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1 Introduction

During RAN4#78bis, initial discussions on the Rel-14 enhanced AAS WI took place, and a suggestion was discussed on focusing on certain topics for this meeting [1]. One of the topics for focus is in-band unwanted emissions, which is discussed further in this document.
2 Discussion
2.1 OTA in band unwanted emissions metric
The current in-band unwanted emissions requirements consist of an ACLR requirement of 45dB and a number of absolute emissions requirements and are all conducted. For setting an OTA requirement, there is a need to consider whether the requirement should be based on EIRP in a particular direction or TRP. [2] concluded that TRP is the most appropriate metric for a number of reasons, which can be summarized as:

· Simulations have demonstrated that the spatial pattern of emissions does not impact co-existence performance, but that the total power level does; this suggests TRP

· The current conducted requirements related to TRP for the antennas to which each transmitter is connected, since the outgoing conducted power is the total input power to the antenna, which must be proportional (apart from matching losses) to the total radiated power rather than to the power in any specific direction.
· The spatial pattern of the unwanted emissions requirements will differ from the wanted signal and will vary with time. Hence identifying a point to measure for EIRP is not possible.

· The spatial pattern for unwanted emissions will in general average across time and frequency to be quite spread out in space.

In this document, we present some further simulations to illustrate the difference between a TRP and EIRP requirement. Co-existence simulations are presented based on the simulation assumptions framework developed during the AAS Study Item, and summarized in appendix A of this document.
EIRP ACLR is defined in this document as
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TRP ACLR is defined as:
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It should be noted that the TRP ACLR definition is assuming that the carrier power and adjacent channel unwanted emissions power are measured at a finite set of points around the sphere, which provides an approximation to theoretical TRP. The term “TRP” in this document refers to this kind of approximation rather than the theoretical definition of TRP as continuous integrals around the whole sphere. The number of sampled points is in these simulations assumed to be large enough that the approximation error becomes insignificant.
Two types of array were considered; one in which the unwanted emissions are 100% correlated and beamformed in the same manner as the wanted signal. In the second, the unwanted emissions are 0% correlated between antennas. Although in reality unwanted emissions may be beamformed differently to the wanted signal, these assumptions serve to illustrate the impact of setting TRP and EIRP requirements dependent on the coincidence between the beamforming pattern and the unwanted emissions pattern.

The first plot indicates the per TAB connector ACLR level in the case of the ACLR requirement being set and met as EIRP and alternatively as TRP for an array with 0% correlation between unwanted emissions at different transmitters. Clearly the TRP metric achieves a requirement that is exactly the same as the per TAB connector requirement of today, requirement, whereas using EIRP presents a different requirement. If the unwanted emissions would be 100% correlated and exactly aligned with the wanted emissions beam in space then the EIRP and TRP emissions would relate to exactly the same per TAB connector requirement.
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Figure 1: ACLR level measured as either TRP or EIRP vs per TAB connector ACLR for a 10 TRX array with 0% correlation between unwanted emissions
The co-existence simulation plots indicate the impact of the aggressor system on victim mean throughput. Three curves are shown in each plot; one in which the ACLR is met at the TAB connectors, one in which the ACLR requirement is met as EIRP and the third in which ACLR is met as TRP.
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Figure 2: ACLR as either per TAB connector, EIRP or TRP vs throughput degradation for an array with 100% aligned unwanted emissions and wanted signal. 
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Figure 3: ACLR as either per TAB connector, EIRP or TRP vs throughput degradation for an array with 0% correlated unwanted emissions and wanted signal. 
The figures indicate that as expected, when the unwanted emissions are 100% correlated, all 3 requirement definitions for ACLR lead to the same co-existence performance. For 0% correlation, an OTA requirement defined as TRP provides the same amount of co-existence performance as the current per TAB connector defined requirement. However, when the requirement is defined as EIRP and just met then co-existence performance is substantially worsened in comparison with the current requirement. TRP thus achieves a requirement that achieves the same level of co-existence protection as in the current specifications with the same requirement on the radio building practice independently of the spatial shape and amount of correlation of the unwanted emissions.
2.2 Setting the requirement level

For ACLR, the conducted requirement can simply be translated to a 45dB TRP ACLR requirement. For the absolute requirements, there is a need to decide on a TRP level in dBm. The level should obviously not exceed the conducted level. Consideration may be given as to whether the same level as for the conducted requirement should be applied, or whether some kind of loss factor should be assumed to exist in a non-AAS system such that the level of TRP requirements needed to achieve equivalent protection would be slightly lower.

