single macro cell (characterized as cell/base station 1) with one embedded small cell

(characterized as cell/base station 2). It will be apparent to those of skill in the art that

the invention methodology scales to any number of macro and small cells or

conventional macro cellular network with multiple macro cells.

[0011] As a predicate to the further description of the invention, a number of parameter

values, which will vary with particular wireless networks and which will either be

known to, or calculable by the network operator, need to be identified for application

in the invention methodology.

[0012] The loading for each cell, in terms of the number of users currently attached to

each cell, can be represented by k such that k} represents the number of users

currently attached to cell 1 and k2 represents the number of users currently attached to

cell 2 .

[0013] A minimum user throughput required to achieve acceptable quality of service for

a given call type can readily be determined by a system operator, and will be

designated herein asMinThput.

[0014] Metrics are also needed that are reflective of user and network throughput, and

that can be used to evaluate the impact of a particular cell admission in respect to user

and network performance. To that end, it is assumed that a given user seeking

admission to one of the two exemplary cells (or, in an alternative embodiment,



considering handover from one cell to the other) can, in principle (and in the absence

of any other contending users) achieve average data rates of r and r2 respectively for

the two cells, as determined based on the user's received signal to interference plus

noise (SINR) ratio from the base stations in those two cells. The expected or achieved

user throughput at each of these cells will be readily understood as a valid measure of

the expected or achieved performance.

[0015] Assuming, for illustrative purposes, that the user is currently part of the user pool

at cell/base station 1, the user's throughput can be written as

where g is the load dependent scheduling gain of the user at base station 1. The

scheduling gain is a measure of how much the performance of the user improves as a

result of the presence of other users in the system (leading to more opportune

moments for scheduling these users with time varying radio channels). The

expression for user throughput can be understood as a tradeoff between scheduling

gain and throughput loss due to the presence of other users in the system that need to

also be scheduled. The division by in particular assumes that the scheduler at the

base station is an equal time scheduler providing essentially of the available time

to each user.

[0016] While in the most general case, scheduling gain can be both user and load level

dependent, a simplifying assumption is made for the purpose of illustrating the

methodology of the invention that the scheduling gain is the same for all users in a

cell.

[0017] A measure of network performance is also needed. A good definition (though by

no means exclusive) of a network, in the context of heterogeneous networks, is an

umbrella macro-cell along with all the small cells embedded within it. The throughput

of such a network in the illustrative two-cell example followed here is simply the sum

of the aggregate user throughputs at these two cells. The aggregate cell throughput for

each of the cells taken individually is denoted Ti and T2, respectively, and the

network throughput, in the absence of admission for a new user (or handover of a user

from one cell to the other), is therefore represented as Ti+T2.



[0018] Aggregate measures of performance across networks are also often times called

utility functions and a frequently proposed utility function for a network consisting of

multiple cells is not the sum of aggregate cell throughputs, but rather their product

(Ti*T2) . A motivation for use of such a measure is that this measure extends the

metric used by proportional fair (PF) schedulers within a cell (maximizing the

product of user throughputs). There are two problems with such an extrapolation.

First, the metric most meaningful to the operator of a wireless network —whose basic

motivation is that of obtaining a return on investment in deploying the network (and

the licensing the spectrum resources) —is the aggregate number of bits that can be

transmitted via that network. It is, of course, also critical that the system be fair to

users in poor radio conditions, but such fairness (to a user relative to all other users in

the same cell) is already guaranteed by the PF schedulers located at each cell.

Secondly, the use of the product-utility metric will require centralized scheduling

decisions when a distributed implementation of scheduling (at each base station) is

usually desired.

[0019] Accordingly, for a preferred embodiment of the invention, as described herein, the

summation-utility metric will be used as a measure of network performance. With

this background, a determination of user and network performance metrics according

to the invention methodology is described hereafter for two invention embodiments:

(1) admission of a new user to one of two available wireless cells;

(2) handover of a user from a one wireless cell to another cell.

[0020] In the first embodiment, a new user is entering the network and a decision is

required as to whether the user is to receive service from cell/base station 1 or

cell/base station 2 (assuming both are able to admit the user into their respective user

pools). For this embodiment, since the user has not yet entered the system, expected

user throughputs are needed for the two base stations in the event that the user is

admitted to a respective one of cell 1 or cell 2 . These expected user throughputs can

be expressed as:



where the throughputs t and t2 are underlined to show that these are expected values.

and not actual throughputs, with the same convention being adopted for the scheduling

gain terms. Furthermore the subscripts on the scheduling gain terms make the

dependence on the number of users explicit. The divisors take into account the fact that

admission of the user into either cell increases its user population by one.

[0021] It can be assumed that the user seeking admission to either cell 1 or cell 2 has an

objective of admission to the cell providing the highest throughput for the user itself.

However, the network objective will be the maximization of overall network

throughput. The methodology of the invention operates to provide a balance between

those sometimes competing objectives.

