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[bookmark: _Toc526337429]3	Definitions, symbols and abbreviations
[bookmark: _Toc526337430]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
NOTE:	Multi-word definitions are treated as linguistic expressions and printed in italic font throughout this requirement specification. Linguistic expressions may not be split and are printed in their entirety.
active antenna system base station: base station system which combines an antenna array with a transceiver unit array and a radio distribution network
array element: subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating elements, with a fixed radiation pattern
antenna array: group of radiating elements characterized by the geometry and the properties of the array elements
antenna gain: ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if the power accepted by the antenna were radiated isotropically
NOTE:	If the direction is not specified, the direction of maximum radiation intensity is implied.
array factor: radiation pattern of an array antenna when each array element is considered to radiate isotropically
NOTE:	When the radiation pattern of individual array elements are identical, and the array elements are congruent under translation, then the product of the array factor and the array element radiation pattern gives the radiation pattern of the entire array.
angle of arrival: is the direction of propagation of electromagnetic wave incident on an AAS BS antenna array
basic limit: emissions limit taken from the non-AAS BS specifications that is converted into a per TAB connector TX min cell group AAS BS emissions limit, or into a per TAB connector RX min cell group AAS BS emissions limit by scaling, depending on the context
beam: main lobe of a radiation pattern from an AAS BS
NOTE:	For certain AAS BS antenna array, there may be more than one beam.
beam centre direction: direction equal to the geometric centre of the half-power contour of the beam
beam direction pair: data set consisting of the beam centre direction and the related beam peak direction
beam peak direction: direction where the maximum EIRP is supposed to be found
beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axis of the ellipse
co-location reference antenna: reference antenna used for co-location requirements.
directions diagram: two dimensional Cartesian diagram showing φ on the horizontal axis and minus θ on the vertical axis
directivity: ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions
NOTE:	If the direction is not specified, the direction of maximum radiation intensity is implied.
EIRP accuracy directions set: beam peak directions for which the EIRP accuracy requirement is intended to be met
NOTE:	The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre directions by the beam direction pairs included in the set.
EMC antenna port:	RF connector referred to as antenna port in EMC requirements
equivalent isotropic radiated power: equivalent power radiated from an isotropic directivity device producing the same field intensity at a point of observation as the field intensity radiated in the direction of the same point of observation by the discussed device
NOTE:	Isotropic directivity is equal in all directions (i.e. 0 dBi).
equivalent isotropic sensitivity: sensitivity for an isotropic directivity device equivalent to the sensitivity of the discussed device exposed to an incoming wave from a defined AoA
NOTE 1:	The sensitivity is the minimum received power level at which a RAT specific requirement is met.
NOTE 2:	Isotropic directivity is equal in all directions (i.e. 0 dBi).
hybrid AAS BS:	AAS BS which has both a conducted RF interface and a radiated RF interface in the far field and conforms to a hybrid requirements set
hybrid requirements set: Complete set of requirements applied to a hybrid AAS BS with both conducted and radiated  requirements
minSENS: the lowest declared EIS value for the OSDD’s declared for OTA sensitivity requirement
minSENS RoAoA:	the reference RoAoA associated with the OSDD with the lowest declared EIS value.
multi-band TAB connector: TAB connector supporting operation in multiple operating bands through common active electronic components(s)
NOTE:	For common TX and RX TAB connectors, the definition applies where common active electronic components are in the transmit path and/or in the receive path.
OTA AAS BS: AAS BS which has ≥8 transceiver units for E-UTRA or MSR and ≥4 transceiver units for UTRA per cell and has a radiated RF interface only and conforms to the OTA requirements set.
OTA coverage range: a common range of directions within which TX OTA requirements that are neither specified in the OTA peak directions sets nor as TRP requirement are intended to be met
OTA peak directions set: set(s) of beam peak directions within which certain TX OTA requirements are intended to be met, where all OTA peak directions set(s) are subsets of the OTA coverage range
NOTE:	The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre directions by the beam direction pairs included in the set.
