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1 Introduction

In the BS specification improvement work, it has been agreed to align the definition of power between the different BS RF specifications. This has so far mostly been done in the single RAT specifications, whereas the MSR specifications have been assumed more modern and up to date. However, the choice of the definitions to align around has in one instance been unfortunate as shall be discussed in this contribution.
2 Discussion 
Studying the definitions of power in TS37.104 and TS37.141 renders a list of definitions as somewhat untidily is presented below in clause 5.
It can be seen that there are multiple definitions for the same terms. I particular it can be noted that the maximum carrier output power is defined twice. Once with the same definition as in the single RAT specifications;

1. “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.”
 and in addition as:
2. “Maximum carrier output power: Carrier power available at the antenna connector for a specified reference condition.”

Comparing the two definitions in e.g. clause 6.2.1 of TS37.104:

“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.”

It can be seen that the requirement using definition 1 above, the requirement can be interpreted to say that the output power of the BS shall always be within 2 dB of the rated output power. This is not the intention. Only when operating at maximum output power, shall this be the case. In general the BS shall operate close to its target power, while maintaining its capability to produce the rated power should traffic conditions require so.

It can also be noted that using definition 2 above in the same requirement renders it to be according to intention.

This seems to be the general pattern. It is clear that definition 1 has a long history (since rel-99), but is also clear that someone started considering the above described problem during the drafting of the MSR specifications.
All parties are encouraged to investigate the requirements with regard to how they are interpreted with the two discussed definitions, and eventually the power definition should be revisited.

3 Power definition set needed

Analysing TS37.104 and TS37.141 with regard to the definitions of RF power, the following (minimum?) set is crystallized to form a consistent requirement system: (Note that this system, is not used in TS37.104/141. But it could be used resulting in substantially less confusion.)
Output power: the mean RF power delivered into impedance matched load.

NOTE: the mean power averaging time is defined by the integration time used for demodulation. (No specified reference condition)

Measured output power: the output power measurement reading using the proper averaging time (no specified reference condition)

Configured output power: the maximum available output power set at the BS. (the BS operating mode)

Maximum output power: the actual available output power (not the measured output power) at the current setting of the BS (i.e. at the specified reference condition).

Rated output power: the maximum configurable output power (No specified reference condition)

From the above we can conclude: 
Pout 
= 
Pmax when the BS operates at Pconfigured.

Pmeasured
= 
Pmax ± TT when the BS operates at Pconfigured (as a test requirement).

In the core specification we need Pout, Pmax for actual levels and Pconf and Prated for declared levels.

In the conformance specification we need to add Pmeasured.

The five power types may need to come in variants applicable to carrier, RAT, and total in frequency domain. 

They me need to come in TABC, group and sys in spatial domain. 

In most cases the terms are already used in this sense (but the definitions are not always accurate or consistent)
4 Conclusion
· The definition off:
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.
Needs to be changed to:
Maximum carrier output power: Carrier power available at the antenna connector for a specified reference condition.
· Impacts of such a change needs to be investigated.
5 Power definitions in TS37.104 and TS37.141
TS37.104

Sub-clause 3.1

Carrier power: The power at the antenna connector in the channel bandwidth of the carrier averaged over at least one subframe for E-UTRA, at least one slot for UTRA and the useful part of the burst for GSM/EDGE.

Configured carrier power: Target maximum power for a specific carrier for the operating mode set in the BS

Maximum carrier output power: Carrier power available at the antenna connector for a specified reference condition.

Maximum RAT output power: The sum of the power of all carriers of the same RAT available at the antenna connector for a specified reference condition.
Maximum total output power: The sum of the power of all carriers available at the antenna connector for a specified reference condition.

RRC filtered mean power: The mean power of a UTRA carrier as measured through a root raised cosine filter with roll-off factor  and a bandwidth equal to the chip rate of the radio access mode.

Pmax
Maximum total output power

Pmax,RAT
Maximum RAT output power

Pmax,c
Maximum carrier output power

PRated,c
Rated carrier output power

Sub-clause 6.2:

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.

5.1.1 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.

6.6 

Pmax,c is used for defining BS power levels for unwanted emission limits
.

TS37.141

Clause 3

Carrier power
: The power at the antenna connector in the channel bandwidth of the carrier averaged over at least one subframe for E-UTRA, at least one slot for UTRA and the useful part of the burst for GSM/EDGE.
Maximum carrier output power
: Carrier power available at the antenna connector for a specified reference condition.

Maximum RAT output power
: The sum of the power of all carriers of the same RAT available at the antenna connector for a specified reference condition.
Maximum total output power
: The sum of the power of all carriers available at the antenna connector for a specified reference condition.
Mean power: The power measured in the bandwidth and period of measurement applicable for each RAT 

NOTE:
Mean power for an E-UTRA carrier is defined in TS 36.141 [9] and mean power for a UTRA carrier is defined in TS 25.141 [10]. In case of multiple carriers, the mean power is the sum of the mean power of all carriers.