[0022] If the new user is admitted to cell 1, the expected network throughput is:

T n ) = + + + T

If, on the other hand, the new user is admitted to cell 2, the expected network

throughput is:

)(*2/ 2 +1) 2] + 2 + 7

[0023] Having determined the expected values Tl(new) and T2(new) , Tl(new) is evaluated

relative to T (new (or vice versa). If Tl(new) is greater than T (new and ti is greater than

or equal to MinThput, the new user is admitted to cell 1 . If Tl(new) is greater than

T2(new) but ti is less than MinThput, the user is admitted to the cell with best received

desired signal strength or average signal-to-noise plus interference ratio.

[0024] On the other hand, if T2(new) is greater than Tl(new) and t2 is greater than or equal to

MinThput, the new user is admitted to cell 2 . If T2(new) is greater than Tl(new) but t2 is

less than MinThput, the user is admitted to the cell with the best received desired

signal strength or average signal-to-noise plus interference ratio.

[0025] For the handover invention embodiment, the user is included in the user

population at base station 2 and therefore the throughput comparison is between the



currently experienced throughput at base station 2 and the expected throughput

should the user connect to base station 1 . These throughputs are:

(following the same conventions as for the prior embodiment.

[0026] It can be assumed that the user's objective is to move to cell 1 if, by such a move,

the user is able to obtain a higher throughput than the user is currently receiving at

cell 2 . The network objective, however, will again be the maximization of overall

network throughput, and thus not to move the user to a different cell unless the

aggregate network throughput after such a move is at least as high as the aggregate

throughput with the user's current cell connection. The methodology of the invention

operates to provide a balance between those sometimes competing objectives.

[0027] If the user is moved from cell 2 to cell 1, the expected network throughput is:

) = S kl+ S l - g k _ g
2k

k2/ k2 -

Having determined the expected network throughput value, I(HO) , for the case of a

handover from cell 2 to cell 1, Ti(Ho) is evaluated relative to the aggregate network

throughput prior to such a handover, + T2. If i(HO) is greater than + T2 and is

greater than or equal to MinThput, the user is handed over to cell 1. If T1(HO) is

greater than 7 + T2, but t\ is less MinThput, the user is either handed over to cell

1 or left in cell 2 depending on the best received signal strength or average signal-

to-noise plus interference ratio.

[0027] It will be apparent to those of skill in the art that the throughput expressions

above, for both the new user embodiment and the handover embodiment, can be

extended in a straightforward manner to the case where multiple users are considered

for admission or for handover and have a choice of more than two cells to connect to.

[0028] A more important point to note, however, with respect to the above throughput

expressions is that the expected throughputs for both the user and the network can be

either calculated or estimated from known throughputs, channel conditions (that map



to data rates), numbers of users, and scheduling gains (that are a function of number

of users).

[0029] Furthermore both centralized and decentralized implementations of the decision

making algorithm for admission or handover, are readily realizable here - a

centralized implementation generally occurring at a central node that can

communicate with the base stations and a decentralized implementation occurring at

the base stations.

[0030] Finally by use of the expected user and network throughputs according to the

invention, a decision to admit or handover users can be made in a manner to balance

user and network objectives. For example, users may be admitted to a cell which

results in a larger network throughput even though the user may not achieve as high a

throughput in that cell as it might have in another cell. Or, handovers may be made

only when both user and network throughputs are increased, and so on. Such

tradeoffs can be made using policies specific to the network operator and the user in

question since the framework described here provides this capability.

[0028] An exemplary system and method of operation for the invention is hereafter

provided in the context of a handover from a macro cell to a small cell, and as

schematically depicted in Figure 1.

[0029] Figure 1 depicts a macro cell (served by base station 1) and an embedded small

cell (served by base station 2). There is an area around the small cell where it is very

unlikely that service from the macro cell is viable (and thus the motivation for placing

the small cell at that location) and so this is termed the small cell coverage area. The

shaded annular area beyond that core small cell service area, however, can be

potentially served by either the small cell base station or the macro cell base station

depending on channel and loading conditions.

[0030] A user entering the potential small cell coverage area from the macro cell

coverage area beyond, will likely request handover to the small cell. This request can

be triggered by appropriate absolute or relative signal strength measurements of the

signal transmitted by the small cell base station, as measured at the user's mobile



terminal. The small cell therefore knows the rate of data transfer from it, r2, that the

channel conditions will support.

[0031] Base Station 2 sends a request to Base Station 1 for the rate ri with which the user

is currently being served, as well as the number of users in cell 1, kl, and current

aggregate throughput for cell 1, Ti, along with scheduling gains being experienced in

cell 1 .

[0032] Base Station 2 is able to use this information, along with its own knowledge of

aggregate throughput at cell 2 (T2), the number of users k2 and scheduling gains at

cell 2, to calculate both the change in user throughput and network (cell 1 + cell 2)

throughput and decide whether or not to allow the handover using criteria that follow

from network operator policy.

[0033] The estimated scheduling gains in the user and network throughputs (upon

addition or removal of a user from the pool of users at a cell) can be estimated by a

variety of methods, including analytical extrapolation from the measured scheduling

gains.

[0034] In the context of LTE networks, the X2 interface between base stations may be

used for information exchange between base stations.

