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LTE /LTE-Advanced PHY Layer Coding
Rate Based Performance Verification
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This paper addresses the measurement needs and test challenges for LTE and LTE-Advanced mobile devices. In
particular, itfocuses on verifying user equipment (UE) receiver and transmitter implementation and characterizing
its performance which is not fully specified in 3GPP test requirements but is expected to be in compliance. 3GPP
defines the detailed implementation of the LTE radio technologies and derived UE test specifications that must be
met universally by chipset providers and mobile device providers. Protocol implementation, radio resource man-
agement and radio conformance fest are governed by cerdification labs fo ensure the UE released to the network
will perform according to acceptable minimum requirements. However, large portion of implementations of the
chipset resource scheduling mathematically specified and implemented changes according to numerous varying
factors that are complex and time consuming to be fully tested. Characterizing of receiver performance is gener-
ally covered in 3GPP test requirements, with limited pre-defined emulation conditions. This paper recommends
comprehensive LTE UE receiver and transmitter performance verification with varying code rate to allow robust

LTE UE receiver, 3GPP, PHY Layer coding.
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Introduction

Mobdle devices, commonly known as UE supporting LTE ame
becoming common in recent years as network providess mee 1o
provide faster dota rafe to atiract ever demanding consumers,
[mereasing demand to take advaninge of these fast networks
drowve the market adoption of high-end mobile deviees watl ens-
bedded LTE chipsets

Driven by the ever-mereasing hunger for throughput and
limitation of carrier frequency specirum governed by cach spe-
cific country; the push o aggregate multiple frequencies within
and'or across bands with different combinations of allocated
bandwidih ked 10 greater demands for power elficiency, sensitiv-
iy, spectral punity ond process scheduling of the wireless chip-
sef.

The following sections deseribe high-level LTE radio tech-
nology fandamenials required o help undersiamnd the importnce
of venfving the recerver and transmitler resource allocalion
hased on codimg rate which akse indirectly, helps venfying all
majer factors in the UE recemver and transmiticr implementation,

LTE radio bandwidih

Initin] LTE wircless technelogy defined by 5GP introduced
a set of frequency bandwidih that albows scalable deployment of
LTE with a rapge of wansmdssion bandwidie I inclades
TdibdE e, 38, SMEE 100MHE, 15MELE aml 200H: Iraquency
dominin bandwidth which allows scalability scconding o the mdio
specinum availabifity. With the recent introduction of releass 10
JOPP specifications, carber ageregation belwesen combimations of
these ransmission bandwidths were made available up o 1MHz
aggregated bandwidth with 5 component carriers (O0) fo achieve
penk datz rate of 1Gbps Alhoogh release 10 defined the skenaling
for up 1o 5 CO, best eoquirerents ang oily definod fof ug w0 2 CC
a5r far.

Dowalink | uplink modulation

The LTE iechnology wses Orbhoponal Frequency Division
Multiplexing {QOF DM} modulation with 15 kHe subsariors spoc-
ing on the downbink, 7.5 kHz suhearriers spacing is also defined
in the LTE gandards for Multimedia Brondesst Multicast Service
Singhe Froquency Metwork (MBSFN)L With standard OFDM,
subcarrier allocations are fived for each =er amd afe moré sus-
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verification of the receiver implementation for operation on the real world.

ceptible 1o narrowhand interference. With Onbhogenal Frequency
Devision Multiple Access (OFDMA), subcamers can be allo-
cated dymamically among different users of the charmel OF-
DA also allows pom-contiguons allecation of subcarners for a
Bingle w=er,

Symibals (Time) Symbod [ Tinse)

SELLTOgY

OFD EIE TR
D User 1 . Liaier 2 . s 3

Figmre 1. OF I v OFDIMA allecation

The LTE wuplink hawever uses Single-Carrier Frequency Th-
vision Muleipbe Aceess (SC-FIMA Y modulation o redisce Peak-
te-Averape Power Ratio and only the subcarmier spacing of
13kHz 15 used. The detail behind the using SC-FDMA is bevond
the scope of this paper.

