20147127280 A2 1IN 0000 10100 OO 0

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

21 August 2014 (21.08.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/127280 A2

(51
eay)

(22)

(25)
(26)
(30)

1

1

(72

International Patent Classification: Not classified

International Application Number:
PCT/US2014/016575

International Filing Date:

14 February 2014 (14.02.2014)
Filing Language: English
Publication Language: English
Priority Data:
61/764,895 14 February 2013 (14.02.2013) US
61/764,903 14 February 2013 (14.02.2013) US
14/181,160 14 February 2014 (14.02.2014) US

Applicant (for all designated States except US): HUAWEI
TECHNOLOGIES CO., LTD. [CN/CN]; Huawei Ad-
ministration Building, Bantian, Longgang District, Shen-
zhen, Guangdong 518129 (CN).

Applicant (for US only): FUTUREWEI TECHNOLO-
GIES, INC. [US/US]; 5340 Legacy Drive, Suite 175, Pla-
no, Texas 75024 (US).

Inventors: SHARIFIAN, Alireza; Apt. 1816, 1375 Prince
of Wales, Ottawa, Ontario K2C3L5 (CA). SCHOENEN,
Rainer; 400 Slater Street, #1403, Ottawa, Ontario K1R7S7
(CA). YANIKOMEROGLU, Halim; 3488 Wyman Cres-
cent, Ottawa, Ontario K1V-0Y8 (CA). SENARATH,
Gamini; 46, Maple Stand Way, Ottawa, Ontario K2G 6P5
(CA). CHENG, Ho Ting; 686 Birchland Cres., Stittsville,

(74

(8D

(84)

Ontario K2S 0S9 (CA). DJUKIC, Petar; 1071 Ambleside
Drive Apt. 906, Ottawa, Ontario K2B 6V4 (CA).

Agent: CARLSON, Brian; Slater & Matsil, L.L.P., 17950
Preston Rd., Suite 1000, Dallas, Texas 75252 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: SYSTEM AND METHOD FOR NETWORK RESOURCE ALLOCATION CONSIDERING USER EXPERIENCE,
SATISFACTION AND OPERATOR INTEREST

100
110 120
\ /
CHARGING MODEL BASED
ON THROUGHPUT OF QoS REQUIREMENT eg,R=M-8D
EACH SERVICE AND USER FOR SERVICES s
SUBSCRIPTION LEVEL
150
INPUT TRAFFIC /
(OFFERED SERVICES) THROUGHPUT
R SCHEDULER: RRM AND PHY OPTIMIZATION
USER PRIORITY LEVELS BASED ON HIGHER LAYER REQUIREMENTS USER
OF REGISTERED USERS (e.g., OPTIMIZE REVENUE, DIS-SATISFACTION) DISSATISFACTION (D)
QoE MODEL FORAGIVEN | | nprpatoR SPECIFIED
SERVICE CONSIDERING
SATISFACTION
USER SUBSCRIPTION
FAIRNESS (WITHIN
LEVEL, PRIORITY, FLOW OR GLOBAL)
BEHAVIOR, ETC.
13/0 1\40
FIG. 1

(57) Abstract: Embodiments are provided for network resource allocation considering user experience, satisfaction, and operator in-
terest. An embodiment method by a network component for allocating network resources includes evaluating, for a user, a QoE for
each flow of a plurality of flows in network trattic in according with a QoE model, and further evaluating, for an operator, a revenue
associated with the flows in accordance with a revenue model. A plurality of priorities that correspond to the flows are calculated in
accordance with the QoE for the user and the revenue for the operator. The method further includes identifying a flow of the flows
with a highest value of the priorities, and allocating a network resource for the flow. In an embodiment, the QoE model is a satisfac-
tion model that provides a measure of user satistaction for each flow in accordance with a subscription or behavior class of the user.
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System and Method for Network Resource Allocation Considering User Experience,
Satisfaction and Operator Interest

This application claims the benefit of U.S. Non-Provisional Application No. 14/181,160
filed on February 14, 2014 by Alireza Sharifian et al. entitled “System and Method for Network
Resource Allocation Considering User Experience, Satisfaction and Operator Interest,” U.S.
Provisional Application No. 61/764,895 filed on February 14, 2013 by Alireza Sharifian et al.
entitled “System and Method for Joint Packet/Service Scheduling,” and U.S. Provisional
Application No. 61/764,903 filed on February 14, 2013 by Alireza Sharifian et al. entitled
“System and Method for User Satisfaction Modeling for Radio Resource Management in Wireless
Communications,” which are hereby incorporated herein by reference as if reproduced in their
entirety.
TECHNICAL FIELD

The present invention relates to the field of network optimization, and, in particular
embodiments, to a system and method for network resource allocation considering user
experience, satisfaction and operator interest.

