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MIMO = Multiple Input Multiple Output
EPS = Evolved Packet System

UE = User Equipment

RRM = Radio Resource Management

OFDMA = Orthogonal Frequency Division Multiple Access
SC-FDMA = Single Carrier Frequency Division Multiple Access
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Motivation for LTE




LTE market situation
based on HSPA success story

I HSPA growth is based on the uptake
of mobile data services worldwide.
More than 250 networks worldwide
have already commercially launched 10 -
HSPA. 1200

I Mobile data traffic is growing 1000
exponentially, caused by mobile
internet offerings and improved user
experience with new device types.
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LTE background story
the early days

I Work on LTE was initiated as a 3GPP release 7 study item
“Evolved UTRA and UTRAN" in December 2004

“With enhancements such as HSDPA and Enhanced Uplink, the
3GPP radio-access technology will be highly competitive for
several years. However, to ensure competlitiveness in an even
longer time frame, i.e. for the next 10 years and beyond, a long-
term evolution of the 3GPP radio-access technology needs to be
considered.”

I Basic drivers for LTE have been:

Reduced latency

Higher user data rates

Improved system capacity and coverage
Cost-reduction.
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Major requirements for LTE
identified during study item phase in 3GPP

Higher peak data rates: 100 Mbps (downlink) and 50 Mbps (uplink)

Improved spectrum efficiency: 2-4 times better compared to 3GPP release 6

Improved latency:
I Radio access network latency (user plane UE — RNC - UE) below 10 ms
I Significantly reduced control plane latency

Support of scalable bandwidth: 1.4, 3, 5, 10, 15, 20 MHz

Support of paired and unpaired spectrum (FDD and TDD mode)

Support for interworking with legacy networks

Cost-efficiency:
I Reduced CApital and OPerational EXpenditures (CAPEX, OPEX) including backhaul
I Cost-effective migration from legacy networks

A detailed summary of requirements has been captured in 3GPP TR 25.913
,Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)”.
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Evolution of UMTS FDD and TDD
driven by data rate and latency requirements

FDD WCDMA
evolution

TDD TD-SCDMA
evolution

HSDPA/
HSUPA

TD-HSDPA

3GPP
3GPP Release 99/4 3GPP Release 5/6

release

App. year of
2003/4

network rollout

Downlink

data rate 384 kbps (typ.)
Uplink

data rate U3 195 (8721)
Round

Trip Time ~ 150 ms

ROHDE&SCHWARZ

2005/6 (HSDPA)
2007/8 (HSUPA)

14 Mbps (peak)

5.7 Mbps (peak)

<100 ms
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HSPA+

TD-HSUPA

3GPP Release 7

2008/2009

28 Mbps (peak)

11 Mbps (peak)

<50 ms

LTE and

HSPA+ LTE-
TD-LTE and advanced
TD-HSPA+

3GPP Study

3GPP Release 8 ©
Item initiated

2010

LTE: 150 Mbps* (peak) 100 Mbps high mobility
HSPA+: 42 Mbps (peak’ 1 Gbps low mobility

LTE: 75 Mbps (peak)
HSPA+: 11 Mbps (peak)

LTE: ~10 ms

*based on 2x2 MIMO and 20 MHz operation
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LTE technology basics
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LTE key parameters

Frequency UMTS FDD bands and UMTS TDD bands

Range

Channel 1.4 MHz 3 MHz 5 MHz 10 MHz 15 MHz 20 MHz

bandwidth,

1 Resource 6 1 5 25 50 75 1 OO

Block=180 kHz Resource Resource Resource Resource Resource Resource
Blocks Blocks Blocks Blocks Blocks Blocks

Modulation
Schemes

Downlink: QPSK, 16QAM, 64QAM
Uplink: QPSK, 16QAM, 64QAM (optional for handset)

Multiple Access

Downlink: OFDMA (Orthogonal Frequency Division Multiple Access)
Uplink: SC-FDMA (Single Carrier Frequency Division Multiple Access)

MIMO
technology

Downlink: Wide choice of MIMO configuration options for transmit diversity, spatial
multiplexing, and cyclic delay diversity (max. 4 antennas at base station and handset)
Uplink: Multi user collaborative MIMO

Peak Data Rate

Downlink: 150 Mbps (UE category 4, 2x2 MIMO, 20 MHz)
300 Mbps (UE category 5, 4x4 MIMO, 20 MHz)
Uplink:

ROHDE&SCHWARZ

75 Mbps (20 MHz)
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LTE frequency bands Work on
UMTS/LTE 3500 MHz
E-UTRA Uplink (UL} Downlink (DL) Duplex ongoing
Band BS receive BS transmit Maode
LIE transmit UE receive
Fur jow — FuL nign Fou iow — Fou nign
1 1920 MHz | — | 1980 MHz 2110 MHz | — | 2170 MHz FCOD
2 1850 MHz | — | 1910 MHz 1830 WHz | — | 1990 MHz FCODO
3 1710 MHz | — | 1785 MHz 1805 MHz | — | 1880 MHz FOD
4 1710MHz | — | 1755 MHz 2110MHz | — | 2155 MHz FCODO
] g24 MHz | — | 849 MHz 869 MHz | — | 894hiHz FOO
3] 330 MHz | — | 940 MHz aramHz | — | 835 MHz FCOD
7 2500 MHz | — | 2570 MHz 2620 MHz | — | 2690 MHz FCODO
g g80 MHz | — | 914 MHz 9245 MHz | — | 960 MHz FOD
4 1748.9 MHz 17849 MHz 1844 .9 MHz 18789.9 MHz FCOD
10 1710 MHz 1770 MHz 2110 mMHz 2170 MHz FCOD
11 1427 .9 MHz 14529 MHz 1474.9 WMHz 1400.9 MHz FCOD
12 BS93 MHz 716 MHz 728 MHz T46 MHz FCODO
13 777 MHz 787 MHz 746 MHz 756 MHz FOD
14 783 MHz 793 MHz 753 MHz 763 MHz FCOD
17 704 MHz 716 MHz 734 MHz T46 MHz FCOD
33 1900 MHz 1920 MHz 1900 MHz 1920 MHz TOD
34 2010 MHz 2025 hMHz 2010 MHz 2025 MHz TDOD
3h 1850 MHz 18910 MHz 18450 MHz 1810 MHz TDOD
K1 1930 MHz 1940 MHz 1930 MHz 19490 MHz TOD
3r 1910 MHz 1930 MHz 1810 MHz 1930 MHz TDD
a8 2670 MHz 2620 MHz 2670 MHz 2620 MHz TOD
34 1830 MHz 1920 MHz 1880 MHz 1920 MHz TDOD
40 2300 MHz 2400 mMHz 2300 mMHz 2400 MHz TDOD
! Years of
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Introduction to OFDMA and
downlink frame structure
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What is OFDM?

