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1.
Introduction
At previous RAN4 meetings (RAN4#71, 72, 72bis, 73) effects from intra array coupling on AAS base stations was discussed.  As described in [1], two types of interference signals are present for AAS base stations, namely co-location interference and intra array coupling interference.  Co-location interference is the interference caused by another transmitter which is located near the vicinity of the AAS base station. Intra array coupling interference also called mutual coupling is due to the interference caused by the sub-array elements within AAS transmitter as some of the energy coupled to array elements is re-radiated. 
Starting from RAN4#68, we were discussing the issue of intra array coupling, and in RAN4#73 meeting, we presented simulation results on effects of intra-array coupling with a LTE base station with 4 transmit antenna elements. From simulation results, we observe that mutual coupling value increases as the distance between the antenna elements decreases and will impact spectral growth of AAS bases stations.
In the previous RAN4 meeting questions were raised about the effects of reflections on the spectral growth of AAS base stations. This is because due to impedance mismatch between the power amplifier and the antenna the reflections are also nonlinear and might contribute to the spectral regrowth. To study the effects of antenna mismatch we follow the same approach as we did in RAN4#73 to study the effects of intra-array coupling.  

In this contribution, we present simulation results on the effects of antenna mismatch with a LTE base station with 4 transmit antenna elements. From simulation results, we observe that the reflections due to antenna mismatch are negligible and the contribution to the spectral growth can be neglected.
2. Discussion on Antenna Mismatch Modelling
It is well known that in non-AAS systems, the main source of non-linearity is due to power amplifier. For good efficiency reasons, the power needs to operate in the non-linear region.  It is common to model the PA as Volterra-series, or sub-sets of these, like the memory polynomials. However, these models do not take mutual coupling and antenna impedance mismatch. In this contribution, we consider these effects in modelling the PA output similar to [2].
Figure 1 shows the block diagram of the considered AAS system with Nt antenna elements. Each branch consists of a power amplifier (PA) fed by a baseband signal.  The resulting output is feeding an antenna element to produce the output signal b2,i where i=1,2…Nt. Impedance mismatch between PA and the antenna element, and mutual coupling between antenna elements will produce a reverse modulated signal a2,i where i=1,2…Nt, that is incident to the PA and give raise to unwanted spurious emissions. 
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[image: image1]Hence, we model the output of the PA signal with two inputs as in equation shown below.  Note that it is common to model the PA as generalized non-linear memory polynomial with certain order [2].
Where M1, M2 and M3 are the memory lengths, P1, P2 and P3 are the orders for polynomial, α, β, γ are the model coefficients. Note that in the above equation the first term corresponds to the PA non linearity and the second and third term corresponds to the antenna mutual coupling and mismatch effects.
Since the effect of intra-array coupling is already analysed in [3], in this contribution, we model only the reflections, i.e. the second term is set to zero.
3. Simulation Assumptions 

Link simulations were performed using the PA model as described in section 2. We consider 20 MHz LTE (Release-8) signal as the input baseband signal. We consider 64 QAM with spatial multiplexing.  The simulation assumptions are summarized in Table 1. Then reflection coefficients are taken from measurements and provided in the Appendix.
Table 1 Simulation parameters
	Parameter
	Value

	QAM
	64

	                      Pulse shaping filter
	Rectangular

	Code rate
	0.5

	Bandwidth
	20 MHz

	Oversampling
	4

	FFT size
	2048

	Number of Transmit antennas (elements)
	4

	Array configuration
	Uniform linear array

	Frequency
	2.1 GHZ

	Minimum distance between elements (d)
	0.35 – 1.5 wavelength

	M1,M2,M3
	3

	P1,p2
	5


4. Simulation Results and Discussion
Figure 2 shows the impact of impedance mismatch on the emissions also called as spectral growth. We plotted the power spectral density for various values distance between the antenna elements. It can be observed that the antenna impedance mismatch has negligible impact on spectral growth. This is because conventional linearization techniques are able to minimize the reflected signals due to antenna impedance mismatch.   From simulations, we observed that, the ACLR is around -59.0 dBc. With the current specification, it will meet the requirement of -45 dBc ACLR.
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Figure 3 Spectral re-growth due to reflections
4. Conclusions
In this paper, we present the simulation results of antenna impedance mismatch on AAS base stations.  It was observed that the reflected signal due to antenna impedance mismatch has no impact on the spectral growth. Hence we recommend there is no need to consider the effects of antenna impedance mismatch in the AAS studies.
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6. Appendix

 In this section, we provide the reflection coefficient values for various values of distance between the antenna elements from the measurements. 
Table 2 Reflection coefficient values
	Distance/λ
	   S1,1,  in dB
	S2,2,  in dB
	S3,3,  in dB
	S4,4,  in dB

	0.35
	-22.95
	-20.54
	-15.21
	-17.25

	0.5
	-20.13
	-18.91
	-17.57
	-16.0

	0.75
	-18.35
	-13.17
	-13.99
	-10.59

	1.0
	-14.41
	-13.07
	-16.25
	-15.48


Figure � SEQ Figure \* ARABIC �1� Block diagram of AAS transmitter to analyse the impacts of impedance mismatch
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