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1.
Introduction
At RAN4#69 in San Francisco and RAN4#70 in Prague definitions related to radiated output power was agreed [1, 2]. These definitions are related to the beam in far-field on which a minimum requirement as radiated output power requirement is defined. During last meeting when we discussed the beam definition [3] it was noted that the power term in radiated power must be defined carefully.

This contribution presents different ways of defining radiated power level as a part of the newly introduced minimum requirement for radiated output power for AAS BS.

2.
Discussion
For E-UTRA conducted output power as described in TS 36.141, the power is defined for all signal bandwidths for a defined test model. For conducted E-UTRA output power conformance testing a test model called E-TM1.1 is defined in 36.141. The test model defines the modulated signal in detail. UTRA has a similar concept of specifying the power of individual channels of the carrier in test models. 
The conducted power is specified and tested per transceiver connector as the power measured over all REs (Resource Element). Moving the requirement out in the far-field region where EIRP is defined, stresses the question how radiated power shall be defined. The radiated output power can be defined in several ways as listed below:

1. The power per cell-specific beam

2. The total power of all supported cell-specific beams
3. The signal power related to cell-specific signals (e.g. RE for E-UTRA or codes for UTRA) carried by a beam 
In absolute values these three definitions will create different values. It is assumed that the power is measured within the carrier bandwidth with a defined test model. 

Option 1:

The radiated power per cell-specific beam is aligned with the concept of specifying conducted power per transmitter. The signal condition under which the conducted output power is defined can be re-used for radiated output power. This means that test model E-TM 1.1 for E-UTRA can be re-used for radiated output power. 

Measuring the radiated output power per beam in an OTA test range requires that power is measured for the whole carrier frequency bandwidth. Each cell-specific beam is measured one by one separately, with only one beam activated.  
This approach allows usage of well-defined antenna test range methods and test models for UTRA and E-UTRA.
An example; A AAS BS supports two cell-specific beams, one per polarization. The maximum EIRP level is measured per beam. For each beam the beam pointing direction and EIRP level is declared. From a conformance testing perspective the straight forward approach is to test each beam separately, enabling only one beam at the time. 
Option 2:
For this option the requirement applying to the total power of all output beams simultaneously In this case the radiated output power will be much larger than for one cell-specific beam. The absolute power level will depend of if beams are created coherent or not.  
This approach is not aligned with the conducted specification TS 36.104, since the power is specified per transmitter branch, not the total power for all transmitters. 
The power level of all cell-specific beams added together is not relevant or use-full as a minimum requirement for radiated output power. Also if there are different beam pointing errors or even different intended beam pointing directions then this requirement would not work.
Option 3:
For this option the requirement applying to the radiated output power per cell-specific beam as the signal power of a cell-specific signal broadcasted in the whole cell/sector when each transmitter is transmitting a signal defined according to a specific test model with data, synchronization and control information. Worth mention is that currently the test E-TM 1.1 only supports CRS0, which means that new test models must be defined.

The radiated power level is measured in the power per resource element, synchronization signal for E-UTRA or radiated power level associated to a pilot code in UTRA is not the same as the radiated carrier power. The absolute value is considerably lower.
When making measurements to verify the requirement, the uncertainty for the power associated with a resource element or code may differ compared to total power transmitter per beam. The uncertainty for CRS power level must be studied separately during the performance part of the WI. 
An example; An AAS BS supports two cell-specific beams. The number of cell-specific beams is declared by the manufacturer. The number of transmitter could be in the range of 2-8, this number is not declared by the manufacturer. The radiated output power level for each supported CRS is measured and declared under condition that a proper test model is applied to each transmitter input at each antenna port. The power level for a reference signal in E-UTRA is only defined within 15 kHz, meaning that the power level will be less that the power carried by the beam.
In table 2.1 all three power definitions are listed with respect to impact on conformance testing. 

Table 2.1: Test impact of power definition

	Test setup
	Option  1
Carrier power per beam
	Option 2
Total carrier power of all beams
	Option 3
Cell-specific signal level

	One beam is generated at the time
	X
	
	X

	All beams enabled
	
	X
	X


If power sharing is deployed meaning that beam forming is done at Antenna Port Mapping block, described in [4] it is suitable to define the signal level of cell-specific signals, such as CRS or CSI-RS for E-UTRA or CPICH for UTRA. 
For systems with one-to-one antenna port mapping and assuming ARP port isolation of 30 dB then it is suitable to defined the radiated power per beam.
The measured value of total power of all beams carries no cell-specific information and is not a suitable minimum requirement for radiated output power. 

3.
Conclusion

Option 1 leads to re-use of test equipment and test models, while option 3 requires new test equipment, test models and modifications of test procedures to be done. The approaches described in option 1 and option 2 makes it easy to use current available antenna test facilities, where a power meter or spectrum analyser can be used as a measurement receiver.
The relevance of testing the total power as described in option 2 is questionable and not relevant for a minimum requirement related to output power. This approach is not consistent with current 3GPP specification, since the requirement will be set on total output power, while conducted output power is set per cell specific beam. Also, this option is not suitable where beam pointing directions could differ due to error or intention.
The approach in option 3 specifies the power per cell-specific signal. This level is related to the total carrier power via configuration of all resource blocks in a frame. However this option enabling testing with all beams activated, which captures effects due to power sharing or coupling effects.
Proposal:
RAN4 should consider presented options and consider what approach is the most relevant for a minimum requirement for radiated power.
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