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Imperfect Adaptation in Next Generation OFDMA
Cellular Systems

D. Morales-Jiménez, Juan J. Sanchez, G. Gomez, M. C. yggliarres, and J. T. Entrambasaguas

Abstract— Most cellular standards for the forthcoming beyond the reported CQI. However, the received CQI may be inexact,
3G (B3G) and 4G technologies state Orthogonal Frequency- corrupted or outdated, which potentially leads to a system p

Division Multiple Access (OFDMA) as the preferred multiplex- : i ; ; ;
ing technique. OFDMA combines an efficient multiple access formance degradation. The main impairments in the adaptati

with Adaptive Quadrature Amplitude Modulation (AQAM) to process are summarized as follows:
maximize system performance while keeping the errors belova « Outdated CQI: Potential delays introduced by the feed-

certain target. In order to achieve this objective, ChannelQuality ;
Indicators (CQI) are fed back from the receivers. However, back channel imply that reported CQI does not match

potential errors and/or delay in the reception of such CQI as current channel state at the time of transmission. This
well as an imperfect channel estimation may lead to a system is a further undesirable effect as mobile terminal speed
performance degradation. This paper analyzes the impact oén increases, since channel coherence time is shorter. The
imperfect adaptation on a Long Term Evolution (LTE) cellular minimum time allowed between CQI transmissions is
network. determined by the Transmission Time Interval (TTI).
Index Terms-LTE, OFDMA, AQAM, imperfect adaptation, o Non-exact CQIl: The estimated CQI at the receiver is
CQl, feedback channel. noisy by nature since perfect channel estimation is not
possible. Moreover, as the quantity of information to
I. INTRODUCTION be feedback has to be bounded, only a reduced set of

Currently, the Third Generation Partnership Project (3GPP  quantified values can be sent towards the transmitters.
is working on the standardization process of the evolved 3G Additionally, propagation through feedback channel may
Cellular Networks [1]. A collaborative process that invedv introduce errors in the reported CQI, which potentially
operators, manufacturers and research institutes isrtlyria leads to an erroneous CQI at the transmitter end.

progress to discuss views and proposals on the evolution ofap in-depth study of the performance degradation due to
the Universal Terrestrial Radio Access Network (UTRAN}ne nojsy and outdated channel estimation for single user
3GPP Long Term Evolution (LTE) specifications are tafransmission over flat fading channels can be found in [4].
geting to become a high-data-rate, low-latency and packgh; High-Speed Downlink Packet Access (HSDPA), several
optimized radio-access technology [2]. LTE multiple ascegapers address drawbacks related to CQI reports. The main
in the downlink is based on Orthogonal Frequency-Divisiogsye to take into account is that, in fast changing chantreds
Multiple Access (OFDMA), which is a promising techniquénformation reported to the base station may become olssolet
that provides an efficient access over high-speed wirelefige effects of user speed on the reported channel informatio
networks [3]. LTE .WI|| offgr broadband wireless access dbere studied in [5]. In [6] an improved link adaptation
data rates of multiple Mbit/s to the end-user and within @chnique that takes into account the reliability of CQIlagg
range of several kilometers. OFDMA at the physical layefs presented; this method introduces a new terminal-specif
in combination with channel-aware scheduling at the Medm@g@ offset depending on the age of the information. This new
Access Control (MAC) layer, provides an optimized resourGitset increases the probability that users with newer ntspo
allocation and Quality of Service (Q0S) support for différe gre scheduled and, therefore, improves the performandesof t
types of services. overall system. Channel information age is also considered

High spectral efficiency in OFDMA environments isi, (7] which introduces a scheme to avoid incorrect channel
achieved by dividing the total available bandwidth intoroar quality information by using a timer and an efficient CQI

sub-bands to be shared by users in an efficient way. Besidgs,ort timing criterion. When user speed increases, theze a
Adaptive Quadrature Amplitude Modulation (AQAM) is alsdyoth faster changes in channel conditions and higher hamdov
used to maximize spectral efficiency while keeping the Bihies Results show that cell capacity is in the ordetash