Single Carrier
Transmission
(e.g. WCDMA)

Orthogonal Frequency
Division Multiplexing
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A

5 MHz

Typically several 100 sub-carriers with spacing of x kHz

v
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OFDM signal generation chain

I OFDM signal generation is based on Inverse Fast Fourier Transform
(IFFT) operation on transmitter side:

N Useful
Data QAM : :
source  Modulator ~ N symbol IFFT SO;%IX:S N:1 ~OFDM ~ Cyelic prefix
streams y symbols insertion

Frequency Domain Time Domain

I On receiver side, an FFT operation will be used.

il Driving
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Difference between OFDM and OFDMA

I OFDM allocates users in time I OFDMA allocates users in time

domain only and frequency domain

A A
c £
£ =
= -
(@) @)
o ©
9 9
(=
0 er3 o User 2 User 3
O O
O o
| -
LL LL

. . > . .
Time domain Time domain
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LTE downlink
conventional OFDMA

5 MHz Bandwidth

/\ Sub-carriers

Frequency

A NTK 2NN

I LTE provides QPSK, 16QAM, 64QAM as downlink modulation schemes

I Cyclic prefix is used as guard interval, different configurations possible:
I Normal cyclic prefix with 5.2 ps (first symbol) / 4.7 us (other symbols)
I Extended cyclic prefix with 16.7 ps

I 15 kHz subcarrier spacing

I Scalable bandwidth

I Yaars of
Il Driving
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1 resource block =
180 kHz = 12 subcarriers

¥
<

1l

OFDMA time-frequency multiplexing

Subcarrier spacing = 15 kHz

frequency

1slot=0.5ms = \ Uz
7 OFDM symbols**\, -

1 subframe =

il
EN
\ N\

1ms=1TTI*=
1 resource block pair

\ e\

*TTI = transmission time interval

** For normal cyclic prefix duration

CG & AR | April 2009 | 16
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QPSK, 16QAM or 64QAM modulation

7
‘i‘ "l [nﬂmnl?uun

time




LTE - spectrum flexibility

ﬁLTE physical layer supports any bandwidth from 1.4 M%
to 20 MHz in steps of 180 kHz (resource block)

I Current LTE specification supports a subset of 6 different
system bandwidths

{AII UEs must support the maximum bandwidth of 20 My

Channel Bandwidth [MHz]

A

Transmission Bandwidth Configuration [RB]

A

Channel i ' Transmission
bandwidth : Bandwidth [RB]
BW,, 1.4 3 5 10 15 20
[MHz]

.................................................................................................................

Number of
resource 6 15 25 50 75 100

blocks

___5bpa jauueyy

)20]q 824n0SaY ]

. A

. 4

" “ebpe puueyy

..... “ J
---- e 1
Active Resource Blocks '~~~ DC carrier (downlink only)
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1 radio frame =10 ms

r1 slot = 05 ms

. LTE frame structure type 1 (FDD),

|

' downlink

1 subframe =1 ms

L1/2 downlink : k
control channels /.

Screenshot of R&S
SMUZ200A signal generator

ROHDE&SCHWARZ

_ OFDM Symbol
5 oMy

7 -

0 a7 s o8
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I 1 radio frame =10 ms I
i d

:4 >
1 slot=0.5ms

LTE frame structure type 2 (TDD)

Special subframes containing:

1
1 subframe =1 ms
DwPTS: downlink pilot time slot

T —— UpPTS: uplink pilot time slot =
e GP: guard pein:d for TDD operation =
uII'.I?.II ?Azl'lll:l:lilﬁllI|?I'||Iﬁ;gl'llll Iﬁlllllﬁ??fllll?ulslm-ll?‘-?flsla.ll ||ﬂ"1||||5| ?I|||1|.I||||1|11.||||1|||||.'||.|%§IIIJ1I-I.I'I1IIII POSSIbIe upllnk-downllnk
f configurations (D=Downlink,
10 f . .
g U=Uplink, S=Special Subframe):
e E Uplink-downlink| Downlink+o-Uplink Subframe number
z : g configuration |Switchpointperiodicitd 0 [ 1 [ 2 [ 3[4 [5[e [ 7 8 [ 9
1 | o 1 em o7
=20 i I [ 1 ams U s U U o
E i 1 2 5ms D5 EE
E 3 10 ms D | 5
19 ) 10 ms REE D
Dlsuuuplsiuy = | B
0 | 6 5ms RIE
| |
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 05
Time/ms
; IPSSYNC S.SYNC DTX Dummy = RSVD  Reservedfor Uplink Reserved for Downlink
[PBEEH PDSCH UsER1 USER2 UseR3 [USERE PBCH P
First Subfram [0 MNo.Of Subfram 10 Screenshot of R&S
1 unirame Mo, uiirames .
' : ) SMUZ200A signal generator
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Introduction to SC-FDMA and
uplink frame structure
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How to generate SC-FDMA?

I DFT “pre-coding” is performed on modulated data symbols to transform them
into frequency domain,

I Sub-carrier mapping allows flexible allocation of signal to available sub-carriers,
I IFFT and cyclic prefix (CP) insertion as in OFDM,

Time Domain Frequency Domain Time Domain
/|_> -U
: >
coded symbolrate R |  N-point : | Subcarrier | M-point ?,f’ CP
N+ symbols DFT : Mapping | : IDFT @ Insertion
L | -

I Each subcarrier carries a portion of superposed DFT spread data symbols,
therefore SC-FDMA is also referred to as DFT-spread-OFDM (DFT-s-OFDM).

I Yaars of
il Driving
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How does a SC-FDMA signal look like?

I Similar to OFDM signal, but...

—...in OFDMA, each sub-carrier only carries information related to one specific symboal,
—...in SC-FDMA, each sub-carrier contains information of ALL transmitted symbols.

g &g f frequency Bt L& §

(a) OFDM subcarriers (b) DFT-s-0OFDM subcarriers

f

f A & frequency

1" Years of
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SC-FDMA signal generation
Localized vs. distributed FDMA

X,
 So S, X, X
Input S Mobo S, Svmbol t X
Bit Stream | Constellation Serial to E)pFO_II_nt sgt;r(]:a?riecr)' . N-point Parallel CA(cj:filc
————/—/—/—/—/—/ . ——— L] L] L] . 2l :>
Mapping Parallel . . . . ° IFFT . to serial ye
. Spreading | mapping . . Prefix
SM71 SM—] ‘xN 1
Xy

I We have seen that DFT will disgioute the,time signal over the frequency domain
is that distribution done: localized or distributed?

0. I T = + S

— — B W —
| 3 Y s I

I O T e = e R R i e )
» | Spreading | yﬁaing i . . Spreading | - mapplng = .
—1 N — B & BN
o . i - —

Localized: contiguous subcamers Distributed: avenly spaced subcarnars

multi-user scheduling
gain in frequency domain

robust transmission for control
channels and high mobility UE

localized mode is used in LTE

I Years of
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|
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SC-FDMA - Peak-to-average Power Ratio (PAPR)

(a) (b)
O 8]
10 10
y S ]
10 | 10 | 1
~ ] ~ [ ]
E 10_ g % 10_2. o
g | 2] 1
é : % ; :
=3
al 10 E o 10 E .E
£ P& 5
10 ! o 1.
10 : 10> 7
0 2 14 o 2 14
PAPR_[(B]
CFDNE Is)ohcidhl}les_ laﬁgitfﬂia;shqpng localized mode (LFDMA)
OFDMA —— Dotledimeswithpulseshaping | g yged in LTE

FiGURE 5 Comparison of CCDF of PAPR for IFDMA, LFDMA, and OFDMA with M = 256 system subcarriers, N = 64 subcarriers per user,
and a = 0.5 rolloff factor; (a) QPSK; (b} 16-QAM.

