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1
Introduction
The WI added a full set of OTA requirements to the AAS BS specification for MSR, single RAT UTRA or  single RAT E-UTRA AAS BS with no conducted interface.

The OTA AAS BS is a system which contains multiple transceiver (≥8 for E-UTRA, ≥4 for UTRA) units and a composite antenna. Since a single OTA AAS BS is comparable to a non-AAS BS with multiple transceivers, the eAAS requirements aim to ensure that the same protection and performance is provided as a non-AAS BS with 8 transceivers for E-UTRA and MSR and 4 for UTRA.. 
The previous AAS WI produced an AAS BS specification for an AAS BS which provided access to a conducted interface. Requirements were applied at both the conducted interface (the Transceiver Array Boundary) and the radiated interface. An AAS BS conforming to the release 13/14 AAS requirements his is now referred to as a hybrid AAS BS in the release 15 specification. To enable AAS BS with larger number of transceiver units and higher frequencies, where maintaining a conducted  interface may limit  implementation, all OTA requirements have been developed enabling the OTA AAS to be treated as a black box that is tested externally using radiated test signals.  
2
Description
2.1
Architecture and interfaces

The OTA AAS architecture is similar to the hybrid AAS BS architecture with the removal of the conducted interface (the  transceiver array boundary).
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Figure 2.1-1: Radiated points of reference of OTA AAS BS
The Radiated Interface Boundary (RIB) is an interface at which the OTA requirements can be specified. For the hybrid AAS BS, both of the OTA requirements are directional and in the far field (EIRP and EIS). However for the OTA AAS BS, the requirements set includes not just directional requirements but also a number of Total Radiated Power (TRP) requirements which are not defined in either far or near field. Hence the RIB is not defined at any specific distance. The individual requirements further specify if they are in the far field or not.
As an OTA AAS BS is expected to have a large number of transceiver units, the minimum number of transceiver units is restricted to 8 for E-UTRA and MSR and 4 for UTRA. This simplifies the application of scaling for the emissions as the scaling factor is fixed. For AAS BS systems containing fewer than 8 (4 for UTRA) transceiver units it is still possible to classify them as hybrid AAS BS and use the hybrid requirements. It is likely (and necessary) that systems with so few transceiver units will include a conducted interface.

In addition to requirements specified at the RIB an additional interface has been defined which covers co-location requirements, this is further described in subclause 2.2.7.

2.2
OTA requirements

2.2.1
General

All of the conducted requirements and the 2 existing OTA requirement from the REL13/14 AAS BS technical specification have been included in the OTA requirement set. They can be divided into a number of types:
· Transmitter wanted emissions

· EIRP accuracy – is a release 13/14hybrid AAS BS requirement

· TRP accuracy – replaces the conducted power accuracy requirement, max limits are placed on declared rated TRP for the different BS classes.

· Dynamic range and control signal accuracy – based on EIRP

· Transmitter signal quality – EVM, Frequency error etc, TAE are all defined as Directional requirements 

· Unwanted emissions

· Relative requirements (such as ACLR) same as conducted

· Absolute requirements, based on total radiated power (TRP) and scaled

· Receiver  sensitivity

· Existing OTA sensitivity requirement based on declared EIS 

· New OTA Reference sensitivity – ensures suitable wanted signal level for interference requirements.

· In band interference receiver requirements; directional requirements which use same delta between wanted and interfering signal as the conducted requirements.

· Out of band blocking receiver requirements – specified as a fixed interferer level at a fixed distance.

· Co-location requirements – TX emissions, TX IMD, TX OFF power and co-location blocking, signal levels defined at the input/output of a co-location reference antenna.

