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Propagation Models 

1 Antenna 
Apperture and 

Gain 

𝑨𝒆𝒇𝒇 = 𝜼 ∙ 𝑨𝒑𝒉𝒚

=
𝝀𝟐

𝟒𝝅
𝑮 

2 Log-distance 
Model 

𝑷𝒓 [𝒅𝑩𝒎]
= 𝑷𝒕 [𝒅𝑩𝒎] − 𝑷𝑳𝟎

+ 𝑮𝒕 [𝒅𝑩𝒊]
+ 𝑮𝒓 [𝒅𝑩𝒊] − 𝟏𝟎 ∙ 𝜶
∙ 𝒍𝒐𝒈𝟏𝟎 (𝒅/𝒅𝟎 ) 

3 Friis Free Space 
Model 𝑷𝒓 = 𝑷𝒕 ∙

𝑮𝒕 ∙ 𝑮𝒓 ∙ 𝝀𝟐

(𝟒 ∙ 𝝅 ∙ 𝒅)𝟐
 

4 Two-Ray Model 𝑷𝒓

= 𝑷𝒕

∙
𝑮𝒕 ∙ 𝑮𝒓 ∙ (𝒉𝒕 ∙ 𝒉𝒓)𝟐

𝒅𝟒
 

𝒅𝒄 =
𝟒 ∙ 𝝅 ∙ 𝒉𝒕 ∙ 𝒉𝒓

𝝀
 

5 Fresnel Zone 
Radius 

𝒓(𝑭𝒏)

= ඨ
𝒏 ∙ 𝝀 ∙ 𝒅𝟏 ∙ 𝒅𝟐

𝒅𝟏 + 𝒅𝟐

 

 

 

Maximum Channel Capacity 

6 Shannon-Heartley 
Theorem 

𝑪
= 𝑩

∙ 𝒍𝒐𝒈𝟐 ൬𝟏 +
𝑺

𝑵
൰ 

7 Nyquist Rate 
(applicable in 

baseband) 

𝑪
= 𝟐 ∙ 𝑩
∙ 𝒍𝒐𝒈𝟐(𝑴) 

 

 

Modulation Performance (B) 

8 ASK 𝑩 = (𝟏 + 𝒓) ∙ 𝑹𝒃 

9 M-PSK, QAM 𝑩

= ൬
𝟏 + 𝒓

𝒍𝒐𝒈𝟐(𝑴)
൰ ∙ 𝑹𝒃 

10 M-FSK 𝑩

= ൬
(𝟏 + 𝒓) ∙ 𝑴

𝒍𝒐𝒈𝟐(𝑴)
൰

∙ 𝑹𝒃 

 

Modulation Performance (BER) 

11 BASK 

𝑩𝑬𝑹𝑨𝑺𝑲 = 𝑸 ቌඨ
𝑬𝒃

𝑵𝟎

ቍ 

12 BFSK 

𝑩𝑬𝑹𝑩𝑭𝑺𝑲 = 𝑸 ቌඨ
𝑬𝒃

𝑵𝟎

ቍ 

13 DPSK 
𝑩𝑬𝑹𝑫𝑩𝑷𝑺𝑲 = 𝟎. 𝟓 ∙ 𝒆

ି
𝑬𝒃
𝑵𝟎  

14 BPSK 

𝑩𝑬𝑹𝑩𝑷𝑺𝑲 = 𝑸 ቌඨ
𝟐 ∙ 𝑬𝒃

𝑵𝟎

ቍ 

15 QPSK 

𝑩𝑬𝑹𝑸𝑷𝑺𝑲 = 𝑸 ቌඨ
𝟐 ∙ 𝑬𝒃

𝑵𝟎

ቍ 

16 M-PSK 𝑩𝑬𝑹𝑴𝑷𝑺𝑲

=
𝟐

𝒍𝒐𝒈𝟐(𝑴)

∙ 𝑸 ൮ඨ
𝟐 ∙ 𝑬𝒃 ∙ 𝒍𝒐𝒈𝟐(𝑴)

𝑵𝟎

∙ 𝒔𝒊𝒏 ቀ
𝝅

𝑴
ቁ൲ 

17 QAM 𝑩𝑬𝑹𝑸𝑨𝑴

=
𝟒

𝒍𝒐𝒈𝟐(𝑴)

∙ 𝑸 ቌඨ𝟑 ∙ ൬
𝑬𝒃

𝑵𝟎

൰
തതതതതതത

∙
𝒍𝒐𝒈𝟐(𝑴)

𝑴 − 𝟏
ቍ 

18 Q 
function 

𝑸(𝒌) = 𝑷(𝑿 > 𝝁 + 𝒌𝝈) =
𝟏

√𝟐𝝅
∫ 𝒆ି𝝀𝟐/𝟐𝒅𝝀

ାஶ

𝒌
  

 



Probabilities 

19 
 𝒊 ∙ (𝟏 − 𝒑)𝒊ି𝟏 ∙ 𝒑

ାஶ

𝒊ୀ𝟏

=
𝟏

𝒑
 

20 
 𝒊 ∙ (𝟏 − 𝒑)𝒊 ∙ 𝒑

ାஶ

𝒊ୀ𝟎

=
𝒑 − 𝟏

𝒑
 

 