Error Rate (BER) below a desired target. These techniqugsrse for user speeds of 20 km/h compared to the reference
require the transmitter to be instantaneously channet@wg,se of 3 km/h.

so that proper modulation schemes for each user and eacn1 this work. a model based on the current state of LTE

frequency sub-band are continuously adapted to the Varyig}%ciﬁcations [2] has been implemented on top of WM-SIM

channel conditions. In the most common scheme, the chang iform [8] in order to evaluate the effect of imperfect

frequency response is estimated at the receiver and cer ptation on system performance. The considered scenario

Channel Quality Indicators (CQI) for the different sub-tan consists of a single cell where a set of mobile terminalsntepo

are fed back to the transmitter. their CQI towards the base station through a feedback channe

The fidaptatlon process takes place at the transmltterhwhﬁ]e different identified impairments that affect the adapta
dynamically selects the proper modulation scheme based tfdh process have been evaluated by means of simulations.
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focusing on both OFDMA and AQAM techniques. Scenarid. OFDMA in LTE systems

under study and a description of the implemented system cargpecifically in LTE, several transmission bandwidths from
be found in section Ill. Section IV presents the main sources)s to 20 MHz are defined, with a corresponding number of
of adaptation impairments. Simulation results are shown dupcarriers in the range fron28 to 2048. For the20 MHz
section V. Finally, section VI gathers the main conclusionsandwidth mode, data transmission is performed c\Z0
and future work. out of a total 0f2048 available subcarriers, whereas the rest
of subcarriers §48) are used for guard purposes.
Supported data-modulation schemes in LTE downlink are
QPSK, 16-QAM, and 64-QAM. For the generic frame struc-
OFDM is a modulation technique widely used to counterare, the minimum TTI corresponds to the sub-frame duration
the effects of Inter-Symbol-Interference (ISI) in freqagn (Tsub—frame = 1 MS), which is composed by 14 consecutive
selective channels [9]. OFDM divides the transmission ban@FDM symbols.
width in a large number of sub-bands narrow enough to beReference symbols (pilots) are spread over the available
considered flat in terms of frequency response. The soufgnalling subcarriers for channel estimation purposes260
symbol sequence is split into lower speed symbol streaf#ots are transmitted on the signalling OFDM symbol for the
transmitted simultaneously on the resulting comb of suibcarmMaximum bandwidth configuration.
ers. In LTE, minimum resource allocation unit is a Physical
An Inverse Fast Fourier Transform (IFFT) efficiently perResource Block (PRB), which consists af = 12 subcarriers
forms the OFDM modulation. Its reciprocal process, th@sSigned along a sub-frame. With the channel information
forward Fast Fourier Transform (FFT), is used to recover tfptained from the reference symbols, CQI are estimated for
data as a cyclic extension of the OFDM symbol eliminates t§&ch PRB at the receiver and feedback to the transmitter for
residual ISI. This way, OFDM can be considered as a timgcdulation adaptation and resource allocation purposes.
frequency squared pattern, where each bin can be addresséd-™ent LTE specifications define two different modes for a
independently. PRB: distributed and localized. In the d_lstrlbutgd modeR8P _
Modulation of each OFDM subcarrier is analogous to thit composed by a ”‘%m_bef of sub-carrlgrs which are s_prea_d in
of the conventional Single Carrier (SC) system. Quadratu%e frequen<_:y domain in order t9 obtain frgqgency dlver5|t_y
Phase Shift Keying (QPSK) or M points Quadrature Ampli'—n the localized rr_lode (block-W|_se transm|SS|on) a PRB is
tude Modulation (M-QAM) are the most common Schemeg_omposgd by contlgluous supcarners, in order to_allow thee us
Modulation adaptation allows to maximize spectral efficien ©F @daptive modulation. In this case the modulation level, i
while fulfiling BER service requirements. number of blts_ aIIoca_lte_d to each subc_arrler, is the same for
When OFDM is also used as user multiplexing techniqugl,I the subcarne_rs W'th".] a PRB and it can b_e modified on
the term OFDM Access (OFDMA) is preferred. In this casé: sub-frame basis. In this work, only the localized mode has
resources are allocated to different users in what can bsigson o considered.
ered as an hybrid TDMA-FDMA technique. The modulation
level, i.e. number of bits allocated to each subcarrier, can . ) . .
be periodically modified to track the time variant channel The _downlmk dwecppn .Of an OFDMA wireless system
frequency response of each user. Fig. 1 shows an exampl@%‘?qrdmg to LTE specifications has been addressed. As shown
the process for three users. The instantaneous SNR measme'c:i'g' 2, a single cell where an ev_olved Node B (eNode
at each sub-band is presented in the right y-axis and tﬁ IS connected to several User Equipments (UE) ihrough a
potential number of bits per symbol in the left y-axis. Insthi"@dio_channel has been modelled. In the example shown in
case, the user with maximum modulation level is selected bl9- 2, channel conditions fot'E, and UE, are different