Downlink resources

A resource element (RE) = the smallest unit in the physical
layer that pcoupies one OFDM symbol i time domaim and one
sihcarricr in the frequency domain, A physical resouree Block

(REB} consists of xM%, « x5 resowrce elements, corresponding o
o slot in time domain and .'r.f:“ =4 m frequency domain, Ta-

ble | below shows the values for the downlink resource parame-
lers.

A normal cyclic prefiv configuration has 84 pesoarce ele-
ments per slot; in FIDOY single 10 ms frame {10 subframes or 240
glods} sbruciure hiss total o 1680 RE/RBE, However, nof all RE &5
albocued for physical downlink shared channe| {PESCH ). Some
RE npeads to be allocated to camy control nformation including
physical downlink comrel channel (PIRCCH), physical controd
formal indicator chammel (PCFICH) and physical hybeid auo-
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matie. repeat request mdicator  chammel (PHICH); allocetion
runges from 1 10 4 symbals,

Tuble 1
Downlink resource bleck purameters [1]
Configuration e |
Mormal cyclc prefiy A =15kHz | o T
5 oy | =15k ' 8
sterded cyclic prefis A —7.5kHz % 3

In frequency domain, ¢ach BB iz spread across 180 KHz with
suthcamier spacing depending on the cyelic prefiv configuration as
shoown on the tabbe 1 above, The tansmission bandwidih configa-
ration My define the maximum mamber of BB available (minus
the guard band) for the @fferent LTE channe] shivon on Tabkle 2
bzl

Tabde 2
Transmission bandwidth confligaration
EWehannel
ﬂ“‘l.!l 1.4 3 5_ 10 15 20
Mea G 15 25 | 50 | TE 100

The physical resource block i then mapped to Virtual Re-
spiree Block (VRERB )L Resource allocation 15 signaled IJIrLIllI.Eh 1hie
PINCCEH DT format imBicator te the UE for proper demodulation
and decoding. There une three types of resosrce allocations (EA)Y
defined for LTE. For more. details of these BA types, refer to
TH36.213 Section 7.1.6 [2]
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Figmre 2, FIHD pnd TOD resounce gnd

Ujplink resaurces

The resource grid of the uplink 15 similar to thal of the
downlink. However, the modulation scheme used for the uplink
trasmizsion 1% based on SC-FOMA, Bath normal cvels prefis
and extendsd cychc prefix are available,
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Figure 3. FOD UL resource grid

The physical wplink shared channel (PUSCH)Y con be com-
pleiely switched off and physical wplink contral  chasmel
(PLUCCH Y will be uged 1o carry hybrid aulomatic epeal tequest
(HARCH imformation 10 feport receptson of the dovwnlink data
being successfully or unssccessfilly decoded, When PUSCH is
transmtted, FUCCH can be swilched of U and HARQ information
is carried over the PUSCH. Staning from LTE release 10, hoth
PUSCH and PUCCH can also be tummed o at e same dine,

Svnchronization signals

There are two physical symchronization signals transmitied on
the eMB downlink mapped to the resource prid cccupying central
T2 subcamiers on different subframe snd sl secording o ewch
frame strugiure type,

Primary symchronization signal (P-55) is tranamitted on the
Ixst OFDM svmbaol in sloas §oand 10 of the FOEY frome stnectune;
om the third OFDM symbol in slots 2 and 12 of the TDD frame
siruetuire. While 72 subcasviers are aecupied an the resmerce grid,
cnly ceniral 62 subcarriers ane modulated using the ZadofT=Chu
sequance; theee distinetive root segquence indices are uded o
separate S04 unique pleysical layer identities inte 168 unxque
physical cell-identity group. Secomdary synchronization signal
(5-55) is then used 1o further identily the specific dentity group
oul of the 16% unigue identity groups, 55 18 rrassmited o slos
0 and 10 of tee FD frame strwciure and slots 1 oand 11 of e
TIEY frasme smciure, 5-55 s modulsted using BPSK modula-
ton scheme.