· EMC BS requirements including; emissions requirements, radiated immunity requirements 

2.2.2
Transmitter wanted emissions

2.2.2.1
EIRP and TRP accuracy
The existing hybrid AAS BS requirements specify an EIRP accuracy based on EIRP declarations. The EIRP accuracy is intended to capture the variation from the intended output power. As EIRP will vary in a known manner due to the radiating element pattern and possible array scanning loss there is predicable variation in EIRP as the transmitter beam is steered, it is not the intention of this to be included in the EIRP variation. The EIRP is therefore declared over the OTA peak direction set. Figure 2.2.2-1 shows some example of OTA peak directions sets including, a single direction, switched discrete directions, continuous steering over a range and continuous steering along 2 axis only.
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Figure 2.2.2-1: Examples of AAS BS OTA peak directions sets depicted in a directions diagram
Note this set has been renamed from REL13/14 where it was called the EIRP accuracy directions set as it is now used or a number of peak directions requirements not just EIRP accuracy.
The OTA AAS BS has an additional wanted emissions requirement and that is the TRP accuracy, which is equivalent to the conducted output power accuracy. The upper power limits on the MR and LA BS classes are placed on the rated TRP. As the conducted maximum power limits are applied per non-AAS transceiver, the OTA power limits are scaled.

The hybrid AAS EIRP accuracy is defined at nominal temperature only as the extreme temperature is a conducted output power requirement. For the OTA AAS BS measuring TRP at extreme temperature is very difficult, hence the extreme conditions requirement is placed on the EIRP accuracy requirement, TRP accuracy of course is a component of EIRP accuracy so implicitly equivalent performance is maintained.

2.2.2.2
Power Dynamics and control signal power accuracy

These requirements are related to the wanted signal and are hence EIRP requirements valid over the OTA peak directions set.
Most of the requirements are differential requirements and hence are the same as the conducted requirements.

Absolute requirements which are compared to power declared on the control channel include additional error over the conducted value to allow for the EIRP accuracy as follows:
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For UTRA FDD system it was agreed that an OTA AAS with the ability to steer beams would easily meet the UTRA control channel power requirements and hence they are not included in the OTA AAS BS specification set.

2.2.3
Transmit ON/OFF power

Transmit OFF power requirement ensures that own and other TDD BS do not get desensitized. For the conducted requirement this includes own receiver, however for OTA own receiver performance is ensured by the OTA sensitivity requirement, hence only co-location and co-existence in the same geographical area need be considered.

As the OFF power level is very low the co-location requirement methodology is the most suitable way to set the requirement and ensures that the OFF level is sufficiently low in all cases.
2.2.4
Transmitter signal quality

Transmitter signal quality requirements include; frequency error, time alignment error and modulation quality (EVM).
As for AAS BS beam steering is not mandatory, it is possible an AAS BS may have only a single steering direction (as seen in figure 2.2.2-1). However, it is important that signal quality is maintained over the entire coverage range, the coverage range is approximately the beam steering direction plus the beam width. The OTA peak directions range is hence a subset of the OTA coverage range.
Signal quality requirements are directional requirements which are valid over the OTA coverage range. It is not specified how the requirements are met for any specific direction. For example; a system which has a wide beam which cannot be steered the EVM must be met over the whole beam pattern, for a beam steering system where the beam can be pointed at any intended direction the EVM can be met in the beam centre only.

2.2.5
Unwanted emissions
Co-location analysis showed that the effect of an AAS BS to an adjacent network (in frequency) is relative to the TRP of the unwanted emissions not the EIRP, this can be attributed to a number of reasons:

· De-correlated noise from the TX does not have the same radiation pattern as the wanted signal, therefore the ACLR in any specific direction is not a stable parameter and does not represent the total noise from the AAS BS

· Victim UE’s are randomly located and are affected on average over many beam directions. This has the effect of averaging the antenna pattern experienced by the victims and hence the TRP rather than  any instantaneous EIRP relates to the mean throughput degradation
· Wanted UE’s are randomly located and hence the wanted signal on average is related to the OTA coverage range not the instantaneous EIRP, emissions related to the wanted beam also move and on average are related to the total power not an instantaneous direction.
Hence TRP is use as the appropriate metric for all emissions where possible.
For ACLR the requirement is a ratio of the TRP of the wanted signal to the TRP of the adjacent channel signal.

