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1 Introduction

During RAN4#70, a way forward was agreed on the methodology for setting a minimum requirement for EIRP accuracy for the AAS specification:
1. An evaluation of the EIRP accuracy of the non-AAS case for use as a baseline for the following step. 

2. A discussion on applying non-AAS EIRP accuracy as a requirement for the AAS case. Proposals to increase or decrease the AAS EIRP accuracy requirement compared to non-AAS EIRP accuracy must be supported by quantitative arguments.

3. Consideration of how the EIRP accuracy requirement will be applied to AAS, including assumptions regarding beam declaration.

The EIRP is a parameter that will be declared by the basestation vendor. The 3GPP specifications will require that the declared EIRP is met with a certain minimum accuracy.

The first step of the way forward is to estimate what the level of minimum EIRP accuracy is that is achieved by legacy (i.e. non AAS) basestations, considering the conducted power accuracy and the accuracy achieved with antenna gain, feeder loss etc. A companion paper [1] discusses the accuracy achievable with non AAS basestations.

This paper considers the impact of EIRP inaccuracy on network performance, as a consideration when evaluating step 2. In particular, it is of interest to consider what level of impact to network performance is acceptable for a minimum requirement for 3GPP specified equipment.
2 Simulation of the impact of EIRP variation on SINR and throughput
To examine the impact of EIRP variation, a 3 sector macro deployment with a hexagonal grid arrangement was modelled. The ISD was 2.8km, and a 20dB penetration loss was included; the ISD represents a larger macrocell and together with the 20dB penetration loss increases the likelihood of the throughput becoming noise limited. Thus, the evaluation relates to a network that may be coverage limited in some areas.

The variation of basestation EIRP accuracy was modelled using a Gaussian PDF and as uncorrelated between sectors and basestations. It was assumed that the EIRP accuracy requirement is met by 99.8% of basestations; i.e. the stated EIRP accuracy is 3σ.
The simulation was run multiple times, and in each run sector EIRPs were permutated randomly from the declared EIRP level according to the EIRP accuracy. In each run, a CDF of C/I and throughput in the centre cell was calculated and the 5th, mean and 95th percentiles noted as representative of the experiences of cell edge, average and cell centre users respectively. From the simulation data, the variance of these three metrics (5th, mean, 95th percentiles) between simulation runs was calculated.

Figure 1 depicts averaged throughput CDFs, averaged over all simulation runs, for EIRP accuracy levels from 0 to 8dB. It can be seen that the average SINR achieved over all network deployments is insensitive to the EIRP accuracy. This is to be expected and is due to the averaging effect of the multiple simulation runs. A more useful metric however is the level of variance of the CDFs in each individual simulation run from the expected SINR and throughput levels that would occur if the EIRP would be exact.
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Figure 1: Mean SINR CDFs over all simulation runs

Figure 2 depicts the variance in SINR for the cell edge, mean and cell centre user positions. In the figure, the x axis shows the EIRP accuracy. The y axis shows the variation (2*standard deviation) in the SINR experienced by cell edge, mean and cell centre users between simulation runs.
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Figure 2 99% SINR variation between simulation runs as a function of EIRP accuracy for the cell edge, mean and cell centre users
It is interesting to note that the cell edge SINR is relatively unaffected by the EIRP accuracy. The cell edge users receive signals from multiple cells. This continues to be the case even if the received signal levels are heavily attenuated and the noise interference is significant. If one cell transmits less power than expected, there is a probability that a neighbor cell transmits more, and the cell boundary shifts. In such cases, the C/I is maintained because the cell edge UEs are always served from the best cell
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Figure 3 Receive signal levels for cell edge UEs; all received cells have a similar level, even if close to the noise. If the RX levels change due to EIRP inaccuracies at the basestations, the serving cell may change

The cell centre UE throughput is impacted much more significantly by EIRP variation. Cell centre UEs receive from a single dominant cell, and other interfering cells may present interference that is in the same order of magnitude as the noise level. EIRP variation does not cause the combined noise + interference to vary by much for such UEs, but does lead to variations in the serving cell power, which causes variation in receive SINR.
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Figure 4 Receive signal levels for cell centre UEs; the SINR is determined by the RX level of the serving cell
Mean UE SINR variation is, as expected intermediate between cell edge and cell centre variation.

At the cell centre, however the achievable throughput is limited by bandwidth and by transmitter and receiver imperfections due to factors such as channel estimation and EVM. In practice, variation in SINR will make less difference in achievable throughput for cell centre users that for cell edge users. 
3 Minimum requirement for EIRP accuracy
The requirement for EIRP accuracy in the 3GPP specifications should be a minimum requirement; i.e. the maximum allowable accuracy that allows equipment to be qualified as 3GPP compliant. The minimum requirement should be sufficient to guarantee robust network operation, but should be wide enough to enable price and performance differentiation.

From the above results, it appears that an EIRP accuracy in the range 2-2.5dB provides robust cell edge coverage, and reasonable performance throughout the cell. In this range, the cell edge SINR varies by around 0.1dB, the mean by about 0.2-0.3dB and the cell centre by up to 1-1.25dB. The variation in cell centre throughput can be improved with a tighter accuracy, but such an improvement should be left for the manufacturer and anyhow may not lead to higher actual throughput once realistic transmitter and receiver imperfections are accounted for.
2.25dB is likely to be a better EIRP accuracy than is obtained from today’s legacy systems when meeting the minimum conducted power requirement.
4 Conclusion

Based on an evaluation of what EIRP accuracy is reached today and the impact of EIRP inaccuracy on network performance, it is recommended that a minimum EIRP accuracy requirement should be around 2.25 dB.
5 References

[1] Ericsson, “On radiated output power for legacy BS”, R4-142154, RAN4#70bis, April 2014
6 Simulation assumptions

	Parameter
	Value

	Layout
	Hexagonal grid, 3 sector

	ISD
	2800m

	Penetration loss
	20dB

	Shadow Fading
	10dB

	Pathloss
	128.1 + 37.6log10(R)

	MCL
	70dB

	Antenna beamwidth (horizontal)
	65 degree

	Antenna beamwidth (vertical)
	10 degree

	Antenna FTB
	20dB

	Definition of “EIRP variation”
	3*standard deviation of the Gaussian PDF of dB difference to the stated EIRP (99.8th percentile)

	Definition of “SINR variation”
	2*estimated standard deviation of the SINR between simulation runs (i.e. 99th percentile)
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