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1 Introduction

During RAN4#66bis, it was agreed to focus on output power and spurious emissions requirements at RAN4#67. A companion paper to this paper elaborates on the concept of a so-called “equivalent antenna port” for defining requirements and discusses the application of this concept for output power. We propose that the requirement for maximum output power should be based on a manufacturer declaring the equivalent antenna ports that the basestation supports and their associated equivalent antenna gains, and the EIRP achieved within a defined range of tilt angles for each equivalent antenna port. 
As an example, consider a basestation that uses an AAS array to implement variable downtilt with 4 branch MIMO. In this case, the manufacturer would declare 4 equivalent antenna ports (i.e. one for each MIMO branch) and declare an EIRP that will be achieved and the range of beam angles (e.g. 0 to 5 degrees) within which the EIRP is achieved.

In this paper, we elaborate on how the output power requirements might be implemented in an AAS specification and related to the current specifications. The exact means of implementation will depend on issues still to be decided on the need and structure of the future AAS requirements. However any future AAS specification could have a structure similar to 37.141. Hence we consider here the means by which requirements and conformance tests for maximum output power could be defined by means of considering the specification impacts within the context of 37.141.
2 Maximum output power requirement for AAS
The maximum output power requirements are currently captured in section 6 of 37.104. Section 6.1 describes the point at which the requirements are defined to be an antenna port, and indicates that the requirement should be met for each antenna port:
6.1
General

Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with multiple transmitter antenna connectors, transmit diversity, DB-DC-HSDPA or MIMO transmission, the requirements apply for each transmitter antenna connector. 

A BS supporting DC-HSDPA and DB-DC-HSDPA transmits two UTRA FDD cells simultaneously. A BS supporting DC-HSDPA transmits two UTRA FDD cells simultaneously on adjacent carrier frequencies. 

Unless otherwise stated, the transmitter characteristics are specified at the BS antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions. If any external apparatus such as a TX amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (test port B).

Unless otherwise stated the requirements in subclause 6 applies at all times, i.e. during the Transmitter ON period, the Transmitter OFF period and the Transmitter transient period.
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Figure 6.1-1: Transmitter test ports

Values for Foffset, RAT to meet transmitter requirements are specific for each RAT in each Band Category as specified in subclause 4.5.1 for Band Category 1, subclause 4.5.2 for Band Category 2 and subclause 4.5.3 for Band Category 3.

AAS transmit requirements should aim to be implemented in a similar manner. In order to define an EIRP requirement for transmit power, the equivalent to section 3.1 would define that transmit power is defined for each equivalent antenna port. 

The subsection then describes the point at which the requirement as specified. The new section would need to describe the definition point as being in the main lobe of the beam and as being valid within a defined range of tilt angles.

The subsection also describes the test points. Testing needs further discussion; there are two possibilities:

· OTA testing of the complete basestation

· Characterisation of the antenna beam pattern and other array parameters (The parameters to be characterised would need to be described in this section), and conducted testing of the transceiver output power and phase coherency. (The extent to which this test is possible, the parameters that need to be captured and measured require further discussion)
Section 6.2 of 37.104 captures the declared output power requirement:
6.2
Base station output power

Output power of the base station is the mean power delivered to a load with resistance equal to the nominal load impedance of the transmitter.

The configured carrier power is the target maximum power for a specific carrier for the operating mode set in the BS within the limits given by the manufacturer’s declaration.

The maximum total output power, Pmax, of the base station is the mean power level measured at the antenna connector during the transmitter ON period in a specified reference condition.

The maximum RAT output power, Pmax,RAT, of the base station is the mean power level measured at the antenna connector during the transmitter ON period for a specific RAT in a specified reference condition.

The maximum carrier output power, Pmax,c of the base station is the mean power level measured at the antenna connector during the transmitter ON period for a specific carrier in a specified reference condition.

The rated carrier output power, PRated,c, of the base station is the mean power level for a specific carrier that the manufacturer has declared to be available at the antenna connector during the transmitter ON period.

The rated carrier output power of the BS shall be as specified in Table 6.2-1.