For absolute requirements the requirement is TRP and to maintain the same protection level as the non-AAS system the absolute levels are scaled, with the exception of the CAT A limits in region 2 where regional requirements state that all MIMO transceivers are treated as a single receiver.

It is estimated that TRP can be measured accurately down to approximately -65dBm , hence it is possible to include all the so-existence in the same geographical area requirements as TRP requirements but not the co-location requirements whose limits are less than 65dBm. These are specified using an alternative metric as described in subclause 2.2.7.
2.2.6
TX IMD

The interferer level for conducted TX IMD is calculated based on a co-located system of the same BS class, hence the interferer for the OTA IMD requirement is applied via a so-called co-location reference antenna. The emissions limits under the TX IMD conditions are TRP.

2.2.7
Co-location requirements

The conducted co-location requirements are based on the assumption that a co-located BS is of the same type and that the coupling between the antennas of co-located systems is 30dB.

With the OTA requirements the coupling is partially included in the device under test, hence rather than use the 30dB assumption, which is difficult to apply OTA as it is in a different direction to the known gain of the antenna, the requirement is made at the output (or input) of a co-located antenna.

The co-location reference antenna is defined as follows:

The co-location reference antenna, shall be a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, as the composite antenna of AAS BS and nominal 65deg horizontal beam width suitable for 3 sector deployment  at a distance d from the edge of the AAS BS, as shown in Figure 2.2.7-1.
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Figure 2.2.7-1 Illustration of AAS BS enclosure and Co-location reference antenna
Where the distance between the edge of the antenna s set at 10cm.
Emissions levels are set at the conducted output of the co-location reference antenna as follows:
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, where X = 9dB for E-UTRA and X=6dB for UTRA
2.2.8
Receiver sensitivity

The REL13/14 specification included OTA sensitivity requirement which was based on a declared range of angle of arrivals (RoAoA) for the UL signal (the term beams is not use in the receiver as signals are combined in the BB and as such RF beams do not exist).

The OTA sensitivity requirement was by declaration and was intended to capture the effects of the antenna (such as scan loss). It also covered non-real time redirecting of the receiver RoAoA. Multiple declarations can be made with different EIS values and RoAoA’s. It is expected at least one of the declaration swill be based on the maximum antenna gain and hence will represent the beast case EIS, this value is defined as OTA minimum sensitivity. 
The conducted reference sensitivity requirement is used to ensure a minimum expected NR from each receiver units as well as act as a reference signal for the interference requirements (in-band blocking etc).

Each individual receiver unit is subject not to the full array gain but to the antenna element gain in front of that receiver unit. As such the expected gain is lower and the OTA signal level needed in order to provide an equivalent conducted signal level is higher. This higher signal level applied to both the wanted signal and any interferers.
The element gain is estimated by declaring the OTA REFSEN RoAoA which is defined as the RoAoA determined by the contour defined by the points at which the achieved EIS is 3dB higher than the achieved EIS in the reference direction.
Hence there are 2 OTA sensitivity requirements:


· OTA sensitivity is declared, highest gain assumed hence lowest EIS.

· OTA reference sensitivity, lowest gain assumed hence highest interferer levels.

2.2.9
In-band interference

2.2.9.1
General

There are a number of in-band interference requirements for the receiver
· Dynamic Range

· Adjacent channel selectivity ACS 

· In channel selectivity (ICS)

· In-band blocking

· RX IMD

In order to maintain the same performance as the hybrid AAS BS the difference between the wanted signal and the interferer is maintained, hence the conducted requirements are translated to OTA requirements using a delta function based on the antenna gain. As there are 2 OTA sensitivity requirements there are 2 delta values:

For requirements which are to be met over the OTA REFSENS RoAoA absolute requirement values are offset by the following term:


ΔOTAREFSENS = 44.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) (dB) for the reference direction.

And 


ΔOTAREFSENS = 41.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) (dB) for all other directions.

For requirements which are to be met over the OTA minSENS RoAoA absolute requirement values are offset by the following term:

ΔminSENS = PREFSENS – minSENS (dB)
Depending in the interference requirement in question either ΔOTAREFSENS or ΔminSENS is used to derive the OTA levels.

