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Introduction
During RAN#80 meeting, discussion in [1] was initiated on the spurious Tx domain requirements and their applicability for OTA testing of the AAS BS, including wideband antenna gain, indicating potential problems in the antenna gain modelling and its consideration in the OTA measurements. 
In this contribution, discussion on the eAAS BS antenna gain in the spurious region is continued, discussing few alternatives to approach this issue in OTA measurement setup. 
Discussion
Referring to the TS 37.145-1 [2], the Tx spurious emissions measurements were defined as conducted measurements, performed at single or multiple TAB connectors, using appropriate test configurations for MSR or single RAT tests, for single or multi-carrier configurations. The spurious emission levels are to be measured within specified frequency ranges with specified measurement bandwidth. When considering the OTA version of the Tx spurious requirement, we need to consider all the aspects of the conducted vs. over-the-air requirement’s transformation, including challenging issues of measuring the emissions over very wide spectrum range (i.e. up to 12.75GHz). 
During previous RAN4 meeting, it was observed in [1], that the AAS BS antenna gain over the spurious domain might vary significantly. It was proposed to further study and discuss how to consider this aspects for the OTA Tx spurious emissions requirement. Additionally, below we present motivation for the need to study the antenna gain in the spurious domain, considering the workload of the conformance testing. 
Below, we present discussion on potential ideas on out-of-band antenna gain assumption for spurious emissions, as well as motivation to capture such information in the eAAS specification.
Radiated spurious emissions suppression techniques
Radiated spurious emissions (RSE) suppression is an existing research topic. In theory, application of the RSE suppression techniques accounts for the antenna characteristic in the spurious domain, e.g. in [3], [4], RF based solution for RSE suppression for UE were presented. 
However, it should be noted, that the spurious emission suppression solutions which are based on the RF tuning, are highly dependent on the considered frequency bands. Therefore, their application on the BS side is rather limited due to product- and market-specific frequency bands support of the AAS BS. 
Furthermore, despite of the above listed solutions, it shall be noted, that those techniques shall be considered as implementation specific and their performance and applicability to AAS BS is out of scope of the eAAS WI. Therefore it is seen, that existence of potential RSE solutions does not solve the problem of the RSE requirement’s definition for eAAS BS.
Observation 1: RSE suppression techniques are implementation specific and are considered to be out of scope of the RAN4 work. Tx (and Rx) spurious emissions requirement for eAAS BS shall be formulated.
Measurement system set-up
Referring to TS 37.145-1 [2] annex D, the conducted Tx spurious emissions test can be performed per single TAB connector one at a time (as shown in Figure 1 below), or multiple TAB connectors may be tested in parallel in groups (as shown in Figure 2 below), where the group size may range from 2 to all the TAB connectors. In all cases the measurement is per TAB connector but the measurement may be done in parallel. According to the TS 37.145-1 [2], the following test procedure was captured for the Tx spurious emissions: 
The minimum requirement is applied to all TAB connectors, they may be tested one at a time or multiple TAB connectors may be tested in parallel as shown in Annex D.1.1. Whichever method is used the procedure must be repeated until all TAB connectors necessary to demonstrate conformance have been tested.
The “TAB connector” based approach would be obviously no longer applicable in case of OTA test, i.e. no access to the antenna ports, nor to the TAB connectors. Referring to the already specified Rel-13 OTA requirements, it is expected, that the most reasonable approach to the eAAS BS test for Tx spurious emissions would be to define in on top of the already specified beam declarations. 
Observation 2: it is proposed to define the Tx spurious emissions test on top of the already specified Rel-13 AAS BS beam declarations.
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Figure 1: Measuring system set-up for conducted Tx spurious emissions (single TAB connector depicted)
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Figure 2: Measuring system set-up for conducted Tx spurious emissions (multiple TAB connectors)
Typical setup of the RSE testing is using the notch filter to supress the transmitted wanted signal in the frequency domain. 