Ini the terms of rescores alement: PS5 mmd 555 mmed up 2E8
KEs on each radio frame. Frgure 2 above shows the P-SS and 5-
55 resource pllocation m FIMDY and TDE frames.

Cell broadenst channel

The physical brosdesst chanwel (PBCH) B the physical chan-
riel that carries the breadess: channel trsspon chanel (BOH )
Thee BCH carvics the master information block (MIB) 10 be de-
coded by each UUE im the cell. The PECH is modulated with OPSE
on the cerger 62 subcarriers (6 RBa) on subdframe 0 and span 4
gymals. In the terms of sesowrce elements, it uses 72 RE an each
radio Frame.

The system mformation block (S1B) messazes are howeves
been carried on the PDSCH through the DL-SCH transport chan-
el The FO and T downlink fixed relercnos chammel (FRC)
s I"ur H.['I l.'I.1I.'ITIJI.'H1ﬂr.l?|: HJ'I-'I'H.}'I :I'I.'H:I'I.'H] :n.lrl':rumr 5‘ aid 1j1ﬂ Iz
data peyload 19 carried o this subfrmame. [n @n aciual nelwork;
this subfrante can carry dita paydoad in the BB that ane not allo
cated for %1 transmissions.
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Reference sigmals

3GPP TS 36211 [1] detined six tvpes of reference signals
listed in tahle 3 Below, Refercnce signals in general are wsed for
chanmel estimation and equalizabion. The only  mandatory
dawnlink reference signal s the CRS,
Tahle 3
Tvpes of downlink reference signal

Downlink transmission mode

There are 9 trapsmission mode defined 25 of 3GPP Release
110 as shoawn in the table 5 below,
Tahle 3
Transmission Mdes [2] [4)

Refarence signal | 3GPP E CPand Af
Normal CP and Exlended
Call specific (CRS) Rel.B | cp with AF =15kHz only
Extanded CP with
MBSFN RS Rel. & Af = 7.5 kHz anly
_ Normal GF and Exiended
UE Specific (OM-RS) Rel. & op
Posiforing Reference | oo o Naormal CP and Exdended
Signal (PRS) o CPwith AF = 15kHz enly
Mormal CP and Exdznded
CSI-RS ReL 10 | cp with Af =15kHz caly

However, the mumber of RE allocsted for the RS vanes de-
pending on the aumber of antennas used in the ransamission,
Figure 4 below shows thot 8 REs are allocated for coch sublrame
for each anfenna when bawo anlennas are used for ransmission.
Motice that there are 8 REs reserved (“Not Used™) for the first
antenna where those 8 BEz are used on the same location of the
aecond antenna and vice versa

E T

Figure 4. Downlink CRS mapping (0 monsal CF with twe astennzs [

Two uplink reference sigrals are ako defined, The Demodu-
laiion Feference Signal (DM-BES) associated w PUSCH and
PUCCH and the optional Soundmg Beference Signal (SR5), The
DM-RS for PUSCH takes up 12 RE/RE on the 4 symbol of
normal CP and on the 3* symbol of extended CP on each slot.
The number of RE/RB ocoupied by DM-RS for FUCCH depends
on the PLICCH Famat as shown e the Table 4 below and 15 de-
fined in 3GPP TS 36,211 Section 5.3.2.2 (1],

Tahle 4
DM-RS far PUCCH symbals per slot [1]

TM | 3GPP | Transmission schame [Description of ssage
1 |Rel B Single-anienra port Basic RXD '
2 Rel B  [(Transmit diversity LF.:;'”'" R o
P i Transmit diversity }Fallb:th rode

) Laroe delsy COO Increass throughput
Transmit divarsis Fallback mode

4 |Rol B Ciosed-oap spalial mu- "