The current conducted requirements are set based on declaring a number of active transmitters and TAB connector TX cell groups. When setting OTA requirements, it is worthwhile to question the continuing utility of these concepts. The aim of setting OTA requirements is to enable advanced integrated arrays that are likely to have 8 or more transmitters. Thus, the scaling factor is likely to be the maximum for most types of rel-14 system. Declaring the number of transmitters goes somewhat against the principle of setting black box requirements, and so consideration should be given to setting the emissions requirement based on a fixed scaling factor.
Given that the emissions impact is dependent on TRP, for measuring emissions each TAB connector TAB cell group would need to be activated and the TRP emissions measured. IT is not entirely clear whether it is useful to measure TRP individually for each cell rather than with all of the cells active. The original argument for specifying emission per cell was to avoid disparities in emissions levels between cells and this may be one reason to measure emissions differently for each cell, even if it is TRP that is measured each time.
2.3 Conformance testing considerations

Measurement of TRP for in-band emissions may be performed in a CATR or far field test range by means of rotating the basestation. In principle, such measurements should be feasible, although some aspects require further consideration:
· The dynamic range and link budget of the chamber and measurement instrumentation can measure emissions levels that are 45-60dB below the wanted carrier power.

· When measuring TRP, for some directions from the BS under test the emissions level may be so low that the emissions level is below the noise floor of the measurement equipment. This may in principle not be a problem, since areas in which the emissions power is low do not contribute significantly to the total radiated emissions power. However a convention needs to be considered on how to deal with these directions when calculating the unwanted emissions TRP.

· Impact on the measurement uncertainty budget of the lower emissions power level

· Whether there is any need for or scope to reduce the amount of measurement by measuring over the most relevant parts of the sphere rather than the whole sphere.

Apart from the CATR, other types of test facility such as near field or reverberation chamber could also be suitable for TRP emissions measurement. Again some further investigation is needed to understand whether facilities can dissipate the BS power and PIM etc. effects can be managed.

It should be noted that in addition to emissions, there is a need to measure the wanted signal power TRP too in order to calculate ACLR.
3 Conclusion

This paper has considered in more detail OTA in-band unwanted emissions. To properly manage co-existence properties, the requirement should be based on TRP. The 45dB ACLR requirement is straightforward to copy to a TRP requirement, whereas for the absolute levels, consideration should be made as to whether the conducted levels should be copied, or something slightly lower to take into account the fact that non AAS BS may have some losses between the antenna connector and antennas. Preferably, there should be a single emissions limit rather than a limit based on a declaration of the internal configuration of the basestation.
For conformance testing, the impact of measuring emissions levels on measurement uncertainty and also possible simplifications to the test procedure may be considered. Also, the applicability of near field and other types of facility may be considered.
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5 Appendix: Simulation assumptions

General parameters:

	Simulation Parameters
	Values

	Cellular layout
	Hexagonal, 3 sectors/site (19 sites wrap-around), uncoordinated

	UE distribution
	Average 10 UEs per cell. UEs on flat ground

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter Site Distance (ISD)
	750m

	Minimum distance UE<->BS
	35m

	Log normal shadowing
	Standard Deviation of 10 dB

	Shadow correlation coefficient
	0.5 (inter site) / 1.0 (intra site)

	Scheduling algorithm
	Round Robin, Full buffer

	RB number per active UEs
	UL: 16RBs (total: 48 RBs)

DL: 50RB for cell split scenarios

	Number of active UEs
	UL: 3 UEs per cell

DL: 1 UE per cell

	UE max Tx power
	23 dBm

	UE min Tx power
	- 40 dBm

	Active array loss
	1 dB

	Losses of legacy system
	2 dB

	Legacy BS max Tx power
	46dBm

	AAS BS max Tx power
	46dBm 

	Power control parameters
	(TR36.942 V10.3.0 Section 12.1.4)

PC Set 1 (alpha=1; P0=-101dBm)

PC Set 2 (alpha=0.8; P0=-92.2dBm)

	Antenna configuration at UE
	Omni-directional

	The height of BS
	30 m

	The height of UE
	1.5 m

	ACS of LTE UE
	33 dB

	Output statistics (Blocking levels)
	CDF of the received interference power in dBm from an aggressor

	Performance evaluation
	Throughput loss criteria, as derived from the truncated Shannon bound approach of 3GPP TR36.942. 


Radiating element assumptions:

	Horizontal Radiation Pattern /dB
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	Horizontal 3dB bandwidth of single element / deg
	For single column antenna: 65º

For multi-column antenna:  80º

	Front-to-back ratio /dB
	Am = 30dB

	Vertical Pattern /dB
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	Vertical 3dB bandwidth of single element / deg
	65º

	Element Pattern /dBi
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	Element Gain /dBi
	For single column antenna: GE,max= 9 dBi

For multi-column antenna: GE,max= 7.5 dBi*

	Note: *GE,max is obtained from TR37.840 Table 5.4.4.2.1-1.


Array pattern assumptions:

	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dBi 
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the super position vector is given by
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the weighting is given by
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	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/l
	0.5

	Vertical radiating element spacing d/l
	0.9

	Down-tilt angle (deg)
	9 degrees

	horizontal electrical steering for cell splitting
	±25 degrees
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