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1 Introduction
In the AAS Ad-hoc in Venice [1], a TP was almost approved to clear up the conducted power definitions and requirements [2]. 
The general principle of scaling the power limits for the BS classes in table 6.1-2 by the number of AAS-ETACs is generally accepted. However confusion due to the ongoing BS specification clean-up work for the non-AAS specification (25.104, 36.104, 37.104) has lead to some confusion in the definition of terms.

2 Discussion
In the current non-AAS specifications the following terms are used:

25.104 (R4-153243)

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

Rated output power, Prated,c, of the base station is the mean power level per carrier that the manufacturer has declared to be available at the antenna connector.

Maximum output power, Pmax,c, of the base station is the mean power level per carrier measured at the antenna connector in specified reference condition.

The rated output power, Prated,c, of the BS shall be as specified in Table 6.0A.

36.104 (v12.7.0)

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

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. 

Rated total output power of the base station is the mean power for BS operating in single carrier, multi-carrier, or carrier aggregation configurations that the manufacturer has declared to be available at the antenna connector during the transmitter ON period.

Maximum output power (Pmax,c) of the base station is the mean power level per carrier measured at the antenna connector during the transmitter ON period in a specified reference condition. 

Rated output power, PRAT, of the base station is the mean power level per carrier for BS operating in single carrier, multi-carrier, or carrier aggregation configurations that the manufacturer has declared to be available at the antenna connector during the transmitter ON period. 

NOTE:
Different PRATs may be declared for different configurations

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

37.104 (v12.7.0)

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.

The reason for the clean-up work is clear as the terms are mixed and confusing. There are a number of distinctions

Declared values and measured values – the new terminology seems to differentiate these by referring to declared values by subscript ‘rated’ and to measured values by subscript ‘max’.
There are then 3 signal types; per carrier is referred to as subscript ‘c’, total power (all carriers all RATs) with subscript ‘t’ and per RAT with subscript ‘RAT’.

Not all combinations are defined and in some cases it is difficult to spot the subtle difference in definitions , for example in 25.104 it is difficult to see what the difference is between Pout and Pmax,c. Careful analysis indicates Pout is any measured output power and Pmax,c is the measured output power when operating at the maximum rated output power.
2.1 Additional dimension

In the non-AAS there are 3 levels of definition; per carrier, per RAT and total. However there is an implied dimension in that the definitions apply to the Antenna connector.

In AAS we have many AAS-ETAC’s represented by the definitions. Hence in non-AAS a 4 way MIMO system will have

Prated,c (TRX1) , Prated,c (TRX2), Prated,c (TRX3) and Prated,c (TRX4), i.e. 1 per MIMO transmitter Antenna connector.

The current proposal for AAS is that Prated,c represents the power for all the AAS-ETAC’s rather than per AAS-ETAC. 

The absolute value Prated,c is used for the BS classification table, in AAS the proposal is to scale the value in the table by the number of AAS-ETAC. Hence the power limit per AAS_ETAC for AAS will be the same as the power limit per antenna connector in the non-AAS.

This is correct, however it should be noted that by using this method Prated,c in the AAS is not really the same parameter as Prated,c in the non-AAS.

Once again considering that an AAS may be a system as simple as a number on non-AAS RRU’s integrated with an antenna. Below using the same example as in [3] a comparison is shown where the hardware is identical but the dotted line representing the specification boundaries is changed. 
The clean-up work on the xx.104 specifications is also proposing that Pmax is referred to as Pmax,t to maintain consistency with the new nomenclature. Hence Pmax,t is proposed here rather than Pmax.
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Figure 1. 8 TRX non-AAS system and 8 TRX unit AAS system

Assuming that each TRX is 2W or 36dBm, 

In the non-AAS system Prated,c = 36dBm this is <38dBm which means this may be declared either a medium or a wide area BS.
In the AAS system  Prated,c = 45dBm, this is < 36+10*log8 = 47dBm so once again it may be declared either medium or wide area BS.

