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Introduction

In the RAN4 meeting in Dublin simulation assumptions for co-existence studies were discussed [1] for the ongoing CPE work item. It was discussed whether the assumption of a MCL of 80 dB was correct. In this contribution we investigate this assumption further.

Propagation models
There is a plethora of propagation models that have different uses and different validity. We have calculated pathloss(gain) for four different models. For all calculations we have assumed the following common parameters:
Carrier frequency (f) : 787 MHz

BS antenna height: 60m

BS antenna gain 15 dBi:

CPE antenna height: 6m (Corresponding to wall mounted assumptions)

CPE antenna gain: 7 dBi

Additional building penetration loss: 0 dB. The assumption is that the CPE antenna is mounted outdoors.

The distance used in this contribution is the distance on the ground between the BS and CPE antenna. Thus for a distance of 0 m the antennas are actually 54 m apart. Vertical antenna diagrams are not taken into account.
We have calculated the pathloss for a number of models:

First we looked at the classical free space model:
G = c2 / (4π d f) 2
Where c is the speed of light in m/s, d is distance between antennas in m and f is the carrier frequency in Hz.

The next model plotted is the Urban Hata model [2]. The pahtloss is calculated as:
L =  69.55 + 26.16 log f - 13.82 log hBase - a(hMobile) + (44.9 - 6.55 log hBase ) log d

a(hMobile) = (1.1 log f - 0.7)hMobile - (1.56 log f - 0.8)
hMobile and hBase is the antenna height of the BS and CPE in m, d is distance in km and f is carrier frequency in MHz. It should be noted that the applicability for this model is 1-20 km and thus we push the limits somewhat. The applicable frequency range is 150MHz – 1GHz however, which includes the carrier frequency.
The propagation model used in [3] is the Rural version of the Hata model. It has the following format:

L (R)=  69.55 +26.16 log f–13.82log(Hb)+[44.9-6.55log(Hb)]logR  – 4.78(Log f) 2+18.33 log f -40.94
Hb is the height of the BS antenna, R is the distance in km and f is the carrier frequency in MHz. The height of the terminal is baked into the “-40.94” at the end of the formula, so it could be discussed whether the height of the CPE antenna actually matters.
The final model used is the Cost-Walfish-Ikegami model[2].
Lb  = 42.6 + 26 log d + 20log f
D is the distance in km and f is the carrier frequency in MHz. The Cost-WI model has two components. This one is the LOS component used for predicting propagation along street canyons in urban areas. The nice thing with this model is that it is valid for distances above 20 m.

The pathgain for the propagation models are summarized in figure 1.
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Figure 1: Coupling gain for four different propagation models. The Hata (Rural) model, red line, is proposed for use in co-existence studies.
Discussion

It is interesting to note that for the proposed model in [1] has a coupling loss of 80 dB at approximately 2 km from the BS. Since the cell range is 2km or 5km there is a large part of the cell area where the terminals will have the minimum coupling loss. This will tend to underestimate the impact of interference from systems in adjacent channels.
From the figure we can also see that the minimum coupling loss is on the order of 50 dB disregarding random components to the propagation models. If we factor in a bulding penetration loss of 10 dB the MCL becomes on the order of 60 dB.
There is a flat part at small distances for the propagation models. The reason is that when the CPE is close to the BS antenna the height difference is contributing the most to the distance between the antennas. Of course this could be taken into account for actual simulations, but since there is a minimum coupling loss defined this behavior will not have a large impact.

It should be noted that there is also a lognormal random fading component to the propagation model. This is not visible in the figure, but since the average is 0 dB the raised points are valid anyway.

Conclusions

Overall the 80 dB MCL assumption will produce overly optimistic results for co-existence simulations. Thus it is suggested to adopt a lower MCL for the CPE co-existence studies, e.g. 50-60 dB. 
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