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LTE key parameters

;’;{f’g‘f“c‘f UMTS FDD bands and UMTS TDD bands
Rkl 1.4 MHz 3 MHz 5 MHz 10 MHz 15 MHz 20 MHz
bandwidth.
Block=180 kHz | Resource | Resource Resource Resource Resource Resource

Blocks Blocks Blocks Blocks Blocks Blocks
Modulation Downlink: QPSK, 160AM, 840AM
Schemes Uplink: QPSK, 16CAM, 64CAM (optional for handset)

Downlink: OFDMA (Orthogonal Frequency Division Multiple Access)

SRWTINE At pss Uplink: SC-FDMA (Single Carrier Frequency Division Mul'tiplrz Access)
MIMO Downlink: Wide choice of MIMO configuration options for transmit diversity, spatial
technology multiplexing, and cyelic delay diversity (max. 4 antennas at base station and handset)

Uplink: Multi user collaborative MIMO

Peak Data Rate

Downlink: 150 Mbps (UE categery 4, 2x2 MINO, 20 MHz)
300 Mbps (UE category 5, 4x4 MIMO, 20 MHz)
Uplink: 75 Mbps (20 MHz)




LTE frequency bands Work on
UMTSILTE 3500 MHz
(EUTRA Uplink (UL} T Downlink OL) Duplex ongomng
Band BS receive - BS transimit - Mode
! UE tramsmit UE racehe .
T - Fra is = Frg ngn : :
1 1920 MHZz | = 1980 MHZ 2110 MHz | = | 2170 MH2 FDD
F 1850 WHz  — | 1910 MHz 1830 MHz | = | 1990 MHz FOD
3 1710 MHz | — | 1785 WHZ 1805 WHz | — | 1880MHz__| FOD
] 1710 MHz |~ | 1755 MHz 2110 MHZ | — | 3155 MHz FOD
= B24 WHZ | - | B9 MH2 868 MHZ ' = | B94MHZ FDD
6 830MHz -~ 840 MHZ 375 MHz | — | 885 WHz FOD
] F500MHz - 2570 WHz 7620 MHz _— | 7680MHz | FOD
] BB0MHZ_ - | 015 MHz 925 WHz = 960 WHI FOD |
9 17499 MHz | = 1784.9 MHz 1844 9 MHz | = | 1B79.9 MHz FOD
10 1710 MHz = 1770 MHz 2110 MHz | — | 2170 MHz FDD
11 T4270MHz - 14520MHz | 14750MHz - 15009 MHz | FDO
12 B9BMHz - 716 MHz TIEWRZ | = | 746 NHZ FOD |
13 TITWHz | = | T87 MHz T46 MHZ | = | T56 MHz FOO
14 T8BMHz - 798 Mz T58MHZ - | 768 MHz FOD
17 T04 MRz — 116 MHE T34 WHz | — 746 NFz FOO_
33 1900 MHz | — | 1820 MHz 1900 MHz - 1920MHz__| TDD
3 2010MHz | - 2025 MRz 010MHz - 2025MHz | 10D
35 1850 MHz_— 1910 MHZ 1850 MHz _— _1910MHz__| 10D
36 1930 MHz = | 1980 MHZ 1930 MHz | = | 1980 MHz ToOD
37 1910 MHZ - = | 1930 MHzZ 1910 MHz | — | 1930 MHz ToD
38 F5T0MHz - | 2620 MHz T5T0MAz - 7620Mkz__| 10D
39 1680 MHz | — | 1920 MHz 1880 MHz _— | 1920MHz__| TDO
40 7300 MHZ_- | 2400 MHz 7300MHz - 2400MHz | TOD




Introduction to OFDMA and
downlink frame structure



What is OFDM?

Single Carrier
Transmission

(e.9. WCDMA)
5 MHz

Typically several 100 sub-carriers with spacing of x kHz

Orthogonal Frequency u ..................... R “
Division Multiplexing .




