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1. Introduction

In 3GPP TSG RAN working group 4, the activities to develop an all OTA specification reaching the point where RF core part is scheduled to close. Now, the work related to draft requirement text for OTA RF core requirements is ongoing. At the same time, the work with the NR RF core specification is running in parallel. 

In general OTA requirements will require new parameters to be adopted to capture the spatial aspects of the base station in an OTA environment. Unlike, characteristics to be captured in single direction of few directions (e.g. EIRP and EIS), there is a need for unwanted emission to be captured the power radiating in all directions. Therefore, its agreed to use total radiated power (TRP) as key parameter for emission. 

The background of TRP gives that it can be measured in the far-field region (based on EIRP samples) or in the near-field region (based on power density samples). For emission testing it is of great interest to study the complications related to the selection of proper measurement distance handling frequencies covering the whole spurious region. 

This contribution continues the discussion of a generalized TRP definition applicable for OTA unwanted emission. At the end of the contribution text proposal is attached for approval.
2. Discussion

So far in the discussion, requirements for radiated output power and unwanted emissions have been defined based on TRP. The detailed list of requirements can be found in Table 2-1.

Table 2-1: Requirements based on TRP

	Requirement 
	Parameter description
	Frequency

	Radiated output power
	The requirement is defined as an absolute TRP level (TRPw) to be declared for WA base station and met specified limits for MR base station and LA base station.
	At the carrier within the operating band.

	OTA ACLR
	The general requirement is defined as a ratio between the wanted carrier power (TRPw) and unwanted adjacent channel emission (TRPe). Also, an absolute limit for the adjacent channel emission is defined.
	Close the wanted carrier within the operating band.

	OTA OBUE
	The requirement for OBUE is based on the absolute TRP emission limits close the wanted signal. 
	The OBUE is defined in each supported downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below each band.

	OTA Spurious emission
	The transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, excluding the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band.
	30 MHz to 12.75 GHz or 5th harmonic


In the current version of TR 37.843 and draft CR for TS 37.105, total radiated power (TRP) is defined as an integral of EIRP as function of spatial angles (,) as:
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(Equation 1)
, where EIRP is the total EIRP of two orthogonal polarizations. 

By definition in TR 37.843, such-clause 3.1, EIRP is a far-field parameter and is only defined at a distance away from the radiating source, where the wave is propagating as a plane wave. Defining a RF core requirement based on EIRP would directly mandate testing to be done in the far-field region. 

The current TRP definition would work perfect for characteristics related to the carrier (e.g. radiated output power, ACLR and EVM), where the far-field criteria determine the test distance. 
In the far-field region, EIRP is defined together with other classical antenna parameters such as antenna gain and radiation intensity. However, for spurious emission, the far-field criteria for low frequencies would lead to extremely large test distances, assuming the largest size of the radiating aperture is the same as the physical dimension used for the operating band frequency.
Actually, the general t definition of TRP offer the possibility to measure the power density at closer distance than the far-field criteria mandates, as visualized in Figure 2-1.   
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Figure 2-1: TRP with respect to test distance

EIRP is a far-field parameter defined only in the far-field region. In the far-field region, the radiation pattern does not change shape with distance. If the test object maximum linear dimension of an antenna is D, then the following condition must be satisfied:
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(Equation 2)
From the classical expression used to define the start of the far-field region, it is clear that it is frequency dependent. This means that the far-field test distance will depend on frequency. This means that being in the far-field for the operating frequency, doesn’t mean that the far-field criteria are fulfilled for lower end of spurious frequency range.   

Since the emission contributions generated by the test object can be within the range of fully correlated to uncorrelated, the assumption to be safe must be that emissions are correlated. Therefore, the physical dimension of the whole base station must be considered. 

