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2G / 3G 
Cellular 

Architecture
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GPRS (2.5G)
Cellular 

Architecture
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LTE
Cellular 

Architecture
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OFDMA
Scheme 

In LTE

4-QAM 16-QAM 64-QAM

Signal
Constellations

in LTE (Adaptive)
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Voice Digitization (3G and beyond)
Analog to digital conversion
• Sampling Rate
• Number of bits to encode the signal (Quantization)
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Ts

Example: PCM encoding (G.711)

Ts=125 μsec  N=8 bit à  N/Ts = 64 kbps 
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Example: PCM encoding (G.711)

Ts=125 μsec  N=8 bit à  N/Ts = 64 kbps

Fs = 8KHz

According to Shannon-Nyquist Theorem:

Fs ≥ 2B

BHuman Voice  ≈ (300 Hz – 4KHz)
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QoS (Quality of Service)

QoS is a major issue in VOIP implementations. The issue is how to guarantee that 
packet traffic for a voice or other media connection will not be delayed or 
dropped due interference from other lower priority traffic. 

Parameters to consider:
• Latency: Delay for packet delivery 
• Jitter: Variations in delay of packet delivery 
• Packet loss: Too much traffic in the network causes the network to drop 

packets 
• Burstiness of Loss and Jitter: Loss and Discards (due to jitter) tend to occur in 

bursts 
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IMT-2020 (5G)
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5G KeyPoints1  

1 Andrews et al. “What will 5G be?” IEEE Journal on Selected Areas in Communications, vol. 32, n°6, Jun14.   

Extreme densification: more small-sized cells (pico-cells, femto-cells, 
distributed antennas) improves spectrum re-usage.      

Increased Bandwidth: moving toward mmWave spectrum (up to 26 
GHz for frequency assignment).  

Increased Spectral efficiency: massive MIMO (myriad of tiny 
antennas on BSs).  
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Generation
Max 

speed
Aver. 
speed

2G 0.3 Mbps 0.1 
Mbps

3G 7.2 Mbps 1.5 
Mbps

3G+ (HSPA) 42 Mbps 5 
Mbps

4G (LTE) 150 Mbps 10 
Mbps

4G+ (LTE-A) 300 Mbps
- 1 Gpbs

15 
Mbps
- 50 

Mpbs

5G 1-10 Gbps > 50 
Mbps
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New Trends in Cybersecurity 
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New Trends in Cybersecurity 
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5G & IoT

*Source: 5G Security: analysis of Threats and Solutions (Ahmad et al., IEEE CSCN17)
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Huawei: Remote Health
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Huawei: Smart Energy
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Huawei: Smart Manufacturing
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Thanks for 
your 

attention!