BACKGROUND

The next generation of networks is expected to be integrated into broadcasting systems,
where content producers/services (such as Hulu, Netflix, Skype, interactive gaming, interactive
video, interactive remote robotic control, remote-teaching, telemedicine, etc.) and their customers
need stringent assured quality of service (QoS). Currently, QoS is implemented primarily via
over-provisioning. Operators are interested in maximizing revenue, providing differentiated
services to different users based on their willingness to pay, and ensuring fairness when providing
services among the users, e.g., who subscribe to same packages or services. Fairness is a factor to
ensure user satisfaction, which is important to service operators in the competitive environment.
There is a need for an efficient system and scheme for managing services and network resources
according to joint objectives or criteria, such QoS requirement, user fairness, and operator
revenue.

SUMMARY OF THE INVENTION

In accordance with an embodiment, a method by a network component for modeling user
satisfaction for network services includes determining quality of service (QoS) requirements for a
network service, and measuring QoS elements in network traffic of the network service. The
method further includes mapping the measured QoS elements and the QoS requirements to a
satisfaction indicator according to a satisfaction model, and determining user satisfaction

according to the satisfaction indicator.
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In accordance with another embodiment, a network component for modeling user
satisfaction for network service includes at least one processor and a non-transitory computer
readable storage medium storing programming for execution by the at least one processor. The
programming includes instructions to determine QoS requirements for a network service, and
measure QoS elements in network traffic of the network service. The programming also includes
instructions to map the measured QoS elements and the QoS requirements to a satisfaction
measure according to a satisfaction model, and determine user satisfaction according to the
satisfaction measure.

In accordance with another embodiment, a method by a network component for allocating
network resources includes evaluating, for a user, a QoE for each flow of a plurality of flows in
network traffic in according with a QoE model, evaluating, for an operator, a revenue associated
with the flows in accordance with a revenue model, and calculating priorities corresponding to the
flows in accordance with the QoE for the user and the revenue for the operator. The method
further includes identifying a flow of the flows with a highest value of the priorities, and
allocating a network resource for the flow.

In accordance with yet another embodiment, a network component for allocating network
resources includes at least one processor and a non-transitory computer readable storage medium
storing programming for execution by the at least one processor. The programming includes
instructions to evaluate, for a user, a QoE for each flow of a plurality of flows in network traffic
n according with a QoE model, evaluate, for an operator, a revenue associated with the flows in
accordance with a revenue model, and calculate priorities corresponding to the flows in
accordance with the QoE for the user and the revenue for the operator. The programming also
includes instructions to identify a flow of the flows with a highest value of the priorities, and
allocate a network resource for the flow.

The foregoing has outlined rather broadly the features of an embodiment of the present
nvention in order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of embodiments of the invention will be
described hereinafter, which form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the conception and specific embodiments disclosed
may be readily utilized as a basis for modifying or designing other structures or processes for
carrying out the same purposes of the present invention. It should also be realized by those
skilled in the art that such equivalent constructions do not depart from the spirit and scope of the
mvention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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For a more complete understanding of the present invention, and the advantages thereof,
reference is now made to the following descriptions taken in conjunction with the accompanying
drawing, in which:

Figure 1 illustrates an embodiment of a framework for multi-objective joint
packet/resource scheduling in a network;

Figure 2 illustrates an embodiment scheme for multi-objective joint packet/resource
scheduling;

Figure 3 illustrates another embodiment of a framework for multi-objective joint
packet/resource scheduling;

Figure 4 illustrates an embodiment of an algorithm including user satisfaction modeling
as part of multi-objective joint packet/resource scheduling;

Figure 5 illustrates an embodiment of a user satisfaction model as part of a multi-
objective joint packet/resource scheduling framework;

Figure 6 illustrates another embodiment of a user satisfaction model as part of a
framework multi-objective joint packet/resource scheduling framework;

Figure 7 illustrates examples of user satisfaction functions.

Figure 8 illustrates an embodiment of a user satisfaction model as part of a wire line
scenario;

Figure 9 illustrates a user satisfaction model as part of a relay forwarding scenario for
wireless networks;

Figure 10 illustrates an embodiment method for user satisfaction modeling for network
services;

Figure 11 illustrates an embodiment method for multi-objective joint packet/resource
scheduling including user satisfaction modeling; and

Figure 12 is a diagram of a processing system that can be used to implement various
embodiments.

Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the
relevant aspects of the embodiments and are not necessarily drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention,

and do not limit the scope of the invention.
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In communications systems, user satisfaction depends on both the quality of service
requirements (QoS) of an application and on the user’s expectation, subscription level, and/or
behavior. Typically, radio resource management (RRM) in wireless networks is implemented to
provide QoS requirements for different services and users. Additionally, network operators may
monitor or consider user satisfaction for delivered services at higher network layers such as the
application layer. This typically comprises focusing on one or individual aspects of user
satisfaction, such as throughput and or delay, by assessing each aspect individually. Such
approaches for managing network resources to provide services with fairness to different users
can be challenging, for example when delivering heterogeneous contents to users (e.g., with
different packet delays/arrival times, or bit-rate changes over time) over heterogeneous wireless
links. Further, the users’ applications and service requirements can change over time. The
challenges also include the use of different monetary models for different user subscription levels,
priority, and/or willingness to pay.