Hpteseing Irmprawe thraughpul
Transmit dversity Fallback mode

5 RalEB Multi-usar MIMO mmrul affi-
Transmit drarsify Fallbsack mode
Closed-oop apalial mu-

8 Rel& tipdewing using a single  |Improwve signal ro-
fransmission leyer business
Singie-anisnns

nghe-aniznra port or
Transmit di . Fallback mode

T |RelB Single<ant pont mhwmudm .:.Ij-?;al r-
{beamiurming) st i
- codiebook precoding

ingle-gmienna por or

8 |melg [Trensmit ciersiy Faliback mode

: Dl layer transmizsion [Same as TMT with
Single-antenra por or
Transmit divarsity, Fallback moda
MBSFN subframe:

8 |Rel 10 Single-antenna port
Zame as ThWAB with

Up b B layer rangmis- |
sion (beaniorming) improved throughput

PUCCH formmat

Hormal eyelic prefic | Extended cyclic prafix
1. ta 1b 3 2

2.3 2 1

Za, 20 2 NI

The uplink 5R5 wdll occupy 12 REBE on the Inst symbal of
cach subframe a3 shown in the Figure 3 abowve. 12 RERB are
allocated but e transmission of SRS signal may ol occupy all
REREA.
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With these wransmission modes delinitions, various e
caonfigurations and various lavers of ransmission can be config-
ured to achieve the ideal maamum data throughput operating in
different chamnel conditions, depending on the chipset capahili-
tics. For more explanatbon of MIMO, muliiple layers transmis-
sivan and codeword, nefier o Reysight applicaion nowe ~“pMIMO in
LTE f}[mn':lliq,m i Missuremernt - I"J:mqﬂ.: on LTE Test™

Diigltal modulation tvpes

Juzt like for any other radio lechnology defined in the 3GPP
starlards, digital modulation schemez are defimed for LTE
POECH and PFUSCH transpost channel transmission to camy
digital datz, QPSK, 160AM and GHOAM modulation types ane
deflined to transmit 2 b, 4 bis and & bils per symbol respec-
tively. The selection of the modulation type depends greatly on
the propagation conditions, resource elements available and the
channel quality indicator (CO1) which s pan of the channel
siate information {C51) reporiing.

Dowanlink PDCCH sses OPRK modulation tvpe o gamy coi-
trol miformation; while uplink PUCCH uses BPSK and/or QPSE
based on the PUCCH fonmat defined in 3GPP TS36.211 section
5.4 o carry controf information.
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Downlink channel coding rate

The Physical Downlink Shared Channel (PDSCH) fransport
blleck sice and modulation erder mag is defined in JGEFP TS
36:213 Section T7.17 [ 2] as shown in the Tabke 6and 7 below,

Toble &
PRSCH MCS o TBS Index 2]
WCS index. | Moduiation Order | TBS index

Taas 4 I'esi
o T - -

1 2 1

I & £

2 2 3

r 3 4

5 2 5

3 2 B

4 2 4

a ' B

] 2 ]

10 1 ]

11 4 10

12 4 11

13 4 12

14 F| i3

15 [ [

16 3 15

17 B 5

18 [ 16

[E] [ 17
20 [ 18

f 5] [ ]
F7] & 20
22 7 21
24 7 n
25 & fria
= z
v [ 7]
28 1 %=
pai] 2

gL - reseneed
3t B

FBS index poinds 10 the sel of fables’ matnx (FTBS, APEE)
defined i 3GPF TS36.213 Section 7.1.72. It is used to calculate
and determing e coding rate il can be applicd 1o isnspor
hbock without causing decoding error. The UE may skip decod-
ing & wanspor block i oan inial fransmissicn i the eflective
chanmel code rate is higher than (.93 and so the limit of 0.93 is
used roughout this paper.

{2, = bils per symbal

Physical channel bits = Nppp % BE e 2 @,

Cxronlink informntion bils = TRS(ITHS, APRB} + 24 CRC
LIIES

DL Coding Eale is the ratio of downlink information bils to

be wransmined and the available physical channel bitz per sub-
frame.

