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1 Introduction
There have been a number of similar TP’s in the last few meetings which have been attempting to clarify the conducted power definitions and the limits in the power classification table which use some of those definitions. 

This process has been somewhat complicated by the ongoing specification clean-up work on 37.104 which is consolidating the power references in that document.

In addition within the AAS WI the definition of the AAS_ETAC and its application to scaling (primarily the UEM) has not yet been finalised, which has made its use in the power definitions difficult to agree.

The term to refer to the point at which the conducted requirements apply is still open – however at this point we should be using a consistent name, in this contribution ABA connector (for Array Boundary Connector) [5] is used in square brackets. If an alternative name is agreed then all occurrences can be changed accordingly.

2 Discussion
The issues and suggested solution are discussed below:
2.1 Clean up naming issues

In the clean-up version of 37.104 power is defined as follows:

· PRated,x – where ‘Rated’ refers to the manufacturer declared or intended power, and x is a variable indicating the type of power being referred to (i.e. total, carrier etc)

· PMax,x - where ‘Max’ refers to the measured power, and x is a variable indicating the type of power being referred to (i.e. total, carrier etc)

In 37.104 the variable x has the following meanings:


t = total power summed over all carriers

c = carrier power


RAT = power level for a specific RAT
There are a number of anomalies in 37.104 which may or may not be brought in line with this approach, for example PMax is defined as total measured maximum output power, using the approach defined this should perhaps be PMax,t (or as it is not used in 37.104 it may be removed completely). In AAS we can choose to use the same anomalies or correct them, it would seem sensible to use a consistent approach however and correct them.

2.2 AAS issues

In the suggested TR text for the AAS [1], the power definitions have been based on the total power of the AAS, this being the power of all the transceiver units.

For the power classification table its is further suggested to use the scaling factor (number of AAS ETAC or #scale).

Both these make sense in terms of the power used for the classification, however it has already been agreed in the TR that the power for each TRX Unit is declared:

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.  

And that the requirement is based on the accuracy of the TRX Unit power:

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.

As the total power is the sum of the power from each of transceiver units (in a particular band), then it seems unnecessary to declare the total system power as well as the transceiver unit power.

2.2.1 Total Power
The AAS has a number of differences from a non-AAS system. The greatest difference, when it comes to power classification, is that:


· a non-AAS system all power definitions refer to a single TRX (including the power classification)
· An AAS system the power definitions refer to the per TRX Unit power, but as the number of TRX units is not known (or limited) the power classification should be based on the total power. However the total system power may be the equivalent of  a number of non AAS TRX
As the number of TRX units (in a particular band) for the AAS is unknown there are a number of cases to consider:

The AAS has the same number of Transceiver units as a non-AAS.

 e.g 8x10W, in this case 


PTRXU = 40dBm, PTotal,sys = 49dBm, [#scale] = 8, P(for classification) = 49-10*log10(8) = 40dBm

The AAS has a large number of TRX units. 

e.g. 32 x 2.5W, now in this case


PTRXU = 34dBm, PTotal,sys = 49dBm, [#scale] = 8, P(for classification) = 49-10*log10(8) = 40dBm
In the 1st case the Power used for classification is the same as the power per transceiver unit, this is to be expected as the system is almost equivalent (8 TRX Units). In the 2nd case the classification power is not the same as either the transceiver unit power or the total system power. 

In both cases it is shown how the [#scale] factor is used with the total system power to identify the power used for classification.

The difference in the total power between AAS and non-AAS is conceded in all contribution in the power classification table where the limit for local and medium range BS are scaled by by 10*log(NAAS_ETAC).

One point however is that in the non AAS requirements  PRated,t is used to indicate total power, but this is total for all carriers on a single transceiver. In AAS we have another dimension in that we have a total for all carrier but also for all transceiver units.
The use of the word ‘Total’  in the existing PRated,t definition may misleading in the context of AAS. The total power of the AAS must be defined so that there is clarity as to its meaning.

One suggestion is to refer to the total system power as system power.
2.2.2 Equivalent Transceiver Antenna connector Power

The AAS_ETAC was invented to be able to show equivalence between an AAS system and a non-AAS system when it was necessary to scale the non-AAS requirements.

For the values in the power classification table it has been suggested in [1] and a number of other contributions that the limit for local and medium area AAS BS be scaled by 10log (NAAS_ETAC).
As has been said the means to find / NAAS_ETAC is still FFS however a WF for UEM [4] suggests the following:

1. The scaling factor, [#scale] for emissions is set by either (i) enumerating the AAS-ETACs or (ii) min(# active transmitters, 8).
It is suggested the result of this is used as the scaling factor here also.
2.2.3 Contributing TRX Units
In a Non-AAS system it is clear as to the antenna connectors which contribute to the power being measured. There is one antenna connector and one measurement.

In the case of multi-band transceivers the requirements still refer to measurement of a single transceiver and they are applied per band.

With an AAS system it is possible that the complete system will have a number of bands in it, it is also possible that there will be 1:n mappings between AAS_ETACS and transceiver units resulting in requirements being applied to ‘groups’ or ‘sub-groups’ of transceiver units rather than the entire array.

In this case it is important that the requirements are applied to the correct transceiver unit connectors, [2] attempted to solve this issue by defining terms which could be used to refer to appropriate ‘groups’ of transceiver units, however this idea was not widely accepted. The alternative is to ensure when requirements are defined that the appropriate transceiver units are referred to.
Total system output power is per band, hence it should be measured from transceiver units ([ABA connectors]) contributing to that band (either single band or multi-band Transceiver units) only.
Maximum RAT output power in the same way should apply to Transceiver units ([ABA connectors])which are responsible for the RAT in question only.

