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1 Introduction
In RAN4#73 the effect of EIRP accuracy on system performance was discussed, most papers on EIRP accuracy values up to this point have been based on estimating the expected variation in an AAS system and/or estimation of variation in existing non-AAS systems. A paper [1] looking at cell EIRP accuracy on cell range concluded that large cell range reductions could occur as EIRP accuracy increased and which are non-negligible and hence EIRP variation should be kept to a minimum. The only other papers to have investigated  effect of EIRP accuracy on network performance [2],[3] analysed the effect of EIRP variation on average UE SNR and throughput in an interference limited scenario, the conclusion being that a value of 2.25dB was acceptable.
It is clear that these investigations have somewhat differing conclusions; this is most likely due to the noise limited cell range assumption used in [1], to try to provide more information to help resolve the issue more simulations have been done using a network simulation with parameters described in [4].  

This paper presents the results of those simulations for further discussion.
2 Discussion

Simulation

A 3 sector macro cell grid was set up and UE’s randomly placed within the grid, the power level from each BS to each UE was evaluated after the BS power accuracy and the shadow fading factors were applied. The UE was then associated with the strongest BS and the SNR evaluated.
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Figure 1. UE’s attached to centre 3 BS sectors (2800m ISD)

Results are presented for the UE’s associated with the centre 3 sectors.

A number of UE’s are placed in the nominal hexagonal cells. Once the random BS power accuracy and the shadow fading factors are applied to the link budget the power at each UE from each BS is calculated. The UE is then attached to the BS with the largest power, or identified as unattached if the largest power is 10dB lower than thermal noise. Due to the large variation which can occur due to shadow fading some UE’s in distant hexagonal cells can be associated with the centre 3 sectors as can be seen in Figure 1.

For example a distant UE may be 5km away from the centre BS but only 1km away from it closest BS. The path loss difference is only 26dB. With 10dB standard deviation log normal fading applied to both links it is possible that the distant link has a positive fading figure of +15dB applied and the closer BS a negative factor of -15dB. The distant BS therefore has the larger signal.

SNR is then calculated as the power of the attached BS against the sum of the power of all other BS and thermal noise at each UE attached to the centre 3 sectors.
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Figure 2. SNR map for centre 3 sectors (2800m ISD)
Throughput is calculated using the DL Throughput vs. SNIR transforms in annex A [5]
The ISD used for simulations in [4], was only 750m, the simulations in [2],[3] used 2800m (with additional 20dB building penetration loss) and [1] used a noise limited system. Hence ISD’s of 750m, 2800m, 10km and 35km will be investigated. As issues are more likely to occur when signal levels or low the 20dB building penetration loss used in [2],[3] will also be applied.
Results are presented in the form of; a typical set of CCDF curves for SNR and LTE throughput, 5%,50%, 95% and mean of each are plotted against EIRP accuracy, and % of unattached UE’s.
750m ISD
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Figure 3. 750m ISD, SNR CDF, Throughput CDF

Closer investigation of the CDF curves shows that the SNR (and subsequently) the throughput degrade slightly as the BS EIRP variation is increased.

Plotting the 5%, 50% and the 95%  points of the curves as well as the mean as an SNR variation (in dB) and the throughput as a percentage variation shows the relationship more clearly.
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Figure 4. 750m ISD, SNR variation vs. EIRP variation, Throughput variation vs. EIRP variation

The effect is very small (around 0.2%) however there is a slight degradation in throughput as EIRP variation increases.
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Figure 5. 750m Percentage of unattached UE’s and centre cell attached UE power map.

There are no unattached UE’s, which is understandable as the cell is so small.
2800m ISD
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Figure 6. 2800m ISD, SNR CDF, Throughput CDF

Once again the variation between the CDF curves is very small however in this case the SNR and the throughput actually improve as the variation increases. The 5%,50%, 95% and mean performance can be seen in detail below: 
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Figure 7. 2800m ISD, SNR variation vs. EIRP variation, Throughput variation vs. EIRP variation

Once again the variation is very small, the 96% throughput is slightly degraded before following a generally upward trend.
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Figure 8. 2800m Percentage of unattached UE’s and centre cell attached UE power map.

There are a small number of unattached UE’s ~ 0.38%, however the EIRP accuracy does not significantly affect the value (it is slightly improved as EIRP variation increases).
10,000m ISD

The simulation parameters used for 10km ISD are not perhaps ideal, in such a large cell it is likely the COST HATA loss model is not appropriate (as cell would be rural) also such a large BPL would perhaps not be appropriate.