Source:
H.G. Myung, J.Lim, D.J. Goodman “SC-FDMA for Uplink Wireless Transmission”,
IEEE VEHICULAR TECHNOLOGY MAGAZINE, SEPTEMBER 2006

= |FDMA = “Interleaved FDMA” = Distributed SC-FDMA
=== | FDMA = “Localized FDMA” = Localized SC-FDMA

I Years of

I
Y (>
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SC-FDMA parameterization (FDD and TDD)

1 LTE FDD
I Same as in downlink,

Number SC-FDMA | Number of | Cyclic Prefix Length Cyclic Prefix
Configuration
Symbols Subcarrier in Samples Length in ps

Normal CP 160 for 15t symbol 5.2 for 15t symbol
Af =15 kHz - 144 for other symbols 4.7 for other symbols
Extended CP
Af = 15 KHz 6 512 16.7

|1 TD-LTE

I Usage of UL depends on the selected UL-DL configuration (1 to 8), each
configuration offers a different number of subframes (1ms) for uplink
transmission,

I Parameterization for those subframes, means number of SC-FDMA symbols
same as for FDD and depending on CP,

M Years of
Il Driving
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Network and protocol architecture
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LTE/SAE network architecture

MME / S-GW
O )
1 (\I)\) ’é\ |

X2

NB
eNB (( )) /, e

ts\ /—\9’
eNB

> E-UTRAN

SAE = System Architecture Evolution

eNB = evolved Node B

MME = Mobility Management Entity
E-UTRAN = Evolved UMTS Terrestrial Radio Access Network

S-GW = Serving Gateway

ROHDE&SCHWARZ

eNB

\ Inter Cell RRM ‘

‘ RB Control ‘

‘ Connection Mobility Cont. ‘

‘ Radio Admission Control ‘

eNB Measurement
Configuration & Provision

Dynamic Resource
Allocation (Scheduler)

MME

NAS Security

Idle State Mobility
Handling

EPS Bearer Control

RRC
PDCP
‘ ‘ S-GW P-GW
RLC
‘ ‘ Mobility UE IP address
‘ MAC ‘ Anchoring allocation
S1
‘ PHY ‘ Packet Filtering
E-UTRAN EPC

CG & AR | April 2009 | 27

EPS = Evolved Packet System
EPC = Evolved Packet Core

P-GW = Packet Data Network Gateway
NAS = Non Access Stratum

RB = Radio Bearer

I Yaars of
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/ Header compression (ROHC) \
P rOtOCO| StaCk In-sequence delivery of upper layer PDUs

Duplicate elimination of lower layer SDUs

User plane Ciphering for user/control plane

Integrity protection for control plane

Timer based discard... /
UE § i §
| 3 | 3 AM, UM, TM
[ Pocr e > pocp N | ARQ
| | | | (Re-)segmentation
3 | 3 | Concatenation
3 RLC <« > RLC ‘ In-sequence delivery
| i | i Duplicate detection
| MAC 1€ >, MAC | SDU discard
| 3 ‘ 3 Re-establishment. .
§ PHY |« PHY §
n/lapping Batween logical and PDCP = Packet Data Convergence Protocol

RLC = Radio Link Control
(De)-Multiplexing MAC = Medium Access Control

Scheduling information reporting PHY = Physical Layer
HARQ SDU = Service Data Unit

(H)ARQ = (Hybrid) Automatic Repeat Request

transport channels

Priority handling

Qransport format selection.. /

I Years of
il Drivin
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Protocol stack [ Emma O

RRC connection setup

Contr0| plane Radio Bearer Control

Mobility functions
UE measurement controly

******************************************

' UE | ' eNB | |

i NAS |« lZ' § §

3 RRC 1« >  RRC | §

| pocr e > PDCP || |

RIC e N EPS bearer management

| | | | | Authentication

| | N i 1 ECM_IDLE mobility handling

| MAC - - MAC i i Paging origination in ECM_IDLE
PHY < s PHY \ Security control... /

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

EPS = Evolved packet system

RRC = Radio Resource Control

NAS = Non Access Stratum

ECM = EPS Connection Management

I Yaars of
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Mapping between logical and transport channels
simplified architecture...

Downlink:

PCCH BCCH CCCH DCCH

Uplink: CCCH DCCH DTCH

=55

DTCH

DL-SCH

Uplink
Logical channels

Mapping takes place in MAC layer

RACH UL-SCH

Uplink
Transport channels

ROHDE&SCHWARZ ccaAR|Aprl2009 | 30

Downlink
Logical channels

Downlink
Transport channe

F i

DTCH:
Dedicated Traffic Channel

DCCH:
Dedicated Control Channel

CCCH:
Common Control Channel

DL-SCH:
Downlink Shared Channel

UL-SCH:

Uplink Shared Channel

B(C)CH:

Broadcast (Control) Channel
P(C)CH:

Paging (Control) Channel

RACH: Random Access Channel

"Years of
Driving
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..compared to WCDMA/HSPA

Downlink:
BCCH- pcCH-  DCCH- CCCH- SHCCH- cTcHMCCH- MSCH-  MTCH- DTCH-
SAP  SAP SAP SAP SAP SAP SAP SAP SAP SAP
—_————> —phonv) —, ————c—>— MAC SAPs
AN Q ﬂ\
J’ | v Transport
BCH PCH E-DCH RACH FACH USCH DSCH HS-DSCH DCH  (hannels
(TDD only) (TDD only)
Uplink:
BCCH- PCCH- DCCH- CCCH- SHCCH-  crcH- MCCH- MSCH- MTCH- DTCH-
SAP  SAP SAP SAP  SAP SAP SAP  gAP SAP  SAP
— S —S (TDD only) MAC SAPs
\
N A \§\ N / i
N\ ‘\‘\ 7
\\\‘\§ > 4‘\\/
‘ N '@"&s
N ISTFALERS,
! ! >4\\‘ hfr,’/'\‘\ﬁ\ \J
~ y
T
BCH PCH E-DCH RACH FACH USCH DSCH HS-DSCH DCH (rame

(TDD only) (TDD only)

i::" "E'Iaars of
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LTE UE categories (downlink and uplink)

Maximum number of Maximum number of bits Total number Maximum number of
UE category DL-SCH transport block of a DL-SCH transport of soft supported layers for
bits received within TTI block received a TTI channel bits spatial multiplexing in DL
1 10296 10296 250368 1
2 51024 51024 1237248 2
3 102048 75376 1237248 2
4 150752 75376 1827072
5 02752 151376 3667200

Maximum number of
UE category | UL-SCH transport block
bits received within TTI

~150 Mbps
peak DL data rate

Support 64QAM
~300 Mbps

in UL

peak DL data rate for 2x2 MIMO
for 4x4 MIMO L 5160 .
2 25456 No
3 51024 No
MIMO = Multiple Input Multiple Output
UL-SCH = Uplink Shared Channel & S No
DL-SCH = Downlink Shared Channel 5 75376