And carrier power should be the total from transceiver units ([ABA connectors])s which are generating that carrier alone.

Whilst for power measurement, it could be said that if a TRX unit ([ABA connector]) is not being used for the defined signal in question (Total, RAT, carrier,…) then its contribution will be negligible and will not affect the result.  This may be true for wanted output power, it may not be the case for other requirements, it is important that the principle that requirements are applied to the appropriated sets of transceiver units is applied consistently.

2.3 Appropriate subscripts
The power definitions in 37.104 currently have 2 subscripts to indicate firstly if the power is declared or measure, the next to indicate the type of signal (total, RAT or carrier).

For AAS we clearly have a further distinction with respect to the TRX units ([ABA connectors]), either all [ABA connectors], a single [ABA connector] and possibly the Equivalent power to the non-AAS.

Whilst adding a 3rd subscript risks making the term unwieldy, it is perhaps the clearest way to clearly indicate the correct information

The following [ABA connector] power declarations are required:

PRated,t,TRxU
 - Declared [ABA connector] power for a single band

PRated,RAT,TRxU
- Declared [ABA connector] power for a single band for a single RAT

PRated,c,TRxU
- Declared [ABA connector] power for a single carrier 
From the declared [ABA connector] powers then the total system power can be calculated:

PRated,t,sys
- Total system power, the sum of PRated,t,TRxU for all [ABA connectors] for a single band 

PRated,RAT,sys
- Declared Total system power, the sum of  PRated,RAT,TRxU for all [ABA connectors] for a single band for a single RAT

PRated,c,sys - Declared Total system power, the sum of PRated,c,TRxU for all [ABA connectors] for a single carrier

The same definitions can be used for the measured (Max) rather than the declared (rated) power if required.
Obviously if any particular definition is not required in the TS then it should not be defined, however in the TR it offers clarity to list the entire set.

3 Summary

A number of issues on the subject of the conducted output power definitions have been discussed.

The power definitions should be consistent with those for Non-AAS, however it has been shown that there is an additional dimension to the AAS power declarations, the per transceiver unit declarations can be used to calculate the total system power, however neither of tese terms are equivalent to the non-AAS transceiver power in use for the classification limits. The [#scale] number used for UEM scaling can also be used here to scale the total system power for classification.
In order to make the differences in the terms clear it has been suggested a 3rd subscript is added to each power term.

P1,2,3 


Subscript 1 
-
 Rated = declared or intended power, or Max = measured power


Subscript 2 
-
 t = total power all carriers of all RATS, or RAT = sum of all carriers for 1 RAT, or c = per carrier


Subscript 3 
-
 sys = power for total system (all active TRX Units) or TRxU = Power per Transceiver unit, ETAC = equivalent to non-AAS transmitter antenna connector (calculated)

Finally as each power requirement may refer to different numbers of active TRX Units it is important that it is clear only the TRX units associated with the signal in question are part of the declaration or measurement.
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5 Text Proposal:

TR37.842 v1.7.0
--------------Start of text proposal-------------

5.1.1 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 [ABA connector]  as well as the total output power from all [ABA connector]  at the transceiver array boundary.  
The rated total output power per [ABA connector], PRated,t,TRXU, is the mean power level associated with a particular band the manufacturer has declared to be available at the array boundary antenna connector, during the transmitter ON period in a specified reference condition.

The rated RAT output power per [ABA connector], PRated,RAT,TRXU, is the mean power level associated with a particular band and RAT the manufacturer has declared to be available at the array boundary antenna connectors, during the transmitter ON period in a specified reference condition.

The rated carrier output power per [ABA connector], PRated,c,TRXU, is the mean power level associated with a particular carrier the manufacturer has declared to be available at the array boundary antenna connectors, during the transmitter ON period in a specified reference condition.

The maximum total output power per [ABA connector], Pmax,t,TRXU, is the mean power level measured in a particular band at the array boundary antenna connector, during the transmitter ON period in a specified reference condition.

The maximum RAT output power per [ABA connector], Pmax,RAT,TRXU, is the mean power level measured in a particular band and RAT at the array boundary antenna connectors, during the transmitter ON period in a specified reference condition.

The maximum carrier output power per [ABA connector], Pmax,c,TRXU, is the mean power level measured on a particular carrier at the array boundary antenna connectors, during the transmitter ON period in a specified reference condition.

The system power in each case can be calculated by adding the declared or measured power from each of the [array boundary antenna connectors].

PRated,t,sys
- 
The sum of PRated,t,TRxU for all [ABA connectors] for a particular band 

PRated,RAT,sys- 
The sum of  PRated,RAT,TRxU for all [ABA connectors] for a particular band for a single RAT

PRated,c,sys - 
The sum of PRated,c,TRxU for all [ABA connectors] for a single carrier

Pmax,t,sys
- 
The sum of PRated,t,TRxU for all [ABA connectors] for a particular band 

Pmax,RAT,sys
- 
The sum of  PRated,RAT,TRxU for all [ABA connectors] for a particular band for a single RAT

Pmax,c,sys - 

The sum of PRated,c,TRxU for all [ABA connectors] for a single carrier

The above represents a complete set of all possible power definitions, any definitions not needed for requirements do not need to be included in the specification and are here for information.

PRated,c,sys 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,c,sys

	Wide Area AAS BS
	(note 1)

	Medium Range AAS BS
	≤  [38] dBm+10log([#scale]) (note 2)

	Local Area AAS BS
	≤  [24] dBm+10log([#scale]) (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: [#scale] is FFS


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

In normal conditions, the AAS base station maximum output power per [ABA connector] 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 [ABA connector] 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.
--------------End of text proposal-------------