Table 6.2-1 Base Station rated carrier output power
	BS class
	PRated,c

	Wide Area BS
	(note)

	Medium Range BS
	≤+ 38 dBm

	Local Area BS
	≤+ 24 dBm

	NOTE:
There is no upper limit for the rated carrier output power of the Wide Area Base Station.


In the future specification, the declared power will be EIRP. Relating EIRP to BS classes is a topic requiring further discussion

Sections 6.2.1 and 6.2.2 then discussion minimum and additional requirements on output power accuracy

6.2.1
Minimum requirement

In normal conditions, the maximum carrier output power shall remain within +2 dB and -2 dB of the configured carrier power declared by the manufacturer.

In extreme conditions, maximum carrier output power shall remain within +2.5 dB and -2.5 dB of the configured carrier power declared by the manufacturer.

The definition of the output power parameters declared by the manufacturer can be found in TS 37.141 [10].

In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.

6.2.2
Additional requirement (regional)

For Band 34 operation in Japan, the rated E-UTRA output power declared by the manufacturer shall be less than or equal to the values specified in Table 6.2.2-1.

Table 6.2.2-1: Regional requirements for Band 34 for rated output power declared by the manufacturer.
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Maximum output power [W]
	N/A
	N/A
	20
	40
	60
	N/A


For Band 41 operation in Japan, the rated output power per BS declared by the manufacturer shall be less than or equal to the values specified in Table  6.2.2-2.

The requirements in the equivalent to 6.4.1 will now apply to EIRP, and the tolerance range needs to be studied further. The equivalent to 6.2.2 may need to remain as a conducted requirement, depending on the views of the Japanese regulator.

3 Conformance test parameters for maximum output power for AAS
Conformance tests relating to output power are described in 37.141. A conformance specification for AAS should follow similar principles to 37.141. In this section, means for defining a maximum TX power requirement building on the existing sections and principles in 37.141 is described.

Section 4.1.2.1 of 37.141 describes test uncertainties:

4.1.2.1
Measurement of transmitter

Table 4.1.2-1: Maximum Test System uncertainty for transmitter tests
	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.2.1
Base Station maximum output power
	±0.7 dB for UTRA and E-UTRA, f ≤ 3.0 GHz

±1.0 dB, 3.0 GHz < f ≤ 4.2 GHz for UTRA and E-UTRA
±1.0 dB for GSM/EDGE
	


For maximum output EIRP, OTA testing should be possible. Testing of the antenna subsystem conducted testing of the transceivers may also be possible if an appropriate set of parameters and test setup is defined. Both cases should aim for the same amount of test uncertainty. If this is not possible, the requirement for the test with greater uncertainty should be tightened in order that the same probability of a basestation not meeting the requirement in the AAS requirements specification exists regardless of the test.

Due to the fact that EIRP is measured rather than only amplifier power, the test method will anyhow differ somewhat from the current method and so the uncertainty may need revisiting.

Section 4.7.2 of 37.141 describes manufacturers declarations. For the equivalent antenna port concept, the manufacturer should declare which equivalent antenna ports are supported, the EIRP for each port and the range of tilt angles for which the EIRP is achieved.

4.7.2
Manufacturer's declarations of supported RF configurations

The manufacturer shall declare which operational configurations the BS supports by declaring the following parameters:

Section 4.8 of 37.141 describes the test configurations. For the equivalent antenna port concept, the test configurations should indicate that for testing an equivalent antenna port, the same equivalent antenna port shall be applied on all carriers. Furthermore, the test configuration should indicate that all declared equivalent antenna ports should be tested or declared as equivalent.
4.8
MSR test configurations

The test configurations shall be constructed using the methods defined below subject to the parameters declared by the manufacturer as listed in subclause 4.7.

For test contiguous operation configurations used in receiver tests only the outermost carriers need to be generated by the test equipment. For non-contiguous operation test configurations used in receiver tests, outermost carriers for each sub-block need to be generated by the test equipment.

The applicable test models for generation of the carrier transmit test signal are defined in subclause 4.9.2.

NOTE:
In case carriers are shifted to align with the channel raster Foffset, RAT as defined in clauses 4.4.1 and 4.4.2 may be different.

Section 4.10.1 of 37.141 describes at top level the test configurations. Up to two test configurations are required for AAS output power; OTA and potentially antenna characterization and amplifier testing. The description of transmit configurations in an AAS specification should define these configurations.

