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Abstract

In: this poster, we present some of our recent work and
results. An analytic model and methodology were developed
to determine optimal scheduling policy that involves two
dimension space allocation: time and code, in High Speed
Downlink Packet Access (HSDPA) system. The optimal
policy is the policy that yields the maximum system
throughput while maintaining a reasonable level of fairness
between all the users in the system. A discrete stochastic
dynamic programming model for the HSDPA downlink
scheduler is presented. Value iteration is then used to solve
for optimal policy. This framework is used to find the optimal
scheduling policy for the case of two users sharing the same
cell, with 2-state and 3-state channel models. Simulation is
used to study the performance of the resulted optimal policy
using Round Robin (RR) scheduler as a baseline. The policy
granularity is introduced to reduce the computational
complexity by reducing the action space. The behavior of
the value function was observed to characterize the optimal
scheduling policy. These observations is then used to
develop a heuristic scheduling policy. The devised heuristic
policy has much less computational complexity which
makes it easy to deploy and with only slight reduction in
performance compared to the optimal policy according to the
simulation results.

Objective

To devise a model and a solution methodology to find the
optimal scheduling regime in HSDPA networks, that
controls the allocation of the time-code resources.

This policy should have the following properties:
Fair; Divide the resources fairly between all active users.
> Maximizes the overall cell throughput.
Provide a high speed and channel aware resources
allocation.

Motivation

» 3GPP only suggested guidelines for HSDPA downlink

¢ scheduler and left the design specifics unspecified.

» This resulted in many different scheduling techniques
and implementations most of which are proprietary.

> Most of the available work in scheduler design is based
on intuiton and creativity of the designers. This
approach will result in a suboptimal algorithm at the
best, that performs well in some scenarios and poor in
the others.

Methodology

)’Develop an analytic model for the HSDPA downlink
scheduler:

# MDP-based discrete stochastic dynamic programming
model is used to model the system.

# This Model is a simplifying abstraction of the real
scheduler which estimates system behavior under
different conditions and describes the role of various
system components in these behaviors.

* Must be solvable

> Define an objective function.
> Value iteration is then used to solve for optimal policy.

>Study the structure of the optimal policy and develop a
near-optimal heuristic policy that:
#® Performs close to the optimal policy.
® Should have much less computation complexity
compared to the value iteration used to determine the
optimal policy.
# Can easily be extended to larger queue sizes.

Problem Definition and Conceptualization Basic Assumptions

The HSDPA downlink channel uses a mix of TDMA and CDMA: ET?'K?TS are L a‘_?'iVe_USGI'S in the cell.
» Time is slotted into fixed length 2 ms TTls. »~ Finite buffer with size B per user.
» During each TTI, there are 15 available codes that may be # Error free transmission.

MDP Model Formulation State Transition Probability

System State Space :/rY: fcéﬁ(r)i:/ei:gt_he state transLition probability and arrived at
» The system state s(t) e S is a vector, and is given by LEAE 11 (Pmr(-,,-_ a;) P.,_.,r)

s(t) = (a(t)-22(0). . oxe (8 1(8) 22(0). -3 (E)

allocated to one or more users.

_-FDUS

— Channel State
Moritor/Predicter
HSDPA Scheduler Model Abstraction (Downlink)

The Model

MDP based Model; The HSDPA downlink scheduler is
modeled by the 5-tuple (T.5.A. Py/(a). R(s.a)) Where:

fhode-t

> SDUs are segmented by RLC into a fixed number of
_ PDUs ( u;) and delivered to Node-B at the next TTI S & x M} s finite; finite buffers and channel states.
»Foruserie{1,2,...,L}andslott T, we define: A

Action Set

4 y; (1) the number of scheduled PDUs, 3 . 2 !
®x (1) eX={0,1,2 B} thelqueue sizd > The action a(s) e A is taken when in state s where
i , 1,2,..., 3 = 2
# 2, (1) {0, u} the number of arriving PDUs. a(s)L_ (a4(s), 3,(S). - - -, a(s)) subjectto,
» Independent Bernoulli arrivals with parameter q; Za'(s) 2 15 ) a'(s) o xi(t)
> Scheduler can assign ¢ codes chunks at a time, p =TT = i(e)e
Reward Function
> R(s, a) corresponds to the two objectives

where ¢ € {1, 3, 5, 15}.
L L
R(s.a)=> aiic—0 > (B=%) 1y, n;
—1 i—1

FSMC State Space
» Channel state of user i during slot ¢ is denoted by +;(t)
> The fairness factor ( 0" ) is introduced to reflect the

> Channel state space is the set M= {0, 1, ... ,M - 1}.
» User i channel can handle up to :(t) PDUs per code
(22

» Tis the set of decision epochs, Po /Pl — /i\\ o significance of fairness in the optimal policy.
» Sand A are the state and action spaces, Lo T >§/ \"/ ,>' \\Eﬂ{ State Equations
» Pus(a)=Pr(s(t — 1)=5'|s(t) =s,a(s)=a) is the state Co) . - - - ) The evolution of the queue size ( X; ) is given by
transition probability, and R N N N S % i (s JF o B)
» R(s, a) is the immediate reward when at state s o -~ X min (b~ " 127
and taking action a. FSMC Model for HSDPA Downlink Channel = min ([Xr - a,ﬂ,’,-c] b Zrl s B)

Where, F’-,,.;,; is the Mar‘kT)\ll transition probability of the
FSMC. Applying total probability law we get

! ifx =x;=B & a;yi =
qgi it x! =x;=B & 0 < a;jvic
qj itx =B & x; <B& W1:=B8,
Pusg (visai) — 2 ,
J ar if x{ < B & x{ = W1,

1—gi B & x{ — W2,
0 otherwise.