UE = User Equipment
TTI = Transmission Time Interval ~75 Mbps peak

UL data rate

I Years of
| Driving
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Radio procedures




LTE Initial Access

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Initial Access
Cell Search Derive System Random : User Data
and Selection Information Access RX/TX

‘\

&

g
e/

\f/
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Downlink physical channels and signals

LTE Downlink Physical Signals

Primary and Secondary Synchronization Signal Provide acquisition of cell timing and identity during cell search

Downlink Reference Signal Cell search, initial acquisition, coherent demod., channel estimation

LTE Downlink Physical Channels

Physical Broadcast Channel (PBCH) Provides essential system information e.g. system bandwidth

not required for cell search
and cell selection

M Years of

Il Driving
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Cell search in LTE

“Smith” “Johnson” “Rose”
Physical layer
cell |dent|ty Identified by...> /l\ /l\ /’\
Physical layer
(1 out of 504) denity 0 1 2 0 1 2 0 1 2
‘James” “‘Robert” “James” “‘Robert” ‘James” “‘Robert”

physical layer identity (0, 1, 2),

“John” “John” “John”
1. Primary synchronization signal (PSS)
— 3 possible sequences to identify the cell’s

I Hierarchical cell search as in 3G; providing PSS and SSS for assistance,

— PSS is carrying physical layer identity N\”,
— 8SS is carrying physical layer cell identity group N,
— Cell Identity is computed as N =3N\) + N, where N}) =0,1,...,167and N\ =0, 1, 2

M Years of
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Primary Synchronization Signal

Evaluation Filter

Maodulation |--ALL--

Allocation |P-SYNC

- Syrnbil | g
[ Camier |

Location

ki
(NN
m
=/
m
o

A Hai Part

Screenshot taken from R&S® FSQ signal analyzer
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Secondary Synchronization Signal

Evaluation Filter
Modulation  [-LL-

Allocation  |5-GvYNC

Symbal |5

Location IBefore Ik 0 decoder [antennaj

Secondary Synchronization Signal
in 6" OFDM symbol
(=-symbol-#5,,RBPSKimodulation)

Screenshot taken from R&S® FSQ signal analyzer

M Years of

I
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Cell search in LTE, reference signals

Radio Frame = 10 ms

A
v

Physical layer
cell identity DL Frame Structu>

(1 Out Of 504) 11213145 6.1 213/4|5|6|7| (useofNormal Cyclic Prefix)

Time Slot = 0.5 ms R
Subfrarr:e =1ms R
1. Primary synchronization signal (PSS)
~ 3 possible sequences to identify the cell’s

A

A
W

physical layer identity (0, 1, 2),

7 = Downlink reference signals,

I Cell-specific reference signals are used for...
— ... cell search and initial acquisition,
— ... downlink channel estimation for coherent demodulation/detection at the UE,
— ... downlink channel quality measurements.

I Years of

I
Ul Drivi
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Downlink reference signals

I Each antenna has a specific reference signal pattern, e.g. for 2 antennas,
— Frequency domain spacing is 6 subcarrier,
— Time domain spacing is 4 OFDM symbols = 4 reference signals per resource block,

Antenna 1 Antenna 2
1 Subframe =1.0ms R ) 1 Subframe =1.0 ms
K 1 Time Slot=0.5 - L 1 Time Slot=0.5
. 1
\
\
2|
7 7 (] ] A\
7 A\ [] []
. 7 L] \
l N
| ™~ _
Ty - ey
TUNN \HEF § ]
1° reference symbol 2" reference symbol Not used for any transmission
within this slot within this slot on this antenna port
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Cell search in LTE, essential system information

Radio Frame = 10 ms

Physical layer
cell identity DL Frame Structu(>

(1 Out Of 504) 11213145 6.1 213/4/5|6|7| (useofNormal Cyclic Prefix)

j Time Slot = 0.5 ms R
: Subfrarr:e =1ms
1. Primary synchronization signal (PSS)
~ 3 possible sequences to identify the cell’s

physical layer identity (0, 1, 2),

Y\ég = Downlink reference signals,

I Years of
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System information broadcast in LTE

Master Information Block (on BCH),

periodicity 40 ms:
E-UTRAN
e System bandwidth, PHICH

configuration, SFN number
of transmit antennas,
MasterInformationBlock _
<
SysteminformationBlockTypel System Information Block Type 1
“““““"“"""""""""“ﬁ( (on DL-SCH), periodicity 80 ms:
PLMN IDs, Tracking Area Code,
. Cell identity, Access restrictions,
e e f{sfei”f’?pffiﬂf’fo_” _______________ scheduling information, ...
D \
SI-RNTI is used on PDCCH to address System information blocks with
System Information Block Type 1 and S same scheduling requirements
messages can be mapped to same Sl
message (DL-SCH)
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Random Access Procedure

Sent on PRACH resources
associated with RA-RNTI

UE eNB

Generated by MAC sent on DL-SCH
with RA-RNTI; assignment of Temporary
Random Access Preamble—— C-RNTI, timing advance, initial uplink grant

Sent on UL-SCH; includes V

NAS UE identifier and RRC «—Random Access Response——| @
CONNECTION REQUEST

R Early contention resolution

Scheduled T . (mirroring of uplink message)
@ creduied ransmission generated by MAC sent on DL-SCH
«€—Contention Resolution———— @

PRACH Physical Random Access Channel C-RNTI Cellular RNTI

RA-RNTI Random Access Radio Network Temporary Identity UL-SCH Uplink Shared Channel
MAC Medium Access Control (Layer) CR Contention Resolution
DL-SCH Downlink Shared Channel TC-RNTI Temporary Cellular RNTI
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How to derive information in LTE?

Check the PDCCH for an unique
IDENTITY?. As soon as you have
found it, you will get all the
information you need there.

Physical Downlink Control Physical Downlink Shared
Channel (PDCCH) Channel (PDSCH)
| would like to read the PDSCH )
but | don‘t know which resources
are allocated for the transport

o of system or paging information
S or data and how they look Iike’?/

) Several identities are used in LTE to identify UE’s (e.g. C-RNTI),
System Information (SI-RNTI), Paging Information (P-RNTI) or during
Random Access Procedure (RA-RNTI), for details see 3GPP TS36.321 V8.5.0 MAC Protocol Specification
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Indicating PDCCH format

/Check PCFICH! It will
tell you how many
symbols (1, 2, 3 (or 4))
in the beginning of each
subframe are allocated
\ for PDCCH!

Physical Downlink

Physical Control Format Control Channel (PDCCH)

Indicator Channel (PCFICH)

| would like to
read the PDCCH
but where is it?