2.1 Total Radiated Power

In general, for any radiation (wanted carrier and emissions), the TRP is the power radiating through a closed surface around the radiating device. At a general level, TRP can be expressed as:
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(Equation 3)
Since the Poynting vector is a power density, the total power crossing a closed surface can be obtained by integrating the normal component of the Poynting vector. Therefore 
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 is the power density and measured the power flux per area dS out through the area S that encloses the antenna in W/m2. In the case of a sphere of radius r=d and spherical coordinates described as: 
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(Equation 4)

The area element, dS can be expressed as 
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Hence, Equation 3 can be written as:
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(Equation 5)
This definition of TRP does not relay on a strict measurement distance criterion to be fulfilled (e.g. near-field region criteria or far-field region criteria). Therefore, TRP according to Equation 5, would be the suitable definition for TRP for OTA unwanted emission requirements.
2.2 Total Radiated Power in the far-field region
In many cases antennas, are characterized by their far-field properties, i.e. in the limit 
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 or for practical purposes set by Equation 2, where D is the largest physical size. In the far-field region, by definition the Equivalent Isotropic Radiated Power (EIRP) and the power density are related as:
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(Equation 6)
Hence, when the power density is measured indirectly via the EIRP in the far-field, and by combining Equation 5 and Equation 6, the TRP can be calculated as:
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(Equation 7)
The TRP expression in Equation 7 is assuming the EIRP samples to be measured at a distance away from the test object fulfilling the far-field criteria. 
This definition is very suitable from a conformance test perspective, since TRP then can be extracted within the in-band region based on spatial samples used for other EIRP based requirements. 
3. Conclusion

The TRP as a parameter is used for many RF core requirement, both in-band and out-side the operating band. Therefore, it is vital for RAN4 to capture the definition of TRP properly in TR 37.843 and TS 37.105.

Currently TRP is defined in the abbreviation list in TR 37.843, sub-clause 3.3 and in sub-clause 5.1.1. Unfortunately, the definition is 5.1.1 is based on EIRP, which would mandate TRP only to be valid in the far-field region, which would have complications for OTA unwanted emission requirements in the spurious region.
To update the definition the following changes are proposed:

1. Adding a proper definition of TRP in sub-clause 3.1, including informative text in notes.
2. Update the background information in sub-clause 5.1.1, to also include the general TRP definition described in Equation 5.

3. Update the background information in sub-clause 5.6.6.3 to allow the requirement to be valid in the whole spurious region.  

At the end of this contribution a text proposal with updates for TR 37.843 is attached for approval.   
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TEXT PROPOSAL:

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: BS system which combines an antenna array with an transceiver unit array. An AAS BS may include 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 conducted requirements of the non-AAS BS specifications used for the unwanted emissions scaling purposes for the hybrid AAS BS

NOTE:
For OTA AAS BS, the radiated unwanted emissions requirements are derived based on the fixed scaling factor (FSF) and no emission scaling is applied.
beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array
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 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

cell specific beam: beam which is intended to facilitate communication for multiple UEs within a cell

cell splitting: division of the cell's coverage in a sector into multiple subsectors

NOTE:
The subsectors may be divided into the vertical and/or horizontal plane.

co-location reference antenna: definition is FFS

demodulation branch: single input to the demodulation algorithms

NOTE:
For UTRA a demodulation branch is referred to as a receive diversity branch or a UL MIMO branch. For E-UTRA a demodulation branch is referred to as an RX antenna in the performance requirement tables.

NOTE:
The term "RX antenna" in chapter 8 of the E-UTRA specification 3GPP TS 36.104 [8] does not refer to physical receiver antennas, but to the demodulation branches.

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: in a given direction, the relative antenna gain of a transmitting antenna with respect to the antenna gain of an isotropic radiating element multiplied by the net power accepted by the antenna from the connected transmitter

NOTE:
For an AAS BS the EIRP can be seen as the equivalent power radiated from an isotropic radiating element, producing the same field intensity as the field intensity radiated in the declared beam pointing direction of the active antenna system being considered.
equivalent isotropic sensitivity: power level relative to an isotropic antenna that is required to be incident on the AAS BS array from a specified azimuth/elevation direction in order to meet a specified receiver sensitivity requirement

NOTE:
EIS is directly related to field-strength via free-space impedance and effective aperture antenna area. EIS is expressed as the receiver power that would be collected by an isotropic antenna if it were subject to a uniform field around the whole sphere as the AAS BS array experiences in the specified azimuth/elevation direction.

front-to-back ratio: ratio of maximum directivity of an antenna to its directivity in a specified rearward direction

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

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 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

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: passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array. 