Where, Wi = [x amic]' |y

[>
w2 i
The Optimization Criterion
» Infinite horizon expected discounted reward optimality
criterion was used. The optimal policy is characterized by
ke - A
V'(s) = max[R(s.a) ~ \Zs Pesr(a) V' (s')]
Where, V" (s) — sup,. V/™(s) attained when applying the
optimal policy 7"
> Value Iteration is used to solve the model for the
cases L=2,M=2;andL=2, M=3.

Xj — aj7,

Heuristic Approach

» Run Value lteration for small B to find the optimal
policy; then study its structure and behavior.

» Quantify the effect of channel quality and arrival
probability variation on the optimal policy structure.

> Use the information to build a heuristic policy that can
be extended to larger buffers sizes and more users.

Optimal Policy Structure

»>The policy is a switch-over and can be described as;
share the codes in proportion to the weighted
queue length of the connected users.

»The weight (w;) is a function of the difference of the 2
arrival probabilities and that of the channel qualities:

wi — F([ APJT.[ AP]Y)
wy, — F([AP].[AP]")
»The intermediate regions has almost a constant width

Weight Function Approximation
we approximated w, and w, as follows
Wi = 1+ 15[-AP|" —0.7[-AP,]"
Wy = 1+ 15[AP])T - 0.7[AP,]"

Heuristic Policy for ¢ =15

Assign codes to users according to the following rules:
» Rule1: when there is only one connected user then
assign all the needed codes to that user,

» Rule2: when both users are not connected (i.e., y,=
7,=0) then no codes will be allocated to any user,
> Rule3: when the two users are connected allocate

code chunks according to:

Heuristic Policy for ¢ =5
The same heuristic policy above will apply here except
for Rule3 which will be modified as follows:

» Rule3: when the 2 users are connected, if x,+x,<15
then allocate codes to the two users in proportion to
their queue length, else allocate the code chunks
as follows

> The approach can be extended to any value of ¢

An example showing the structure of the
with the heuristic policy superimposed on it is given in
the figure below :

Performance Evaluation

* Policy Granularity

Simulation study’ have been conducted to evaluate the
effect of policy granularity on the HSDPA scheduler (that
implementing the optimal policy) pgrfcrmance.
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that equals 2-c. (3.0) if wix1 > waxp + 10,
> the optimal policy is monotonic. (2.1) if waxa < wixg < waxp + 10
> a, (respectively a,) is increasing in x, (respectively x). a(t)= X 22« WA = s i “
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Fig1: The Effect of Policy Granularity (c=3, 5, or 15)

* Heuristic Polic?l Evaluation
The performance of the devised heuristic policy was

studied using simulation, and compared to that of the
optimal policy and round robin.
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Fig2:Throughput vs. loading  Fig3:Queue length;
P(y,=1)=0.5, q,= 0.8, g,=

* 3-State FSMC

The performance of the optimal policy with 3-state

FSMC channel model was studied and compared to

that with 2-state FSMC model.
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Fig4: Optimal policy performance with 3-state FSMC
compared to that with 2-state FSMC
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Conclusions

» The optimal policy is of a multi-threshold type.

Symmetric users case

P(y=1)=0.8, P(,=1)=0.5; P(z=5)=0.5 P(:;=5)=0.8, P(z,=5)=0.5; P(3=1)=0.5

> Finer granularity (down to 5) enhances the performance
significantly. However, when c<5, the gain is marginal
and does not justify the added complexity.

» The suggested heuristic policy has a reduced constant
time complexity (O(1)) as compared to the exponential
time complexity needed to compute the optimal policy,
and its performance was very closely to the optimal one.

> The optimal policy when using 3-state FSMC model
outperformed the one with 2-state model significantly.
On the other hand, the value iteration computation
complexity was increased by several folds.

> 3-state FSMC model is more accurate representation of
the HSDPA downlink channel than the 2-state model.

Future Work

» Extend the heuristic policy to any finite number of
users.

» Relax the assumption of error free transmission and
extend the model to take into account retransmissions.

> Prove analytically some of the optimal policy and value
function characteristics, such as; monotonicity, multi-
modularity, and the switch-over behavior.

» Using the developed approach to address scheduling
in other wireless systems.

> study the performance of existent schedulers in light of
the information we gain from studying the optimal
policy structure and behavior.

Web: www.sce.carleton.ca/~hussein

*
For

set and detailed results, please refer to www.sce.car

in/TR-optimal’




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


