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Pre-Processing Effects for Limited CSI Feedback I
Scheduling Algorithms Using Cross-Layer Issues

Cibelly Azevedo de Araujg Charles Casimiro Cavalcante and Walter da C. Freitas Jr

Abstract— In this paper we introduce a new Pre-Processing due to its facilities to inform the CSI from the mobile
'Vlleth_(:ﬁ (PSVM) |and we ?bs‘(e:rve lltSt img??_bif:_ Sclilednl_lling station to the base station. OFDM is an evolved form of
algoritnmes. € also suggest a Cumulative Distripution Fungon H H icol H H
(CQDF) e of Signalgt%-Noise Ratio (SNR) of the scheduled mult|car_r|er trans_m|SS|on where a single high-speed d_ata
users. This CDF curve reflects characteristics of applicatin and stream is transmitted over a number_ of lower-rate subcarrie
information about scheduling policies. Based on these cues, [5]. OFDM also has a number of unique features that makes
thresholds are defined in order to avoid reporting of unnecesary it an attractive choice such as robustness against muitipat
_Channel State Information (_CSl_). ThiS saving of resourcess very fading and intersymbol interference.
important when dealing with limited feedback that may limit Besides these OFDM advantages, we can observe a new
the system performance/capacity. Simulation results confin the ] - .
potential of the proposal. problem. the greater is the number of _subcarrlers, the grreat

is the correspondent feedback required. However, a very
common issue in the upcoming wireless systems is the
ability of working with a very limited amount of feedback
information. This is a very limiting aspect of the system and
I. INTRODUCTION is a growing research topic nowadays.
protocol Cross-layer optimization can be performed in a number of
ays. The choice of the involved layers and the metric are

y aspects on such task. In our case, we aim to observe the
joint optimization on the PHY and Medium Access Control
MAC) layers. Then, the scheduling problem is a well-addpte

application) and each one is responsible for a subset of io for the choi £ th t suitabl ters f
system operation functions. Each protocol layer commuegca >¢€Naro for the choice of the most suitable parameters for
PHY and MAC jointly. In this paper, we have simulated some

only with the layers directly above or below it. Thus, they level i ; btai C lative Distiii
are usually evolved independently and considerable reigeapySteM-level interactions to obtain a Cumulative Disti

efforts have been done for improving the efficiency ofunction (CDF) curve from Signal-to-Noise Ratio (SNR)
individual protocol layers [1], [2] values owned by scheduled users. This curve is used as a

Future Fourth Generation (4G) networks must support hi%oss—layer issue in order to avoid the unnecessary fekdbac

data rates applications with heterogeneous and variataét@u € propose a new Pre-Processing Method (PPM) to help at
of Service (QoS) parameters and demand a high erxibiIi{pe selection of SNR to b? reportgd.

of involved protocol layers. Cross-layer design [3] refers _The rest of the paper is organlzed as fol!ows. _We use a
protocol design done by actively exploiting the dependené@gl,e'c_e” syst.em model .that W,'" be explained in further
between protocol layers to obtain performance gains. T §tf""ls n Sectl_on Il Section Il is devo_ted to d(_ascnbe the
is unlike with OSI protocol model, where each layer jmain characteristics of the used schedulmg algor_lthmenTh
designed independently from another. Several publicatiopi]e pFOPPSa' method will be prgsented in Section V. The
have investigated the benefits in systems with cross-laﬁ'fant'tat've_ result_s for thg applied RPM are prese_nted and
policies [1], [2], [8], [9]. A very common problem to be comparedlln Section V Finally, Sectloq VI summarizes the
solved, in wireless systems, is predict the radio channel afain obtained goals with some conclusive remarks.

combat wireless link impairments [6]. Physical layer (PHY)

continuously generates detailed information about theecr Il. SYSTEM ARCHITECTURE

radio channel conditions, that we called it by Channel State

Information (CSI). Therefore, CSI can be used to solve this e assume a smgle—cell system where one base station
. can transmit to/ mobile users. As an Orthogonal Frequency
explained problem.

