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(57) Abstract: A method is provided awireless system for optimizing network throughput in awireless 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 aternate embodiment, the invention methodology evaluates such individual user data throughput and the user popu-
lation throughput in determining whether or not to handoff adata session for auser from one base station to the other.
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METHOD AND APPARATUS FOR OPTIMIZING
NETWORK THROUGHPUT

FIELD OF THE INVENTION
[001] The present invention generally relates to managing throughput in awireless

communications system.

BACK GROUND OF THE INVENTION

[002] In 4G macro-cellular wireless networks, such asLTE or WIMAX, users
communicate bi-directionally with asingle base station, typically the closest base
station (i.e, "closest" from an RF propagation-loss perspective), chosen from a set of
neighboring base stations that provide wireless coverage over ageographical areain
which the user islocated. Asthe user moves, the mobile termina 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 asthe 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 datatraffic 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, asaresult of the significant non-uniformities in distribution of user
traffic, the heterogeneous networks are also characterized by the quality that the data
throughput which auser receives from agiven base station (whether a one of the
embedded small cells or a the umbrella macro cell) depends highly on the number of

users contending for service from that base station.

SUMMARY OF INVENTION

[005] A method isprovided awireless system for optimizing network throughput in a
wireless communication system. More particularly, the methodology of the invention
evaluates the both individual user datathroughput aswell asthe datathroughput of a
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larger user population, in determining the base station to which auser should attach
when entering the wireless system. In an alternate embodiment, the invention
methodology evaluates such individual user datathroughput and the user population
throughput in determining whether or not to handoff a data session for auser from

one base station to the other.

BRIEF DESCRIPTION OF THE FIGURES

[006] Theteachings of the present invention can bereadily understood by considering
the following detailed description in conjunction with the accompanying drawings,
in which:

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

which the method of the invention may be implemented.

DETAILED DESCRIPTION

[008] Inthe 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 athorough 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, aswell as specific
examples thereof, are intended to encompass both structural and functional
equivalents thereof. Additionally, it isintended that such equivalents include both
currently known equivalents aswell as equivalents developed in the future.

[009] Theinvention isdescribed hereafter in terms of user admission to awireless
network as afunction of both user and network performance. The invention
methodology is applied for both admission of anew user to one of two or more cells
in anetwork and to handover of auser from a serving cell to another cell inthe
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
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both typical macro cellular networks and wireless networks employing multiple radio
access technologies aswell, and the claimed invention isintended 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 afirst
and a second cell of the wireless network, but it should be clear that the methodol ogy
can bereadily extended to admission among multiple cells of the network.
Accordingly, the use the illustrative two-cell case inthe description following is
solely for purposes of illustrating the invention principles, and isnot in any way

intended to limit the scope of the invention.

[0010] Asnoted above, the invention isherein 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] Asapredicate to the further description of the invention, anumber 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 beidentified 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 1and k, represents the number of users currently attached to
cell 2.

[0013] A minimum user throughput required to achieve acceptable quality of service for
agiven call type can readily be determined by a system operator, and will be
designated herein asMinThpui.

[0014] Metrics are also needed that are reflective of user and network throughput, and
that can be used to evaluate the impact of aparticular cell admission in respect to user
and network performance. Tothat end, it isassumed that a given user seeking

admission to one of the two exemplary cells (or, in an alternative embodiment,
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considering handover from one cell to the other) can, in principle (and in the absence
of any other contending users) achieve average datarates of r, and r, 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 a each of these cells will be readily understood as avalid 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

h=g *nrlk
where g; isthe load dependent scheduling gain of the user a base station 1. The
scheduling gain isameasure of how much the performance of the user improves as a
result of the presence of other users inthe system (leading to more opportune
moments for scheduling these users with time varying radio channels). The
expression for user throughput can be understood as atradeoff 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 4; in particular assumes that the scheduler at the
base station is an equal time scheduler providing essentially 1/k, 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 isthe same for al usersin a
cell.

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

no means exclusive) of anetwork, in the context of heterogeneous networks, isan
umbrella macro-cell along with all the small cells embedded within it. The throughput
of such anetwork inthe 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 isdenoted Ti and T,, respectively, and the
network throughput, in the absence of admission for anew user (or handover of auser

from one cell to the other), istherefore represented as Ti+T,,.
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[0018] Aggregate measures of performance across networks are also often times called
utility functions and afrequently proposed utility function for a network consisting of
multiple cells isnot the sum of aggregate cell throughputs, but rather their product
(Ti*T,). A motivation for use of such ameasure isthat this measure extends the
metric used by proportional fair (PF) schedulers within acell (maximizing the
product of user throughputs). There are two problems with such an extrapolation.
First, the metric most meaningful to the operator of awireless network —whose basic
motivation isthat of obtaining areturn on investment in deploying the network (and
the licensing the spectrum resources) —i sthe aggregate number of bits that can be
transmitted viathat network. It is, of course, aso critical that the system befair to
users in poor radio conditions, but such fairness (to auser relative to al other usersin
the same cell) isaready guaranteed by the PF schedulers located a 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 apreferred embodiment of the invention, as described herein, the
summation-utility metric will be used as a measure of network performance. With
this background, adetermination of user and network performance metrics according
to the invention methodology is described hereafter for two invention embodiments:

(1) admission of anew user to one of two available wireless cells; and

(2) handover of auser from a onewireless cell to another cell.