1" Years of
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Hybrid ARQ in the downlink

I ACK/NACK for data packets transmitted in the downlink is the same as for
HSDPA, where the UE is able to request retransmission of incorrectly received
data packets,

— ACK/NACK is transmitted in UL, either on PUCCH?" or multiplexed within PUSCH?
(see description of those UL channels for details),

— ACK/NACK transmission refers to the data packet received four sub-frames (= 4 ms)
before,

— 8 HARQ processes can be used in parallel in downlink, From scheduler buffer

PUSCH/PDSCH 2 3 4 5 6 7 8 1

1 TX (new packet)

CRC Check Result ; :
Fail P
a "“\ 1) PUCCH — Physical Uplink Control Channel
RLC layer 2) PUSCH - Physical Uplink Shared Channel
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Defau

t EPS (Evolved Packet System) bearer setup

UE EUTRAN / core network

Initial access and RRC connection establishment

attach request and PDN connectivity request
e

Authentication

NAS security

UE capability procedure

AS security

RRC connection reconfiguration
Attach accept and default EPS bearer context request

Default EPS bearer context accept

PDN = Packet Data Network
RRC = Radio Resource Control
NAS = Non-Access Stratum

H mﬁ = Access Stratum




Uplink physical channels and signals

LTE Uplink Physical Channels

Physical Uplink Shared Channel (PUSCH) Carries user data
Physical Uplink Control Channel (PUCCH) Carries control information (UCI = Uplink Control Information)

Physical Random Access Channel (PRACH) Preamble transmission for initial access

LTE Uplink Physical Signals

Demodulation Reference Signal (DRS) Enables channel estimation and data demodulation

Sounding Reference Signal (SRS) Enables uplink channel quality evaluation

M Years of
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Scheduling of uplink data

Check PDCCH for your UE ID.
As soon as you are addressed,
you will find your uplink
scheduling grants there.

Physical Downlink
Control Channel (PDCCH)

| would like to send data on
but | don‘t know which resource blocks
and transport formats | can use?
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ROHDE&SCHWARZ

UL frequency hopping

I Intra- and inter-subframe hopping,

1 Intra-subframe hopping. UE hops to
another frequency allocation from one
slot to another within one subframe,

Inter-subframe hopping. Frequency
allocation changes from one subframe to
another one,

Two types of hopping,

— Type l. Explicit frequency offset is used in the
2nd slot, can be configured and is indicated to
the UE by resource block assignment /
hopping resource allocation field in DCI
format O,

— Type Il. Use of pre-defined hopping pattern,
allocated BW is divided into sub-bands,
hopping is done from one sub-band to
another from one slot or subframe depending
on configured frequency hopping scheme.

Screenshots of R&S® SMU200A Vector Signal Generator
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Example: Intra-subframe hopping, Type | with different offsets
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Demodulation Reference Signal (DRS) in the UL

I DRS are used for channel estimation in the eNodeB receiver in
order to demodulate data (PUSCH) and control (PUCCH) channels,

— PUSCH. Located in the 4" SC-FDMA symbol in each slot (symbol #3, #10 for normal
CP), spanning the same BW as allocated for user data,

— PUCCH. Different symbols, depending on format (see one of the following slides),
l" RAMTE W SCFDMA Timaplan

S FOMA S
01,2 3, 4 s ERYN®E e wom n n,

i ¥ i

g1 02 @03 o1 _ 05 06 07 0B 09
Timelins
UET UEZ UEI P
Screenshot of R&S® SMU200A Vector Signal Generator Frame Selection | 0 FirstSubffame | 0 Mo.OfSubframes [ 1
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Sounding Reference Signal (SRS) in the UL

I SRS are used to estimate uplink channel quality in other frequency areas as a

basis for scheduling decisions,

— Transmitted in areas, where no user data is transmitted, first or last symbol of

subframe is used for transmission,

— Configuration (e.g. BW, power offset,
cyclic shift, duration, periodicity,
hopping pattern) is signaled by
higher layers,

&% EUTRA/LTE A: SC-FDMA Timeplan

Reference Signal Structure ——————————
DRS Power Offset I 0.000 I dB 'l
SRS State v
A/N + SRS simultaneous Tx u
SRS Power Offset I 0.000 | dB -
SRS Cyclic Shift I 0
SRS Configuration Mode |3GPP 'l
<=< Hide Signal Structure Configuration Details I
SRS Structure ———————————————
Configuration Index I_SRS I 0
Periodicity T_SRS 2ms
Subframe Offset T_offset 0
IBandwidth Config. B_SRS | EI
Transmission Comb k TC I 1
Hopping Bandwidth b_hop I 0
Freq. Domain Position n_RRC I 0

SC-FDMA hols
0 7 u 21 28 35 al2 49 56 63 TI.'II ? 84 91 98 105 112 119 126 133
(LU TR TS PR TR TR CTER T LHIRTHAR LR R T R TR N I LA TR TN AR (ALY
40
330
B
& =
b
gzu
-4

'hlliillihl

05115225335415555655??5335995

USCHIBRSE 5 BUSGHIRSE 5 poscH TRSE 4 osch RS 545

f_ll First Subframe

]

Frame Selection I_D INo. Of Subframes
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PUSCH power control & timing relation

I Power level in dBm to be used for PUSCH transmission is derived using the
following formula:

Poysen (1) = min{ By, ,101og, (M pygey (D) + Fy pusen (/) @ - PL+ A (TF (@) + 1 (D)}

FDD DownLink ' ppCcH !
Subframe 0 Subframe 1 Subframe 2 Subframe 3 Subframe 4 Subframe 5 : Subframe 6 Subframe 7 Subframe § Subframe 9
| |
i i
FDD UpLink |

Subframe 0 Subframe 1 Subframe 2 Subframe 3 Subframe 4 Subframe 5 Subframe 7 Subframe 8 Subframe 9

PUSCH

-
| 4 subframe delay
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Acknowledging UL data packets on PHICH

Read the PHICH. It carries
ACK or NACK for each single packet.

Physical Hybrid ARQ
Indicator Channel (PHICH)
N

' !
Py~
m Y
R
i e -
0/ )\
\‘Ik> -

| have sent data packets on
but | don‘t know whether they
B have been received correctly.
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Physical Uplink Control Channel

— PUCCH carries Uplink Control Information (UCI), when no PUSCH is available,

— If PUSCH is available, means resources have been allocated to the UE for data transmission, UCI
are multiplexed with user data,

— UCI are Scheduling Requests (SR), ACK/NACK information related to DL data packets,
CQl, Pre-coding Matrix Information (PMI) and Rank Indication (RI) for MIMO,

— PUCCH is transmitted on reserved frequency regions, configured by higher layers, which
are located at the edge of the available bandwidth
— Minimizing effects of a possible frequency-selective fading affecting the radio channel,
— Inter-slot hopping is used on PUCCH,
— A RB can be configured to support a mix of PUCCH formats (2/2a/2b and 1/1a/1b) or exclusively

2/28/2b PUCCH format | Bits per subframe | Modulation

On/Off Scheduling Request (SR)
1a 1 BPSK ACK/NACK, ACK/NACK+SR
1b 2 QPSK ACK/NACK, ACK/NACK+SR
CQI/PMI or RI (any CP),
2 20 e (CQI/PMI or RI)+ACK/NACK (ext. CP only)
2a 21 QPSK+BPSK (CQI/PMI or RI)+ACK/NACK (normal CP only)
CQI/PMI/RI are olnlylsignalecli vig
PUCCH when periodic reporting is 2b 22 QPSK+BPSK (CQI/PMI or RI)+ACK/NACK (normal CP only)

requested, scheduled and aperiodic
reporting is only done via PUSCH

I Yaars of
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MIMO




Introduction to MIMO
gains to exploit from multiple antenna usage

I Transmit diversity (TxD)