transmission and has been presented with a different color{"¢® they are located in different places and they move at
the figure. different speeds. Therefore, each of them reports a differe

CQI value CQI; and CQI, respectively) to the eNode B.
User 1 This information about channel conditions will be takeroint
' ' ' ' ' ' ' ' ' account to allocate radio resources to each UE.

II. OFDMA OVERVIEW

Il. SYSTEM MODEL

bits/carrier
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Frequency sub-band

bits/carrier
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30 Fig. 2. Scenario under analysis.
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The model has been implemented using WM-SIM platform
0 20 30 a0 so e 7o e eo oo [8]. WM-SIM is a C++ based and data-flow oriented platform
Frequency sub-band that allows to implement and simulate complex models. It
allows a modular design of communication systems by means
Fig. 1. Snapshot of modulation level for each frequency Isaibd. of interconnection of its basic entities: block and system.
WM-SIM also includes a repository of predefined blocks.
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Fig. 3. Downlink OFDMA Wireless System model.

A block diagram of the implemented OFDMA system is
shown in Fig. 3, which includes the following subsystems: a
traffic generator that produces the information flows associ
ated to each user; an eNode B, which implements the main
PHY/MAC functionalities at the radio interface; a Rayleigh
frequency-selective radio channel; a set of user equipnent
in charge of processing adequately the received signal; and
finally, a QoS metrics functionality that collects performeca

statistics from the simulations as BER or user throughput.

A. Enhanced Node B

The eNode B subsystem aims to simulate the basic func-
tionalities of a base station that uses OFDMA technology. As
shown in Fig. 3, this subsystem is made up by four different
blocks:

o Scheduler. Incoming information flows from the traffic  «

generator are stored int&/,, First-In First-Out (FIFO)
queues (one per user). The cross-layer scheduler is re-
sponsible for allocating transmission turns to users by
following a certain algorithm. Allocation criteria is bake
on the CQI reported by each user andBest Chan-

nel algorithm have been adopted. Calculation of CQI
is performed for each sub-band or PRB (group of 12
consecutive subcarriers) by averaging the SNR value all
over the chunk. A modulation scheme is selected for each
user and each PRB from the reported CQI value. Once
the transmission turn is allocated to a particular UE, a
number of bits according to the user and PRB modulation
level are extracted from the corresponding queue.

Adaptive Modulation. AQAM is performed using a
constant-power and discrete-rate modulation scheme. The
modulation level for each user is selected on a subframe
basis, according to its estimated instantaneous SNR and
target BER BFERy) values. Reported CQIl provides

a measurement of the instantaneous SNR for a
particular user and frequency sub-band (PRB). CQI is
received at the eNode B from each UE through a feedback
channel that introduces a configurable delay and bit
error probability. Adaptive modulation is carried out by
means of predefined SNR thresholds that determine the

BER (y)

proper modulation leveln(v) depending on thé3ERr,

as shown in Fig. 4. Once the scheduler has selected a
particular user, the sequence of bits extracted from the
queues are mapped onto their corresponding constella-
tion. Therefore, different modulation schemes can be used
along the OFDM symbol since the information conveyed
for each user and PRB may has a different modulation
level.