[0020] Inthe first embodiment, anew user isentering the network and adecision is
required asto whether the user isto receive service from cell/base station 1or
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 arespective one of cell 1or cell 2. These expected user throughputs can
be expressed as:

.

=&, *h/ (kD)

h 820 "2 /(k2 +D)
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where the throughputs t, and t, 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 1or 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 abalance between

those sometimes competing objectives.
[0022] If the new user isadmitted to cell 1, the expected network throughput is:

-I_l(new) = [(g1k1+l /(g.lk1 )(kl/kl +l)]—i] + Zl + -I_Z

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

throughput is:
Doy = [(g2k2+1 /g2k2 Okt )15+ 1, +7

[0023] Having determined the expected values T and T T isevaluated

I1(new) 2(new) ' “l(new)
relative to Tz(new) (orviceversa). If 'I'I(new) isgreater than Tz(neN) and ti isgreater than

or equal toMinThput, the new user isadmitted tocell 1. If T isgreater than

I(new)

TZ(neW) but ti isless than MinThput, the user is admitted to the cell with best received

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

[0024] Onthe other hand, if T. isgreater than T and t, isgreater than or equal to

2(new) I(new)

MinThput, the new user isadmitted to cell 2. 1f T, isgreater than T but t,is

2(new) I(new)
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 isincluded in the user

population &t base station 2 and therefore the throughput comparison isbetween the
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currently experienced throughput at base station 2 and the expected throughput
should the user connect to base station 1. These throughputs are:
h=r *&k1+1/(k1 +1) and

1 :rz*gzkz/kz

(following the same conventions as for the prior embodiment.

[0026] It can be assumed that the user's objective isto move to cell 1if, by such amove,
the user is ableto 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 amove isat least as high asthe aggregate
throughput with the user's current cell connection. The methodology of the invention

operates to provide abalance between those sometimes competing objectives.

[0027] If the user ismoved from cell 2to cell 1, the expected network throughput is:
TI(HO) :[(imﬁ/slkl )(kl/kl +l)Tl]+Z_1+(&k271/g2k2 )(kz/kz _l)Tz - (&Kz—r/g%z )(k2/k2 - l)lz

Having determined the expected network throughput value, 7)o, for the case of a
handover from cell 2to cell 1, 'I'|(Hq isevaluated relative to the aggregate network
throughput prior to such ahandover, 77 + T,. If 71, isgreater than 77 + T, and 11 is
greater than or equal toMinThput, the user ishanded over to cell 1. If Tl(HO) is
greater than 7; + T, but t, isless than MinThput, the user is either handed over to cell
lor leftincel 2 depending on the best received signa strength or average signal-

to-noise plus interference ratio.

[0027] It will be apparent to those of skill inthe 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 isthat the expected throughputs for both the user and the network can be

either calculated or estimated from known throughputs, channel conditions (that map
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to data rates), numbers of users, and scheduling gains (that are afunction 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 a 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, adecision 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 alarger network throughput even though the user may not achieve ashigh a
throughput in that cell asit 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

guestion 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 amacro cell to asmall cell, and as

schematically depicted in Figure 1.

[0029] Figure 1depicts amacro cell (served by base station 1) and an embedded small
cell (served by base station 2). There isan area around the small cell where it isvery
unlikely that service from the macro cell isviable (and thus the motivation for placing
the small cell at that location) and so this istermed 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
betriggered 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
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terminal. The small cell therefore knows the rate of datatransfer from it, lo that the

channel conditions will support.

[0031] Base Station 2 sends arequest to Base Station 1for the rate ri with which the user
iscurrently being served, aswell asthe number of usersin cell 1, kl, and current
aggregate throughput for cell 1, Ti, along with scheduling gains being experienced in
cell 1.

[0032] Base Station 2 isableto use this information, along with its own knowledge of
aggregate throughput at cell 2 (T,), 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 auser 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] Inthe context of LTE networks, the X2 interface between base stations may be

used for information exchange between base stations.

[0035] Inthe case of anew user entering the network or requesting service the base
stations 1and 2 share the required information such asloading (kl, k2), aggregate
throughput (T1, 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) viathe 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 isto be construed asillustrative only and isfor the

purpose of teaching those skilled in the art the best mode of carrying out the invention
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and isnot intended to illustrate all possible forms thereof. It isalso 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 isreserved.

10
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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.

11
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