VY I Combat fading
Tl Tl T

I Replicas of the same signal sent

on several Tx antennas
S | S\ Shu I Get a higher SNR at the Rx
R, -] IR, I Spatial multiplexing (SM)
r

I Different data streams sent
simultaneously on different
antennas

I Higher data rate
I No diversity gain
I Limitation due to path correlation

I Beamforming
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LTE MIMO
downlink modes

I Transmit diversity:
< Space Frequency Block Coding (SFBC)
< Increasing robustness of transmission

I Spatial multiplexing:

< Transmission of different data streams simultaneously over multiple
spatial layers

<+ Codebook based precoding
< Open loop mode for high mobile speeds possible

I Cyclic delay diversity (CDD):
< Addition of antenna specific cyclic shifts
< Results in additional multipath / increased frequency diversity

I Years of
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LTE downlink transmitter chain

layers

.

code words
Scrambling _| Modulation
mapper
Scrambling - Modulation
mapper

Layer

Precoding
mapper

> >

I~

QPSK, 16QAM,
64QAM modulation
schemes

> Y

antenna ports

_ | Resource element
mapper

.| OFDM signal

generation

_ | Resource element
>
mapper

_| OFDM signal

generation

Code words output
from coding chain

ROHDE&SCHWARZ

Mapping to time /
frequency resources

T~

MIMO layer mapping
and precoding

CG & AR | April 2009 | 60

OFDMA multiple
access scheme
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Downlink transmit diversity
Space-Frequency Block Coding (2 Tx antenna case)

Resource
element mapper

F

1 code word — I\/liaaggtrer Precoding

Resource
element mapper

f A
. : d(1) Tx 1
Symbols . __= a0 == |[dD]dO} <= d(0)
: t — t < . > t
d(1)|d(0) : : )
t < ; SN d1)} ——  |d(0)"|-d(1} _
¢ ; ! = | l|do) Tx 2
-d(1)
> t

Il Driving
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Downlink spatial multiplexing
codebook based precoding

I The signal is “pre-coded” (i.e. multiplied with a precoding
matrix) at eNodeB side before transmission

Codebhook Humber of layers o 4
iy MIMO channel &

Codebook of precoding (¢ -
matrices for 2x2 MIMO: Y ~ Y @/

| : Y B - Y "\\
T [y S
i o B 4 _Regular UE feedback: I
) i %[1 ! } PMI = Precoding Matrix Indicator
3 1_2[1?} — RI = Rank Indication
207

CQIl = Channel Quality Indication

I Optimum precoding matrix is selected from predefined
“codebook” known at eNode B and UE side

I Selection is based on UE feedback

I Yaars of
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LTE MIMO
uplink schemes

I Uplink transmit antenna selection:
I 1 RF chain, 2 TX antennas at UE side
I Closed loop selection of transmit antenna
I eNodeB signals antenna selection to UE
I Optional for UE to support

I Multi-user MIMO / collaborative MIMO:

I Simultaneous transmission from 2 UEs
on same time/frequency resource

I Each UE with single transmit antenna

I eNodeB selects UEs with close-to
orthogonal radio channels
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LTE mobility




Handover (Intra-MME/Serving Gateway)

UE Source eNB Target eNB MME

Measurement reporting
Handover decision

Handover request

- Admission Control

Handover request Ack

RRC connection reconfiguration

Detach from old, Deliver packets

sync to new cell to target eNB
SN Status Transfer

Data forwarding
Buffer packets

from source eNB
RRC connection reconfiguration complete

Path switch Req / Ac

UE context release
Flush buffer

Release resources =y of “““‘HH ‘ ‘ ‘




LTE Interworking with 2G/3G
Two RRC states: CONNECTED & IDLE

- N
p GSM_ Connected
CELL _DCH Handover E-UTRA Handover ’_> \ J
»| RRC CONNECTED - N
y y L> GPRS Packet
transfer mode
CELL FACH \ Y,
.
s CCO with CCO,
CELL PCH NACC Reselection
L URA_PCH Reselection
7y Connection Connection
Connection establishment/release establishment/release
establishment/release l l
\4

Reselection Reselection
UTRA_Idle > E-UTRA w ’( GSM_Idle/GPRS
RRC IDLE L Packet Idle

CCO, Reselection
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LTE Interworking with CDMA2000 1xRTT and
HRPD (High Rate Packet Data)

IXRTT CS Active l Handover ( E-UTRA W Handover ‘
[ ) |RRC CONNECTED J HRPD Active

Connec tion
establishment/release

l

\ 4
LRTT Dormant  le2ESclection | EUTRA | Reselection [ HRpD Idlc
) RRC IDLE
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LTE test requirements

ROHDE&SCHWARZ G AR|April 2009 | 68




ROHDE&SCHWARZ

CG & AR | April 2009 | 69

T ——

)
)

='nknnG m
T
b i 1

N

f i




LTE RF Testing Aspects
Base station (eNodeB) according to 3GPP

I Measurements are performed using 1 Rx characteristics (= Uplink)

Fixed Reference Channels (FRC) — Reference sensitivity level, Dynamic range,
and EUTRA Test Models (E-TM), In-chappel selectivity, Adjacent channel .
o . selectivity (ACS) and narrow-band blocking,
I Tx characteristic (= Downlink) Blocking, Receiver spurious emissions,
— Base station output power Receiver intermodulation
— Output power dynamics, I Performance requirements,
— RE Power Control dynamic range, total power
dynamic range, 1 ...for PUSCH,
_ . — Fading conditions, UL timing adjustment, high-
Transmit ON/OFF power, speed train, HARQ-ACK multiplexed in PUSCH,
— Transmitter OFF power, transmitter transient
period’ I fOI" PUCCH,
— Transmitted signal quality — DTX to ACK performance, ACK missed detection

PUCCH format 1a (single user), CQI missed
detection for PUCCH format 2, ACK missed
detection PUCCH format 1a (multiple user)

— Frequency Error, Error Vector Magnitude (EVM),
Time alignment between transmitter antennas, DL
RS power, etc. ...
— Unwanted emissions, I PRACH performance,

— FALSE detection probability, detection

— Occupied Bandwidth, Adjacent Channel Leakage .
requirements,

Power Ratio (ACLR), Operating band unwanted
emissions, etc. ...
— Transmitter spurious emissions and
intermodulation,

Captured in TS 36.104: Base Station (BS) radio transmission and reception
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eNB modulation quality measurements

I Frequency error,

— If frequency error is larger than a few subcarrier, demodulation at the UE might not
work properly and cause network interference,

— Quick test: OBW, Limit for frequency error after demodulation 0.05 ppm + 12 Hz (1ms),

I Error Vector Magnitude (EVM),
— Amount of distortion effecting the receiver to demodulate the signal properly,
— Limit changes for modulation schemes QPSK (17.5%), 16QAM (12.5%), 64QAM (8%),