RAT power: The sum of all carrier powers for all carriers of the same type
Rated carrier output power
: The mean power level per carrier that the manufacturer has declared to be available at the antenna connector.

Rated RAT output power: The mean power level per RAT that the manufacturer has declared to be available at the antenna connector.

Rated total output power: The total mean power 
level that the manufacturer has declared to be available at the antenna connector.


RRC filtered mean power: The mean power of a UTRA carrier as measured through a root raised cosine filter with roll-off factor  and a bandwidth equal to the chip rate of the radio access mode.

NOTE:
The RRC filtered mean power of a perfectly modulated UTRA signal is 0.246 dB lower than the mean power of the same signal.
Total output power: The sum of all carrier powers for all carriers transmitted by the BS.

Pmax
Maximum total output power

Pmax,c
Maximum carrier output power

Pmax,RAT
Maximum RAT output power

PRated,carrier
Rated carrier output power

Clause 4.7.2

The rated total output power as a sum over all RATs
Rated total output power as a sum over all supported operating bands in the declared band combinations of the BS

Clause 6.2

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 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.
6.2.1.4.2

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
.
5.1.1.1 6.2.1.5
Test requirements

In normal conditions, the measurement result in step 2 of subclause 6.2.1.4.2 shall for UTRA and E-UTRA remain:

within +2.7 dB and –2.7 dB of the manufacturer's rated carrier output power for carrier frequency f ≤ 3.0 GHz,

within +3.0 dB and –3.0 dB of the manufacturer's rated output power for carrier frequency 3.0 GHz < f ≤ 4.2 GHz,

and for GSM/EDGE remain within +3.0 dB and ‑3.0 dB of the manufacturer's rated carrier output power.

In extreme conditions, measurement result in step 2 of subclause 6.2.1.4.2 shall for UTRA and E-UTRA remain:

within +3.2 dB and –3.2 dB of the manufacturer's rated carrier output power for carrier frequency f ≤ 3.0 GHz,

within +3.5 dB and –3.5 dB of the manufacturer's rated output power for carrier frequency 3.0 GHz < f ≤ 4.2 GHz,

and for GSM/EDGE remain within +3.5 dB and –3.5 dB of the manufacturer's rated carrier output power.

6.3

UTRA FDD primary CPICH power is the code domain power of the Common Pilot Channel
6.4

The measured mean power spectral density according to subclause 6.4.4.2 shall be less than -83 dBm/MHz for carrier frequency f ≤ 3.0 GHz.

6.6.1.4.2

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







































































































































































































































































































































































































































�Defined twice with non-identical definitions (one measured and one available power)





According to this definition, Pmax is the measured (no measurement error) carrier power at any BS operation (similar to output power) subject to the specified reference condition.


�Note that the configured carrier power may coincide with the rated carrier power if the target maximum power is set to the rated power. The rated power can therefore be said to be the maximum configurable power


� The maximum carrier output power is defined by the reference condition. If the reference condition is that the configured target power is the rated carrier power, the maximum carrier power is the actual outcome (measured) power when operating at rated carrier output power.





According to this definition, Pmax is the measured (no measurement error) carrier power when the BS operates at full configured carrier power


�Defined twice with different definitions





According to this definition, Pmax is the measured (no measurement error) carrier power at any BS operation (similar to output power) subject to the specified reference condition.


�Defined twice with non-identical definitions.





According to this definition, Pmax is the measured (no measurement error) carrier power at any BS operation (similar to output power) subject to the specified reference condition.





�Defined twice with non-identical definitions (one measured and one available power)





According to this definition, Pmax is the measured (no measurement error) carrier power at any BS operation (similar to output power) subject to the specified reference condition.


�Note that the rated power does not come with any spefied reference condition. It can therefore be said to be the maximum available output power from the BS.


�The specified condition for the maximum carrier power is implicitly specified to be the target power setting of the BS. Explicit specified condition is the environment conditions (normal).


�The unwanted emission requirement categorization is not based on the rated power but on the measured/actual output power capability of the BS.


�Identical definitoni as 37.104 clause 3


�Identical definition with TS37.104 clause 3


�Identical definition with TS37.104 caluse 3


�Identical definition with TS37.104 clause 3


�Identical definition with TS37.104 clause 6


�Total mean power can be assumed to be the same as “total output power”.


�Note that the rated power does not come with any side conditions. It can be assumed that the rated power is the maximum configurable power.


�Consistent with the above interpretation of the total rated output power.


�this is produced mean power and not the available power. Used in some instances of the specification too.


�This is the specified reference condition.


�This is by definition Pmax,c  Since Pmax is any measured mean power (subject to specified reference condition), it is simply a short way to write 





