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Abstract: In this contribution we discuss the effect a 3GHz bandwidth will have on LOS cell coverage at the 28GHz frequency band. The specific frequency range we will be addressing is from 26.5GHz to 29.5GHz.


1. Background
Increasing system bandwidth to incorporate national regulations or to enable high data rates, keeping all other things equal, may have an effect on the coverage range. In this study, we evaluate the 3GHz band between 26.5GHz and 29.5GHz and asses the differences in range due to antenna size scaling and free space loss changes at the extremes of the band.


2. Analysis of System Bandwidth on Free Space Path Loss
The following analysis will be based on the Friis formula for radio wave transmission which is useful for line-of-sight (LOS) transmission and the first order approximation for non-line-of-sight (NLOS). The Friis formula, which gives the received power out of the receiver antenna,   can be written as [1], [2],

Where,  is the power into the transmit antenna,  and  are the transmit and receive antennas’ gain in the direction of the other, respectively,  is the distance between receive and transmit antennas and  is the free space wavelength. The term,

or in dB

is called the free space loss and is a function of the the distance and the frequency. It can also be written as

With  is in m and  is the frequency in GHz. 
It is critical for the link budget to know the degradation of the signal at the two ends of a given spectrum. In the case of 26.5GHz to 29.5GHz the difference at the same distance is 
Presuming that everything else remains the same, the range decrease at 29.5GHz versus 26.5GHz is 89.8%.  It is noteworthy that this result is independent of the distance between transmitter and receiver.


3. Analysis of System Bandwidth on Received Power
Based on the previous analysis, we arrive at the following observation,
Observation 1: 	The increase in path loss due to the system bandwidth at 26.5GHz over 29.5GHz is 0.932dB.
However, this number is derived assuming that the antenna gain, transmit power, receiver sensitivity is identical at these frequencies. It is safe to assume that a single antenna, possibly an antenna array, is going to be used in the whole band. In this case, there is a very straightforward way to estimate the variation of the gain across the frequency range safely assuming a constant aperture size and constant aperture efficiency across this 11% band. The gain of a planar antenna array can be calculated from its aperture by [1], [2],

where  is the geometric aperture (or area) the antenna occupies,  is the wavelength,  is the aperture efficiency including dielectric, conductive and illumination losses, and  is the effective aperture of the antenna, i.e. the area of the uniformly illuminated aperture that produces the same gain/directivity as the antenna. Replacing the gain in the Friis formula yields,

Typically, when designing an antenna array with a measureable operational bandwidth the maximum element spacing is selected at the high frequency so that the scanning range remains without grating lobes throughout the whole band. If we assume that the material efficiency across the 11% bandwidth between 26.5GHz – 29.5GHz is constant and, for sake of simplicity, the power into the antenna is also constant, which are safe assumptions, then the received power actually increases with frequency. In fact, since the dependence is also with the square of the frequency, the difference between the edges of the band will be again 0.932dB but now the degradation occurs at the low end. This leads to the following observations.
Observation 2: 	Assuming constant efficiency and input power to the transmit antenna and also constant efficiency of the receive antenna, there is an increase in received power at 29.5GHz over 26.5GHz by 0.932dB.
To quantify the effect on the range, we note that within the band there is an increase by 11.3% of the range at 29.5GHz over 26.5GHz. The difference is displayed in Fig. 2-1. The increase is 113m at 1km and 340m at 3km. 
  [image: ]
Figure 2-1: Increase in LOS coverage range at 29.5GHz with respect to the range at 26.5GHz.


4. Conclusion
From the analysis above the following observations were made:

Observation 1: 	The increase in path loss due to the system bandwidth at 26.5GHz over 29.5GHz is 0.932dB.
Observation 2: 	Assuming constant efficiency and input power to the transmit antenna and also constant efficiency of the receive antenna, there is an increase in received power at 29.5GHz over 26.5GHz by 0.932dB.
From observation 2 we also deduced that,
Observation 3: 	Assuming constant efficiency and input power to the transmit antenna and also constant efficiency of the receive antenna, there is an increase by 11.3% of the range at 29.5GHz over 26.5GHz.
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