. . . Multiple Access (OFDMA) system, the cell sprectui is
tracr:gtrz?sgs(i)gr?l teELenqiuSgczasDN;r;Oeg ;\A:g:'%f)gggmfgn':ﬁ]ws litted into a set ofV subcarriers. The number of subcarriers
q 9 p? ) is chosen sufficiently large to permit that each subcarrier
* This student is supported by a scholarship granted by FURCA can be_ seen as an individual flat f_admg _Channel' Thus,
Cibelly Azevedo de Aralijo, Charles Casimiro Cavalcantd svalter da Subcarriers are modeled a¢ flat Rayleigh fading channels
C. Freitas Jr are with the Wireless Telecommunication Rebe&roup \ith correlation in time and frequency domains.
(GTEL)/Universidade Federal do Ceara - UFC. Emédielly, charles, A number of, OFDM symbols were simulated. In order to

walter} @gtel.ufc.br. This work was supported by a grant from Edossf ) ] -
Brazil - Research Branch under ERBB/UFC.19 technical catijsm contract. constrain the problem, in each OFDM symbol, it is assumed
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The Open Systems Interconnection (OSI)
model is a well-accepted framework for communicatio
systems which are decomposed into seven proto
layers (physical-link-network-transport-session-preation-
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that each subcarrier would be assigned only to one user. Eact
user is modeled with full data buffer using Non-Real Time
(NRT) services with different data rate requirements. Eaith
mobile user has knowledge of his own complex channel gain
H;(n) on then-th subcarrier and can transmit, instantaneously,
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its CSI to the base station. The SNR per subcawién) is £
defined as [8]: H () g
H;(n)]?-p T

i(n) = W g
pi(n) () g

wherep is the subcarrier transmit power, which is considered
to be equal in allN subcarriers and);(n) represents the

Additive White Gaussian Noise (AWGN) power density
function of useri. The SNR p;(n) is used as a quality 5 10

20
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measure and it is reported to the base station to perform the SNR [dB]
resource allocation algorithms, such as subcarrier ditmta Fo 1 Link ad ] o
and adaptive modulation. 'g. 1. Link adaptation scheme.

The possible transmit data ratgn) of the i-th user at the
n-th subcarrier is given by [9]

ci(n) = w-logy [1+ Bpi(n)], @)
wherew is the subcarrier bandwidth andl is the SNR gap
for the system Bit Error Rate (BER) requirements defined as lIl. SCHEDULING ALGORITHMS
9 . .
[9] 1.5 In this work, we compare the performance of two traditional
p= " In(5-BER)’ ©) algorithms, namely the Round Robin (RR) and Rate Adaptive

(RA), with and without the influence of the proposed PPM.

In order to use finite modulation schemes, a variddleary Firstly, we present the objectives of each algorithm and,
Quadrature Amplitude Modulation (QAM) with modulationthen, we show the proposed method. RR and RA algorithms
levels M = 2™ (m = 1,2,3,4,5 and6) is employed. In are not very sensitive to user channel variations and this
Figure 1, we can observe that the link adaptation schemec@mmon characteristic leads to the successful results to be
composed of steps, which represent transitions between dstiown in next sections.
rates. Each transition SNR value is calléd-QAM SNR
threshold, par—qawm,,,» @and its correspondent available data
rates,car—qam,, - For matching the possible transmit data rateg&  Round Robin Algorithm
to the available data rates, it is done a comparison between
the user SNR per subcarrig(n), and the M-QAM SNR RR algorithm is develqped as a cycli_c queue of users.
thresholdpys —oaw,, , as it showed in the Algorithm 1. Eachi-th user is sequentially and periodically scheduled to

’ transmit in all subcarriers of one OFDM symbol, ignoring

Algorithm 1 Pseudo-Code of the comparison between SNRs channel state information. This algorithm is very sienpl

values to be implemented, nevertheless, it guarantees a fair resou
if pi(n) < p2—oam,, then management among all users. Fairness is his great advantage
ci(n) = 0 (no transmission) but users with different QoS requirements could be place in
end if disadvantage.

if pz(n) > P64—QAM,,, then
ci(n) = cea—qam,,

end if B. Rate Adaptive Algorithm

if prr—qam,, < pi(n) < par41)—gam,, then
ci(n) = car—oawm,,

end if

The RA algorithm concept is to maximize the lower bound
of all users, i.e., the lowest mobile user data rate is mazenhi
The problem goal is defined as:

Let X indicates the binary assignment matrix which

elementse;(n) are defined as max e, subject to r;(X) > € Vi. (6)
vi(n) = { 1, if subcarriern is assigned to user @
! 0, otherwise. In this work, we implemented the Rhee’s suboptimal
Hence,r; is the data rate of user defined as: solution [7]. This algorithm aims to guarantee a minimum
N data rate for the worst-case user. It gives a sort of fairness
ri(X) = Z ci(n) - zi(n). (5) if data rates of the users are such as quite similar. However,

it is unfair in other several cases.

n=1
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IV. PROPOSEDMETHOD

We propose a PPM to be executed at the mobile user ent ook
before it sends his channel state information to the batiersta
In order to decrease the amount of channel state informati
reported, the proposed method suggests the user to known
used algorithm characteristics to foresee the posséslitf
being scheduled in the next OFDM symbol.

