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1. Introduction

At the last RAN4 meeting (RAN4#84bis in Dubrovnik) the co-location concept required for eAAS specification (TS 37.105) to be concluded was discussed extensively. The outcome from the discussion is captured in a way-forward contribution [1]. 

In was concluded that the details related to the co-location concept should be captured in the RF core specification at proper location. 

In this contribution a text proposal for capturing the co-location concept details in a new sub-clause (4.10) is presented for approval. 
2. Discussion

At the last meeting the following open issues was identified to be included in the description of the co-location concept:

1. Agree the distance (d, according to Figure 1-1) to be set to 10 cm.

2. Add background information in TR 37.843 on background for decided separation of 10 cm.

3. Align the radiating faces (perpendicular to the x-axis, in Figure 1-1) with the antenna apertures.

4. For co-location OTA spurious emission requirement and co-location OTA receiver blocking requirement where the frequency of the blocking interferer or the co-located band are different from the operating band, the definition of the co-location reference antenna should consider the frequency difference. 
5. For OTA transmitter intermodulation requirement remove the co-location OTA spurious emission requirement. Since the co-location reference antenna cannot be used to both inject the interfering signal and measure the emission (on conducted side).

6. The definition of the co-location reference antenna in TS 37.105 clause 3, the term coverage area should be updated clarified so that it covers both coverage range and cell coverage area. The same deployment scenario implies that the antenna has the same intended OTA coverage range and cell coverage area as the AAS BS. 

Consider the following example definition of the co-location reference antenna as a starting point:

Co-location reference antenna: A single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, and deployment scenario as the composite antenna of AAS and positioned at a distance (d) from the edge of the AAS BS.

Note 1: h and d are described in the Figure 1-1.

Note 2: The co-location reference antenna and the AAS do not have to be the same width.  

Note 3. The vertical radiating regions of the co-location reference antenna and the AAS composite antenna are aligned.
Note 4. The radiating faces of the antennas are aligned.
7. For the transmitter intermodulation requirement, the interfering signal is fed into the co-location reference antenna RF input (conducted side).

8. For the receiver blocking requirement the interfering signal is fed into the co-location reference antenna RF input (conducted side). 

9. For the spurious emission requirement, the spurious emission level is defined at the co-location reference antenna RF output (conducted side).

10. How to handle polarisation of the co-location reference antenna is FFS.

11. Somewhere in TS 37.105 normative text describing the details related to the placement (distance, scenario) and description of the co-location reference antenna together with descriptive figure will be captured.

12. For co-location OTA spurious emission, the emission limits should be defined as: 
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 (dB) where N=8 for E-UTRA and 4 for UTRA.
13. For OTA TDD OFF power requirement OFF power level limits should be defined as:
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 (dB) where X is a scaling factor. The following options for how to determine X have been identified:
a. X = 9 dB for E-UTRA and 6 dB for UTRA.

b. X = 10log10(M) where M is the number of transceivers in the AAS BS.

The information captured in the attached text proposal is marked in green text. It is proposed to create a new sub-clause for co-location requirements. Since these requirements are referred to RF ports at a co-location reference antenna. 
Text marked in orange, needs to be included in TS 37.105 per specific requirement. The un-marked text (black) can be captured as background information in TR 37.843.
3. Conclusion

In this contribution a new sub-clause for describing the co-location reference antenna is introduced in TS 37.105, sub-clause 4.10.  
The co-location reference antenna is fundamental for co-location RF core requirements. The requirements are valid under the condition that a co-location reference antenna following the description is used.  

At the end of this contribution, a text proposal for the draft CR for TS 37.105 is attached for approval.
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TEXT PROPOSAL for sub-clause 3.1:

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP 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 3GPP 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 to be printed in their entirety.

AAS BS receiver: composite receiver function of an AAS BS receiving in an uplink operating band
active antenna system base station: base station system which combines an antenna array with a transceiver unit array and a radio distribution network
active transmitter unit: transmitter unit which is ON, and has the ability to send modulated data streams that are parallel and distinct to those sent from other transmitter units to one or more TAB connectors at the transceiver array boundary
band category: group of operating bands for which the same MSR scenarios apply

Base Station RF Bandwidth: bandwidth in which a base station transmits and/or receives single or multiple carrier(s) and/or RATs simultaneously within a supported operating band
NOTE:
In single carrier operation, the Base Station RF Bandwidth is equal to the channel bandwidth.