Embodiments are provided herein for network resource allocation considering user
experience, satisfaction, and operator interest. The presented schemes also ensure fairness to users
when managing resources to provide network services. The embodiments include using a user
satisfaction model, or interchangeably a dissatisfaction model, to calculate a global satisfaction
(or dissatisfaction) value for multiple users, services, classes of users or services, or traffic flows.
The global value is calculated according to a model that takes into consideration various aspects
of user satisfaction (or dissatisfaction), such as throughput and delay. The global value can then
be fed as an input into a resource allocation or optimization engine of the network. Multiple
models corresponding to different classes of users and behaviors can also be used. The
embodiments also include a system framework for allocating or scheduling resources based on the
satisfaction (or dissatisfaction) value. The framework also takes into consideration monetary
models, QoS requirements, and possibly other fairness criteria employed by the network operators
for scheduling the resources. The satisfaction, operator charging, and QoS models are combined
and used to optimize resource scheduling, e.g., as part of RRM at the physical (PHY) or media
access control (MAC) layer, which can improve the efficiency of resource management in
heterogencous traffic and user class scenarios, for example. The optimization results can also be
fed back into the system to adjust the different models, further improving the implementation over
time. The system framework and satisfaction modeling can be used to efficiently manage users’
satisfaction in various timescales and their satisfaction fairness, in addition to conventional
service fairness to ensure customer loyalty. The systems also include revenue-awareness to

maximize the operator’s profit. The embodiments can be implemented by any suitable network
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technology, including wireless networks, wireline (or fix wired) networks, and other queue/server
based networks.

Figure 1 shows an embodiment of a system 100 for multi-objective joint packet/resource
scheduling in a network. The network may be a wireless or cellular network or any other suitable
network technology. The system 100 is a multi-objective aware optimization framework for RRM
according to operator requirements and user satisfaction relative to their subscription level and
service requirements. The multi-objective aware optimization framework joins the operator
(seller) and customer interests for RRM. The multiple objectives of this optimization include QoS
requirements, user satisfaction fairness, intra-user subscription or behavior class fairness, and
monetary aspects for the operator. The system 100 can efficiently incorporate revenue, user
satisfaction, generalized fairness (including satisfaction fairness, and intra-class fairness) and QoS
requirements into resource and service scheduling.

The system 100 comprises a charging model 110 based on throughput of each service and
user subscription level, QoS requirement information 120 for services, a user quality of
experience (QoE) model 130 for each service (or each class/type of service) considering user
subscription, priority, behavior, or other user relevant classification, and optionally operator
specified satisfaction fairness (or dissatisfaction) fairness criteria 140 (e.g., within flow or global).
The models or objectives above are fed as input into a scheduler function 150, e.g., at the any
queue/server network in general, or at a base station in the case of a wireless network, and used as
parameters or values for RRM and PHY/MAC layer optimization, which may be further based on
higher layer requirements, e.g., optimize combined revenue and satisfaction. The scheduler
function 150 can also use as input additional information such as the amount of traffic for offered
services and user priority levels. The output of the optimization by the scheduler function 150
includes revenue and/or user satisfaction indicators, R and D respectively. The output can be in
the form of a parameter or a single value for each objective, revenue and user satisfaction (or
dissatisfaction) reflecting a level of fairness. The indicators or parameters can also be used to
calculate a final utility value, e.g., R— D where 1is a scaling factor. The utility value is a
measure of suitability or overall performance and can be compared to target values.

The scheduling algorithm of the scheduler function 150 is revenue aware to maximize
operator revenue, and fairness aware, e.g., to guarantee service ubiquity in all locations within a
cell. The charging model 110 can provide input to the scheduler function 150 by making the profit
value of each flow transparent to the RRM. The concept of fairness herein is linked to user
satisfaction (or dissatisfaction). The QoE model 130 evaluates the current total QoE of flows,
balances them, and provides the scheduler function 150 with a final global measure of all

considered flows of users. The fairness to users can be addressed by ensuring both satisfaction
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fairness (in comparison to traditional fairness, where one QoS is balanced to get fairness), and
intra-class fairness which provides an additional level of fairness within different QoS classes in a
heterogeneous manner based on operators and costumers interest. The algorithm is also made
channel aware, to improve transmission opportunities (e.g., service ubiquity and link
equalization), and QoS aware to guarantee flow requirement and user satisfaction. Improving user
satisfaction ensures a degree of fairness and can prevent users from unsubscribing or leaving the
system. The scheduling algorithm can also be utilization/congestion aware to improve the load
situation.

Figure 2 shows an embodiment scheme 200 for the multi-objective joint packet/resource
scheduling of the system 100. The scheme 200 includes calculating, using a per-flow utility
calculation function 250 of the network, the contribution for each flow to the network utility. The
puts to per-flow utility calculation function 250 include an output from the revenue model 220
for user per flow, an output from a fairness function 230 on the satisfaction of flows of same class,
and an output parameter per flow of a QoE model 240. The QoE model 240 evaluates the user
QoE for each one of a plurality of flows 205. For instance, the QoE model 240 can be a
satisfaction model configured to calculate a satisfaction value for each one of the flows 205, and
provide the calculated value for each flow as an input to the function 250. The output from each
of the models/functions above can be in the form of a single parameter or value. The inputs of the
per-flow function 250 can also include channel condition information 201 per user and current
user buffer information 201 per user. The function 250 calculates the utility per flow using its
mputs and sends the utility value per flow as an input to a total utility evaluation function 260.
The total utility function 260 evaluates the utility and selects the flow and resource block (RB)
which maximize the utility for scheduling for a given resource. Maximizing the utility can be
accomplished using mathematical evaluation, which can provide a priority metric for the flows.
The priority metric is evaluated to select the best flow. The output of the function 260, e.g., the
selected flow and RB, is then allocated to the given resource. The functions 260 and 250 can be
part of a scheduler function at a RRM unit.