OTA REFSENS RoAoA: is 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.
NOTE:	This contour will be related to the average element/sub-array radiation pattern 3dB beam width
OTA requirements set:	complete set of OTA requirements applied to an OTA AAS BS
OTA sensitivity directions declaration: set of manufacturer declarations comprising at least one set of declared minimum EIS values (with related RAT and channel bandwidth), and related directions over which the EIS applies
NOTE:	All the directions apply to all the EIS values in an OSDD.
polarization match: condition that exists when a plane wave, incident upon an antenna from a given direction, has a polarization that is the same as the receiving polarization of the antenna in that direction
radiated interface boundary: operating band specific radiated requirements reference where the radiated requirements apply
NOTE:	For requirements based on EIRP/EIS, the radiated interface boundary is associated to the far-field region
radiating element: basic building block of an array element characterized by its radiation properties
radiation pattern: angular distribution of the radiated electromagnetic field or power level in the far field region
radio distribution network: linear passive network which distributes the RF power generated by the transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the transceiver unit array
NOTE:	In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping.
Reference RoAoA:	The sensitivity RoAoA associated with the receiver target reference direction for each OSDD.
receiver target: AoA in which reception is performed by AAS BS
receiver target redirection range: union of all the sensitivity RoAoA achievable through redirecting the receiver target related to particular OSDD
receiver target reference direction: direction inside the OTA sensitivity directions declaration declared by the manufacturer for conformance testing. For an OSDD without receiver target redirection range, this is a direction inside the sensitivity RoAoA
sensitivity RoAoA: RoAoA within the OTA sensitivity directions declaration, within which the declared EIS(s) of an OSDD is intended to be achieved at any instance of time for a specific AAS BS direction setting
single direction requirement: AAS BS requirement which is applied in a specific direction within the OTA coverage range for the Tx and when the AoA of the incident wave of a received signal is within the OTA REFSENS RoAoA or the minSENS RoAoA as appropriate for the receiver.
TAB connector: transceiver array boundary connector
[bookmark: _Hlk498084637]total radiated power: is the total power radiated by the antenna.
	NOTE 1:	The total radiated power is the power radiating in all direction for two orthogonal polarizations.
	NOTE 2:	total radiated power is defined in both the near-field region and the far-field region.
transceiver array boundary: conducted interface between the transceiver unit array and the composite antenna
transceiver unit: active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals, and which may include passive RF filters
transceiver unit array: array of transceiver units which generate radio signals in the transmit direction and accept radio signals in the receive direction
transmitter OFF period: time period during which the transmitter is scheduled not to transmit
NOTE:	For AAS BS, this definition applies per TAB connector and operating band.
transmitter ON period: time period during which the transmitter is transmitting data and/or reference symbols
NOTE:	For AAS BS, this definition applies per TAB connector and operating band.
transmitter transient period: time period during which the transmitter unit belonging to the transceiver unit array is changing from the OFF period to the ON period or vice versa
NOTE:	For AAS BS, this definition applies per TAB connector and operating band.
TRP requirement: AAS BS requirements, which requires dual‑polarized measurements of the figure of merit over the whole sphere around the DUT
TRP summation error: the relative difference between theoretical TRP and numerically estimated TRP
----------- NEXT CHANGE -----------
4.7	Polarization
Polarization is a vital characteristic for antennas used for radio communication. Both radio communication antennas and electromagnetic waves are said to have a polarization. According to eastablished and accepted standard definitions of terms for antennas [32], the viewpoint taken for polarization is that this term can be used in three related meanings;
1. Polarization can refer to a field vector at some point in space.
2. Polarization can refer to a plane wave.
3. Polarization can refer to an antenna.
Based on the geneal description above, polarization aspects for OTA requirements can be summarized as listed in table 4.7-1 for transmitter requirements and 4.7-2 for receiver requirements.
Table 4.7-1: Description of polarization aspects for transmitter requirements
	Requirement
	Description

