
Long Term Evolution (LTE)

Long Term Evolution – Advanced (LTE-A)



Motivation for LTE



Advantages of LTE



Comparison of LTE Speed



• Specification managed by 3GPP organization

– 3rd Generation Partnership Project

– UMTS (Universal Mobile Telephone System) Rel 99

– HSDPA (High Speed Downlink Packet Access) Rel 5

– HSUPA (High Speed Uplink Packet Access) Rel 6

– HSPA+  Rel 7, enhancements in Rel 8-10

• New LTE specification in Release 8-9

• LTE-A in Release 10

LTE Evolution







LTE performance requirements



LTE performance requirements



Key parameters of LTE



Multi-tier Architecture



LTE frequency bands



UMTS Architecture



UMTS->LTE Migration



LTE Architecture



LTE Architecture



LTE Architecture







LTE vs UMTS
• Functional changes compared to the current 

UMTS architecture



LTE vs UMTS
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LTE Transmission Techniques

• LTE employs Orthogonal Frequency Division 
Multiple Access (OFDMA) for downlink data 
transmission and Single Carrier FDMA (SC-
FDMA) for uplink transmission



LTE-Downlink (OFDM)

• Improved spectral 
efficiency

• Reduce ISI effect by 
multipath

• Against frequency 
selective fading







OFDM pros and cons

Pros

• Spectral efficiency

• Robust against narrow-band co-channel interference

• Higher throughput in the same frequency band (more 
subcarriers)

Cons

• It is more sensitive to carrier frequency offsets

• More energy requirements due to high peak-to-average 
power ratio (PAPR)



SC/OFDM/OFDMA



OFDMA allocation



OFDMA allocation



OFDMA/TDD structure



OFDMA/TDD structure



OFDMA/TDD structure



Traffic Scheduling



Traffic Scheduling



• QPSK (Quadrature Phase Shift Keying) = 4 phase shifts, 1 
amplitude level, 2 bits/symbol

• QAM-16 = 4 phase shifts, 4 amplitude levels, 4 
bits/symbol

• QAM-64 = 4 phase shifts, 16 amplitude levels, 6 
bits/symbol

QPSK                   QAM-16                  QAM-64

Multiple modulations



Sample

Sample Rate=Samples/sec (Baud Rate)

During one Sample one “symbol” is sent

Symbol=piece of information=level of voltage

Στην απλούστερη περίπτωση:

1 symbol = 1 bit (0/1) = voltage/no voltage

Για να αυξήσουμε την ταχύτητα μετάδοσης δε 

μπορούμε να μειώνουμε το sample 

επ’ άπειρον.

Μπορούμε όμως να αυξάνουμε τον 

αριθμό των πιθανών symbols (επιπέδων 

έντασης μετάδοσης, δηλαδή εύρους σήματος)

Συνηθέστερος συνδυασμός της τεχνικής αυτής

με PSK.



Generic Frame Structure



Resource Grid

• 6 or 7 OFDM symbols in 
1 slot

• Subcarrier spacing =  15 
kHz

• Block of 12 SCs in 1 slot = 
1 RB
– 0.5 ms x 180 kHz

– Smallest unit of allocation

6 or 7 OFDM symbols

One downlink slot, Tslot

:

:

Transmission BW

Resource block

Resource element

l=0 l=6

12 subcarriers



Resource Grid





Adaptive modulation


