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***   Next modified section   ***
3.3
RF‑budgets

The RF‑link between a Base Transceiver Station (BTS) and a Mobile Station (MS) including handheld is best described by an RF‑budget. Annex A consists of 6 such budgets; A.1 for GSM 900 MS class 4; A.2 for GSM 900 MS class 2, A.3 for DCS 1800 MS classes 1 and 2, A.4 for GSM 900 class 4 in small cells,  A.5 for GSM 400 class 4 in small cells and A.6 for DCS 1800 MS class 1. GSM 900 RF-budgets should be used for 850 band.

The Mean Effective Gain (MEG) of handheld MS in scattered field representing the cell range taking into consideration absorption, detuning and mismatch of the handheld antenna by the human body (MEG = -antenna/body loss) of -13 dBi for GSM 400,  -9 dBi for GSM 900 and -6 dBi for DCS 1800 is incorporated in annex A.1, A.3, A.4 and A.5 as shown from measurements in Tdoc SMG2 1075/99.

At 900 MHz, the indoor loss is the field strength decrease when moving into a house on the bottom floor on 1.5 m height from the street. The indoor loss near windows ( < 1 m) is typically 12 dB. However, the building loss has been measured by the Finnish PTT to vary between 37 dB and ‑8 dB with an average of 18 dB taken over all floors and buildings (Kajamaa, 1985). See also CCIR Report 567.  

At 1800 MHz, the indoor loss for large concrete buildings was reported in COST 231 TD(90)117 and values in the range 12 ‑ 17 dB were measured. Since these buildings are typical of urban areas a value of 15 dB is assumed in annex A.3. In rural areas the buildings tend to be smaller and a 10 dB indoor loss is assumed.

The isotropic power is defined as the RMS value at the terminal of an antenna with 0 dBi gain. A quarter‑wave monopole mounted on a suitable earth‑plane (car roof) without losses has antenna gain 2 dBi. An isotropic power of ‑113 dBm corresponds to a field strength of 23.5 dBuV/m for 925 MHz and 29.3 dBuV/m at 1795 MHz, see CEPT Recommendation T/R 25‑03 and GSM 05.05 section 5 for formulas. GSM900 BTS can be connected to the same feeders and antennas as analog 900 MHz BTS by diplexers with less than 0.5 dB loss.


***   Next modified section   ***

Annex A.6:
(DCS1800 class 1): Example of RF link budget for DCS 1800 MS RF‑output peak power 1 W Handheld with External Low Noise Amplifier (LNA) connected to BTS 
	Propagation over land in urban and rural areas

	Receiving end:
	
	BTS
	MS
	Eq.

	TX:
	 
	MS
	BTS
	(dB)

	Noise figure (multicoupler input)
	dB
	5
	7
	A

	Low Noise Amplifier - noise figure
	dB
	                   2
	-
	X

	Low Noise Amplifier -  gain
	dB
	12
	-
	Y

	Multipath profile
	 
	TU50 or
	RA130
	 

	Noise bandwidth
	kHz
	200
	200
	[TR 45.050 Annex X]

	C/N = C/I min. at fading
	dB
	9
	9
	B

	Noise figure at antenna
	dB
	4
	7
	Z = Friis(A, X, Y, E)

	RX RF-input sensitivity at antenna
	dBm
	-108
	-105
	C=Z+B+10log(200 kHz)-174

	Interference degradation margin
	dB
	3
	3
	D

	Cable loss + connector
	dB
	3
	0
	E

	RX-antenna gain
	dBi
	18
	0
	F

	Diversity gain 
	dB
	3
	0
	F1

	Isotropic power, 50 % Ps
	dBm
	-126
	-102
	G=C+D-F-F1

	Lognormal margin, 50 % ->75 % Ps
	dB
	6
	6
	H

	Isotropic power, 75 % Ps
	dBm
	-120
	-96
	I=G+H

	Field Strength, 75 % Ps
	dBuV/m
	22
	46
	J=I+142 at 1.8 GHz

	Transmitting end:
	
	MS
	BTS
	Eq.

	RX:  
	 
	BTS
	MS
	(dB)

	TX PA output peak power
	W
	-
	30
	 

	(mean power over burst)
	dBm
	-
	45
	K

	Isolator + combiner + filter
	dB
	-
	5
	L

	RF Peak power, TOC (top of cabinet)
	dBm
	31
	40
	M=K-L

	        1)
	W
	1.2
	10
	 

	Cable loss + connector
	dB
	0
	3
	N

	TX-antenna gain
	dBi
	0
	18
	O

	Peak EIRP 
	W
	1.2
	300
	 

	 
	dBm
	31
	55
	P=M-N+O

	Isotropic path loss, 50 % Ps     2)
	dB
	151
	151
	Q=P-G-6

	Isotropic path loss, 75 % Ps
	dB
	145
	145
	R=P-I-6

	
	
	
	
	

	Friis(A,X,Y,E) = 10*LOG10(10^(X/10)+(10^(E/10)-1)/10^(Y/10)+(10^(A/10)-1)/10^((Y-E)/10))

	
	
	
	
	


1)
The MS peak power is defined as:

a)
If the radio has an antenna connector, it shall be measured into a 50 Ohm resistive load.

b)
If the radio has an integral antenna, a reference antenna with 0 dBi gain shall be assumed.

2)
6 dB of the path loss is assumed to be due to the handheld MEG (-antenna/body loss) of –6 dBi.
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