NOTE:
The number of transmission outputs from the RDN should be greater than or equal to the number of transmission inputs for a single frequency.

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.

OTA sensitivity directions declaration: set of manufacturer declarations comprising an EIS value and the directions where it applies

receiver target: angles of arrival in which reception is performed

receiver target redirection range: union of all the sensitivity RoAoA achievable through redirecting the receiver target related to the OSDD

receiver target reference direction: direction, inside the receiver target redirection range declared by the manufacturer for conformance testing

NOTE:
For an OSDD without receiver target redirection range, this is a direction inside the sensitivity RoAoA.

reference beam direction pair: declared beam direction pair, including reference beam centre direction and reference beam peak direction where the reference beam peak direction is the direction for the intended maximum EIRP within the EIRP accuracy compliance directions set

sensitivity RoAoA: RoAoA within which the declared EIS 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 FFS for the receiver.

single-band TAB connector: TAB connector supporting either operation only in a single operating band, or operation in multiple operating bands without any common active electronic component(s)
TAB connector: transceiver array boundary connector

TAB connectors beam forming group: group of TAB connectors associated with an EIRP beam declaration, comprising of the complete set of TAB connectors from which a declared beam is transmitted
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

transmitter ON period: time period during which the transmitter is transmitting data and/or reference symbols

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
total radiated power: is the power radiated by the antenna


NOTE 1:
The total radiated power is the power radiating in all direction for two orthogonal polarizations


NOTE 2:
Unlike EIRP, total radiated power is defined in the near-field region as well in the far-field region
TRP requirement: AAS BS requirements, which requires dual‑polarised measurements of the figure of merit over the whole sphere around the DUT
TEXT PROPOSAL:

5.1.1
Spatial requirements

OTA requirements for the AAS BS are belonging to one of the two groups: 

· Directional requirements

The manufacturer to declare beam(s) and coverage ranges over which the beam can be steered.

An example of the directional requirements is the Rel-13 EIRP requirement.

· Directional requirement type does not imply the requirement is only in one direction as many requirements have a number of compliance directions. It implies the requirement applies to a single direction at a time.

· TRP requirements

TRP is defined as:
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,where PD(d,,) is the total power density in W/m2 at a distance d.
Correspondingly, and in order that the test requirement part of conformance test specification is measurable the above equation is approximated in the far-field region as the sum of the total EIRP at a number of discrete directions around the sphere as follows:
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,where total EIRP of two orthogonal polarizations is sampled at N locations along the -axis and M locations along the φ-axis.
All OTA requirements are met in either the OTA coverage range or OTA peak direction set(s) as shown in the ooverview table of the radiated Tx requirements in Table 5.1-1.

Table 5.1-1: Overview of radiated Tx requirements

	AAS BS requirement
	OTA requirement type
	Coverage range
	Notes

	Base station output power
	Output power accuracy for EIRP
	Directional requirement
	OTA  peak directions set
	Output power accuracy for EIRP requirement is already included as a core requirement in TS 37.105.

	
	Output power accuracy for TRP
	TRP
	n/a
	

	Output power dynamics
	Directional requirement
	OTA  peak directions set
	

	Transmit ON/OFF power
	FFS
	FFS
	

	Frequency Error
	Directional requirement
	OTA coverage range
	

	Time Alignment Error
	Directional requirement
	OTA coverage range
	

	Modulation Quality (EVM)
	Directional requirement
	 OTA coverage range
	

	Unwanted emissions
	TRP
	n/a
	

	Occupied Bandwidth
	Directional requirement
	OTA coverage range
	

	Adjacent Channel Leakage Radio (ACLR)
	TRP
	n/a
	

	Transmitter intermodulation
	FFS
	FFS
	

	…
	…
	…
	


The OTA peak directions set(s) are the same as the EIRP accuracy directions set(s) used in the REL13 specification, the name has been changed as they are now used for other requirements. Examples of OTA peak directions sets remain the same as those in TR 37.842 [4].