« Resource Mapping. According to the scheduling decision,

complex data symbols are mapped onto a certain PRB,
corresponding to a particular time-frequency area. Thus,
the frequency selectivity of the channel can be alleviated.
In addition, OFDM symbols are fully conformed, in-
cluding reference symbols (pilots) and frequency domain
guard intervals.

Modem. The transmission modem performs several tasks
before transmitting the signal to the radio interface.
Firstly, an IFFT is applied in order to convert the OFDM
symbol to the time-domain. Secondly, a cyclic prefix is
appended to the OFDM symbol in order to avoid ISI.

10°
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Fig. 4. SNR Thresholds for Adaptive Modulation.
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B. Mobile Radio Channel o Resource De-Mapping. Received OFDM symbols are

Downlink and uplink radio channels have been modelled combined to compose the original subframe. Resource
in a very different way. Whereas downlink channel includes ~@ssignment information provided by the Control Plane
a complete frequency-selective multipath model, the faedb ~ allows to identify resource blocks allocated to the par-
channel in the uplink has been simplified in order to focus ficular UE. Once the specific UE blocks are identified,
on delay and bit error effects. As mentioned above, CQI is COmplex data symbols are extracted and then processed
reported from receivers to the eNode B through feedback bY the Adaptive Demodulation functionality in order to
channel. Delay and bit errors due to propagation may produce F€cover user data.
the CQI to be outdated and/or erroneous, leading to a wrong Adaptive Demodulation. Complex data symbols are de-
decision in the adaptation process. modulated according to the indicated modulation level

to recover the corresponding sequence of bits. Finally,

1) Downlink Channel: A frequency-selective channel is  recovered data segment is used for QoS measurements,
modelled, considering the temporal fading due to multipath e.g. Bit Error Rate or user throughput.
propagation [3]. Channel response is assumed to be composed
by multiple taps with predefined delays and mean power. This IV. IMPERFECTADAPTATION

multi-tap configuration determines the mean power profile, Two different limitations can be identified in the adaptatio
which has been set according to the Suburban Macro scengjiigcess [11], [12], [13]. Firstly, propagation throughdbeack
defined in [10]. Temporal variations on this profile follow a&hannel may cause the CQI to be outdated when it is applied
Rayleigh distribution that affects the instantaneous fapger, to select the modulation level. Besides, the transmittey ma
while taps delay is assumed to be constant. receive a non-exact CQI due to imperfect channel estimation
Additionally, downlink channel includes the effect of n@is and potential errors introduced by the feedback channeh Bo
modelled as Additive White Gaussian Noise (AWGN) withmpairments may lead to a wrong decision in the selection of
zero mean at the receive antenna. Noise variance dependsrenmodulation scheme and, as a consequence, to a system
the pre-configured SNR value since constant transmit pows§rformance degradation. In the following sections, tHe di
has been assumed. ferent causes and effects of these adaptation impairmeats a

analyzed.
2) Feedback Channel: Propagation through feedback chan-
nel may introduce both errors and delay on the reported CQ|. Outdated CQI
Outdated and non-exact CQI are considered in this work as the ) .
main problems regarding the modulation adaptation process' '€ Potential delay introduced by the feedback channel

Therefore, the implementation of the feedback channel hggply that reported CQI from the recewers do.esl not match
rrent channel state at the time of transmission. Hence,

been simplified to focus on these adaptation impairmen%‘. ] :
en the transmitter apply the received CQI to perform the