The function 260 also provides feedback information to the operator to adjust control
parameters 210 (A, B, C) for the models/functions 220, 230, and 240. The parameters are used to
adjust the respective models to improve revenue, charging scheme, fairness, and user satisfaction.
In addition to the feedback information, the parameters can be selected by the operator according
to the users’ expectations, subscription levels, and/or behaviors. The operator can also use
multiple parameters to adjust any one of the models, e.g., to adjust functions in the models. The
function 260 can also provide feedback to a QoS performance tracking function 270. The function

270 provides QoS parameters, e.g., per flow, to the QoE model 240. The QoS parameters are used
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by the QoE model 240 to provide the output per flow to the utility 250. The QoS performance
tracking function 270 can also provide historic or previous per flow performance information to
the per flow utility calculation function 250. The operator can decide the parameters A, B and C
based on an optimization of an internal utility according to inputs such as revenue from each
subscription, current resource usage and user experience, the impact of user satisfaction in the
long-run, a penalty for not making the expected QoE for the user, and competition and demand
for the services. As an example for adjusting the charging scheme, the operator continually
monitors the output (consumed) bit-rate and the variation of its server capacity, while serving
different QoS classes. The relative price/bit for different QoS classes is then adjusted (feedback
loop “A”) based on a relative fraction of these capacities. In this way, the operator can decrease
the price/bit sent to the network to reduce the priority for a QoS class at the lower layer, e.g., upon
detecting that the relative capacity usage is higher than the relative revenue obtained from that
class.

The system 200 allows the operator control of user satisfaction or dissatisfaction level per
flow. To schedule resources and services, the system 200 further takes into consideration the
fairness of dissatisfaction per same flow class, revenue per flow based on user priority and
subscription, channel condition and current buffer size, and past performance and QoS
requirements, in addition to intra-class fairness. The framework can also unify real-time (RT) and
none real-time packet (RTN) switched connections through different satisfaction functions on
different QoS elements, including mean and instantaneous measurements. This unification also
enables the system to define handle wider soft differentiated services that are a combination of RT
and NRT services.

In an embodiment, the QoE model 240 is a dissatisfaction (or satisfaction) model
configured mathematically to calculate fairness in terms of dissatisfaction (or satisfaction), e.g.,
rather than a raw or single QoS value, in addition to intra-class fairness. The fairness in terms of
dissatisfaction can be calculated within the same class of flows. The dissatisfaction functions or
equations of the model can also be defined taking into account the importance and priority of each
user/flow to achieve satisfaction across different flows/users/services. For example, the

dissatisfaction (or can be converted to satisfaction) per flow  and frame £ is calculated using the

< 1 St1 ol 5y
functionDé[k] = D.?&g{kf Dé D? S{k - 1] - m Z ng[k - 1] where Dif LN

ey

the QoS dissatisfaction (or satisfaction) value, ﬂg 18 the dissatisfaction (or can be converted to
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satisfaction) fairness value, and -+ 18 the inverse of the number of flows of a particular same

class.

Using the calculated dissatisfaction or satisfaction, the scheduler algorithm or function

260 maximizes a revenue per flow function H{;} as follows

max 1}: R& {?',;i !;x] f 87 »‘a SR  LloSre f\‘} \} swhere ¥ i‘;] is the bit-rate per

o
g

flow and frame k, {557 is the required QoS per flow, and {FaSy ™™ (k] is the measured

QoS per flow  and frame k. Examples of the revenue per flow functions include

f)(;,( } = ﬁf@{}' [ﬁ..\{}(?;ﬂnw' — ;31.'%{(308?", ng}nmmr[k )where :&2@ isa

price policy function for charging, and

}“}mwmirm@

D C}ab':; i , (QoSgeese &)

Ral) = M(ra{k], QuSi™)

meminal
» where £3E7 i a

defined tolerated dissatisfaction value for the flow. The example above is for defining .ff.{_.gt , with
regards to price policy and dissatisfaction functions. However, the scheme is not limited to this
specific definition of H@ .

Figure 3 shows another embodiment scheme 300 for the multi-objective joint
packet/resource scheduling of the system 100. Similar to the scheme 200, the scheme 300
calculates, using a per-flow utility calculation function 350 of the network, the contribution for
each flow to the network utility. The inputs to per-flow utility calculation function 350 include an
output from the revenue model 320 for user per flow, an output from a fairness function 330 on
the satisfaction of flows of same class, and a QoE model 340 per each one of a plurality of flows

305. The inputs of the per-flow function 350 can also include channel condition information 301
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per user and current user buffer information 301 per user. The function 350 calculates the utility
per flow using its inputs and sends the utility value to a total utility evaluation function 360.

