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1 Introduction

In the context of the Work Item “Extended WCDMA Cell Range” an extension of the signalling range of the RTT and PRACH propagation delay measurements up to 200km is proposed. In this document, deployment aspects of large cell ranges are analysed.

2 Required antenna height for large cells
One limiting factor of coverage for terrestrial mobile cellular systems is the radio horizon due to the quasi-optical nature of radio propagation for frequencies in the assigned frequency bands. The radio horizon is the locus of points at which direct rays from a radio transmitter become tangential to the earth's surface. Assuming a smooth surface, the distance of the radio horizon is given approximately by the equation 
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where
R is the distance in kilometers and h is the height in meters of the antenna above the surface. Radio Horizon in dependence of the antenna height is plotted in figure1.
Figure 1: Relation of Antenna Height and Radio Horizon
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It can be observed that the required antenna height for cell ranges larger than 70km cannot be served by typical towers or buildings. It was however reported that installations at mountains are feasible, e.g. to cover the sea around islands.
3 Calculation of propagation loss

The choice of an adequate propagation model for extended range cells is rather difficult. In particular the required antenna height and the large cell range exceed the validity of common propagation models like Okumura-Hata and Cost 321. An estimation of achievable cell ranges considering the link budgets can be done using the free space propagation model. 
The free space path loss is calculated according to the formula:

Path Loss = 32,4+20log(f)+20log(d)
f: frequency in MHz, d: distance in km

It must be noted, that the calculations using free space propagation model will return the theoretical maximum cell range. More realistic results for achievable cell ranges in praxis can be expected using the propagation curves provided in ITU-R recommendation P.1546-1 [1]. These curves are based on statistical analysis of experimental data. 
Of the propagation curves in ITU-R recommendation P.1546-1 the sea path represents the best case conditions for the extended cell range scenario, presented for 2000MHz in figure 2.

Figure 2: ITU-R propagation curves for 2000 MHz, sea path, 50% time.  
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For the distance range of interest, figure 3 shows the propagation loss in dB, calculated from figure 2.

Figure 3: ITU- R propagation curves for 2000 MHz, sea path, 50% time converted to propagation loss  
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From the curves can be observed that for antenna heights above 300 meters free space loss propagation can be assumed approximately up to 70% of the range of the radio horizon, at the radio horizon distance the signal is attenuated by about 10dB (e.g. radio horizon for 600m antenna height is 101km, attenuation to free space loss at this point is 11dB). A graph for the antenna height of 2400m (corresponding to 200km radio horizon) is not available, however interpolating the curves indicates that the 10dB attenuation assumption is also valid.
4 Link Budget

In WCDMA system coverage is uplink limited, therefore the uplink link budget only is analysed here. 

The maximum Propagation Loss is calculated as:

Max Propagation Loss = Max Path Loss – Lognormal fading margin + soft handover gain – penetration loss

With 

Max Path Loss = UE EIRP – fast fading margin – BS receiver sensitivity + BS antenna gain – BS feeder loss 

UE EIRP = max UE output power + UE antenna gain – body loss

BS Receiver Sensitivity = Required Eb/No – processing gain – total effective noise and interference
Fast fading margin is included as some headroom is required in UE transmission power to maintain closed loop power control. The required headroom is typical 2.0 to 5.0 dB.

Total effective noise and interference includes an interference margin in order to consider the noise rise in the cell due to the cell load. For coverage limited cells the interference margin is typical 1.0 to 3.0 dB which corresponds to 20% to 50% cell load.
In the following, link budget is calculated with parameter settings based on minimum requirements in the standard and conservative parameter assumptions. The parameters are summarized in table 1.
Table 1: Link budget calculation parameters

	Parameter
	Value

	UE maximum output power
	21 dBm

	UE antenna gain
	0 dBi

	Body loss
	2 dB

	BS receiver noise figure
	5 dB

	Interference margin
	3 dB (50% cell load)

	BS antenna gain
	18 dBi

	BS feeder loss
	3 dB

	Fast fading margin
	5 dB

	Lognormal fading margin
	7 dB

	Soft handover gain
	0 dB

	Penetration loss
	0 dB


The results of the link budget calculation are presented in table 2.


Table 2: Link budget calculation
	Parameter
	Unit
	Value

	Bit rate
	kbps
	12,20
	64,00
	144,00
	384,00

	Processing gain
	dB
	24,98
	17,78
	14,26
	10,00

	Required Eb/N0
	dB
	5,10
	1,70
	0,90
	1,00

	BS receiver sensitivity
	dBm
	-120,04
	-116,24
	-113,52
	-109,16

	Max path loss
	dB
	149,04
	145,24
	142,52
	138,16

	Max propagation loss
	dB
	142,04
	138,24
	135,52
	131,16

	Max cell range (free space loss model 2 GHz)
	Km
	151
	97
	71
	43

	Max cell range (free space loss model 900 MHz)
	Km
	335
	217
	158
	95




5 Signalling aspects
Round trip time measurements are provided with 1/16 chip granularity mapped to 15 bit. PRACH propagation delay measurements are provided with 3 chip granularity mapped to 8 bit. Both measurements are specified with open range, in case the maximum supported range is exceeded, the maximum range will be signalled. Current mapping exploits the complete available number range and results in maximum supported cell range of 68km for RTT and 60km for PRACH propagation delay. In case of an range extension of these measurements It is desired to keep the current granularities in order to be backward compatible to earlier releases. The maximum supported cell range can be doubled by adding one bit to the mapping range.
6 Conclusion and proposal

With the assumption of a standards link budget and ideal free space loss propagation conditions the maximum cell range in the 2GHz band for speech service is 150km and less for higher date rate services. Implementation specific improvements in BS receiver sensitivity above standards assumption and more aggressive link budget calculation parameter may allow for larger cell ranges, however they shall be considered as additional margin required for a similar cell range for the higher data rate services. In the 900MHz bands the achievable cell ranges are approximately the double of the 2GHz ranges. However, the main limitation for large cell range for WCDMA is the required antenna height which limits the feasibility of cells larger than 70km to a very few cases. 
It is therefore proposed to double the signalling range to support extended WCDMA cells up to 120 kilometres. This will be in the same the order of other RAT like GSM.
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