Uplink channel coding rate
The Physical Uplink Shared Channel (PLISCH) runspon

hbock size and modidation onder map are defined in 3GPF TS
36,215 Secteon 5.6 2] as shown i the Table 7 below,
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Table 7
PUSCH MOS Index to TRS Index |2)

MCE index | Modiulation Order | TES index
Ty 2w T
[ 2 1]
1 2 1
Fi F 2
2 2 3
a4 2 4
5 i 5
& 2 [
T 2 7
i} 2 a
9 & -,
L/ 2 i11]

1 i jL1]
2 4 11
13 d 12
14 4 13
] [ r
& 4 v
T F F
18 4 i
16 i 18
20 L 149
21 =] 15
ad =] 20
23 5] 21
24 B 73
20 2] 23
26 [ 24
27 B 25
28 B 6

25
30 resaryed
a

Sinilar to the downlink, THS index pnints o the set of fahlkes
mairix (JTHES, NPRB)Y defined in 3GPP TS36.213 Section 7.1.7.2
and 1t is wsed w0 caleulste and determine the codimg mate that can
be applied 1o ramsport block without commsing decoding arror,

O = per symbaol

Physical channel bits = N, % RE oo ¥ QO
Uplink mfrmation bits = THS{TBS, NPRB) + 24 CRC hits

UL Coding Fate is the ratio of uplink information bitz {0 be
iransmitied and the available physical channel bits per subframe,

The uplink Cer will be limited to 4 bit per symbal {160AM)
from IMCS 2§ onwards when the UE is nof capable of suppoert-
img G2O0AM ransmizson on FUSCH. When TTI bundiimg is
used, Crar will be clipped to 2 bit per symbol (OPSK),

Patting i all together

In order o help o put the pieces together, let’s wke & prack-
cil approach example of FIND frame siructure. A downlink FIDOD
fremie structurs with normal evelic prefis configuration has 84
REs per shot, and 168 REs in one subframe (2 shots),
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uELl O subframe 0 where the resource grid accupics central 72

! 1 subcarniers (6 BBzl the P55, 5-55 and PBCH takes up 68 REs
S5 I A und with 2 symbols are allocated to PDCCH, only 64 REs are
| ! left bor the PINSCH as shown in Figure £ below,
u -
: : 1 ot | el S (-3 ]
S EEE
| : AN |
| [ b i |
e
N SmEEEE Ew ;
{ | | g '1
HE HEE . o -
] 3 |
3 campeanens s [ N e
I3 s . = =
I o e i
o O mus B i H)
Figure 5. FDD Downlink Single Antenna Normal CP Resource Grid g — o N
{sufframe other than 0 or 5} B e N
A C s

However, only 138 RE are nllocntsd to POSCH when 2 symbaols
are allcated fo PDOCH transmission &= shown in Figure 5 shove,
When 2 ameiisy ports are used, the mmmbes of FDSCH RE s re-
dhuced 1o 132 for esch antenna por as shown in Figure 6 below,

Figere & FOD Dowmlink Dual Antenna PBormal CF Resounce Grid
an suhframe 1l in central SR Bs

Table 8
L | st | Partial table for transport blecks not mapped to two or more
! ' layer spatial multiplexing |2]
| | i |
_: - _1 B BE T EEy S . ..; Hm Jm ]
1 — [ -.II .. 3 HI | g
I 1 BB 14 L3b). .. . 552 584 B15
sl . 2 76| 2] 2 20} .., :?ﬂ‘_ﬁiﬂ LEI 1
E ! a 156 a_ﬂi‘ 391‘ gl | 1 e S
i | 1 02 4m| 5 616]... .| 280 2555
E 1 | 5 soa| = w6l | amse]  mmal a1z
-nl o om B | e00| 71 ma| 93| | 340s 4| 72| ol
i - : 7 112 s.l% ﬁ o6l . | 4008] mGa]  amw] 5360
E e = ) E ma|  oesl 3 1256l .| 4ses] mes| s1e|  som
. o . 8 936) iewe| 3 wsl.. | saea] ssaa]  srm|  en
. L [ 10 | 1e3z] 14 el | s7s]  oonal 5§d '_ré