We evaluate the performance of different users wit 04f
different rate requirements by means of system-lev 03l
simulations. Several channel realizations per user haea by
carried out and, the moment that each user was schedu
his SNR was stored. In the next step, the CBf(,.p,)(-) of
SNR values from scheduled subcarriers of ikl user was S0 0 0 SNé?dB) 0 50 0
calculated by the following:
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Fig. 3. Typical CDF for Rate Adaptive algorithm with 6 users
pi(sch) —Fp, (scn)(pi(sch))

Fpi(sch)(pi(SCh)) =Pr(e < p’i(SCh))a vp’i(SCh)v . . .
H he SNR val fth heduled sub . wherep; ¢ (n) is the established SNR threshold the i-th user.
wherep;(sch) are the values of the scheduled subcarriers ypa this step, mobile users could only have reported

of thEHh user and_g IS a rand_om vanable._ . subcarrier channel gains whose correspondent SNR values
Six users were s_|mu|ate_d with RR algorlf[hm,_ the equwalegfe greater tharp;,(n). For the non-reported subcarrier
CDF curves.for this algonthm are shqwn n F'gufe 2.In thghannel gains, mobile users turn off the signalling tralssion
same way, six users were simulated with RA algorithm and tia

ivalent CDF curves for this alqorithm are shown in Ei r? these subcarriers, but in case of this work, just for
gqu ale curves forthis aigo are sho gui?nplementation’s reasons, pre-stablished dummy bits are

. . . ansmitted and represented by the elemanft
Depending on the used algorithm, the CDF curve mherenttlryAt the base sFt)ation RA yalgorithm identifies, firstly

reveals the QoS characteristics, which is the case of RA . . .
ubcarrier channel gains per user equal to dummy bits, then

algorithm that takes into accou nt the data_ rate reqwresnerﬁw equivalent subcarriers data rates are signalled equal t
Moreover, the CDF curve gives some information abOlft

) . g no transmission).

scheduling policies. Physical layer could then use this . . . .

additional information on making its proper decisions, as &\-:—Qe scheduling process is done with user_subcarrlers whose

cross-layer approach. values are greater tham ¢, (n). For mstancg, only
the users whose SNR values are greater than this threshold

pitn(n) for a specific subcarrien are considered for the

allocation of this subcarrien.

In the RR algorithm case, firstly, the user is scheduled,
then, user subcarrier channel gains equal to dummy bits are
identified, and finally, the equivalent subcarriers are aliga
with data rate equal t6 (no transmission). It means that user
subcarriers, whose SNR values are greater thap(n), are
included in the scheduling process. This fact is due to the
RR algorithm concept restriction where all subcarriers tmus
be signalled to the user, independent of his subcarrierreian
gains.

We must keep in mind that PPM is a powerful method to
avoid reporting unnecessary information, but a high,, has
different impacts depending on the used scheduling alyurit
We can deduce, from the RA algorithm description in Section
Fig. 2. Typical CDF for Round Robin algorithm with 6 users [1I-B, that as theF;,, increases, the average system data

rate increases also and the priority of users experiencatg b

Thinking in this way, the main goal of PPM is to identifychannel conditions decreases. Thus, the PPM method could

a threshold}; ¢, where all SNR cumulative probabilities arepring about system data rates improvements. A similar aisly
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greater than it, as depicted below: could be done with the the RR algorithm description in Sectio
I1I-A, where we can deduce that the system data rate stays the
pi(n) —F,.(seny(pi(n)) same or gets worse.
_ Therefore, theF;, definition is an important trade-off
Fith = Fp,(sch) (pisth ;

=Pr(o < p; _ _ : .
(n)) r(e < pimn(n) to be evaluate in the physical and system level simulations.
Fpi(semy(pi(n)) >Fien,  VYpi(n), In addition, as we can see in Figures 2 and 3, a fixed
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F; 1, corresponds to a distinct SNR region for the scheduliribe distinct algorithm approaches, we can observe that RA

algorithms. algorithm schedules the user with the smallest achievea dat
rates and those ones could present bad channel conditions.
V. SIMULATIONS RESULTS AND DISCUSSIONS In Figure 4, we observe the performance of PPM for the

In this section, we describe the simulation scenario to B} algorithm. One can note the PPM does not change the

used for performance evaluation. The basic wireless syst&fff formance of the RR algorithm, and both achieved data rate

simulation parameters are listed in Table . attain the rate requirements for each user. Sometimes ther
are short differences between them (-0.42%, 4.11%, 8.83%,
TABLE | -1.70%, -5,21% and 7.23%).
BASIC SIMULATION PARAMETERS.

