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Abstract — In modern wireless networks, the signal quality n

wireless channel is estimated based on the channguality

measurements. The measurement results are used toles

appropriate  modulation and coding scheme for each
transmission. The target of the link adaptation isto reach the

desired block error rate operation point. Operation point and

system performance could potentially be compromisedy non-

consistent / biased channel quality indicator repding caused by,
e.g., differently calibrated user equipments or hadware

inaccuracies. This paper evaluates the extent of thahenomenon
through different combinations of traffic types, bias settings and
system loads by the means of fully dynamic systenmuulations.

The in-depth results verified that on the system leal the

performance is not significantly impacted by reporing

imperfections. Long term evolution is used as an exale

technology in this study, but the same concepts aagpplicable to

other wireless technologies also.
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. INTRODUCTION

The tremendous success of wireless cellidagh Speed
Packet Access (HSPA) networks together with a “push” from
competing technologies has fueled the developmieotltular
technologies even furtherThird Generation Partnership
Project (3GPP) has already completed first specification
release ofLong Term Evolution (LTE) [1] [2] which is
considered to be the successor of HSPA.

LTE utilizes more simplified architecture and neadio
access technologies, namelrthogonal Frequency Division
Multiple Access (OFDMA) in the downlink andSingle Carrier
Frequency Multiple Access (SC-FDMA) in the uplink. By
introducing these changes among others the 3GPRdiaz
range of strict performance requirements for LTH [Bor
instance, LTE should achieve 2-4 times higher spkct
efficiency than Release 6 HSPA is capable for.
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the UEs. The purpose of thénk Adaptation (LA) is to handle
the feedback information gotten from the UEs andnth
perform the selection of the appropriate MCS fer thie based
also on the information about the allocation poaitin the
frequency domain.

Channdl Quality Indicator (CQI) plays a key role in the
link adaptation process. It is a message sent byoldENodeB
describing the current downlink channel qualitythed UE. It is
measured from the reference symbols transmitted eby
NodeBs. The CQI measurement interval, measurement
resolution in frequency domain, reporting mechasisetc. are
all configurable parameters. These parameters have
tremendous impact on the system performance anil the
performance is studied e.g. in [4][5].

The Inner Loop Link Adaptation (ILLA) has the first hand
responsibility on selecting the suitable MCS foe tHE. The
selection is done based on the mapping betweemdasured
Sgnal to Interference plus Noise Ratio (SNR) of the reference
symbols to the most appropriate MCS for an alloratiFor
various reasons the ILLA does not however alwagside the
perfect adaptation and therefore Outer Loop Linkagtdtion
(OLLA) function is also needed. The target of thiel@ is to
adapt the MCS selection to provide certBlock Error Rate
(BLER). The target BLER (s.c. Operation Point) is usuady
to provide optimal performance depending on whether
retransmission mechanisms lik&utomatic Retransmission
reQuest (ARQ) and/orHybrid ARQ (HARQ) are utilized.

. RESEARCH PROBLEM AND MOTIVATION

LTE UE radio transmission and reception requiresiemne
specified in [6]. One of these requirements isteelao how
tightly the BLER operation point should be set. @tien point
and system performance could potentially be aftebie non-
consistent CQI reporting by the UE. In other womtn-
consistent CQI reporting could lead to having stibagd

When compared to the HSDPA, the adaptation to fasBLER operation point. Non-consistent CQI reporting the

wireless channel variations LTE utilizes differaathniques,
since the transmission power is constant in thentiolu First

of all, the Modulation and Coding Scheme (MCS) is adapted
with frequent interval to the channel quality, lthea theUser
Equipment (UE) feedbacks. Secondly, thevolved NodeB (e
NodeB) has capability to perforrkrequency Domain Packet
Scheduling (FDPS) to allocate the most suitable resources fo
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UE can be caused by e.g. hardware

misconfiguration or calibration.