The total utility function 360 considers the calculated utilities for all considered flows and
selects one or more joint pair of RBs and flows that maximize the overall network utility and
satisfy other requirements. The output of the function 360 is then considered to allocate network
resources, e.g., data rates and bandwidth. The function 360 also provides feedback information to
the operator to adjust control parameters or scaling factors 310 (A, B, C) for the models/functions
320, 330, and 340. The function 360 can also provide feedback to a QoS performance tracking
function 370, which provides QoS parameters, e.g., per flow, to modify the QoE model 340. The
QoS performance tracking function 370 can also provide historic or previous per flow
performance information to the per flow utility calculation function 350. Further, according to the
feedback information form the function 360, the operator can use a defined satisfaction fairness,
and intra-class fairness model to provide a fairness parameter, e.g., for a higher layer such as the
application layer, to the function 360 to evaluate the total utility.

Figure 4 shows an embodiment of an algorithm 400 for multi-objective joint

packet/resource scheduling using user satisfaction modeling. The algorithm 400 can be

implemented by the systems 100, for example. At step 401, the bit rates {13; -for all sub-channels

i for each flow are set to measured values f)‘;‘ and the time slots 7; for each sub-channel i is set

to a predetermined value 7.
At step 410, the QoS dissatisfaction is quantified according to a dissatisfaction or
satisfaction model. For example, a dissatisfaction value is calculated per flow and per frame £. At

step 420, for each flow, the fairness dissatisfaction is calculated, e.g., based on the QoS fairness

. NS AT TSN S I N
and the function iy 2]k « LN - 1), A final

dissatisfaction is then calculated as a function of the fairness and QoS dissatisfaction values, e.g.,
as a product of the two values. Step 430 allocates flows to resource blocks (RBs) to reduce the
dissatisfaction (or increase satisfaction), for instance as an argument to maximize a change in
dissatisfaction with respect to change in number of used RBs. At step 440, the time slot for each
sub-channel is reduced by one, and a plurality of parameters or variables for calculating the

dissatisfaction functions are updated. For example, the values include the measured mean bit-rate

?”Q\g'], instantaneous delay {ggs ia{”] , mean delay tf\e,i}z‘ , and/or packet loss €s{&! per flow and

frame £. If the time slot for a base station (BS) is reduced to zero, the associated bit rates are set to
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zero. The algorithm is ended if the time slot for each sub-channel is reduced to zero, or returns to
step 401 otherwise.

Figure 5 shows an embodiment of a satisfaction (or dissatisfaction) model 540 as part of a
multi-objective joint packet/resource scheduling 500. The model 540 comprises multiple
calculation steps for calculating satisfaction or dissatisfaction, leading to a final or global value
for the model 540. Each step can use a defined function and the results from a previous step. Ata
first step 541, a QoS satisfaction is calculated for each user. Each user may have a corresponding
configured QoS satisfaction function for calculating its QoS satisfaction value, e.g., according to
user expectation, subscription level, and/or behavior. At a second step 542, the calculated QoS
satisfaction values for individual users are combined (e.g., as a sum or weighted sum) into a
comprehensive satisfaction value. At a third step 543, a combined QoE and satisfaction value is
calculated based on the comprehensive QoS satisfaction. This is one possible example of a
satisfaction model 540. Other examples may include less or more calculation steps. In another
example, at the first step, both QoS satisfaction and QoE satisfaction can be calculated for each
user using corresponding functions. In yet another example, an intermediate step between the step
541 and 542 can be used to combine the QoS satisfactions for different subgroups of users (e.g.,
different behavior classes) using corresponding functions. The final result of the model 540 is
then fed into a multi-objective joint packet/resource scheduling framework 550, such as described
in the systems above. The framework 550 may also obtain inputs for different fairness and user
classes 520 and different monetary aspects 530. Theses inputs may be used to compute
corresponding outputs using the results from the model 540. Further, a same or different model
540 may be used each flow or service type.

Figure 6 shows another embodiment of a satisfaction (or dissatisfaction) model 641 as
part of a multi-objective joint packet/resource scheduling 600. The model 641 provides multiple
satisfaction values for different groupings of users to a per session utility calculation function 650,
which calculates a utility value from the session using the values form the model 641. The values
are calculated in the model 641 using respective satisfaction or dissatisfaction functions. The
inputs of model 641 include user behavior class (UBC) and user service class (USC), in addition
to QoS elements. The satisfaction or dissatisfaction functions can be adjusted by the operator 610
using corresponding parameters 610 according to feedback from a utility evaluation and flow
selection function 660. The components of the system 600 can be configured similar to the
respective components of the systems above.