OFDM signal generation chain

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

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



Difference between OFDM and OFDMA

I OFDM allocates users in time I OFDMA allocates users in time
domain only and frequency domain
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sen 3

Frequency domain
Frequency domain

Time domain Time domain



LTE downlink
conventional OFDMA

S MHz Bendwidih

t{ Subcamiers m
|

Symbols
Frequency

Time * PO s
b
I LTE provides QPSK, 16QAM, 64QAM as downlink modulation schemes
1 Cyclic prefix is used as guard interval, different configurations possible:
1 Normal cyclic prefix with 5.2 ps (first symbol) / 4.7 us (other symbols)
1 Extended cyclic prefix with 16.7 ps
1 15 kHz subcarrier spacing

1 Scalable bandwidth



OFDMA time-frequency multiplexing

1 resource block =
180 kHz = 12 subcarriers Subcarrier spacing = 15 kHz

frequency

1slot=05ms=
7 OFDM symbols™*
1 subframe =

1ms=1TTI*=
1 resource block pair

*TTI = transmission ime interval
" For noemal cyclic prefic duration




LTE - spectrum flexibility

I LTE physical layer supports any bandwidth from 1.4 MHz
to 20 MHz in steps of 180 kHz (resource block)

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

I All UEs must support the maximum bandwidth of 20 MHz
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1 radio frame = 10 ms

I
11slot=05ms

LTE frame structure type 1 (FDD),
downlink

E 1 subframe = 1 ms

.llrmlﬂ. TE & (DL T plan

User data
allocations
L1/2 downlink 5
control channels
Downlink
reference
signal

Scresnshot of RES
SMUZ00A signal gensrator




' 1 radio frame = 10 ms p

w5 1 : Possible uplink-downlink
configurations (D=Downlink.
U=Uplink, $=Special Subframe):
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Introduction

How Generate SC-FOMA?
SC-FDMA Signal
SC-FOMA Sign. Generat.
SC-FDMA - PAPR
SC-FDMA Parameterizat.

Introduction to SC-FDMA and
uplink frame structure



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

I -

coded symbolrate R | N-point | Subcarrier | | M-point

: CP
My SWMboIS 1 DFT :_F Mapping IDFT

Irsartion

|EUaSAS|eIe o

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



How does a SC-FDMA signal look like?

| Similar to OFDM signal, but...
—...in OFDMA, each sub-carrier only carries information related to one specific symbol,
—...in SC-FDMA, each sub-carrier contains information of ALL fransmitted symbols.

Eghh g
(a) OFDM subcarriers (b} DFT-s-0FDM subcarriers



SC-FDMA signal generation
Localized vs. distributed FDMA

X
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I We have seen that DFT will distribute the time signal over the frequency domain
MNext question that arises is how is that distribution done: localized or distributed?
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robust transmission for conérol

“localized” mode is used in LTE chennels and high mobiity LIE




SC-FDMA - Peak-to-average Power Ratio (PAPR)

{a} 1k}

PrPAPR: rw

Sotid Timess without puibse shaping
FDMA —  Dotterliness with pulse shapirg

Foume 5 Comparison of CCDF of PAPR for IFDRMA, LFDNA, and OFDNA with M = 256 system subcarriars, N = 84 subcarriers per user,
and a = 0.5 rollof] factor; (al QPSE: (b 16-0AM.

Source: ; ¥
H.G. Myung, J.Lim, D.J, Goodman “SC-FOMA for Uplink Wireless Transmission®, IFDMA, = 'IHT.EI‘B-WEH FDM‘:‘ = Distributed SC-FOMA,
IEEE VEHICULAR TECHNOLOGY MAGAZINE, SEPTEMBER 2006 = LFDA ="Localized FOMA” = Localized SC-FOMA

I —— s eautr a1




SC-FDMA parameterization (FDD and TDD)

| LTE FDD
I Same as in downlink,

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

hlnmul CP 160 for 1% symbol 5.2 for 1% symbol
=15 kHE o 144 for other symibols - 4.7 for other symbols
Extended CP
1 16,7
af = 15 kHz : 2 i
| TD-LTE