Figure . FIMD Dovwnilink Dhml Ameonn Mormal CP Resource Grid

On sublrame 5 where the resource grid occupies central 72
subcorriers (§ RHs), the P-55 and 5-35 takes up 24 BEs and with
2 symbols allocated to PDOCCH, only 108 REs lefl for the
PIVSCH.

| ot B | AT [E

— e under 0,93,

| o [P T— [
= romcn .
-HIIH - L]
-Hﬂ E: PR

Figure 7. FIND Downlink Dual Amenna Momial CP Resource Dind
on subframe 5 in central R A
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Let’s tke a real scenarie in a 10 MHz tronsmissson hand-
widih with a UE transmitting at Th4 with 22 antenma configu-
cation {2 loyer spatin] maltiplexing with 2 eodewonds transmis-
sionk, with 2 symbels allecated to PDOCH and 6 PEBs allocated
within the ceniral 72 subcarmricrs (6 BBs); the number of PRSCH
RERRB for subframe 0 15 64 REs. Even il channel conditions
[ ) | f ) [ ) permit o QPSK 2 bits per symbol ransmizsion, putting IMCS of
1 E (QPSK), the codimg rate will actually excesd 093,

SF0 CWO Code Rate = (8084 2470384« = | 083,

So. i order to agaure the transmission withowt decoding er-
__rr, the IMOS has to be reduced 10 6 80 a5 0 Being the coding

EFl CW0O Code Bate = (6061 4 2414184 = 2y = RH1L
[ i the other hand, the PDSCH REs in subframs 5 with the
L L game configuration shows that the coding rate can allows up
— IMCS of 25 (60AM ) withoul exceading code rate of (193
BF3 CWI Code Fate = (3496 & 243 4 6d8 = i) = (L005,
Cither FIAD dossnlink subtrames excepd subtrame (famd 5 al-
bow TMCE up 1o 2B (BHAM) where TBE is 4392 without ex-
ceeding the coding rate of 093 (kher resources allocated o
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DM-RS, PRS and C51-BS will olso affect downlink PDSCH RE
availahility.

It reay be wiorth noting that the maximurm data throughout for
the example above 15 the sum of TES values for all 14 sublrames
maltiplied by 100, The throughp 5 therefore
{00 3450 +(4 392 8p= |00 and equals 3.9232Mbps for each code-
word. In this single-user MIMO case, mwo codewords yield
T.8404Mbps.

The uplink coding mte uses the same computation algorithm
excepl that the allocation of PUSCH, PUCCH and SRS are
mapped differently on the resource grid as shown on Figure %
below,

PUBLICATIONS IN ENGLISH

51 based scheduling

In the nan-ideal real world condition, CS1 based schedubing is
used o dvaamically reduce of increase coding rate usimg UE
channel estimation. The channel condition 15 the determining
factor fior the CCH table mapping. It ensures optirmal msdulation
type and transport block sie are wed o camy the required data
across the transmission medium, adapting o the environment
assessment information feedback through the C51 report, The
dinta rate may be reduced in poor signal-to-noise ratio environ-
menl in accordance with the COI reporied based on UE receiver
assessmient and performance, Lower code rate allows successful
decoding of dita transmitted with higher redundancy and alzo
effectively reduces overhead for retrunsmission

IGIPP TS 36,213 Table 7.2.3-1 [2] shows the CO table and
s tarzet code rate. 1 s shown in table 9 below,

HH AEMEEEME

BT oL AT T

= vuetii imasmn [ T
[ R ) e
[SLRE] -u-—ull

Flgare 9. FID Uplink Single Mormasl O Resaurce Grid

As you may have observed, ench sublramse & governed by the
maximum target coding rate of 0.93 which forces resources allo-
cited lor different users o have different coding schemes, modu-
lation types and transport bleck sizes based om variows factors
including cvelic prefix, ransmission mode, antenna configura-
tion, transmission bandwidth, resource block allocation and
number of control channel symbals.