Thus, feedback channel has been modelled as a FIFO quede;’ ™

which may introduce a configurable delay and certain bitrerrgd@ptation, the channel may have evolved to a new state.

probability to the reported CQI from each UE. T_he effect worsens as the_moblle terminal speed increases,
since channel coherence time shortens. Usually, this delay

C. User Equipment is.c_onside_red as a multiple of TTI, whigh determines the
minimum time between CQI reports. A typical delay of 3 TTI

Each UE is modelled as an independent subsystem, whighyssumed for evaluation in the LTE performance verificatio
processes its received signal through the following blockgocess.

sequence (see Fig. 3):

« Modem. This block receives the transmitted signal after 10"
being affected by the radio link between the eNode B
and the particular UE. Cyclic prefix introduced at the o 10
transmitter is removed, and afterwards, an FFT is applied &
to recover the received OFDM symbol into frequency-
domain.

« Channel Estimation. Each UE estimates its corresponding
channel frequency response as well as the instantaneou
SNR of its received signal. A brief description of the
considered channel estimation subsystem is provided in

/| BER;

Anstantaneous
=
'y

i

10

section V. 0 50 100 150 200 250 300 350 400 450 500
o Equalizer. The estimated channel frequency response is Time (.)
used to compensate the undesirable effects of the radio Fig. 5. Instantaneous BER evolution.
channel on the received OFDM symbol. In this block, a
zero-forcing equalization technique is applied. An example of the impact of feedback delay is illustrated in

« Control Plane. Control information is extracted from Fig. 5, which represents the instantaneous BER as a function
the first and second OFDM symbols of each subframef time (normalized to OFDM symbol peridfls) for a single
Control data includes resource allocation information arglibcarrier. An outdated CQI may cause a wrong decision in
the modulation scheme for each PRB. This informatiaihe modulation level at the transmitter, and hence, preeéfin
is needed by the Resource De-Mapping and AdaptiBER requirements may be unfulfilled. It is shown how the
Demodulation functionalities for properly recovering useinstantaneous BER values are above the target BERE =
data. 10~2) during short time intervals. These intervals correspond
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to those when the selected modulation scheme does not mataiors with certain probability are introduced to the qifaed
the current channel conditions. values.

In order to evaluate quantitatively the effect of using an
outdated CQlI, different simulations were carried out toagbt
the Mean Square Error (MSE) as a function of feedback delay. . .
For a typical flat Rayleigh channel, UE speeds ranging from Several simulations of the presented model have been

5 to 30 km/h and different values of feedback delay up t%arried out in order to StL_de the performance degrada_tion
8 TTIs (8 ms) were considered. Fig. 6 gathers results frofﬁ atp LTIIE slystemt,_ f?CUS;nﬁ on the bada|to_t|ve modullatlon
this set of simulations. As expected, a longer feedbackydel(’fnc.:?ga! Y. ntpe;r 'ngart’ do O\évmg sy setcclor:s a’:ﬁé n ¢
leads to higher MSE since channel coherence time decrea %E?' € impact of outdated and non-exact CQI on the system
and, hence, the received CQI becomes further outdated. ormance.

the other hand, a higher UE speed imply faster changes imulations have been carried out on top of WM-SIM sim-

the instantaneous channel state, hence decreasing ther&elm;ﬁ'.atolr ESL Jh? Illntrc_)duciﬁd ;nogiel haz been melerTenLeédf_ and
correlation between consecutive CQlIs. simuiated by folowing the design and execution rules define

by WM-SIM environment. Main simulation parameters are

V. SIMULATION RESULTS

5 , , , , , , listed in Table I. Feedback delay varies from 1 to 5 TTIs (1 to
" 5 ms), whereas an LTE maximum bandwidth configuration
o =TT of 20 MHz and 1200 available data subcarriers have been
s //’/ T bt assumed. A QoS requirement has been defined in terms of
ST T R target BER, set td0~2 and 10~ for different simulations.