I UL using 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,



Metw. & Protoc, Arch.
LTEISAE Metwork Arch.
Fr. Stack - Llser Plane

Fr. Stack - Contr. Plane
Channel Mapping
SCamp. to WCDMAHSRPA,
LTE LE Categories

Network and protocol architecture



LTE/SAE network architecture

L]
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SAE = System Architecture Evolution EPS = Evolved Packet System
eNB = evolved Node B EPC = Evolved Packet Core
MME = Mobility Management Entity P-GW = Packet Data Network Gateway

E-UTRAN = Evolved UMTS Terrestrial Radio Access Network MAS = Mon Access Stratum
S-GW = Senving Gateway RE = Radio Bearer



Pl Header compression (ROHC)
In-sequence delivery of upper layer PDUs
Duplicate elimination of lower layer SDUs

Ciphering for userfcontrol plane
Integrity protection for control plane
Timer based discard...

Protocol stack
user plane

AM, UM, TM
ARQ

{Re-)segmentation

i : : Concatenation
; RLC . ! RLC In-sequence delivery

.
8/
%

Duplicate detection
SDU discard
Re-establishment. ..

FDCP = Packet Data Convergence Protocol
RLC = Radio Link Control
MAC = Medium Access Control

Mapping between logical and
transport channels

(De)-Multiple xing .
Scheduling information reporting PHY = Physical Layer
HARC 5DU = Service Data Unit

Priority handling {H)ARQ = (Hybrid) Autormatic Repeat Request

Transport format selection. ..




Broadcast
Paging
RRC connection setup
Radio Bearer Control
Maobility functions
LUE measurement control. ..

Protocol stack
control plane

e e

EPS bearer management
Authentication
ECM_IDLE mobility handling
Paging origination in ECM_IDLE

Security control. ..

EPS = Evolved packet system

RRC = Radio Resource Control

MNAS = Non Access Stratum

ECM = EPS Eunnectinﬂ Management



Mapping between logical and transport channels
simplified architecture...

Downlink:
PCCH BCCH CCCH DCCH DTCH
Drawrilink 1 DTCH:

) o G Lagival channels  Dedicated Traffic Channel
\ 1 DCCH:
Dedicated Control Channel

___Mapping takes place in MAC layer I CCCH:
Common Control Channel
- i i e e ML Deanwnlink 1 DL-SCH:
cH Bt oL a0 Transport channe  Downlink Shared Channel
1 UL-S5CH:
Uplink: e o i Uplink Shared Channel

1 B{C)CH:

Uplink
B C;'} - o T Logieal chanmels Broadcast (Control) Channel
AN P(C)CH:

Mapping takes place in MAC layer Paging (Centrol) Channel
L B e ] o e b | RA':H. Randomﬂccessﬂhanne!

Uplink
Transport channels



...compared to WCDMA/HSPA

Downlink:
BCCH- pocH.  DOCH- CCOCH-  SHOCH- gropMCCH- MscH. MTCH- DTCH-
SAF AP ZAP SAF FAF Sap  TAF TAP SAP  3AP
BMAC BAP s
—
L. =3 Traespar
E-DCH RACH FACH USCH DSCH HEDECH DCH ,;:,ml:
{TDD only} (TOD endyh
Uplink

BCCH- POCH- DECCH- CCCH. SHOCH- oo MCCH- pscH- MTCH- DTCH-
SAP

Teamepeot
(s s

{TODonly} (TOD oaly)



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
2 51024 51024 1237248
A 102048 75376 1237248
4 150752 15376 1827072
5 302752 151376 3667200

~ ~300 Mbps
peak DL data rate
for 4x4 MIMO

MIMO = Bultiple Input Muliple Output
UL-5CH = Uplink Shared Chanme!
[L-SCH = Downlink Sharad Channel
UE = User Equipmant

TTI = Transmission Time Interval

{l'lhﬁl.'l'-l-k'

Maximum number of

UE eategory | UL-SCH transport block

bits received within TTI

Support B40AM
in LIL