inaccuracy,

The purpose of this study is to evaluate how sydtamel
performance is affected if UEs report biased (naggressive
and/or non-aggressive) CQI values instead of tles dmat they

ractually should in their current radio channel dbads. Thus,
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bias is directly related to the initial offset valof Outer Loop Simulations have been conducted wilbnstant Bit Rate
Link Adaptation (OLLA) which is then being corrected. In this (CBR) type of service which has certain amount of sodata
study bias is referred also as initial LA/OLLA cdfs and thus certain amount of packets (varied througtibe

simulations). See more detailed parameters from ORABI.
Different file sizes do not model any specific apglions but
are rather just selected to see at which size Qebtas does
have an impact. The smallest sizes like 10kB arkB5ére,
however, very small when considering the traffitumee of the
modern network applications.

These studies have been conducted in a macro aellul
scenario presented in Figure 1. The scenario stsneif 19
base stations where two inner tiers (i.e. the araamyd green
areas) are the one were mobiles are allowed to n8tadistics
are collected from the innermost tier (orange Lel&ird tier
(i.e. cells indicated with light blue colour) arermal active

Figure 1. Simulation scenario BSs which have background load adapting to statiz# load.

In addition to the adaptive load of the third tier,this study

also the two innermost tiers are adjusted to hai@mum

[ll.  SIMULATION METHODOLOGY AND ASSUMPTIONS level of cell load (0-100 %) which is reached gatiag

This study has been performed using a fully dynainie artificial (background) load if UEs (avg. 10 perlice
driven system simulator which supports both upliakd ~themselves do notreach the target.
downlink directions with a symbol resolution. Inighstudy

Required amount of OLLA iterations to fix the offset

only downlink direction is simulated in detail anglink traffic 600 i 1505
is considered as ideal to keep the scope of thidyswithin I I Offoot 10 5
reasonable limits. sool — P
L . . I Offset -3 dB

We have used periodically reported full CQI infotima I Ofiset -2 dB
(separately from eaclPhysical Resource Block (PRB))) in 200} o et 1198
these studies to show the impact of bias in waseccenario - | %ousems
as very accurate CQI information would be availabithout e —— P
the bias. The actual bias is studied with two déffe E | fset 548
alternatives: fixed and random bias. Fixed bias meea = [_Jofiset154B
situation where all terminals have (the same) fik& in the 200
beginning of the call whereas with random bias téreninals
have bias set according to uniform distributiontiBin the 100
random and fixed bias cases, the bias is constammgdthe
whole call for each UE. . I ,HHH il

0 BLER5 % BLER 10 % BLER 20 % BLER 40 %

As implied earlier, in this study we assume bothirarer
loop and an outer loop LA unit. The OLLA algoritimposes
an offset margin that is subtracted from the SINR Figure 2. Example of required OLLA iterations to meet the B Earget
measurements in the CQIl manager before being ugetieb
inner loop LA to estimate the supported data raed
modulation and coding scheme. The OLLA algorithmsato IV.  PREANALYSIS

control the experienced average BLER for the first As described above, the biased CQI reporting inspsmt
transmissions, and it follows the same principle the  the performance of OLLA as it needs to fix also Hias in
traditional outer loop power control algorithm fdedicated  addition to its normal operation. The purpose @ fection is

channels in 1S-95 and WCDMA and for HSDPA. Henéani o briefly analyze the background of OLLA operatimmd how
Acknowledgement (Ack) is received for a first transmission, the the performance would change due to the bias.

offset factor, A, is increased by,Adecibels (defined with a
parameter), while it is decreased by, 4 decibels if aNegative
Acknowledgement (Nack) is received. Offset factor has limit TABLE I. EXAMPLE OLLA PARAMETERS
for maximum and minimum to prevent situations where BLER | Ay, | Adown
channel conditions change significantly and OLLAwbtake
very long time to shift the offset back to the ativay. The 20,056
ratio between the step up and down determines \tkeage 10% | 05