[0035] In the case of a new user entering the network or requesting service the base

stations 1 and 2 share the required information such as loading (kl, k2), aggregate

throughput (Tl, T2) and the expected rates (rl, r2) to make the admission decision

described in the invention. A network entity in the base station(s) makes the

admission decision and informs the other base station(s) via the X2 interface.

[0036] Herein, the inventors have disclosed a method for improved call admission and

call handover decisions that optimize network throughput by the choice of

admission/handover target. Numerous modifications and alternative embodiments of

the invention will be apparent to those skilled in the art in view of the foregoing

description.

[0037] Accordingly, this description is to be construed as illustrative only and is for the

purpose of teaching those skilled in the art the best mode of carrying out the invention



and is not intended to illustrate all possible forms thereof. It is also understood that

the words used are words of description, rather that limitation, and that details of the

structure may be varied substantially without departing from the spirit of the

invention, and that the exclusive use of all modifications which come within the

scope of the appended claims is reserved.



The Claims:

1 . A method in a wireless communication system comprising:

determining an expected network throughput resulting from admission of a

call to a cell of the network;

evaluating an impact of an alternative disposition for the call on network

throughput; and

making an admission decision based on the evaluation.





INTERNATIONAL SEARCH REPORT
International application No

PCT/US2011/041187

A . CLASSIFICATION O F SUBJECT MATTER
H94W48/06
H04W36/O4 H04W48/2Q H04W36/16

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H04W

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2004/202135 Al (HAN SEUNG-JAE [US] ET

AL) 14 October 2004 (2004-10-14)
paragraph [0004] paragraph [OQIO]
paragraph [0027] paragraph [0033]
paragraph [0045] paragraph [0062]
paragraph [0069] paragraph [0104]
f i gure 4

W0 2008/105771 Al (THOMSON LICENSING [FR] ;
LIU HANG [US] ; LU0 LIN [US] ; WU MINGQUAN
[US] ; ) 4 September 2008 (2008-09-04)
page 2 , 1ine 1 - page 3 , e 17
page 6 , l ine 18 - page 7 l ine 28
page 8 , l ine 14 - page 9 , l ine 17
page 10, l ine 29 - page 16, l i ne 22

-/--

Further documents are listed in the continuation of Box C . See patent family annex.

Special categories of cited documents :
"T" later document published after the international filing date

or priority date and not in conflict with the application but
V document defining the general state of the art which is not cited to understand the principle o r theory underlying the

considered to be of particular relevance invention
Ξ" earlier document but published on o r after the international "X" document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot b e considered to
_" documentwhich may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another Ύ " document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

document referring to a n oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

" document published prior to the international filing date but in the art.

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

3 1 August 2011 07/09/2011

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Bosch, Michael



INTERNATIONAL SEARCH REPORT
International application No

PCT/US2O1 1/041 187

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category" Citation of document, with indication, where appropriate, of the relevant passages Relevant to olaim No.

US 2007/091844 Al ( HUANG CH I NG Y [TW] ET

AL HUANG CH I NG YAO [TW] ET AL)
26 Apri l 2007 (2007 -04-26)
paragraph s [0002] , [0010]
paragraph [00 17] - paragraph [0029]
c l a i m 1

EP 2 073 579 Al ( NOKI A SI EMENS NETWORKS

SPA [ I T] ; NO KI A SI EMENS NETWO RKS 0 Y [FI ]
24 June 2009 ( 2009 -06-24 )
paragraph [0009] - paragraph [0025]
paragraph [0039] - paragraph [0067]

EP 1 133 208 A2 ( LUCENT TECHNOLOG I ES I NC

[US] ALCATEL LUCENT USA I NC [US] )
12 September 2 1 (2001 -09- 12 )
paragraph [0008] - paragraph [0015]
paragraph [003 1] - paragraph [0034]

X , P W0 201 1/046876 Al ( NTT DOCOMO I NC [ J P] ;
GUVENC I SMAE L [US] ; WATANABE FUJ I 0 [US] )
2 1 Apri l 201 1 (20 11-04-2 1)
page 2 , i ne 3 - page 3 , l i ne 3
page 6 , i ne 1 - page 8 , l i ne 33
c l a i m 1
abstract



INTERNATIONAL SEARCH REPORT
International application No

PCT/US201 1/041 187

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2004202 135 Al 14- 10-2004 NON E

O 200810577 1 Al 04--09 --2008 CN 101617549 A 30- 12 -2009
EP 2127423 Al 02 - 12 -2009
J P 2010520676 A 10-06-20 10
US 2010091669 Al 15 -04-20 10

us 200709 1844 Al 26--04--2007 J P 2007 124622 A 17 -05 -2007

EP 2073579 Al 24--06--2009 NON E

EP 1133208 A2 12 --09 --2001 AU 248100 1 A 13 -09 -2001
B R 01 768 A 06- 11-2001
CA 2332392 Al 08-09 -2001
J P 2001298467 A 26- 10-2001
J P 200620394 1 A 03 -08-2006
KR 20010088438 A 26-09 -2001
US 652288 1 Bl 18-02 -2003

W0 2011046876 Al 21-04-201 1 US 201 108664 1 Al 14-04-20 11


	abstract
	description
	claims
	drawings
	wo-search-report