	Radiated transmit power
	The declared EIRP is defined as EIRP = EIRPp1 + EIRPp2, where p1 and p2 represents two orthogonal polarizations.

	OTA Base Station output power
	The declared output power based on TRP captures radiated power for two orthogonal polarizations.

	OTA Output power dynamics
	The EIRP level in this requirement is defined as EIRP = EIRPp1 + EIRPp2, where p1 and p2 represents two orthogonal polarizations.

	OTA Transmit ON/OFF power
	The TDD OFF power emission is measured at the CLTA outputs as a power sum of supported polarizations.

	OTA Transmitter signal quality
	The EIRP level in this requirement is defined as EIRP = EIRPp1 + EIRPp2, where p1 and p2 represents two orthogonal polarizations.

	OTA Unwanted Emissions
	Radiated unwanted emission based on TRP captures radiated power for two orthogonal polarizations. Except for co-location requirements, where the emission is measured at the CLTA outputs as a power sum of supported polarizations.

	OTA Transmitter intermodulation
	Radiated unwanted emission based on TRP captures radiated power for two orthogonal polarizations. The interferer signal is fed to the CLTA, where the power is divided per supported polarizations.




Table 4.7-2: Description of polarization aspects for receiver requirements
	Requirement
	Description

	OTA sensitivity
	The declared EIS level applies to each supported polarization, under assumption of polarization match.

	OTA Reference sensitivity level
	The wanted signal applies to all supported polarizations, under the assumption of polarization match.

	OTA Dynamic range
	The wanted and interferer signals apply to all supported polarizations, under the assumption of polarization match.

	OTA Adjacent channel selectivity, general blocking, and narrowband blocking
	The wanted and interferer signals apply to all supported polarizations, under the assumption of polarization match.

	OTA Blocking
	The wanted signal applies to all supported polarizations, under the assumption of polarization match. The interferer shall be polarization matched in band and the polarization maintained for out-of-band frequencies. Except for co-location requirements, where the interferer signal is fed to the CLTA per supported polarization.

	OTA Receiver spurious emissions
	OTA receiver emission based on TRP captures radiated power for two orthogonal polarizations.

	OTA Receiver intermodulation
	The wanted and interferer signals apply to all supported polarizations, under the assumption of polarization match.

	OTA In-channel selectivity
	The wanted and interferer signals apply to all supported polarizations, under the assumption of polarization match.




----------- NEXT CHANGE -----------


[bookmark: _Toc526337447]5.1.2	Co-location requirements
[bookmark: _Toc526337448]5.1.2.1	Core requirements
There are a number of requirements which are based on the assumption of a co-located BS of the same specification as the BS under test.
These requirements include:
-	Transmitter spurious emissions- co-location with other base stations
-	Transmitter intermodulation
-	Tx OFF requirements
-	Co-location blocking
The non-AAS requirements at the antenna connector assume that the co-located BS have a coupling factor between them of 30 dB. This coupling factor is used to calculate the interferer level at a co-located victim in the case of the spurious emissions requirement, and the interferer level at the antenna connector from a co-located aggressor BS.
The figure of 30 dB is based on measurement of coupling levels between typical BS antennas in the same frequency band and is documented in [26] for the following scenarios:

d
d

      I (90º)			II(120º)		III(180º)		IV(Horizontal)		V(Vertical)
Figure 5.1.2-1: The different scenarios used during the antenna coupling measurements. d denotes displacement
In most scenarios the reported coupling factor between antennas was greater than 30 dB. The figure of 30 dB comes from scenario IV when d is 0.25 m.
This figure agrees with the calculation for horizontal isolation coupling in [27].
There are a number of issues which make translating the existing conducted requirement into an OTA requirement difficult.
-	The required level of RX band spurious emissions is too low to measure in the far field.
-	The out-of-band antenna gain of the AAS BS is not known.
-	The interferer power level for the IMD requirement in the far field is very high.
However, OTA requirements have the advantage that the original co-location scenarios can be used to derive the requirements. The requirements can therefore be derived by defining both the type of co-located reference antenna and also how close it is to the AAS BS. This is referred to as the proximity method.
The co-location reference antenna can be regarded as having 2 interfaces, a proximity OTA interface which couples with the AAS BS and a conducted interface where the AAS BS requirements are set (and measured). For each of the co-location requirements the co-location power specified at the transceiver array boundary can be specified at the conducted output/input of the co-location reference antenna offset by 30 dB.
Some co-location requirements involve co-located BS of different frequency bands. As the coupling loss between antennas of different frequency ranges is higher than between antennas of the same frequency range, assuming antennas of the same frequency range can be considered worst case. This is consistent with the approach for the conducted co-location requirements where 30dB coupling loss was assumed for all antenna combinations.
For example, the co-located protection of other RX bands is based on the interfering power being low enough to not degrade the victim BS receiver by more than 0.5 dB, which equates to a power level in 100 kHz of -128 dBm. For the conducted requirement this is translated to the transceiver array boundary by adding the 30 dB isolation. So, the requirement at the output of the co-location reference antenna is -128 dBm (plus any scaling).
As the worst case is based on scenario IV in figure 5.1.2-1 the definition of the co-location reference antenna is based on this scenario. The simplest method for defining the co-location reference antenna is with a diagram as shown in figure 5.1.2-2.
The co-location reference antenna should be a single column passive antenna which has the same vertical radiating dimension (h), frequency range and polarization, as the composite antenna of AAS BS and nominal 65° horizontal half power beam width (the 65° horizontal power beam width is suitable for 3-sector deployments). It is placed at a distance d from the edge of the AAS BS, as shown in figure 5.1.2-2.	Comment by Richard Kybett: Aligning with other docs
[image: ]
Figure 5.1.2-2: Definition of the co-location reference antenna
Edge-to-edge separation d, between the AAS BS and the co-location reference antenna is set to 0.1 m.
The AAS BS and the co-location reference antenna are to be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in figure 5.1.2-2.
The co-location reference antenna and the AAS can have different width. 
The vertical radiating regions of the co-location reference antenna and the AAS composite antenna are aligned.
For co-location requirements where the frequency range of the signal at the co-location reference antenna is different from the AAS BS, a co-location reference antenna suitable for the frequency stated in the requirement is assumed.
OTA co-location requirements are based on the power at the conducted interface of a co-location reference antenna; depending on the requirement this interface is either an input or an output. 
For AAS BS with dual polarization, the co-location reference antenna has two conducted interfaces each representing one polarization; .	Comment by Richard Kybett: This is stated per req and covered in the new table. Alos for emission is CLTA ‘active’ as such ?
The area and dimensions of the radiating elements shown in figure 5.1.2-2 do not form part of the OTA core definition of the co-location reference antenna, they are included in the figure to demonstrate what is meant by the radiating dimension in the definition.
Based on the minimum separation of antennas used in the original scenarios in [26], the edge-to- edge separation d between the co-location reference antenna and the AAS BS is 0.10 cm (this is derived from a 0.25 m centre to centre separation on 0.15 m wide antennas).
[bookmark: _Toc526337449]5.1.2.2	Conformance requirements
[bookmark: _Toc526337450]5.1.2.2.1	General
Co-location requirements are specified as power levels into or out of each conducted interface of the co-location reference antenna. For conformance testing the requirements are translated to the input or output of either a co-location test antenna (CLTA) or a standard test antenna (such as a dipole). 	Comment by Richard Kybett: This is stated per req and covered in the new table. Alos for emission is CLTA ‘active’ as such ? 
The CLTA is suitable for testing AAS BS implemented with a planar antenna array. The method for testing AAS BS with other antenna array implementations is FFS.
[bookmark: _Toc526337451]5.1.2.2.2	Co-location test antenna
The co-location test antenna is a practical passive antenna based on the definition of the co-location reference antenna, and it is used for conformance testing of the co-location requirements. Thus the CLTA should be within a certain tolerance of the co-location reference antenna definition, so that commonly available passive BS antennas can be used to test the co-location requirements without having to use a large number of test antennas and without having to design specialized co-location test antennas. 
For example, where the co-location reference antenna definition specifies that the co-location reference antenna, should be a single column passive antenna which has the same vertical radiating dimension (h) as the composite antenna of AAS, this would be very restrictive when selecting a test antenna. Hence the CLTA should be within a certain tolerance for the vertical radiating dimension (h) such, that a suitable practical BS antenna can be found for each AAS BS.
The CLTA is hence defined as follows:
The CLTA is a single column passive antenna which has a vertical radiating dimension (h) which is equal to the vertical radiating dimension of the AAS BS composite antenna ±30%.
For in-band requirements, the CLTA supports the same frequency range and polarizations as the AAS BS composite antenna.
For out-of-band co-location requirements, the half power vertical beamwidth of the CLTA equals the narrowest declared vertical beam width ±3°. 
The polarization should match the in-band CLTA polarizsation
The CLTA has a horizontal half-power beam width of 65° ±10 °.
The front faces of the AAS BS and the CLTA need to be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in figure 5.1.2.2.2-1-1. 
The centre of the vertical radiating regions of the CLTA and the AAS composite antenna need to be aligned.
This is summarised as follows:
Table 5.1.2.2.2-1: CLTA characteristics 
	Parameter
	in-band CLTA
	out-of–band CLTAs