Base Station RF Bandwidth edge: frequency of one of the edges of the Base Station RF Bandwidth

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 EIRP 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: angles describing the major and minor axes of an ellipsoid closest fit to an essentially elliptic half-power EIRP contour of the beam

carrier: modulated waveform conveying the E-UTRA or UTRA physical channels

carrier aggregation: aggregation of two or more E-UTRA component carriers in order to support wider transmission bandwidths
channel bandwidth: RF bandwidth supporting a single RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell

NOTE 1:
The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.

NOTE 2:
For UTRA FDD, the channel bandwidth is the nominal channel spacing specified in 3GPP TS 25.104 [2], For UTRA TDD 1,28 Mcps, the channel bandwidth is the nominal channel spacing specified in 3GPP TS 25.105 [3].

NOTE 3:
For E-UTRA, the channel bandwidths are specified in 3GPP TS 36.104 [4].
code domain power: part of the mean power which correlates with a particular (OVSF) code channel in a UTRA signal

NOTE:
The sum of all powers in the code domain equals the mean power in a bandwidth of (1+) times the chip rate of the radio access mode.

Co-location reference antenna: A passive antenna used as reference point for base station to base station co-location requirements. 

 








demodulation branch: single input of the AAS BS receiver to the demodulation algorithms. 

NOTE 1:
For UTRA non-AAS BS a demodulation branch is referred to as a receive diversity branch or an UL MIMO branch. For E-UTRA non-AAS BS a demodulation branch is referred to as an RX antenna in the performance requirement tables.

NOTE 2:
The term "RX antenna" in chapter 8 (i.e. Performance requirements) of the E-UTRA specification 3GPP TS 36.104 [4] does not refer to physical receiver antennas.

directional requirement: requirement which is applied in to a specific direction inside a defined coverage range, which only applies to a single direction at a time.

downlink operating band: part of the (FDD) operating band designated for downlink transmission

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.

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

Inter RF Bandwidth gap: frequency gap between two consecutive Base Station RF Bandwidths that are placed within two supported operating bands
maximum carrier output power per TAB connector: mean power level measured on a particular carrier at the TAB connector(s), during the transmitter ON period in a specified reference condition

maximum throughput: maximum achievable throughput for a reference measurement channel

MSR operation: operation of AAS BS declared to be MSR in particular operating band(s)
multi-band requirements:  requirements applying per one single operating band with exclusion bands or other multi-band provisions as defined for each requirement

multi-band RIB: operating band specific RIB which is paired with one or more additional operating band specific RIBs where the multiple bands are supported through common active electronic component(s).

multi-band TAB connector: TAB connector supporting operation in multiple operating bands through common active electronic component(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.

non-AAS BS: BS conforming to one of  the RF requirement specifications 3GPP TS 25.104 [2], 3GPP TS 25.105 [3], 3GPP TS 36.104 [4] or 3GPP TS 37.104 [5].
non-contiguous spectrum: spectrum consisting of two or more sub-blocks separated by sub-block gap(s)
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 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.

output power at a TAB connector: mean power delivered to a load with resistance equal to the nominal load impedance of the TAB connector
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 point in the far field where the radiated requirements apply

Radio Bandwidth: frequency difference between the upper edge of the highest used carrier and the lower edge of the lowest used carrier

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.

rated beam EIRP: EIRP that is declared as being achieved in the beam peak direction associated with a particular beam direction pair
rated carrier output power per TAB connector: mean power level associated with a particular carrier the manufacturer has declared to be available at the TAB connector, during the transmitter ON period in a specified reference condition

rated total output power per TAB connector: mean power level associated with a particular operating band the manufacturer has declared to be available at the TAB connector, during the transmitter ON period in a specified reference condition

receive period: time during which the AAS BS is receiving data sub-frames (or UpPTS in case of E-UTRA frame Type2) on a (TDD) carrier
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
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 directions set compliance

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 band requirements: requirements applying per one single operating band without exclusion bands or other multi-band provisions

single band RIB: operating band specific RIB without any common active electronic component(s) shared with other operating bands 

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

single RAT E-UTRA operation: operation of AAS BS declared to be Single RAT E-UTRA in the operating band
single RAT UTRA operation: operation of AAS BS declared to be Single RAT UTRA in the operating band
sub-block: one contiguous allocated block of spectrum for use by the same Base Station

NOTE:
There may be multiple instances of sub-blocks within a Base Station RF Bandwidth.

sub-block gap: frequency gap between two consecutive sub-blocks within a Base Station RF Bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation

TAB connector: transceiver array boundary connector

TAB connector RX min cell group: operating band specific declared group of TAB connectors to which RX requirements are applied. 

NOTE:
Within this definition, the group corresponds to the group of TAB connectors which are responsible for receiving a cell when the AAS BS setting corresponding to the declared minimum number of cells with transmission on all TAB connectors supporting an operating band, but its existence is not limited to that condition.