I Time alignment,

— Only TX test defined for multiple antennas, measurement is to measure the time delay
between the signals for the two transmitting antennas, delay shall not exceed 65 ns,

I DL RS power

— “Comparable” to WCDMA measurement CPICH RSCP; absolute DL RS power is
indicated on SIB Type 2, measured DL RS power shall be in the range of £2.1 dB,

il Driving
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ACLR in DL (FDD)

No filter definition
in LTE!

o
pper | DEMOD
| SETTHIGS
i
|

i Channol Camier:  EUTRA same B
echon

CHAIIEL
FLATIESS

0 SFEATY GRDEL
Screenshot taken e rLATIESS
from R&S® FSQ Signal Analyzer s R
E-UTRA transmitted BS adjacent channel Assumed adjacent Filter on the adjacent | ACLR limit
signal channel bandwidth | centre frequency offset channel carrier channel frequency and
BW..annel [MHZ] below the first or above (informative) corresponding filter
the last carrier centre bandwidth
frequency transmitted
1.4,3.0,5,10, 15, 20 BW . annel E-UTRA of same BW Square (BW ¢, ) 44.2 dB
2 X BW el E-UTRA of same BW Square (BW ¢, ) 44.2 dB
BW annel /2 + 2.5 MHZz 3.84 Mcps UTRA RRC (3.84 Mcps) 44.2 dB
BWanne /2 + 7.5 MHZz 3.84 Mcps UTRA RRC (3.84 Mcps) 44.2 dB
NOTE 1: BW channel @Nd BW ¢, are the channel bandwidth and transmission bandwidth configuration of the E-UTRA transmitted signal

on the assigned channel frequency.
NOTE 2: The RRC filter shall be equivalent to the transmit pulse shape filter defined in [15], with a chip rate as defined in this table.



eNB performance requirements
PRACH and preamble testing |

I PRACH testing is one of the performance requirements defined in
3GPP TS 36.141 E-UTRA BS conformance testing,

I Total probability of FALSE detection of preamble (Pfa 0.1% or less),
I Probability of detection of preamble (Pd = 99% at defined SNR),

I Two modes of testing: normal and high-speed mode,
— Different SNR and fading profiles are used (table shows settings for normal mode),

SNR [dB]
Number of Propagation Frequency
RX antennas | conditions (Annex B) offset Burst Burst Burst Burst Burst
format0 format1  format 2 format 3 format 4

AWGN -16.4 -16.5 -7.2
ETU 70 270 Hz -8. -7.8 -10.0 -10.1 -0.1
AWGN 0 -16.9 -16.7 -19.0 -18.8 -9.8
¢ ETU 70 270 Hz -12.1 -11.7 -14.1 -13.9 -5.1

- - Burst f
I Depending on the mode different preambles ? s see"“e s

are used to check detection probability (table : 167 - )
shows preamble to be used for normal mode), 9 o 22 0
3 0 22 0
4 10 0 0
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eNB performance requirements
PRACH and preamble testing Il

1 According to 3GPP TS 36.211 the N¢
value is not set directly instead it is
translated to a N4 configuration value,

"

CS

Configuration | ynrestricted set | Restricted set
0 15

0

1 13 18
I This value is set in the signal generator R&S® 9 15 29
SMx or R&S® AMU, n 18 26
E EUTRA/LTE A: User Eq S ] S 4 22 32
Common Settings
State an 5 26 38
UE ID/n_RNTI | 0 6 32 46
UE Power | 0.000 | dB ~| 7 38 55
Mode IPRACH j 8 46 68
PRACH Configuration
Preamble Format 0 9 59 82
so| | e Lot mence] et | st = 10 76 100
0 0 0 0 0 0 Oon 11 93 128
1 0 0 0 0 0 on
2 of o 0 0 0 on 12 119 158
3 0 0 0 0 0 on
4 o] o 0 0 0 on 13 167 202
Screenshot taken : 3 3 ﬂ 3 3 ﬂ: 14 279 237
from R&S® SMU200A ||z @ of o 0 0 0 on
Vector Signal Generator |[|& | o] o 0 0 0 On 15 419 )
9 0 0 0 0 0 On
I Years of

H
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R&S®SMx signal generators and
R&S® FSx signal analyzers
R&S®TS8980 LTE RF test system

UE RF testing

R&S®CMW500 wideband radio R&S®SMU200A signal generator and
communication tester fading simulator including MIMO
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LTE RF Testing Aspects
User Equipment (UE) according to 3GPP

I Tx characteristic I Rx characteristics
I Transmit power, Reference sensitivity level,
I Output power dynamics, UE maximum input level,
I Transmit Signal Quality, Adjacent channel selectivity,
— Frequency error, EVM vs. subcarrier, EVM Blocking characteristics,

vs. symbol, LO leakage, IQ imbalance, In- : .
o Intermodulation characteristics,
band emission, spectrum flatness, _ o
Spurious emissions,

I Output RF spectrum emissions,

— Occupied bandwidth, Spectrum Emission
Mask (SEM), Adjacent Channel Leakage I
Power Ratio (ACLR),

I Spurious Emission,
I Transmit Intermodulation,

Performance requirements
I Demodulation FDD PDSCH (FRC),
I Demodulation FDD PCFICH/PDCCH (FRC)

Captured in TS 36.101: User Equipment (UE) radio transmission and reception

il Driving
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Transmit modulation

Frequency error £0.1ppm  |Q component

level .
RF carrier

A

signal I/Q imbalance

1 RB, | RB, | RB, | RB, | RB, | RBg | frequency

EVM + spectrum flatness

According to 3GPP specification LO leakage (or 1Q origin offset) is removed from evaluated signal before
calculating EVM and in-band emission.
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In-band emission

I Estimate the interference to non-allocated resource blocks, as the UE shares
transmission bandwidth with other UE’s,

— In-band emission are measured in frequency domain are measured right after FFT,
before equalization filter,

— Measurement is defined as average across 12 subcarriers and as a function of RB
offset from the edge of the allocated bandwidth,

— Minimum requirement max[— 25,(20-log,, EVM)—=3—-10-(A,; = 1)/ NRB)]

oo - - s s m— oo ———————----—- I ettt :
| .
. DUT | . Test equipment !
1 1 ! 1
| Modulated g ' ' !
I symbols » ! ! > . i !
: : : e SIS R
: > | : > q meas. !
1 1
I 1 I |
| X 1 1 RF
! 00— IFFT » Frontend [T P Chamel = ection »| FFT P> |
' ! ' In-band !
1 1 ] emissions :
' ! ! meas. !
1 1 1
1 1
I 0 —ppf | ! p> :
I 1
. | . |
[} 1 1 I
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|Q component

I Also known is LO leakage, 1Q offset, etc.,
I Measure of carrier feedthrough present in the signal,

I Removed from measured waveform, before calculating EVM and in-band
emission (3GPP TS 36.101 V8.3.0, Annex F),

1 In difference to DL the DC subcarrier in UL is used for transmission, but
subcarriers are shifted half of subcarrier spacing (= 7.5 kHz) to be symmetric
around DC carrier,