BLER that the OLLA converges to, i.e. 20% | 05| 0125

5% 0.5 | ~0.026

40% | 05| ~0333

BLER =1/(1+ Au/ Adown)- 1)
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Normally, when the UE sends its CQI reports to ée
NodeB the scheduler will do the scheduling assigrme
according to the received and processed informatidre
purpose of the e-NodeB link adaptation units isntadify the
received CQI information and thus allocated MCS tisat
certain BLER target is met. This means in pradtieg UE will
experience delay before the certain level of BLER
converged. The delay depends on how high differ¢inee is
between OLLA starting point and the actual charsitelation.
Figure 2. illustrates an example of how many OLltdYations
it takes to fix the offset between the startingnpaf OLLA
and the actual channel situation of the UE. The bremn of
iterations are calculated for different BLER levatording to
the Equation (1) with 4 being 0.5 dB. The resulting Adown
values for each of the used BLER percentages cdounel in
TABLE I. As the figure shows, positive offset.j.situations

where the OLLA starts with more conservative MC3s a

changed with relatively low pace when compared he t
negative offsets where MCSs would be more aggres3ikie
reasoning behind this is simple, too aggressive ME&H cause
BLER levels to rise rapidly and thus affect to dayadf service
that users experience whereas more moderate M@Sikely
only to drop the BLER levels. The downside of movederate

MCSs is, however, the drop in user throughput kEvel

presuming that packets would go through with mggressive
MCSs.

When considering that the bias could further inseethe
offsets it is possible that system level perforreamould be
affected. However, when considering that the ramigactual
bias values that would present in the network gheoeinain on
quite low level (+-1 dB) the impact should be alte be
mitigated quite well by the OLLA unit.

TABLE II. MAIN SIMULATION ASSUMPTIONS

Feature/Parameter Value / Description

Operational Bandwidth 10 MHz

Duplexing FDD

Number of sub-carriers 600

Network synchronicity Asynchroneous

Sub-frame length 1ms

Cell layout 57 hexagonal macr
cells

NodeB Inter site distance (ISD) 500 m

Multipath channel Typical Urban

UE velocity 3 kmph

UE receiver 2 Rx MRC
BLER target 0.2
A 0.5dB

Outerloop link adaptation Adown 0.125 dB

Max offset 15 dB

Min offset -15 dB
Measument period 5 ms
PRBs per CQI 6
Reporting delay 2ms
SINR error variance 1
dB

Bias +-[0, 1, 2, 4]

Channel quality indicator
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TABLE lIl. CBR TRAFFIC ASSUMPTIONS
Feature/Parameter Value / Description
File size [10, 50, 100, 200, 1000,
5000] kbytes
Packet size 1500 bytes
Packet inter-arrival time 1 step

V.  SIMULATION RESULTS

The system level performance is evaluated in thislys
mainly through normalizedSpectral Efficiency (SE), user
throughput, first transmission BLER per call anstidibution of
OLLA offset collected at the end of the call. SEslauser
throughputs are normalized so that bias 0 dB,n@bhias case
is the reference point. User throughputs are ptedeils
percentile bars and e.g. 10 percentile bar heigtan® that 10
percent of the calls experience throughput of thdgss.

A. Performance with fixed bias

Spectral efficiency of CBR type of service withfdient
source data amounts is illustrated in Figure 3.t figure
shows the impact of fixed bias is moderately sesmsito the
amount of data that is transmitted during the délthe calls
are very short (deductable from the user throughpmt the
amount of source data, illustrated in Figure 4. kiglre 5. )
the performance can be impacted in terms of SEgrd#ipg on
the magnitude of the bias. The impact is highemibre
aggressive bias (negative values) i.e. higher M&CSeiected
than the actual CQI would imply. However, if thdl éangth is
more realistic, i.e. there is more data and thégtaauring the
call; the performance starts to become more bathnce

User throughputs for 10 and 90 percentiles illustiain
Figure 4. and Figure 5. show that the trend islainto SE
figures above, i.e., the impact of bias starts itoimdsh once
there is reasonable amount packets/data during ctie
Moreover, small and moderate positive bias (norreggive)
can even improve the performance in terms of 90 $ér u
throughput where the MCSs are generally quite high.
another hand more aggressive bias results in 10{bS%ofor
UEs in similar situation.