TAB connector TX min cell group: operating band specific declared group of TAB connectors to which TX requirements are applied. 

NOTE:
Within this definition, the group corresponds to the group of TAB connectors which are responsible for transmitting a cell when the AAS BS setting corresponding to the declared minimum number of cells with transmission on all TAB connectors supporting an operating band, but its existence is not limited to that condition.

throughput: number of payload bits successfully received per second for a reference measurement channel in a specified reference condition

transceiver array boundary: conducted interface between the transceiver unit array and the composite antenna

transmission bandwidth: bandwidth of an instantaneous E-UTRA transmission from a UE or BS, measured in Resource Block units

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.

uplink operating band: part of the (FDD) operating band designated for uplink transmission
TEXT PROPOSAL for clause 4:

4.9
Requirements for AAS BS capable of operation in multiple operating bands

For AAS BS capable of operation in multiple operating bands, the RF requirements in clause 6, 7, 9, and 10 apply separately to each supported operating band unless otherwise stated.

A hybrid AAS BS may be capable of supporting operation in multiple operating bands with one of the following implementations of TAB connectors in the transceiver array boundary:

-
All TAB connectors are single band TAB connectors.

-
Different sets of single band TAB connectors support different operating bands, but each TAB connector supports only operation in one single operating band. 
-
Sets of single band TAB connectors support operation in multiple operating bands with some single band TAB connectors supporting more than one operating band.

-
All TAB connectors are multiband TAB connectors.

-
A combination of single band sets and multi-band sets of TAB connectors provides support of the hybrid AAS BS capability of operation in multiple operating bands.

Unless otherwise stated all requirements specified for an operating band apply only to the set of TAB connectors supporting that operating band.

In certain requirements it is explicitly stated that specific additions or exclusions to the requirement apply at multi-band TAB connectors as detailed in the requirement subclause.

In the case of an operating band being supported only by single band TAB connectors in a TAB connector TX min cell group or a TAB connector RX min cell group, single band requirements apply to that set of TAB connectors.
NOTE:
Each supported operating band needs to be operated separately during conformance testing on single band TAB connectors.

In the case of an operating band being supported only by multi-band TAB connectors supporting the same operating band combination in a TAB connector TX min cell group or a TAB connector RX min cell group, multi-band requirements apply to that set of TAB connectors.
The case of an operating band being supported by both multi-band TAB connectors and single band TAB connectors in a TAB connector TX min cell group or a TAB connector RX min cell group is FFS and is not covered by the present release of this specification.

The case of an operating band being supported by multi-band TAB connectors which are not all supporting the same operating band combination in a TAB connector TX min cell group or a TAB connector RX min cell group is FFS and is not covered by the present release of this specification.

An OTA AAS BS may be capable of supporting operation in multiple operating bands with one of the following implementations at the radiated interface boundary:

-
All RIBs are single band RIBs.

-
All RIBs are multiband RIBs.

-
A combination of single band sets and multi-band RIBs provides support of the OTA AAS BS capability of operation in multiple operating bands.

In certain requirements it is explicitly stated that specific additions or exclusions to the requirement apply at multi-band RIBs as detailed in the requirement subclause.

NOTE:
Each supported operating band needs to be operated separately during conformance testing for single RIBs.

For multi-band TAB connectors and multi-band RIBs supporting the bands for TDD, the RF requirements in the present specification assume no simultaneous uplink and downlink occur between the bands.

The RF requirements for multi-band TAB connectors and multi-band RIBs supporting bands for both FDD and TDD are FFS and are not covered by the present release of this specification.
4.10
Co-location requirements
For base station to base station co-location OTA RF core requirements a co-location reference antenna is used as anchor point for requirements. Requirement power levels are referred to the input/output ports at the co-location reference antenna.
The co-location refence antenna shall be constituted of a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, and coverage area the composite antenna of AAS at a distance (d) from the edge of the AAS BS, as described in Figure 4.10-1.
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Figure 4.10-1 Illustration of AAS BS enclosure and co-location reference antenna
The edge-to-edge separation d, between the AAS BS and the co-location reference antenna shall be set to 0.1 m.

The alignment of the AAS BS and the co-location reference antenna shall be aligned in a common plane perpendicular to the mechanical bore-sight direction. 
The vertical radiating regions of the co-location reference antenna and the AAS composite antenna are aligned.

For 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 tuned to the frequency stated in the requirement shall be used.
The cell coverage area for the co-location reference antenna shall be aligned with the coverage cell coverage are of the AAS BS.
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