For requirements where the noise floor of the receiver is included in the requirement then ΔminSENS  is the appropriate offset whereas requirement which are testing the high signal levels an linearity of the receiver then ΔOTAREFSENS is appropriate.

All receiver interference requirements assume that the wanted signal and the interferer are from the same direction .

2.2.9.2
Dynamic range

As the conducted dynamic range requirement both the wanted signal and the interfering AWGN are above the noise floor the requirement is based on high signal levels and hence both are offset by ΔOTAREFSENS.

2.2.9.3
ACS

The ACS requirement is designed to ensure a receiver adjacent channel filter response of at least 45dB. This is a relative requirement, it is translated to an absolute requirement by using the noise floor of the receiver as a reference point (and an assumed 0dB SNTR for the reference channel used for the test).

As the noise floor is part of the requirement ΔminSENS is the correct offset to use for ACS.
2.2.9.4
ICS

In-channel selectivity is achieved after the combining so should be based on the antenna array gain hence it is important to consider using  ΔminSENS.
2.2.9.4
In-band blocking

When considering the probability of a wanted and a blocking signal, both the minimum wanted signal case and the maximum interfere case must be considered (although not at the same time), hence the OTA in-band blocking requirement is specified at 2 levels both ΔOTAREFSENS and ΔminSENS.
2.2.9.5
RX IMD

As the RX IMD levels are based on similar background to the in-band blocking they are also specified at 2 levels using both ΔOTAREFSENS and ΔminSENS.
2.2.10
Out of band blocking
The conducted out of band blocking requirement is based on a worst case out of band interferer (based on BS to BS interference), This worst case conducted power level is then applied at the same level at all out of band frequencies.

This is extremely difficult to translate to an OTA requirement as it is not possible to estimate the out of band gain of the antenna array, and hence it is not possible to guarantee a consistent conducted power level.

Close to the antenna in-band region, it can be assumed that the gain is close to the in-band gain, as the worst case interferer is based on other 3GPP interferers which are close in frequency then this assumption is used to set the OTA level.

Although antenna gain is not known, the antenna aperture is constant over frequency, using antenna apertures to estimate antenna gain, the increase in path loss due to frequency is cancelled out by the increase in antenna gain. Hence the interferer is specified at a constant power level at a constant distance from the antenna. The effect of the antenna efficiency changing with frequency is ignored.
Co-location out of band blocking is specified for specific frequency bands which the system may be co-located, they are higher power interferes than the general out of band blocking requirement. Co-location interferes are defined using the co-location reference antenna and are specified as a power level input to the co-location reference antenna which is 30dB higher than the conducted level.
2.2.11
EMC

2.2.11.1
Emissions

EMC emissions are already OTA, however the EMC emissions requirement is intended to capture unintended emissions form the enclosure, these are distinct from emissions which come for the source of intended radiation i.e. the antenna. With a conducted requirement framework, the 2 types of emissions can be separated as the antenna connectors can be terminated. However, for the OTA AAS BS it is not possible to terminate the antenna and separate the 2 types of radiated emission.

The 2 radiated emissions requirements are therefore merged into a single requirement. As the RF requirements the dominant one, the OTA emission are captured in the RF specification and this is referenced from the EMC specification.

2.2.11.2
Radiated immunity

The EMC radiated immunity is intended to test the enclosures protection gains high RF field strengths. Once again whilst the requirement is radiated it is intended to be carried out with the antenna connectors terminated. 

The radiated immunity field strengths are not intended to test the performance of the receivers against interference, this is achieved by the blocking requirements. The radiated immunity requirements generate much higher interferer levels than the RF blocking requirements and hence the 2 must be separated.

As the OTA AAS BS has an intentional radiator and its wanted performance is specified by the declared RoAoA, co-location blocking requirements specify the performance when interferes are side by side with the AAS BS. 

Radiated immunity requirements therefore are applied using a spatial mask as follows:
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Figure 2.2.11.2-1
EMC RF electromagnetic field immunity requirement testing directions (horizontal plane depicted)
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