Downlink Normalized Spectral Efficiency, CQl Bias Study

Spectral Efficiency

Il Bias, 0 dB, load 0%
Il Bias, 1 dB, load 0 %
Il Bias, 2 dB, load 0 %
[l Bias, 4 dB, load 0 %
[Bias, -1 dB, load 0 %
[_IBias, -2 dB, load 0 %
[__IBias, -4 dB, load 0 %

100 kbytes 200 kbytes

10 kbytes 50 kbytes

Figure 3. Normalized Spectral Efficiency, Fixed Bias
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Normalized 10%-ile User Throughput, CQl Bias Study

o
w
T

Throughput [kbps]

Il Bias, 0 dB, load 0 %
Il Bias, 1 dB, load 0 %
Il Bias, 2 dB, load 0 %
[ Bias, 4 dB, load 0 %
[Bias, -1dB, load 0 %
[_IBias, -2dB, load 0 %
[_IBias, -4 dB, load 0 %

10 kbytes 50 kbytes

100 kbytes 200 kbytes

Figure 4. User Throughput, 10 Percentile, Fixed Bias

Normalized 90%-ile User Throughput, CQl Bias Study

o
w
T

Throughput [kbps]

Il Bias, 0 dB, load 0 %
Il Bias, 1 dB, load 0 %
Il Bias, 2 dB, load 0 %
[ Bias, 4 dB, load 0 %
[Bias, -1dB, load 0 %
[_IBias, -2dB, load 0 %
[_IBias, -4 dB, load 0 %

10 kbytes 50 kbytes

100 kbytes 200 kbytes

Figure 5. User Throughput, 90 Percentile, Fixed Bias

The reason why call length and amount packets taffiec
the fact that bias becomes more insignificantas tith longer
calls OLLA has enough time to correct it. Thus, ifmpact of
bias is directly proportional to the amount of OLlitarations
available during the call. With large file sizesetlbias is
corrected already when only e.g. 10% of file hasnbgent and
then the rest of the file can be sent without thpact of bias.
This naturally decreases the effect of the bias nwiqy.
throughput of the whole call is evaluated. Thishdwior is

B. Performance with random bias

The spectral efficiency with more realistic biashiet
models the penetration levels of, e.g., differeanuafacturers’
or differently configured terminals, is shown ing&fe 8. In
simulation environment realistic bias means biadclwhs
randomized separately to each UE. As the figuravshavith
random bias the performance is, expectedly, muate mabust
against the bias even with high range of bias ksl low
amount of data. Similarly to fixed bias study, witasonable
amount of source data the OLLA has enough sampié$has
time to fix the bias and thus it is not visibleSE. Moreover, it
can be seen that the system load 0-100 % does aw& h
noticeable impact to how bias impacts the perfogaan

Finally, first transmissions BLERs are illustratedFigure
9. and Figure 10. As those figures show, if ther@adequate
amount of data the BLER operation point, which wasumed
to be 20 %, in these simulations is maintained equiell,
regardless of the bias. With lower amount of soutata the
OLLA operation point remains on higher level thba tesired
20% target even without bias.

OLLA offset at the end of the call
CQI Bias study, RLF off, Source data 10000 bytes

1
0.9
0.8
0.7F
0.6
& 05
g0
04 Initial LA offset 0 dB
/oo | Initial LA offset 1 dB
03 ; Initial LA offset 2 dB
Initial LA offset 4 dB
02 #— Initial LA offset -1 dB
—<— Initial LA offset -2 dB
01 Initial LA offset -4 dB
i i i

o -

0 2 6
Offset [dB]
Figure 6. OLLA offset distribution, fixed bias, 10 kbytes soe data

OLLA offset at the end of the call
CQl Bias study, RLF off, Source data 200000 bytes

ra
09 Initial LA offset 0 dB &
***** Initial LA offset 1 dB ¢
0.8} Initial LA offset 2 dB }