10 /// -7 } /,/”"‘_ § These values should allow for getting an acceptable QoSrunde
@ /// -7 - the consideration that no channel coding or retransmission
é e e techniques are applied in this work.
= ok Skm/h | | Different UE speeds have been simulated in order to identify

—~~- 10km/h the maximum speed that fulfill the predefined QoS require-

25} . ;(5) t:;ﬁ 1 ments. The users speed vary from 5 km/h (pedestrian) to 30
—-- 25kmh km/h. Higher UE speeds imply faster temporal changes in

-30p ] channel response and, as a consequence, CQIl becomes sooner

) ) ) ) ) ) outdated. On the contrary, CQI from users at lower speesls, i.

B 2 3 4 5 6 7 8 experiencing slowly varying channels, will remain valid fo

Feedback delay (ms) Ionger time

Fig. 6. MSE values due to outdated CQI for different feedbdelays and TABLE |

UE speeds. CONFIGURATION PARAMETERS
Parameter Value
FFT Size 2048
B. Non-exact CQI Data Sub-carriers 1200
Two different causes have been considered for receiving a Cyclic prefix length | 144 samples
non-exact CQI at the transmitter. Carrier Frequency 1.8 GHz
Sampling Frequencyf 30.72 MHz
. . . UE Speed 5-30 km/h
1) Imperfect Channel Estimation: The estimated CQI Feedback Delay 1-5 ms
value is noisy by nature since perfect channel estimation Target BER 10~2 and 10~3

is not possible. The channel estimation subsystem for the
instantaneous SNR described in [4] is here considered. In
short, pilot complex symbols (with same average power as
data symbols) are spread all over the available subcairierd® Outdated CQI
a signalling OFDM symbol. A signalling symbol, containing The effect of feedback channel delay on the average BER
pilot subcarriers, is followed by OFDM data symbols. At for different UE speeds and same target BER ) is
the receiver, pilot symbols are extracted; the estimateR 8N illustrated in Fig. 7. For a UE speed of 5 km/h (a), channel
obtained from a FIR filtered version of samples of the chann&lsponse has a very slow variation and therefore, feedback
complex envelope followed by a squared norm operation. Tbleannel delay does not affect significantly to the average
obtained MSE for the channel complex envelope estimati®@ER (i.e. BER values remain under the target even for 5 ms
can be minimized with the proper filter coefficients selattio delay). However, it is clear how results get worse as theydela
increases. When UE moves faster (15 km/h) (b), the effect of
2) Feedback Channel Errors: Propagation through feed-feedback delay leads to an important performance degoadati
back channel may introduce errors in the reported CQI, whidthe maximum admissible delay for the feedback link is about
potentially leads to an erroneous CQI at the transmitter. erlBims when the UE moves at 15 km/h. Shadowed area in the
Moreover, as the quantity of information to be feedback hdigure represents those BER values ab&#&R .
to be bounded, only a reduced set of quantified values carin Fig. 8, the average BER is presented as a function of
be sent towards the transmitters. The number of bits of theedback channel delay for different UE speeds, considerin
guantification process is still under discussion in the LTEn average SNR &f0 dB. In case (a), BER results are always
specification process. In this work, a number of 5 bits has beleelow the BERr = 10~2 for quasi-pedestrian speeds (5 and
considered for quantification of each CQI and independent &0 km/h). However, for higher UE speedsF R is exceeded
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Fig. 8. BER vs. feedback delay for different UE speeds anddases of target BER.

even for small delays: 1.5 ms is the maximum admissible delay 10

at 30 km/h. T
A more restrictive constraint is depicted in Fig. 8(b), wher || === v=I5kmh |
BERr = 1073. In this case, BER requirements are only 10" b [ YTk

fulfiled by pedestrian users (5 km/h). When UE speed is

higher (from 10 km/h on) even a small delay causes an average NN
BER higher than the target value (e.g. 2.75 ms at 10 km/h andg.g 102k
1.75 ms at 15 km/h).