In all cases the measurement is per TAB connector but the measurement may be done in parallel.
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Figure 3: Measuring system set-up for conducted Rx spurious emissions (single TAB connector depicted)
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Figure 4: Measuring system set-up for conducted Rx spurious emissions (multiple TAB connectors)

Considering the OTA testing, there is need to consider not only the frequency domain, but also the spatial domain, and the antenna gain aspects. It shall be further investigated, how the antenna array gain would impact the spurious emissions measurement. It shall be further evaluated, whether the existing conducted requirement for the Tx spurious emissions could be reused. 
Observation 3: it shall be further investigated, how the antenna array gain would impact the spurious emissions measurement.
Observation 4: It shall be further evaluated, whether the existing conducted requirement for the Tx spurious emissions could be reused.
Test purpose 
According to the TS 37.145-1 [2], the following test purpose was captured for the Tx spurious emissions: 
This test measures conducted spurious emission from the AAS BS transmit TAB connector(s), while the transmitter unit associated with the TAB connector under test is in operation.
In case of OTA test and lack of TAB connectors, it will not be possible to indicate which transmitter units will be required to be in the operation during the Tx spurious emissions testing. Therefore the “per declared beam” approach seems to be reasonable, as already indicated in section 2.2. It shall be further studied, which Tx signal configurations are to be considered in the Tx spurious emissions test. 
Observation 5: It shall be further studied, which Tx signal configurations are to be considered in the Tx spurious emissions test.
Tx spurious requirement: TRP-like vs. EIRP-like requirement
In general, RSE measurements are used to be performed as TRP-like measurements, where the degrees of freedom are space and frequency spectrum in the spurious domain. Referring to the SM.329 recommendation [5], the upper frequency range for most of the LTE bands reaches up to 12.75GHz. Measurement of the antenna gain in the full sphere, considering the Tx spurious emissions frequency range up to 12.75GHz is expected to be very time consuming. One possibility to simplify the testing would be to at least reduce one degree of freedom, i.e. to remove the spatial degree from the consideration, and not to perform the Tx spurious measurements across the full sphere. Instead, Tx spurious test could be reduced to the emissions test at: 
1. Boresight direction only, or 
2. Test at few discrete directions (i.e. not TRP-like)
Of course, such approach would have to be technically justified. It is obvious, that considering range of implementation specific AAS BS products, it would not be possible to obtain full knowledge on the radiated spurious emissions from such limited set of measurement points. Therefore, it is seen, that in order to find good balance of the testing effort and requirement’s conformance, it could be reasonable to consider certain level of manufacturer’s declaration based approach. 
Observation 6: in order to find reasonable balance between testing effort and Tx spurious emissions requirement’s conformance, it is proposed to further study possibility of using manufacturer’s declarations.
Referring to the existing set of conducted Tx spurious requirements, their equivalents in the radiated domain would correspond to full sphere measurements. If it would be agreed to pursue with the RSE requirement which is performed only at selected directions around the AAS BS as proposed in the bullets above, it is expected that the RAN4 requirements would have to be re-defined in order to maintain the same level of performance as in case of conducted requirements. In other words, Tx spurious emissions power integration over limited set of test points is expected to ease the conformance testing. Potential approximation techniques can be considered. 
Observation 7: impact from the limited set of OTA test points on the Tx spurious emission requirement definition shall be further studied. Potential approximation techniques can be considered.
Manufacturer declaration based approach
Generally speaking, the discussed antenna gain for the spurious domain is aiming at one goal: enable AAS BS conformance to the Tx spurious requirement, without the need to perform TRP-like measurement across the whole spurious region. In order to allow such approach, one potential solution would be to perform the Tx spurious emissions test at limited set of test point in the space around DUT as described in section 2.2, and introduce manufacturer’s declaration to reassure that the AAS antenna gain variations at other directions would not cause violation of the Tx spurious emissions requirement.