Some further examples of the relationship between the OTA peak direction set(s) and the OTA coverage range are as follows:

Example 1. 

This example shows the declarations that would be made for an OTA AAS BS with a passive antenna, the system hence has no beam steering capability (this is perhaps unlikely to be an OTA AAS BS however makes extreme example).

The declarations are: Vertical (θ) beam width = 10°, Horizontal (φ) beam width = 65°
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Figure 5.1.1-1: Example OTA coverage range and OTA peak directions set for a passive antenna

Note as the beam cannot be steered the OTA peak directions set is a single point and the OTA coverage range is the same as the 3dB beam pattern of the passive antenna. 

Example 2.

This example shows the declarations that would be made for an OTA AAS BS with multiple beam widths and beam steering capability. The declarations must include an OTA peak directions set for both the widest beam width and the narrowest beam width in both dimensions. For simplicity it is assumed beam width in θ and ϕ are the same for this example.

· For the minimum beam width case:  beam width (θ and ϕ) =10°, maximum steering (θ and ϕ) = ±32.5°

· For the maximum beam width case: beam width (θ and ϕ) =35°, maximum steering (θ and ϕ) = ±25°

· Note the larger beam width has a smaller declared extreme steering direction, but the potential coverage is greater.

The OTA peak directions sets for the 2 cases are different, however they must have a common OTA coverage range, this can be seen in figure 5.1.1-2.
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Figure 5.1.1-2: Example OTA coverage range and OTA peak directions set for a beam steering system with multiple beam widths

Note the OTA coverage range is the same for both cases as there is only a single OTA coverage range declared per OTA AAS BS, however there are multiple OTA peak directions sets allowed. In this case the OTA peak direction set for the minimum beam width case is the same as the OTA coverage range, for the maximum beam width case the OTA peak directions set is smaller than the OTA coverage range.

In both examples the OTA peak directions sets are a sub set of the OTA coverage range as required.

In both examples the beam widths for each of the maximum steering directions are shown for information, the beam width for each of the maximum steering direction is declared but it does not form part of the OTA coverage range. It can be seen in both examples that when the beam is steered to its maximum steering direction a portion of the beam is outside of the OTA coverage range. The directions covered by this area on the directions diagram are not part of the OTA coverage range and hence are not part of the range of directions which are intended to meet the RF requirements, this is acceptable as performance beyond the OTA coverage range is not specified.
TEXT PROPOSAL:

5.6.6.3 
Transmitter spurious emissions OTA: Conformance requirement 

In order that the requirement is measurable the total radiated power as defined in subclause 5.1.1 may be approximated at frequencies close the operating band as the sum of the EIRP at a number of discrete directions around the sphere as follows:
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 , where EIRPe is the filtered mean emission power in the spurious domain and p1 and p2 denotes two orthogonal polarizations.
For the lower part of the spurious region other approximations based on power density should be considered, since that far-field criteria cannot be fulfilled. For the upper part of the spurious region, the path-loss in the test chamber must be conserved, therefore power density should be considered. 
An approximation of TRP measurement can be achieved by sampling discrete EIRP measurements surrounding the AAS BS.  The use of discrete sampling grid for the TRP approximation is motivated by the observation that in the spurious domain there will be no coherent beam forming, as the AAS BS are designed to form beams based on superposition of signals from individual transceivers in TRXU array in their in-band frequency ranges, while in the spurious domain those signals are expected to be sufficiently uncorrelated. The number of discrete points required for conformance of the SEM OTA being defined as the TRP requirement is subject to the TRP sampling grid discussion in sub-clause 10.4.
Conformance requirement for the TX spurious requirement OTA will be composed as a single requirement together with the EMC RE requirement OTA, as there is no possibility to separate those requirements in OTA test setup. The resulting test requirement will be subject to single test setup and single measurement procedure. Definition of the conformance requirement will be subject to TRP MU, where the MU definition is FFS. For more details on the EMC RE requirement, refer to clause 8.
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