Hence in practice there is no difference between the 2 systems, however care must be taken with the parameter Prated,c as it is not equivalent in the 2 cases.

Observation: The method proposed in [4], has the same end result but as Prated,c is defined per AAS-ETAC it maintains equivalence with the non-AAS system.

During the Ad-hoc, the method in [2] was preferred so for the sake of progress we can agree to it as the end result is the same, however it is important that this distinction is clear in the definition.
A suggestion is:

The rated carrier output power, PRated,c, of the base station is the mean power level for all AAS_ETAC on a specific carrier that the manufacturer has declared to be available at the transceiver array boundary during the transmitter ON period.

2.2 Transceiver array boundary

Another difference between the AAS and the non-AAS is that the transceiver array boundary may contain a mixture of single carrier, multi-carrier, and  multi-band transceiver units. When specifying the maximum power for non-AAS then the requirements in section 6 and 7 apply per band. Pmax,t is hence the total power per band at the Antenna connector, i.e. a single connector.

Currently the AAS definition is at the transceiver array boundary, this implies all transceiver unit connectors, this could be any number of transceiver units, and many of these transceiver units may not be operational in the band under consideration. 
The same may apply to single carrier, the requirement applies only to the transceiver unit connectors at the transceiver array boundary which are being used for that carrier.

A method for describing functional groups to solve these problems was proposed in [5], however the need for the terminology to describe the functionality was not deemed as necessary by the group. However even if formal definitions are not used then the descriptions used must be expanded to ensure they refer to the correct transceiver units. 

In addition the declared total power Prated,t , (the declared version of Pmax,t) is required to set the total power level for the IMD test, so this has been added to the list.

The current proposed definitions in [2] may be modified as follows:

The maximum total output power, Pmax,t, of the base station is the sum of the mean power level measured from the transceiver units associated with the declared band, at the transceiver array boundary, during the transmitter ON period in a specified reference condition.

The maximum RAT output power, Pmax,RAT, of the base station is the sum of the mean power level measured from the transceiver units associated with the declared band, at the transceiver array boundary, during the transmitter ON period for a specific RAT in a specified reference condition.

The maximum carrier output power, Pmax,ce of the base station is the sum of the mean power level measured from the transceiver units associated with the specific carrier and declared band for all AAS_ETRAC on that carrier, at the transceiver array boundary, during the transmitter ON period for a specific carrier in a specified reference condition.

The rated total output power, PRated,t, of the base station is the sum of the mean power level from the transceiver units associated with the declared that the manufacturer has declared to be available at the transceiver array boundary during the transmitter ON period.

The rated carrier output power, PRated,ce, of the base station is the sum of the mean power level for all AAS_ETAC on a specific carrier that the manufacturer has declared to be available at the transceiver array boundary during the transmitter ON period.

As the definitions now refer to not all the mean power at the transceiver array boundary but only the power from the relevant TRX units the phrase ‘the sum of’ is added to indicate it is the sum of the power from the transceiver units and not of a single transceiver unit.

The clarification is needed for the measured definitions but not the declared ones, however in order to know which transceiver units are associated with which carriers and bands then some declaration will be needed.
The term PRated,c used in non-AAS has been modified to PRated,ce to indicate that it has a different meaning in this context. The extension ‘ce’ was chosen, c for carrier as before and e for ETAC to indicate it is for all AAS_ETAC.
3 Summary

The issue of conducted power definitions was almost endorsed during the ad-hoc but was blocked by Huawei due to concerns about the power definition. In this paper we clarify our concerns and offer a modified TP as similar as possible to the almost endorsed [2].
It should be noted that the definition of PRated,ce for the AAS is not equivalent with the definition of PRated,c for the non-AAS and hence the name has been changed slightly to indicate this. 