B. Non exact CQI 10"} =

1) Imperfect channel estimation: Effects of imperfect chan- AT L2 USNRET0dB
nel estimation on the adaptation process can be derived from F T
Fig. 9. Average BER is depicted for two different mean SNR 10 050 25 20 15 0 s
values (10 and 20 dB) and three different UE speeds (5, 15 MSE (dB)
and 30 km/h). Channel estimation error is represented in the
x-axis in terms of MSE. Fig. 9. Imperfect channel estimation.

Simulation results show that greater MSE in channel es-
timation imply higher BER values. It is also observed that
BER sensitivity against error in channel estimation inse=a results for different terminal speeds are similar when MSE i
as the average SNR value is higher. That is due to thé&gh enough to become the dominant error factor. For ingtanc
fact that higher SNR values imply the selection of morehen SNR = 10 dBBE R is exceeded when MSE is above
dense constellations. Potential errors over these ctaitttes -15 dB. However, for a higher average SNR (20 dB), BER
(although less frequent due to a higher SNR value) implyraquirement is unfulfilled with lower MSE values, i.e. -25 dB
higher number of erroneous bits. On the other hand, BEBr 5 km/h and -23 dB for 10 km/h. Finally, for 30 km/h BER
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requirement is never fulfilled. 10" ! = ‘ '

2) Feedback channel errors: A model of an imperfect/non- : —B— P=10”
ideal feedback channel make possible to evaluate how the ex- ‘ —A&— P.=10°
istence of errors in CQI reports affects to system perfoicaan ' —o— P.=10"
With this purpose, independent bit errors are introducethby 102 :
feedback channel with a certain probability. )

In order to illustrate this effect, performance betweeraide %

(P. = 0) and extremely noisyR. = 10~ ') feedback channel

were compared. Such a comparison was made in terms of 4¢3
average BER and spectral efficiency as depicted in Fig. 10.

As shown in the curves, a bit error in the CQI when the
channel is poor may provoke the selection of a more dense
constellation, leading to a higher spectral efficiency a th 10%
expense of increasing BER values. On the other hand, for high 5 10 15 20 25 30
SNR an inappropriate selection usually leads to less dense Average SNR (dB)
constellations. In this case, spectral efficiency is deggad

whereas BER results are not affected so significantly. Fig. 11. Impact of feedback channel bit errors on the aveBigR.

10° ¢ 16

— BER Ideal

for pedestrian speeds (5 km/h) when feedback channel delay
is above 5 ms. However, BER results are kept under the target
value if feedback delay is below 5 ms even foBd& Rt of

10~3. For higher UE speeds, channel coherence time is shorter,
i.e. temporal correlation decreases. Hence, CQI infonati
becomes sooner outdated and average BER results are below
the specific target only for low feedback delays.

The effects of non-exact CQI were also studied, both due
to imperfect channel estimation and bit errors introduced
by feedback channel. Non-exact CQI has also been proved
to be a source of performance degradation in the adaptive
modulation process. Performance results show that imgterfe
channel estimation provokes an increment on the average BER

Average SNR (dB) Besides, BER sensitivity against this error increases as th
average SNR is higher since a modulation selection error for
Fig. 10. ~ Comparison between ideaP = 0) and noisy . = 10~') more dense constellations has a higher cost.
feedback channel in terms of average BER and spectral efficie The final purpose of this work is the development of algo-
rithms to estimate and compensate potential errors in agapt
modulation for LTE systems. Future works will include pre-

R A .
n FII?. 11 kFort Iovx(/jl;?ggues (UDf totlr? | mcllthSl\l/\Ie%, BFR diction techniques to optimize the system performance even
results are kept un r evenforine lowes ValU€S ¢ non-ideal feedback channel conditions.

When Pe is around 10~3, there is a certain performance
degradation. However, whé® increases ta0~2 BER results
are aboveBFE Rt for most of SNR values. ACKNOWLEDGMENTS
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