 

 

 

Bluetooth 

1 slot = 625us 

SCO stream throughput = 64 kbit/s  

 

 

 

payload (30)

audio (30)

audio (10)

audio (10)

HV3

HV2

HV1

DV

FEC (20)

audio (20) FEC (10)

header (1) payload (0-9) 2/3 FEC CRC (2)

(bytes)



 

 

 

 

LoRaWAN 

21 Symbol Rate: 

𝑹𝒔 =
𝑩𝑾

𝟐𝑺𝑭
 

22 Chirp Rate: 

𝑹𝒄 = 𝑩𝑾 × 𝑹𝒔 =
𝑩𝑾𝟐

𝟐𝑺𝑭
 

23 Net Bit Rate: 

𝑹𝒃 = 𝑺𝑭 × 𝑹𝒔 × 𝑪𝑹 

CR=Code Rate (k/n of the error 
correcting code) 

 

24 Bit Error Rate (empirical 
approximation): 

𝑩𝑬𝑹 = 𝑸 ൬
𝒍𝒐𝒈𝟏𝟐(𝑺𝑭)

√𝟐
∙

𝑬𝒃

𝑵𝟎

൰ 

 

Cellular Networks: 4G (LTE and NB-IoT) 

25 Hexagonal cell 
area 

𝑨𝒄𝒆𝒍𝒍

= 𝟏. 𝟓 × 𝑹𝟐 × √𝟑 

26 Frequency 
reuse factor 

𝑹𝑭 =
𝟏

𝑮
 

27 Reuse distance 
vs cell Radius 

and cluster 
size 

𝑫

𝑹
= √𝟑𝑮 

28 Distance 
between 

𝒅 = √𝟑 × 𝑹 

hexagonal cell 
centers 

29 Cell cluster 
sizes 

𝑮 = 𝑰𝟐+𝑱𝟐 + (𝑰 ×
𝑱) 𝒔𝒕 𝑰,  𝑱 =

𝟎,  𝟏,  𝟐,  𝒆𝒕𝒄. 

30 Reuse distance 
vs distance 

between 
adjacent cell 
centers, cell 
radius and 

cluster size: 

𝑫𝟐

= 𝒅𝟐𝑰𝟐+𝒅𝟐𝑱𝟐

− 𝟐(𝒅𝑰
× 𝒅𝑱)𝒄𝒐𝒔 (𝟏𝟐𝟎º)

= 𝒅𝟐ቀ𝑰𝟐+𝑱𝟐

+ (𝑰 × 𝑱)ቁ

= 𝟑𝑹𝟐ቀ𝑰𝟐+𝑱𝟐

+ (𝑰 × 𝑱)ቁ 

Law of cosines: see below. 

 

Useful Trigonometry 

 

31 Law of 
cosines 

𝒄𝟐 = 𝒂𝟐 + 𝒃𝟐 − 𝟐𝒂𝒃
∙ 𝒄𝒐𝒔 (𝑪) 

𝒃𝟐 = 𝒂𝟐 + 𝒄𝟐 − 𝟐𝒂𝒄
∙ 𝒄𝒐𝒔 (𝑩) 

𝒂𝟐 = 𝒃𝟐 + 𝒄𝟐 − 𝟐𝒃𝒄
∙ 𝒄𝒐𝒔 (𝑨) 

payload (0-343)

header (1/2) payload (0-339) CRC (2)

header (1) payload (0-17) 2/3 FEC

header (1) payload (0-27)

header (2) payload (0-121) 2/3 FEC

header (2) payload (0-183)

header (2) payload (0-224) 2/3 FEC

header (2) payload (0-339)DH5

DM5

DH3

DM3

DH1

DM1

header (1) payload (0-29)AUX1

CRC (2)

CRC (2)

CRC (2)

CRC (2)

CRC (2)

CRC (2)

(bytes)



32 Law of 
sines 

𝒂

𝒔𝒊𝒏(𝑨)
=

𝒃

𝒔𝒊𝒏(𝑩)

=
𝒄

𝒔𝒊𝒏(𝑪)
 

 

 

 

 

 

 

 

 

 

 

 

 

LTE CQI Indices 

 

 

LTE Frames, Subframes, and Slots 

 

 

 

 

 



 

LTE Resource Blocks and Resource Elements 

 

5G Frame Structure for each Numerology 

Index: 
𝝁 

Subcarrier Space: 
∆𝒇 [kHz] 

Number of slots per 
subframe (1 ms): 𝟐𝝁 

Number of slots per frame 
(10 ms): 𝟏𝟎 ∙ 𝟐𝝁 

Slot duration: 
𝑻𝒔𝒍𝒐𝒕 [ms] 

0 15 1 10 1 

1 30 2 20 0.5 

2 60 4 40 0.25 

3 120 8 80 0.125 

4 240 16 160 0.0625 

 

 

 

 

 

 

 

 

 

 