In radio conformunce test, tarret coding rates of 176, 105, 173,
172, 2% and 34 are wsed and without subframe 5 alleeations.
With target coding rate of 34 or .75, the emor correction in the
data transmission prevents some implementation issues from
surfiacing and firhermore subframe 5 dats coding is not even
tested. Although in real world implementation, the environ-
mental effect hardly allows constant coding rate of D93, il is
cructal (o use highest possible coding rate with ideal channel
condition i the design verification (o mmimize ems comection
that hides the implementation ssue on the physical layver and
transport layer.
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Tahle 9
CO1 Table |2
[ CQl index | modulation | code rate x 1024
i GU o range
1 QPSK 78 01523
2 QP Sk 120 02344
a OPSK 183 0 3770
4 QPSK a04a 06016
5 CIPSK 4449 G770
& QP 602 11758
Fi LA -} 1 4TER
B TEAM 130 19141
5 TECAR B16 Z 4063
0 188 L] 2. 1305
11 GA0AN 567 3.3223
12 EACAN BBk 3 9073
13 LM i 4 533
T4 GeE 1A B £.1152
15 G0N S48 50547

This able will be offact based on different resowree allocations
and on UE widehand or narmow hand reporting, The algorithm
may be optimized by each chipset modem vendor or manufacturer
i provide efficient coding rate in dynomie schedulmg m the rel
wirld

In order 1o measore the p-erl"m‘n‘tmct ol the d.:.mum'ic it byindli |-
ing, Additive White Gaussian Moise (AWGN), Orbogonal Chan-
nel Moige Gemerator (OCNG) and propagation cosditions are
applicd o verify the algorithm implementation,

Implementing coede rate based verification

To effectively perform the various combinatione of agare-
gited cormiers with different bandwidih allocutions, transmission
mades and antennn configurstions; creating n complex matriv of
epch possible permutations will allews complelensss m venfica-
tion of varous signaling implementation of transport channels
and control channele. Yerifying the POCCH, PCFICH, PHICH,
PECH, FDSCH, PUCCH and PUSCH performance under differ-
ent anlenna configurations, ransmission modes and bandwidth
allecations by alloceting desied ransport Mock size and modu-
lation schemes based on maximum target coding rate allowed for
a given plbocation can be g complex task. Figure 10 below shows
an cxample of fexible RMC configurations provided by the
Kevsight ET5154 UXM wireless test set that helps engineers 1o
graphically setup the resource alkocation.
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Figmre 1. 118 PCC EMC coafigurntion

CA1 hased scheduling ean also be turned on through this user
interface for each codeword in zach subframe. Adding internal
AWON, CCMG and baseband Gadig enmelalion allows receiver
performemice test with vanious signal-io-nose o clussifying
how well the UE responds to the dymamic change in code rate
and modulation scheme

i
I

]
£
1

Fipure 11, MT| exercising combinations of BB and sweeping
of MO up temax code rate
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Changes of resource allocations can be manually performed
by engineer or automatically performed using a software awtoma-
tiom tool such as Mobile Test Interface (MTT) software as shown
in Figure 11.

The saftware automatically caloubate and lmil the valid code
rate below 093 for epch codewerd in epch subframe moking sure
the measurements do nod canse false filure.

e [l ] s =

Fipgure 1 2. M1 redoces modutation coding scheme 1o within
the allowed code mte for each companeni carmier
It #lso effectively reduces human ermors by not having to cal-
culate codiing rale o thowsands of lesl secnarios.

Sunumary

In the early stage of the modem chipsst profocal loyers de-
velopment, a comprehensive protocol test set i required (o allow
prsincol engmeers 0 construct, edit and customize protocel lay-
ers defimed in the 3GPP stancdords but may not be Tully imple-
mented inits full extent o the modem,

When the full modem siack s completed. standard 3GPF
compliznce wireless 125t sel such as the UXM coupled by sofi-
wikre miomation should be ased to mike sure thal all implemen-
tation are i osccordance o real network deployment conditions.
The LTELTE-Advanced PHY layer code rate based perform-
ance verification desenibed in this paper holps effectively amd
comiphetely charscieriog and verfy the UE receiver and transmit-
ter performance with o bottom up approsch
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