We believe a better way to solve the problem is to define PRated,c per carrier and not to use the scaling on the power class table, however ultimately the result is the same so we are willing to concede this point for the sake of progress.
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5 Text Proposal:

TR37.842 v1.6.0
--------------Start of text proposal-------------

8.1.4
AAS Base station output power

The objectives of defining conducted output power of the AAS BS are to verify the capabilities of the transmitter to feed antennas and the accuracy of the maximum output power. 
Regulatory review on output power is presented in [2]. The following summarises regulatory views and requirements for BS employing antenna arrays.
-
No specific limits for AAS for terrestrial mobile systems are given in ITU-R Recommendations.
-
For the ECC regulation in Europe there is not output power limit specified and does not give any additional definitions in the AAS area, however there are several spurious emissions limits and Block Edge Mask requirements which impact and limit the maximum transmission power.
-
For the FCC regulation in US, it suggests the transmission limits applicable to the sum at the antenna connectors.
-
For the MIC regulation in Japan, the measurement and calculation method of output power from multiple outputs: 

-
For an adaptive array antenna are given as follows: Measure and sum the output powers or emissions (which are specified by absolute values in the technical conditions) of all the antenna connectors. In this case, the output power of one array element shall be configured with the maximum output power. Then, the output powers of remaining array elements shall be configured as the sum of output powers of all array elements are maximized.
- For MIMO: Measure the output power or emission on each antenna connector. 
Based on the above, the maximum output power shall be declared for each transceiver as well as the total output power from all transceivers at the transceiver boundaries.  
The maximum total output power, Pmax,t, of the base station is the sum of the mean power level measured from the transceiver units associated with the declared band, at the transceiver array boundary, during the transmitter ON period in a specified reference condition.

The maximum RAT output power, Pmax,RAT, of the base station is the sum of the mean power level measured from the transceiver units associated with the declared band, at the transceiver array boundary, during the transmitter ON period for a specific RAT in a specified reference condition.

The maximum carrier output power, Pmax,ce of the base station is the sum of the mean power level measured from the transceiver units associated with the specific carrier and declared band for all AAS_ETRAC on that carrier, at the transceiver array boundary, during the transmitter ON period for a specific carrier in a specified reference condition.

The rated total output power, PRated,t, of the base station is the sum of the mean power level from the transceiver units associated with the declared that the manufacturer has declared to be available at the transceiver array boundary during the transmitter ON period.
The rated carrier output power, PRated,ce, of the base station is the sum of the mean power level for all AAS_ETAC on a specific carrier that the manufacturer has declared to be available at the transceiver array boundary during the transmitter ON period.
The rated carrier output power, PRated,ce,  of the AAS BS shall be as specified in Table 8.1.4-1.
Table 8.1.4-1: AAS Base Station rated output power

	AAS BS class
	 PRated,ce

	Wide Area AAS BS
	(note 1)

	Medium Range AAS BS
	≤  38 dBm +10log(NAAS-ETAC) (note 2)

	Local Area AAS BS
	≤  24 dBm +10log(NAAS-ETAC) (note 2)

	NOTE 1: There is no upper limit for the rated output power or the total rated out power of the Wide Area AAS Base Station. 
NOTE 2: NAAS-ETAC is FFS


The output power requirement is set on the accuracy of the declared output power for each transceiver at the transceiver boundary.

In normal conditions, the AAS base station maximum output power per transceiver shall remain within +2 dB and -2 dB of the rated output power declared by the manufacturer.

In extreme conditions, the AAS base station maximum output power per transceiver shall remain within +2.5 dB and -2.5 dB of the rated output power declared by the manufacturer.

Additional regional requirement may be specified if applicable.
Conformance testing could be performed by measuring the total power at the trasnciever unit boundary from all transmitters associated with the specific carrier and declared band and comparing to the declared PRated,c. Or if all transmitter units have equal output power, measuring per transmitter unit power and comparing to PRated,c-10log(Ntransmitters,c), where Ntransmitters,c is the number of transmitter units associated with the specific carrier and declared band.
--------------End of text proposal-------------



































































