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1 Introduction

Spurious emissions are defined in the 37 series specifications as unwanted emissions in the frequency range from 9kHz to 10MHz below the lowest (in frequency) carrier transmitted from the basestation and from 10MHz above the highest (in frequency) carrier to 12.5GHz. 
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Such emissions are generally subject to large filtering attenuation and are transmitted in a region of the frequency domain in which the exact performance values for both the filtering and the antenna may be unpredictable.
A spurious emissions requirement is highly important in ensuring that AAS systems can co-exist with other types of system using the radio spectrum. In [1] we propose that spurious emissions should be one of the requirements that is handled early in the WI phase, considering that the requirement is of fundamental importance and, if early agreements could be made these would likely be of interest to the ITU-R in the response LS. This document expresses some views on the spurious emissions requirement and how it could be defined.
2 Spatial aspects of the spurious emissions
It is useful to differentiate spurious emissions that are relatively close to the carrier (e.g. from 10MHz away) and emissions that are distant from the carrier, as depicted in figure 1. Distant spurious emissions occur in a domain in which they are subject to a very large amount of filter attenuation. Typically, the filters are designed to provide known gain and phase behavior in band and strong attenuation out of band.
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The causes of spurious emissions in the radio include aspects such as internal noise, imperfections in the PA linearization, the impact of oscillators and other components, D/A noise and other aspects. Some causes of spurious emissions are likely to be correlated between AAS transceivers whilst other spurious emissions causes are random and uncorrelated between transceivers. The degree of correlation between transceiver chains may be high right next to the carrier and reduces significantly, but is still present to some extent at 10MHz from the carrier. Further from the carrier, the correlation in spurious emissions between transceivers is low.

Thus we propose that RAN4 should consider the following:

· Spurious emissions that fall far from the carrier are uncorrelated between AAS transceivers

· Spurious emissions that fall from 10MHz to 10+XMHz should be considered as having some degree of correlation between transceivers

· The value of X, at which the emissions can be considered as no longer being correlated should be discussed further and agreed in RAN4

· We thus define two types of spurious emissions, “Partially correlated” emissions and “Fully uncorrelated” emissions.

Proposal 1: Define two types of spurious emissions

· “Partially correlated” emissions are located in frequency fairly close to the carrier

· “Fully uncorrelated” emissions are further from the carrier in frequency. Such emissions can be considered as uncorrelated between transceivers
Fully uncorrelated emissions:
For the uncorrelated spurious emissions, if there are N transceiver chains, the spurious emissions will be radiated with the antenna element (or module) propagation pattern with a total of N times the individual transceiver power (assuming transceivers radiate with equal power and all elements are the same; otherwise the power is the sum of the power radiated from each module).
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For some requirements, it can also be the case that coupling between radiating elements can change the behaviour of the electronics in the transceivers (e.g. the PA linearization). Cases in which this might occur are discussed in the companion document [2]. In the spurious emissions domain in which emissions are fully uncorrelated, however we assume that the relative magnitude of such effects will be small as they are mainly related to behaviour that will not affect these frequency regions (e.g. DPD), and also that the effects are likely to be uncorrelated between transceivers such that they do not add in a significant manner. 
Partially correlated spurious emissions

Partially correlated emissions consist of a component that is correlated and a component that is not correlated. The component of the spurious emissions that is correlated between transceivers will experience beam-forming. The component that is uncorrelated will be propagated with the element pattern. Thus, in the main lobe, partially correlated spurious emissions will be experienced with a higher gain than purely uncorrelated emissions, whilst in nulls and side-lobes partially correlated spurious emissions may be experienced with a lower level than pure uncorrelated. Depending on the level of correlation, however the antenna gain for partially correlated spurious emissions will always be below the full array gain.
Where there are partially correlated emissions close to the carrier, it is possible that transceiver electronics impacts arising from coupling between the transceivers could impact the emissions level. The potential for this effect requires further consideration when defining requirements and tests.
3 Spurious emissions requirement and spurious emissions testing point
During the study item, the reference point for requirements and the testing point have been discussed extensively. Since the spurious emissions relate to interference levels caused to external systems, we propose that the requirement defined in the far field per virtual antenna port. 
Given that MSR specifications are the starting point for the new AAS requirements, the far field requirement should be set in such a manner that the far field level is consistent with levels that might be expected from deployed MSR systems today.
The maximum observed emissions level is termed the spurious EIRP. The maximum spurious EIRP for todays system can be derived by means of taking into account the conducted requirement and an assumed passive antenna gain for the particular band and basestation class:
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(1)
RFF is the far field requirement and Sconducted the baseline conducted requirement from the specifications. The quantity Gequ is the equivalent antenna gain, whose derivation is described in a companion paper [3]. The spurious EIRP to be expected from an equivalent antenna port in an AAS system can be derived in a similar manner:
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(2)

For certain scenarios the equivalent antenna gain is associated to an equivalent antenna port  defined in [4] taking into account the antenna configuration, applied weights and maximum cross TRX correlation level for the equivalent antenna port. (The concept of an equivalent antenna port is described in [4].
The testing point for spurious emissions may be OTA (i.e. far field) or at the transceiver array boundary. Given the argumentation on spatial aspects in section 2, for spurious emissions that are uncorrelated it is possible and straightforward to define a conducted test. OTA testing is on the other hand more complex considering the large frequency range that must be covered for uncorrelated spurious emissions. We propose therefore that for uncorrelated spurious emissions, definition of a conducted test is prioritised, whilst in defining OTA tests other requirements are prioritised. Definition of a spurious emissions test where the emissions are partially correlated needs further consideration, since the partially correlated emissions will experience beam-forming.
Proposal 2: Define a spurious emissions requirement in the far field that is set based on the existing defined spurious emissions level and a declared equivalent antenna gain for the equivalent antenna port
Proposal 3: Define conducted tests for spurious emissions in the frequency range depicted in figure 2 for which the emissions are fully uncorrelated

Proposal 4: Discuss further the feasibility and means of a defining spurious emissions test in the frequency range in figure 2 for which the emissions are partially correlated
Where the emissions from each transceiver are uncorrelated and add incoherently, for spurious emissions it is sufficient to test one transceiver and declare other transceivers of the same type to be equivalent. Given the definition of the requirement in the far field, a test requirement on a single transceiver chain can be derived as follows:
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(3)
In the above formula, K is the number of transceiver chains (It is assumed here that all K transceiver chains are equivalent, however it is easily possible to derive the requirement in a more general manner), and GE is the element gain of the antenna/module to which the transceiver is connected, which will need to be measured or declared.
Proposal 5: For the fully uncorrelated spurious emissions, a conducted test can be derived using equations (2) and (3) and applied to a single transceiver chain
4 Conclusion
Spurious emissions display noise like characteristics. For a large part of the frequency domain, the emissions do not experience beam-forming or spatial effects. For these parts of the frequency domain reason, it is possible to test transceiver chains individually using conducted measurements, based on a requirement defined in the far field but dependent on the declared equivalent antenna gain of the equivalent antenna port under test.

Nearer to the carrier, the emissions may be partially correlated. Further consideration should be made on how to define a test for these types of emissions. A means to declare which frequency ranges relate to uncorrelated emissions and which relate to correlated emissions should also be sought.
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