I Due to this frequency shift energy of the LO falls into the two central subcarrier,

Uplink (SC-FDMA)

Output power > 0 dBm -25 N
LO -30 dBm < output power < 0 dBm -20
leakage ; ¥
-40 dBm < output power < -30 dBm -10 f
N
Af = 7.5kHz
frequency shift
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ACLR measurement |
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Recelver characteristics

I Throughput shall be >95% for...
I Reference Sensitivity Level,
I Adjacent Channel Selectivity,
I Blocking Characteristics,

| ...using the well-defined DL reference channels according to 3GPP
specification,
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R&S®SMx signal generators and
R&S® FSx signal analyzers
R&S®TS8980 LTE RF test system

LTE wireless device testing from
R&D up to conformance

R&S®CMW500 wideband radio R&S®AMUZ200A signal generator
communication tester and fading simulator incl. MIMO
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Stages of LTE terminal testing

IOT and Conformance Production Maintenance

el field trials testing testing and service

Complementary test approaches for verifying:

Functionality Interoperability Standard Final functional Basic functions
and between compliance test and and parameter
performance features and (basis for alignment test
(RF, layer 1, implemen- terminal
protocol stack, tations certification)
application)
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LTE terminal interoperability testing
motivation

1 Interoperability testing is used to
verify

I Connectivity of the UE with the real network
(by means of base station simulators)

I Service quality, end-to-end performance

I Different LTE features and parametrizations

I Interworking between LTE and legacy
technologies

I The complete UE protocol stack is R&SPCMWS00 wideband radio
communication tester (base station
tested. simulator)

I 10T test scenarios are based on
requirements from real network
operation and typical use cases.
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LTE terminal interoperability testing
example test scenarios

Registration

UE initiated detach

Network initiated detach

Mobile originated EPS bearer establishment
Mobile terminated EPS bearer establishment
Cell (re-)selection

GUTI reallocation

Tracking are update

Plus: end-to-end scenarios (video streaming, VolP, ..

Plus: intra-LTE mobility, inter-RAT mobility

I Yaars of
il Driving
ROHDE&SCHWARZ G & AR | Apri 2009 | 85 7 quum s

)



Test scenarios for LTE terminal IOT
different sources for maximum test coverage

y 4 y 4
Rohde & Schwarz LSTI forum &
Basic procedures and ,,Comn_mp Te‘s‘t
bearer verification Des_crlptlons
(registration, bearer 10T agreed in LSTI 10(D)T

setup, VoIP call, ...) activity

test coverage

Network-specific
IOT requirements for
terminal acceptance

Network operators
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LTE conformance testing
motivation

I Verifying compliance of terminals to 3GPP
LTE standard

I by validated test cases implemented on
registered test platforms

I in order to ensure worldwide interoperability of R&SECMW500 wideband radio
the terminal within every mobile network communication tester

I 3GPP RANS5 defines conformance test
specifications for

I RF
I Radio Resource Management (RRM)
I Signalling

I Certification organizations (e.g. GCF)
define certification criteria based on RAN5
test specifications.

R&S®TS8980 LTE RF test system
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LTE terminal certification
success factors

I Terminal certification as quality gateway
I Ensuring global interoperability of terminals (/\\) GCF
I Increasing reliability and performance @ Global Certcation Foru

I Partnership between network operators, device

manufacturers and test industry PTCRE

I Close liaison between standardization fora and

certification groups :
9 P ‘ CDMA.
Certification

I Harmonized processes for LTE FDD and TDD,
e.g. work item structure

I LTE alignment team founded within CCF
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I~| R
T
—

R&S®FSH4/8 handheld R&S®ROMES drive test software
spectrum analyzer

LTE field trial testing and
coverage measurements

1}

R&S®TSMW Universal Radio
Network Analyzer
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LTE field trials
requirements from different deployment scenarios

I Bandwidths from 1.4 MHz to 20 MHz

I Different LTE FDD and TDD frequency
bands

I Combination with legacy technologies |'
(GSM/EDGE, WCDMA/HSPA, CDMA2000 .~ ~ | . /7
1XEV-DO) A B A A

I Spectrum clearance and refarming N E] S [N
scenarios N N

I Femto cell / Home eNB scenarios
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LTE field trials
scope of test tools

I Field trials provide input for:

I Calibration and verification of planning tools for
different deployment scenarios

I Network optimization (capacity and quality)

I Quality of service verification R&S®TSMW Network Scanner and

I Definition of Key Performance Indicators (KPIs, ~ ROMES Drive Test Software

and verification, also from subscriber’s point of

& DQA Throughput View:1

view -
3 ] | [~Current N_.._Ojkbitis]
| Parallel use of scanners / measurement |. — e
receivers for comparison with UE and s | O THroughput T G
u = 1 f Y AIALL R i ﬁcmu.r:-l.
base station behaviour - A
I Support of IOT activities \ ] UL THroughput D S

T T T T T T ]
000000 000OM0  OODO20 0OO0:30 0OO040  000OS0  00O01.00
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Example result from the field
scanner measurements for LTE

5 Sl A0T=g o EM» e s

RSLTE Scanneriz]
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Would you like to know more?

Fiohae & Sohwarz Progocts F5Q FE0 FX
SMALIZO0A, SH

UMTS Long Term Evolution (LTE)
Technology Introduction

Application Nole 1MAT11

Evan wih Be mroducton of HIPA sveiuton of UMT nel reached By end To arses the
compesiveness of UAITS for e next 10 pears and beyond, UMTS Lang Term Exslusion (LTE} hax been
nimtused i 3PS release & LTE which it sfae known a3 Evohed UTAA and Svatved UT Frovides
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RF chipset verification for

UMTS LTE (FDD) with
R&S®SMUZ200A and
R&S®FSQ

Application Note

Producta:
| RASTSMU200A | RAS"FSO
| RAS"SMU.KSS | RAS"FSOX100

| RAS™EX-Q-Box | RASTFSOKIO

This appécation note descnibes how to venfy
and validate a LTE (FOD) RF chipset using
RAS® SMUZD0A vector signal generstor,
RAS®FS0 signal analyzer and RAS¥EX1Q
Beouw, The related sgnal generation as well as
signal analysis is described

%HD! &SCHWARZ

Easy LTE/E-UTRA Base
Station Testing acc. to 3GPP
TS 36.141

Application Note

Products:
R&S"FSV RAS SMEBY
Ras'Fso RASTSMATE
RAS*sMU RES™K100
R&S oMy R&S"K101

This appiication note describes a simple
method for performing basic LTE/E-UTRA
base station transmiter and - reoeieT
tosts pcconding o IGPP TS5 35,141
Transsmither tests are parformed with
RAS®FSV or FSOQ and the RAS"E-
UTRAATE Analyss Tesl Software
RASHH100/101, Test signals for both
recalfver fssting ond smmulation of a E
UTRA base station output signal ane
genarated by RASPSMU, SMJ, SMATE or
SMEY . The anclosed E.UTRA BS test
software provides all the SCPI control
sequences for the RAS mstruments and
e RAS"E. UTRALTE Analynis Teat
Software RASEK 100/101 ready to run
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LTE application notes from Rohde & Schwarz
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