Considering the approach proposed above, number of related aspects are briefly discussed below:
1. Antenna array gain: considering that the overall Tx spurious emissions level is discussed, the resulting antenna array gain is to be considered in this discussion (i.e. not the antenna element gain). This would require to specify for which of the declared beams, the Tx spurious emissions shall be tested. 
Observation 8: it is proposed, that the antenna array gain of the selected beam is considered during Tx spurious test.
2. Polarization: during Tx spurious emissions measurements, two polarization shall be considered.
Observation 9: during Tx spurious emissions measurements, two polarization shall be considered.
3. Beam declarations: considering that the AAS BS could declare multiple beams, it shall be further discussed, whether the Tx spurious testing would be required for all of the declared beams, or single test would be sufficient (potentially extended with the manufacturers declaration). 
Observation 10: Investigate, whether single beam consideration for the Tx spurious conformance would be sufficient, extended by potential manufacturers declaration.  
4. For the purpose of the potential manufacturer’s declaration, it might be required to assume what is the value of the potential value of the AAS BS gain in the spurious domain. Brief consideration of various approaches to the antenna array gain in the spurious domain is presented below: 
a. Declared as fixed negative [x] dBi value for spurious region: from the antenna design point of view, it can be expected that the antenna gain will be only in the in-band region. Therefore negative antenna gain (i.e. antenna loss) for spurious domain seems to be reasonable. However, is seems that it would not be possible to conclude on one single values for all potential AAS BS implementations. 
b. Declared as fixed positive [x] dBi value for spurious region – such approach would not be reasonable and not realistic from the antenna design point of view.
c. Declared as zero dBi for spurious region; considering the above variants, zero dBi gain for spurious domain might be the easiest to agree on. 
Consideration of internal RDN and AA losses
Consideration of the OTA requirement (comparing to the conducted requirements at the TAB connector) requires to account not only for the AAS BS antenna gain, but also for the implementation specific losses caused by the radio distribution network, as well as the AA module, e.g. signal splitters. As implementation specific aspects shall not be covered in the specification, it is rather felt that consideration of the internal losses which could impact the conformance testing, shall be rather considered already in the above described test and not to be discussed as standalone item. 
Observation 11: Internal losses of the RDN and AA array will be covered by the OTA Tx spurious test procedure and shall not be considered as part of specification, nor as separate manufacturers declaration. 
Conclusion
[bookmark: _GoBack]Based on the discussion above, it is proposed to consider the following observations in the future eAAS BS discussions. It is proposed to capture the above observation in the new TR for the Rel-14 eAAS BS work: 
Observation 1: RSE suppression techniques are implementation specific and are considered to be out of scope of the RAN4 work. Tx (and Rx) spurious emissions requirement for eAAS BS shall be formulated.
Observation 2: it is proposed to define the Tx spurious emissions test on top of the already specified Rel-13 AAS beam declarations.
Observation 3: it shall be further investigated, how the antenna array gain would impact the spurious emissions measurement.
Observation 4: It shall be further evaluated, whether the existing conducted requirement for the Tx spurious emissions could be reused.
Observation 5: It shall be further studied, which Tx signal configurations are to be considered in the Tx spurious emissions test.
Observation 6: in order to find reasonable balance between testing effort and Tx spurious emissions requirement’s conformance, it is proposed to further study possibility of using manufacturer’s declarations.
Observation 7: impact from the limited set of OTA test points on the Tx spurious emission requirement definition shall be further studied. Potential approximation techniques can be considered.
Observation 8: it is proposed, that the antenna array gain of the selected beam is considered during Tx spurious test.
Observation 9: during Tx spurious emissions measurements, two polarization shall be considered.
Observation 10: Investigate, whether single beam consideration for the Tx spurious conformance would be sufficient, extended by potential manufacturers declaration.  
Observation 11: Internal losses of the RDN and AA array will be covered by the OTA Tx spurious test procedure and shall not be considered as part of specification, nor as separate manufacturers declaration. 
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