Initial LA offset 4 dB g
Ry *— |nitial LA offset -1 dB :f
—o— Initial LA offset -2 dB b
Initial LA offset -4 dB

0.6
confirmed by Figure 6. and Figure 7. which illusgrbow well &
OLLA is able to converge the offset (CQI bias) whba call 0sr
length is longer. Moreover, it should be also nateat even oal
with ideal offset and low amount packets OLLA wibt have
time to converge in general as confirmed by diatidn with 03f
higher amounts of source data. The relatively bigpant of ol &
very low OLLA offsets in the end of the calls aesults of '
UEs being in very good position where even the most o1l = e : -

aggressive MCSs are not enough aggressive.
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0
Offset [dB]

Figure 7. OLLA offset distribution, fixed bias, 200 kbytesusoe data
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practice it is not, however, very likely that all the users
would have such a small amount of data and largs. lif is

1L

o 1 1l |

08l Il Bias, 0 dB, load 0 %

YA Bias, [-2,2] dB, load 0 %
> Bias, [-4,4] dB, load 0 %
3 06l Bias, 0 dB, load 20 %
= Bias, [-1,1] dB, load 20 %
Yosk Il Bias, [-2,2] dB, load 20 %
% [ Bias, [-4,4] dB, load 20 %
o4l I Bias, 0 dB, load 50 %

[ Bias, [-1,1] dB, load 50 %

03l [Bias, [-22] dB, load 50 %

[[IBias, [-4,4] dB, load 50 %
02k [_1Bias, 0 dB, load 100 %

[IBias, [-1,1] dB, load 100 %
01t [ IBias, [

10 kbytes

Figure 8. Normalized Spectral Efficiency, Random Bias

First Transmission BLER
CQI Bias study, RLF off, Source data 10000 bytes

1-
0.9+
0.8+
0.7
0 06
0.5 .
Initial LA offset 0 dB, load 0 %
04+ Initial LA offset 0 dB, load 20 %
—— Initial LA offset 0 dB, load 50 %
03 —=— Initial LA offset [-2,2] dB, load 50 %
Initial LA offset 0 dB, load 100 %
‘ —=— |nitial LA offset [-2,2] dB, load 100 %
02l 1 i i : T T : : T
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 09 1 [1]
[BLER]

[2
Figure 9. First transmission BLER per call, 10 kbytes data,
Random Bias [-2,2] dB [3]

VI. CONCLUSION 4]

In this study we have shown with fully dynamic
simulations how non-consistent CQI reporting by tHE
impacts to the system level performance. Performamnas
evaluated with different combinations of trafficpgs, bias [5]
settings and bias values.

The results show that the system level performaacebe
affected by biased CQI values only when there iy Yew (g
amount of data / packets and the bias is relatibégjn. In
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Downlink Normalized Spectral Efficiency, CQl Bias Study ShOWn that OLLA iS able tO COfreCt +_2 dB (randomas
range without affecting the spectral efficiency aoser
throughput but even higher bias values can be cosgted
with reasonable amount of data i.e. with high emongmber
Bias, [1,1] dB, load 0 % of OLLA iterations.

First Transmission BLER
CQI Bias study, RLF off, Source data 50000 bytes

e

091

08 /g

07
f

06 W

B
S osl
. q
04l 4| — Initial LA offset 0 dB, load 0 %
---- Initial LA offset [-2,2] dB, load 0 %
Initial LA offset 0 dB, load 20 %
0.3 Initial LA offset [-2,2] dB, load 20 %
#— |nitial LA offset 0 dB, load 50 %
02k —=&— Initial LA offset [-2,2] dB, load 50 %
Initial LA offset 0 dB, load 100 %
01 Lot ‘ ‘ & Im‘tial LA oifset [-2,2]‘dB, load 100 %

‘ : ‘
0 005 01 015 02 025 03 035 04
[BLER]

Figure 10.First transmission BLER per call, 50 kbytes data,
Random Bias [-2,2] dB
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