However in order that only one thing is changed at a time so the results are easier to compare only the ISD has been changed and all other parameters are the same.

The actual numbers are therefore not so interesting but the difference in performance for different BS accuracy figures are realistic for a large cell which is primarily noise limited.
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Figure 9. 10,000m ISD, SNR CDF, Throughput CDF
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Figure 10. 10,000m ISD, SNR variation vs. EIRP variation, Throughput variation vs. EIRP variation

The results show very little variation in SNR and throughput. There is approximately a 1%statistical variation in the throughput results, no clear relationship with EIRP accuracy can be seen. 
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Figure 11. 10,000m Percentage of unattached UE’s and centre cell attached UE power map.

2.1.1 35,000m ISD

As with the 10k ISD the simulation parameters used for 35km ISD are not perhaps ideal, however once again only the ISD had been changed so the differences due to EIRP accuracy alone can be seen.
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Figure 12. 35,000m ISD, SNR CDF, Throughput CDF
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Figure 13. 35,000m ISD, SNR variation vs. EIRP variation, Throughput variation vs. EIRP variation

Once again the results have very little variation, however the CDF curves on average move to the right indicating that the SNR performance and the throughput are slightly increased as the BS accuracy degrades.
Only the 5% point shows some degradation as accuracy degrades.
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Figure 14. 35,000m Percentage of unattached UE’s and centre cell attached UE power map.

At 35 km ISD there are a large number of UE’s unattached, in this case there are a number of reasons for this. The COST HATA loss model is for urban scenarios not rural so is predicting path loss values much higher than expected in a rural scenario (for 35km FSPL=129dB, CHloss=186dB), with the 20dB BPL used the BS signal becomes10dB lower than the noise at approx 1km.
The important result however is that the number of unattached UE’s is not significantly affected by the EIRP accuracy.

Non Random EIRP variation
The simulations have assumed that the variation so far is ransom based around the nominal value.  As the analysis is statistical an decrease in power in one BS is to some extent cancelled by an increase in power from another. One possibility is that the EIRP variation window is not used for variation of EIRP but that the average EIRP is actually lower than quoted. To investigate this the EIRP variation was applied rather than a variation around the nominal as a fixed negative error. (i.e. 2dB variation resulted in a nominal power of 38dBm rather than 40dBm).

The Analysis was done on the 2800m cell only as this cell ISD had a small (but not zero) number of unattached UE’s in the previous analysis which would most clearly show the effect of dropping output power. 
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 Figure 15. 2800m ISD, SNR CDF, Throughput CDF

The curves can much more clearly be seen to move to the left in an ordered fashion as the power is reduced. This represents a lower SNR level and corresponding lower throughput.
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Figure 16. 2800m ISD, SNR variation vs. EIRP variation, Throughput variation vs. EIRP variation

As with the CDF curves the degradation in performance  is clear as the output power is reduced at all of the statistically significant points.
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Figure 17. 2800m Percentage of unattached UE’s.

The percentage of unattached UE’s also increases as the power reduces.
3 Summary
In all cases it can be seen that the effect of decreasing BS power accuracy (or increasing its variation) is very small. Trends in the performance against EIRP accuracy are slight and barely distinguishable from the natural statistical variation present in the results. However in many cases the effect seems to improve throughput rather than degrade it. Also the number of unattached UE’s does not change as BS EIRP accuracy is degraded.
This is not surprising for 2 reasons:

· The shadow fading is a log normal random loss with a standard deviation of 10dB. The worst BS accuracy investigated was 8dB which was represented with a standard deviation of 8/3=2.67dB. This represents composite standard deviation of only 10.35dB which is not a great difference

· as the BS power accuracy is applied as a normal distribution around a nominal error of zero so the average error is always 0dB. 

Hence it can be seen that the BS accuracy figure has very little effect on system performance. The current range of values being investigated is between 2 to 3dB, the analysis here cannot distinguish a performance difference between values in that range.
EIRP accuracy can therefore be defined based on the expected performance of AAS systems and equivalence with current Non-AAS systems.
It is also clear that of the EIRP accuracy window is used to reduce the power from the BS rather than as a variation around the expected nominal then the effect on performance is quite noticeable. This is a somewhat obvious result and could be avoided by ensuring that the declared EIRP is a nominal value for the equipment.
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