	Vertical radiating dimension (h)
	Test object vertical radiating length ±30%
	N/A

	Horizontal beam width
	65° ± 10°
	65° ± 10°

	Vertical beam width
	N/A
	The half-power vertical beamwidth of the CLTA equals the narrowest declared vertical beamwidth ± 3°

	Polarization
	match
	match to in-band

	Conducted interface return loss
	> 10 dB
	> 10 dB

	NOTE 1: 	If a multi-column or multi-band antenna is used, the column closest to the AAS BS needs to be selected while other columns are terminated during testing.  




The alignment between the AAS BS under test and the co-location test antenna is described in Table 5.1.2.2.2-2 and Figure 5.1.2.2.2-1.
Table 5.1.2.2.2-2: CLTA alignment tolerances 
	Parameter
	in-band 
	out-of-band

	Edge-to-edge separation between the AAS BS and the CLTA (d)
	0.1 m ± 0.01 m
	0.1 m ± 0.01 m

	Vertical alignment
	centre ± 0.01 m
	centre ± 0.01 m

	Front to band alignment
	Radome front ± 0.01 m
	Radome front ± 0.01 m


]

[image: ]
Figure 5.1.2.2.2-1 Alignment of AAS BS and CLTA
[bookmark: _Toc526337452]5.1.2.2.3	Standard test antenna
It is captured in subclause 5.6.6.2 that co-location requirements may also be tested with a standardised test antenna such as a dipole. This has a number of advantages:
-	Standard test antennas are easily available and easier to specify.
-	Repeatability between different conformance testing runs will be greater.
-	Using standard test antennas, fewer antennas will be required for conformance testing.
-	A standard test antenna can have higher gainmeasure in the direction of the AAS BS than a CLTA, so that signal levels can be higher relative to the noise floor in emission measurements and lower test levels can be used in interference measurements..
In order to test with a standard test antenna, the translation between measured power levels in the standard test antenna and the co-location reference antenna must be shown. The method for translating the power levels in the co-location reference antenna to the standard test antenna and vice versa is FFS.



----------- NEXT CHANGE -----------

[bookmark: _Toc526337527][bookmark: _Toc526238018]6.2.2	OTA sensitivity requirements
[bookmark: _Toc526337528]6.2.2.1	General
In the Rel-13 AAS BS specification TS 37.105 [3] there are 2 requirements related to receiver sensitivity:
-	Reference sensitivity part of the conducted receiver requirements; applies per TAB connector.
-	Sub-cause 10.2 OTA sensitivity: Part of the radiated receiver requirements; applies in the far field region over the declared OSDD.
The Rel-13 OTA sensitivity requirement currently is based on meeting a declared EIS value over a declared RoAoA. This declared requirement is maintained for Rel-15 AAS BS OTA sensitivity requirement. In addition, in order to provide a minimum EIS requirement level which can replace the conducted reference sensitivity level, additional minimum requirement is set based on the existing conducted minimum requirement in Rel-13.
As the declared RoAoA for the Rel-13 OTA sensitivity requirement is not bounded by specific requirements (such as the 3dB contour) it can capture a much larger RoAoA and hence demonstrate the spatial performance of the receiver including the antenna. One important characteristic which can be captured is the scan loss of the system due to large steering angles and antenna geometry.
The OTA reference sensitivity (OTA REFSENS) requirement is the OTA equivalent of the conducted reference sensitivity, its intention is not to specifically capture antenna performance but rather to estimate an equivalent passive antenna gain if it were being used in the same deployment scenario and show equivalence to the conducted requirement.
The OTA REFSENS requirement does not replace the existing OTA sensitivity requirement in sub-clause 9.2 of TS 37.105 [3] but it is an additional new OTA requirement.
As OTA reference sensitivity is used as a reference for many of the interference requirements where it is important that the interferer is polarization matched to the reciever antenna it is also important that the wanted signal is polarization matched. Hence OTA reference sensitivity is specifically declared per polarization and the EIS values are under the assumption of polarisation match.

----------- END OF CHANGE -----------
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