In the model 641, the users (associated with the session) are separated into groups and
further subgroups, e.g., according to user subscription classes, user priority, behavior and flow

type, and/or operators dynamic requirements. A (dis)satisfaction value can be calculated
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according to a tailored function for each subgroup. For example, the operator can classify users
based on their behavior of dissatisfaction. This may be obtained through their complaints,
surveys, or other user feedback. This classification is then used to modify the dissatisfaction
functions. Users can also be further classified according to their flow types and subscription
classes. For example, some users may be subscribed with a flat rate service in a gold priority
class, while other users may be pay-as-go subscribers in gold priority class. These two sets of
users can have different (dis)satisfaction functions.

The operator 610 can dynamically change the function parameters in the model 641 to
reflect the user subscription classes, user priority, behavior and flow type, and/or operators
dynamic requirements. The operator 610 can also provide different parameters for the
dissatisfaction/satisfaction functions as apriori information to the RRM network unit or a network
scheduler function, which implements the per session utility calculation function 650. When a
flow with a given subscription class is considered, the user priority RRM unit changes the
function accordingly. Similarly, a suitable model can be used for each session. For example, a
second model 642 is used for a second session.

Defined QoS and QoE parameters can be used to calculate the satisfaction/dissatisfaction
values. The parameters allow modifying the calculation functions in the model/system with ease
of implementation in lower network layers (e.g., without the need to substitute the calculation
functions). In an embodiment, for each given QoS/QoE parameter, a user satisfaction function is
defined, resulting in a tailored combined dissatisfaction function. For example, considering delay,
when the 5% delay is substantially above the delay bound, the dissatisfaction could be zero.
However, when the 5% delay is getting closer to the delay bound, the dissatisfaction increases
rapidly. If the delay surpasses the expected or determined delay bound, there is additional penalty
in dissatisfaction.

Figure 7 shows examples of user satisfaction functions, which can be used in the systems
above to calculate satisfaction or other related values. The functions are satisfaction functions
corresponding to Voice, File Transfer Protocol (FTP), and Hypertext Transfer Protocol (HTTP)
services. Four QoS elements form a QoS vector, including rate instantancous delay, mean delay,
and packet loss. The relative effectiveness of each satisfaction function corresponding to a flow
can be controlled using parameters corresponding to the four elements as detected or measured. A
separate function for each service or a combined function of all services can be calculated. Each
calculated value for a flow can be obtained as a combination (e.g., a product or sum) of individual
functions of the four elements. The parameters and hence the functions can be modified by the

operator dynamically.
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resources, s is the mean queue-length of flow ¢ until frame k, §; is the mean bit-rate of flow

¢ until frame k, and _§ are mean queue-length and mean bit-rate importance functions,

respectively. The parameters can be used in a closed loop control system to achieve a target level
of bit-rate fairness. The parameters and functions relationship can be adjusted, based on operators

need, to control various trade-off in different QoS efficiencies and fairness scenarios.
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In some scenarios, the QoS of different flows for a service can have different impacts to
the overall user satisfaction of that service. This could be integrated by changing the parameters
of different flows, for example. Different user subscription classes may also have different
dissatisfaction functions for the same service, which allows adjusting resources of different users
to match their requirements. This can also include user priority differentiation. Service providers
can examine user behaviors and satisfy different users with different level of quality degradation
for the same service/flow type by a QoS to QoE mapping. This can be used for example to control
video buffering and interruptions. When each flow type has specified QoS requirement, the
satisfaction can be mapped as a soft function of the required QoS. The mapping can be further
modified for the UBC and/or USC.

The satisfaction modeling can be implemented in other scenarios than the framework
described above. Figure 8 illustrates an embodiment of a satisfaction model 840 as part of a wire
line system 800. The satisfaction model 840 allows a wireline (e.g., cable or digital subscriber
line (DSL)) operator 810 to adjust resources, such as data rate, delay, packet loss rate (PLR), or
other elements. The operator 810 can thus map QoS requirement to user satisfaction according to
detected user behavior. The model 840 includes determining comprehensive QoS based on the
rate or other elements, and accordingly calculate QoE satisfaction. The model may consider
further factors, such as flow type, UBC, and USC. The operator 810 uses the satisfaction value
from the model 840 to evaluate satisfaction and performance, and uses feedback to adjust the
model’s parameter. The feedback information can include, cost of access control, network
expansion plans, promotional plans, or adjustments to the charging scheme, for example.

Figure 9 illustrates an embodiment of a satisfaction model 940 as part of a relay
forwarding system 900 for wireless networks. The satisfaction model 940 allows a wireless node
or relay 910 to adjust resources for a user or request more resources from the network or a base
station  990. The adjustments can include power control, inter-cell interference coordination
(ICIC), cell switch-off decisions, user priority determination, or configuring users as relays for
other users, for example. Alternatively, the satisfaction model 940 can be implemented at the base
station 990 or network.

In general, the satisfaction modeling can be extended to any suitable queue/server model
scenarios, such as in wireless communications, wireline communications, cloud computing,
power grid optimization, or other network services. As such, the definition of QoS elements, flow,
and RB depends on the scenario of implementation.