4.10.1
Transmit configurations

Unless otherwise stated, the transmitter characteristics in clause 6 are specified at the BS antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions. If any external apparatus such as a TX amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (test port B).
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Figure 4.10.1-1: Transmitter test ports

4.10.1.1
Transmission with multiple transmitter antenna connectors

Unless otherwise stated, for the tests in clause 6 of the present document, the requirement applies for each transmitter antenna connector in the case of transmission with multiple transmitter antenna connectors.

Transmitter requirements are tested at the antenna connector, with the remaining antenna connector(s) being terminated. If the manufacturer has declared the transmitter paths to be equivalent, it is sufficient to measure the signal at any one of the transmitter antenna connectors.

Section 4.10.7 of 37.141 describes tests for basestations including antenna arrays, and antennas including filtering and active elements. This section covers passive arrays in existing basestations and allows for including of antenna filtering etc. into testing. The section will not be necessary for an AAS specification of TX output power, since inherently the testing ensures that the EIRP requirement set on the whole system is met.

4.10.7
BS using antenna arrays

A BS may be configured with a multiple antenna port connection for some or all of its transceivers or with an antenna array related to one cell (not one array per transceiver). This subclause applies to a BS which meets at least one of the following conditions: 
-
the transmitter output signals from one or more transceiver appear at more than one antenna port; or

-
there is more than one receiver antenna port for a transceiver or per cell and an input signal is required at more than one port for the correct operation of the receiver thus the outputs from the transmitters as well as the inputs to the receivers are directly connected to several antennas (known as "aircombining"); or

-
transmitters and receivers are connected via duplexers to more than one antenna.

In case of diversity or spatial multiplexing, multiple antennas are not considered as an antenna array.
If a BS is used, in normal operation, in conjunction with an antenna system which contains filters or active elements which are necessary to meet the BS requirements, the conformance tests may be performed on a system comprising the BS together with these elements, supplied separately for the purposes of testing. In this case, it must be demonstrated that the performance of the configuration under test is representative of the system in normal operation, and the conformance assessment is only applicable when the BS is used with the antenna system.

For conformance testing of such a BS, the following procedure may be used.

Sections 5.1 and 5.2 of 37.141 describes the test configurations that should be applied depending on the band category and the basestation capability set. It is not necessary to define a different combination mapping for testing TX output power for AAS to the ones described in these sections.
Section 6.2 of 37.141 then captures the test for BS output power. Section 6.2.1 describes the requirement and should indicate that the requirement is defined and tested as EIRP, as described in section 2 of this document.

Section 6.2.1.4 describes the test procedure. This section will need updating to refer to an OTA test procedure or an antenna characterisation/conducted test procedure. Details of the test setups would likely be captured in an Annex. The section would also need to refer to equivalent antenna ports. Furthermore, the section will need to indicate the means by which tests are defined for extreme conditions, which may differ from the test in normal conditions (due to, for example not being able to carry out OTA testing under extreme conditions).
6.2.1.4.1
Initial conditions

Test environment: 
normal; see Annex B.2.

RF bandwidth position to be tested: 
BRFBW, MRFBW and TRFBW; see subclause 4.9.1.

In addition, a single test shall be performed under extreme power supply conditions as defined in Annex B.3. In this case, it is sufficient to test on a single combination of one ARFCN, UARFCN or E-ARFCN, one RF bandwidth position and with only one applicable test configuration defined in clause 5.
NOTE:
Tests under extreme power supply also test extreme temperature.

Connect the power measuring equipment to the MSR Base Station antenna connector as shown in Annex D.1.1.

6.2.1.4.2
Procedure

1)
Set the Base Station to transmit at maximum power according to the applicable test configuration in clause 5 using the corresponding test models or set of physical channels in subclause 4.9.2.
2)
Measure the mean power for each carrier at the Base Station antenna connector.

Finally, an Appendix should describe in somewhat more detail the test setup for OTA testing
4 Conclusion

Requirements and conformance tests for maximum TX power based on an EIRP requirement have been discussed within the context of the 37.104 and 37.141 specifications. The AAS specification structure still needs to be agreed, however it can be seen that a new requirement can easily fit into the existing framework.
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