x10°

15
Parameter Value |
System frequency 2 GHz
Number of subcarriers 150
Subcarrier bandwidth 15 KHz =2
Cell format circular s , :
- - . = I Achieved average data rate with PPM
Maximum distance from base statign 1 Km 4 [ Achieved average data rate
Minimum distance from base station 10 m & I Rate Requirement
Shadowing standard deviation 8 dB sk
OFDM symbol period 62,5 us
Total system power 20 W
It was used aMATLAB program developed by Wireless 0
Telecommunication Research Group, where we assumed & Users

single-cell system model with one base-station and six

users with different data rate requirements, as presemedrig- 4.  Rate requirements and achieved data rates with atidowti
Table 1. We have simulated 200 channel realizations in tff&Processing method, using RR algorithm with,,= 0.15.
simulation campaign. Each channel realization has a number

of 2400 OFDM symbols. For implementation’s reasons, use?én Figure 5, we see the performance of PPM for the RA

algorithms schedule a sub-frame with 8 OFDM symbols i orithm. Similar to RR algorithm case, one can observe tha
' PPM does not change the performance and both achieved data

wﬁoﬁ?g?ﬁz%l.has the same scheduling configurationeon r?ates (with and without PPM) attain the rate requirements fo
each user. Short differences observed between them (4.68%,
TABLE Il 1.56%, 7.08%, -1.20%, 1.95% and 6.83%).
DATA RATE PARAMETERS FOR PERFORMANCE EVALUATION

x10°

=
©
T

Parameter Value |

User 1 and User 4 - rate requirementl28 Kbps
User 2 and User 5 - rate requirement256 Kbps
User 3 and User 6 - rate requirements12 Kbps
F; ., for RA 0.3
F; ., for RR 0.15

g
o
T

Ing
N
T

I
N
T

I Achieved average data rate with PPM i
[ Achieved average data rate
I Rate Requirement

-
T

Rates[bps]

o
©

The users are uniformly distributed in the cell area and 067
their position is randomly chosen at the moment the current 0.4l
channel realization starts. Propagation losses, suchthdqss ok
(suburban profile) and shadowing are simulated. Fast fading
is also simulated as a Rayleigh process. ! 2 * Users 5 6

There are many different choices to assign values to the
select SNR cumulative probability thresholds. In this wavk Fig. 5. Rate requirements and achieved average data ratesmd without
intend to avoid that the user reports subcarrier channelsgapre-processing method, using RA algorithm with ;;,= 0.30.
that will result in “poor” SNR values. In our case, the term
“poor” SNR values means that this SNR could not achieve Although the results with PPM were quite similar from
the minimum SNR required to even transmit in the lowehe initial results without PPM, PPM has permitted mobile
available scheme (2-QAM). Based on Figures 1, 2 and @sers to save about 9,33% to 18,67% (14 - 28 subcarriers
the SNR cumulative probability thresholds were defined aser 100 total) of CSI reported to the base station in both
Fi+, = 0.15 and F; 4, = 0.3, for the RR and RA algorithm, RA and RR algorithms, i.e., in average, the mobile user did
respectively. This difference is comprehensive and it is dwmot reported 9,33% a 18,67% of the channel gains of his
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subcarriers. These results may be seen in Figure 6 and 7. This

VI. CONCLUSIONS ANDPERSPECTIVES

is an important result since we show a waste of resources fofpe nave presented a new pre-processing method called
reporting CSI. We have then used a limited feedback usigpn which allows to decrease the amount of CSI reported

the PPM, conserving the achieved average data rate.

Number of Subcarriers

Users

Fig. 6. Number of subcarriers not reported to the base staw user, using
RR algorithm with aF; ;;, = 0.15.

30 T T T T T T

Number of Subcarriers

Users

Fig. 7. Number of subcarriers not reported to the base staw user, using
RA algorithm with aF; ;; = 0.30.

from the mobile user to the base station, limiting, withasd,

the required feedback from the mobile terminal. This goal is
achieved looking at two new curves presented in this paper,
each one maps the cumulative distribution function of SNR
values from the scheduled users. These curves were obtained
to the RR and RA algorithms.

The new technique PPM described enables the mobile user
saves about 9,33% a 18,67% of required CSI reported to
the base station preserving the characteristics of thenatig
algorithm, i.e., the effects on QoS parameters (repredemnte
average data rate) were imperceptible.

A direct extension to this work is the investigation of the
PPM effects using adaptive thresholds and different sdiegu
algorithms.
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