Figure 10 illustrates an embodiment method 1000 for user satisfaction modeling for
network services. At step 1010, one or more QoS requirements are determined for a network

service. At step 1015, one or more QoS elements are measured in network traffic of the network
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service. The measured QoS elements correspond to the QoS requirements. For example, the QoS
requirements and measured elements include delay statistics of packets, throughput, and/or packet
loss. At step 1020, the measured QoS elements and the QoS requirements are mapped to a
satisfaction indicator (or measure) according to a satisfaction model. For example, a plurality of
functions of the QoS elements and requirements (e.g., functions based on the difference between
QoS elements and requirements) are first used to calculate a plurality of QoS satisfaction values.
The values are then combined to calculate the satisfaction indicator. Alternatively, a single
function of the QoS elements combined is used to calculate the satisfaction indicator. The
satisfaction value can be a single value (a scalar) or a vector of values. The mapping can also be
based on UBS/USC, by selecting or adjusting the mapping functions accordingly. At step 1030,
user satisfaction is determined according to the satisfaction indicator.

Figure 11 illustrates an embodiment method 1100 for multi-objective joint
packet/resource scheduling considering user satisfaction and fairness. At step 1110, a QoE is
evaluated for a user for each flow of a plurality of flows in network traffic in according with a
QoE model. At step 1120, a revenue is evaluated for an operator associated with the flows in
accordance with a revenue model. At step 1130, priorities corresponding to the flows are
calculated in accordance with the QoE for the user and the revenue for the operator. The priorities
can be further based on channel conditions associated with the flows, current buffer status of the
user, and a QoE fairness model defined by the operator. The QoE fairness model includes a
metric to improve satisfaction fairness for QoE and quality of service (QoS) among multiple
customers, and optionally a second metric to improve QoE and QoS fairness among the customers
within a same user behavior or subscriber class. At step 1140, a flow with a highest value of the
calculated priorities is identified. At step 1150, a network resource for the identified flow is
allocated.

Figure 12 is a block diagram of an exemplary processing system 1200 that can be used to
implement various embodiments. For instance, the system 1200 may be part of a network
component, such as a base station, a relay, a router, a gateway, or a controller/server unit. Specific
devices may utilize all of the components shown, or only a subset of the components and levels of
integration may vary from device to device. Furthermore, a device may contain multiple
instances of a component, such as multiple processing units, processors, memories, transmitters,
receivers, etc. The processing system 1200 may comprise a processing unit 1201 equipped with
one or more input/output devices, such as a network interfaces, storage interfaces, and the like.
The processing unit 1201 may include a central processing unit (CPU) 1210, a memory 1220, and
a storage device 1230 connected to a bus. The bus may be one or more of any type of several bus

architectures including a memory bus or memory controller, a peripheral bus or the like.
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The CPU 1210 may comprise any type of electronic data processor. The memory 1220
may comprise any type of system memory such as static random access memory (SRAM),
dynamic random access memory (DRAM), synchronous DRAM (SDRAM), read-only memory
(ROM), a combination thereof, or the like. In an embodiment, the memory 1220 may include
ROM for use at boot-up, and DRAM for program and data storage for use while executing
programs. In embodiments, the memory 1220 is non-transitory. The storage device 1230 may
comprise any type of storage device configured to store data, programs, and other information and
to make the data, programs, and other information accessible via the bus. The storage device
1230 may comprise, for example, one or more of a solid state drive, hard disk drive, a magnetic
disk drive, an optical disk drive, or the like.

The processing unit 1201 also includes one or more network interfaces 1250, which may
comprise wired links, such as an Ethernet cable or the like, and/or wireless links to access nodes
or one or more networks 1280. The network interface 1250 allows the processing unit 1201 to
communicate with remote units via the networks 1280. For example, the network interface 1250
may provide wireless communication via one or more transmitters/transmit antennas and one or
more receivers/receive antennas. In an embodiment, the processing unit 1201 is coupled to a
local-area network or a wide-area network for data processing and communications with remote
devices, such as other processing units, the Internet, remote storage facilities, or the like.

While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods might be embodied in many other specific
forms without departing from the spirit or scope of the present disclosure. The present examples
are to be considered as illustrative and not restrictive, and the intention is not to be limited to the
details given herein. For example, the various elements or components may be combined or
integrated in another system or certain features may be omitted, or not implemented.

In addition, techniques, systems, subsystems, and methods described and illustrated in the
various embodiments as discrete or separate may be combined or integrated with other systems,
modules, techniques, or methods without departing from the scope of the present disclosure.
Other items shown or discussed as coupled or directly coupled or communicating with each other
may be indirectly coupled or communicating through some interface, device, or intermediate
component whether electrically, mechanically, or otherwise. Other examples of changes,
substitutions, and alterations are ascertainable by one skilled in the art and could be made without

departing from the spirit and scope disclosed herein.
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WHAT IS CLAIMED IS:
1. A method by a network component for modeling user satisfaction for network services,
the method comprising:

determining quality of service (QoS) requirements for a network service;

measuring QoS elements in network traffic of the network service;

mapping the measured QoS elements and the QoS requirements to a satisfaction indicator
according to a satisfaction model; and

determining user satisfaction according to the satisfaction indicator.
2. The method of claim 1, wherein the QoS requirements and the user satisfaction are
determined per user flow.
3. The method in claim 1 wherein determining the QoS requirements includes combining
the QoS requirements of a plurality of flows associated with the network service according to a
relative importance of each one of the flows.
4. The method for claim 1, wherein the mapping includes:

calculating a plurality of QoS satisfaction values corresponding to the QoS elements
using corresponding satisfaction functions; and

determining the satisfaction indicator as a combination of the QoS satisfaction values.
5. The method of claim 4, wherein the mapping further includes adjusting the satisfaction
functions according to at least one of user expectation, priority, subscription level, and behavior.
6. The method of claim 4, wherein the mapping further includes adjusting the satisfaction
functions according to at least one of service priority, service type, flows associated with the
network service, and operator established requirements.
7. The method of claim 1, wherein the QoS requirements include at least one of bit-rate
requirements, tolerated mean delay and instantaneous delay requirements, and tolerated packet

loss requirements.

8. The method of claim 1, wherein the satisfaction indicator is a scalar value.
9. The method of claim 1, wherein the satisfaction indicator is a veactor of multiple values.
10. A network component for modeling user satisfaction for network service, the network

component comprising:
at least one processor; and
a non-transitory computer readable storage medium storing programming for execution
by the at least one processor, the programming includes instructions to:
determine quality of service (QoS) requirements for a network service;

measure QoS elements in network traffic of the network service;
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map the measured QoS elements and the QoS requirements to a satisfaction
measure according to a satisfaction model; and
determine user satisfaction according to the satisfaction measure.

11. The network component of claim 10, wherein the instructions to map the the measured
QoS elements and the QoS requirements to the satisfaction measure according to the satisfaction
model include instructions to calculate the satisfaction measure using a combined satisfaction
function associated with the QoS requirements.
12. The network component of claim 10, wherein the network component is a radio resource
management (RRM) unit for scheduling resources in a wireless network.
13. The network component of claim 10, wherein the network component is part of a
wireleine communications system.
14. The network component of claim 10, wherein the network component is part of a relay
node in a wireless system.
15. A method by a network component for allocating network resources, the method
comprising:

evaluating, for a user, a quality of experience (QoE) for each flow of a plurality of flows
in network traffic in according with a QoE model;

evaluating, for an operator, a revenue associated with the flows in accordance with a
revenue model;

calculating priorities corresponding to the flows in accordance with the QoE for the user
and the revenue for the operator;

identifying a flow of the flows with a highest value of the priorities; and

allocating a network resource for the flow.
16. The method of claim 15, wherein the method further includes calculating the priorities in
accordance with a channel condition associated with the flows and a current buffer status of the
user in addition to the QoE for the user and the revenue for the operator.

17. The method of claim 15, wherein the method further includes calculating the priorities in

accordance with a QoE fairness model defined by the operator.
18. The method of claim 17, wherein the QoE model, the revenue model, and the QoE
fairness model comprise parameters controlled by the operator, and wherein the method further
comprises adjusting at least one of the QoE model, the revenue model, and the QoE fairness
model by selecting suitable values for the parameters according to objectives of the operator.
19. The method of claim 18, wherein the objective of the operator is one of maximizing the
revenue for the operator, increasing the QoE for the user, and balancing QoE fairness among

multiple customers.
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20. The method of claim 17, wherein the priorities are calculated in accordance with the QoE
fairness within a same service class.

21. The method of claim 17, wherein the QoE fairness model includes metric to improve
satisfaction fairness for QoE and quality of service (QoS) among multiple customers, and a
second metric to improve QoE and QoS fairness among the customers within a same user
behavior or subscriber class.

22. The method of claim 15, wherein the QoE model is a satisfaction model that provides a
measure of user satisfaction for each flow in accordance with a subscription class of the user and
according to an agreement with the operator.
23. The method of claim 15, wherein evaluating the QoE for the UE includes measuring at
least one of a user data rate, a packet delay, and a reliability of service.
24. The method of claim 15, wherein the flows include at least one of real-time traffic, none
real-time traffic, and a combination of real-time and none real-time traffic.
25. A network component for allocating network resources, the network component
comprising:
at least one processor; and
a non-transitory computer readable storage medium storing programming for execution

by the at least one processor, the programming including instructions to:

evaluate, for a user, a quality of experience (QoE) for each flow of a plurality of
flows in network traffic in according with a QoE model;

evaluate, for an operator, a revenue associated with the flows in accordance with
a revenue model;

calculate priorities corresponding to the flows in accordance with the QoE for the
user and the revenue for the operator; and

identify a flow of the flows with a highest value of the priorities; and

allocate a network resource for the flow.

26.  The network component of claim 25, wherein the network component is a radio resource
management (RRM) unit for scheduling resources at a Media Access Control (MAC) layer.

27. The network component of claim 25, wherein the QoE model is a satisfaction model

configured to provide a measure of user satisfaction for each flow in accordance with a
subscription class of the user and according to an agreement with the operator.

28.  The network component of claim 25, wherein the instructions further include instructions
to calculate the priorities in accordance with a QoE fairness model defined by the operator, and
wherein the QoE model, the revenue model, and the QoE fairness model comprise parameters

adjustable by the operator in accordance with operator objectives.
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