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1 Introduction

During RAN4#70bis, the topic of the EIRP accuracy requirement was discussed, however no conclusion was reached. As part of the discussion the impact of gain and phase inaccuracy on overall EIRP accuracy has been considered. The EIRP of an AAS system is a complex combination of multiple interrelated components and can only very approximately be related to a simple gain/phase combination. Nevertheless, considering a simple gain/phase combination can shed some light on the impact of variation of the transceiver outputs on overall EIRP performance.
In order to consider the impact of varying gain/phase at individual transceivers, the EIRP and sidelobe levels emitted from a Uniform Linear Array (ULA) have been simulated. The ULA has the same element pattern as in the coexistence simulation assumptions of [1] and has a 1:1 mapping between transceivers and elements. No beam steering is applied to the array. The array is assumed to be horizontal, and the beam pattern in the central horizontal cut is considered.

The gain and phase are varied randomly from their target settings according to a Gaussian distribution with the indicated gain/phase variance level. However, within an array it is unlikely that the distributions of gain/phase variation are uncorrelated between transceivers. Thus, different levels of correlation in the gain/phase variance distributions between transceivers are considered.
The simulation is run a large number of times and the EIRP and Sidelobe Level (SLL) calculated in each run. Between runs, the per element gain and phase are reset according to their (correlated) random distributions. The variance of EIRP and Sidelobe levels between simulation runs is then plotted against gain/phase variance.

2 The impact of gain and phase variation on EIRP and sidelobe levels
In the first set of results, a ULA array size of 10 elements is considered. Figure 1 shows the variation of EIRP and sidelobe supression as a function of the variation of transceiver gain, for several levels of correlation of the gain variation between transceivers. (The term “variation” in this context refers to 3σ; i.e. 99.8%). It is essential to note in these figures that both the X and Y values show the unpredictability of the parameters. For example ”Sidelobe suppression Variation” does not consider the absolute level of the sidelobe suppression, but the unpredictability with 99.8% confidence.
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The EIRP variation figure indicates that, unsurprisingly, if the gain variation is correlated across transceivers, then the EIRP variation is the same as the gain variation. If there is less than 50% correlation in gain variation between the transceivers, then the EIRP variation is reduced due to an averaging effect. On the other hand, for fully correlated transceiver variation, the sidelobe suppression does not vary at all, since only the total power radiated from the basestation varies but not the beam pattern. However if the transceivers are less than 50% correlated in gain variation, then the sidelobe suppression becomes somewhat unpredictable, since variation individual transceiver gain levels will impact the beam pattern.

Observation 1: Uncorrelated variation in transceiver gains leads to a lower EIRP variation than the variations of the individual transceivers. This is not the case if the gain variation is correlated between transceivers

Observation 2: Uncorrelated variation in transceiver gains leads to unpredictability in the beam pattern. This is not the case when the gain variation is correlated between transceivers

Figure 2 shows the variation of EIRP and sidelobe suppression as a function of the variation of transceiver phase variation, assuming no gain variation. Again, 3 levels of correlation in the variation of phase between transceivers are depicted. It should be noted that correlated gain variation does not imply correlated phase variation and vice versa. In practice, the gain variation between transceivers is likely to be more correlated than the phase variation.
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The figures show that if the phase variation is 100% correlated between transceivers then, unsurprisingly there is no variation in EIRP or beam pattern. With less than 50% correlation, phase variation causes some variation in EIRP, that is in general much lower than the EIRP variation observed due to gain variation. However a much larger variation in beam pattern shown by a sidelobe suppression variation is seen than than the one observed due to gain variation.
Observation 3: Uncorrelated phase variation between transceivers causes a small amount of EIRP variation, but a significant variation in the beam pattern.

3 Considerations on the relation between array size and gain/phase accuracy
It is also of interest to understand how the array size impacts the EIRP and beam pattern variance caused by variance in transceiver gain and phase. EIRP and sidelobe suppression variation were investigated separately considering firstly 2dB per transceiver gain variation and then 25 degree per transceiver phase variation (both 3 sigma levels; i.e. 99.8%).

Figure 3 shows the variation of EIRP and sidelobe suppression when the gain variance is 2dB. If the transceivers are completely correlated, then the EIRP variation is unaffected by the array size and the sidelobe suppression does not vary. For partially correlated and uncorrelated gain variation between transceivers, increasing the array size leads to a reduction in EIRP variation. This is due to an averaging effect of multiple transceivers forming the beam. However, with an increased array size, the variation in sidelobe suppression increases.

Observation 4: If gain variance between transceivers is significant, larger arrays will show lower EIRP variation but greater uncertainty in the beam pattern
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Figure 4 shows the impact of a larger array size when there is no gain variation between transceivers, but 25 degree uncorrelated or partially correlated phase variation. It can be seen that the EIRP variation is low and relatively independent of the array size. However the variation in sidelobe suppression is significant and increase with increasing array size
Observation 5: If there is significant uncorrelated phase variation between transceivers, then the EIRP does not change much with array size, but larger arrays experience greater amounts of beam pattern uncertainty
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4 Conclusion

The EIRP and beam pattern from an AAS system is a complex product of many factors. This extremely simplified analysis considers the impact of transceiver gain and phase variation on EIRP and beam pattern. The analysis shows that in large arrays, EIRP variation due to variation in individual transceiver gains and phases may to some extent be averaged out as long as the variation in transceiver gains is reasonably uncorrelated between transceivers. However such uncorrelated variations between transceivers cause significant variation in the levels of sidelobes, and the variation increases with increasing array size.
Variation in EIRP is more likely to be driven by gain variation between transceivers than phase variation in this model. Gain variation is likely to have some degree of correlation between transceivers in an individual array. 

It is proposed that when setting the EIRP accuracy, the size of an AAS array should not be taken into account; the EIRP accuracy should be independent of architecture.
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