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1 Introduction

In RAN4#77 in Anaheim, the definition of different types of power was brought up for discussion [1]. It was noted that in TS 37.104 [2], there are conflicting definitions of the same power terms in a few instances. It was also observed that in the studied cases, there was one definition inherited from TS25.104 [3] or TS36.104 [4] and an alternative definition exclusive to TS37.104. It was further observed that the alternative definitions in the clauses studied made the requirements more adequate than using the legacy definition of maximum carrier output power. Consequently it was proposed that parties should further study the impact on requirement texts of applying the alternative power definitions. This contribution is a further study in this line. It also considers the minimum set of power definitions suggested in [1].
2 General discussion 
In R4-157888 [1] it is observed that for the case of the requirements on maximum output power in sub-clause 6.2, the definition of maximum carrier power used in TS 36.104 and 25.104 leads to a requirement that contradicts the power dynamic range requirement in sub-clause 6.3. Consequently, it appears fruitful to test the alternative power definitions, maybe with some generalization.
A set of power definitions that should be sufficient to describe all power aspects needed in the BS RF specifications are suggested.  They are the following:
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)

It can be noted that the above power definitions may be needed with several qualifiers defining the type of signal considered, such as e.g. carrier, RAT, total, or operating band. These qualifiers will be assumed unaltered during the following walkthrough of a number of BS specifications where the respective definitions are to be tested in every instance the terms occur.

In the following sections, an analysis of the use of the power definitions in BS RF specifications is made and a refined set of actions is proposed.
3 MSR specification discussion
In TS 37.104 [2]
Output power is used in 6.2 (definition), and in 6.3 (description of conditions) the definition in clause 6.2 is close to (and reasonably consistent with) the definition proposed in R4-157888 [1]. Applying it in sub-clause 6.3 does consequently not make much difference. The definition in sub-clause 6.2 of [2] is a little more general than the one proposed in [1] and therefore preferable. “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.”
Measured output power is not used as a term in [2].

Configured output power is defined in sub-clause 6.2 of [2] as “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”. This is consistent with the definition proposed in [1]. It is used in the same sub-clause (6.2.1) to define the output power 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.” This is the only sub-clause where the term is used in a requirement.

Maximum output power is used with a number of qualifiers as “maximum carrier output power” (Pmax,c), “maximum RAT output power “(Pmax,RAT) and “maximum total output power”(Pmax,t or Pmax). As explained in [1], has each variant two conflicting definitions exemplified by “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.” In sub-clause 6.2 and “Maximum carrier output power: Carrier power available at the antenna connector for a specified reference condition.”, in sub-clause 3.1. As also explained in [1] and above, does the output power requirement in sub-clause 6.2.1 make much more sense with the definition from sub-clause 3.1 than with the definition from sub-clause 6.2. The term is also used in sub-clause 6.2.2, in tables 6.2.2-1 and 6.2.2-2. Also here is the assumption that the measured power shall be a fixed value regardless of traffic situation odd. (It can be argued that that with the definition proposed in [1] would allow any BS rated power, and the requirement in the table is referring to the configured output power. However, closer scrutiny of the text reveals that the term is actually intended to say “maximum rated output power”, or possibly “the maximum rated carrier output power”. An obvious improvement of the specification would be to change the table text so that it clarifies that it is the rated output power and not the maximum output power which is limited by the requirement. There are a number of requirements in [2] where the entire requirement is referring to another BS specification (e.g. [3] or [4]). In such cases it is assumed that the local definitions of the terms apply. These definitions are currently closer to the sub-clause 6.2 definitions than to the sub-clause 3.1 definitions, which are more consistent with the definitions suggested in [1].
The term is also used in sub-clause 6.6.2, operating band unwanted emission. Here it is describing the power span for which the tabled requirements apply in certain tables. Comparing the two definitions suggest that the one proposed in [1] and sub-clause 3.1 provides a fixed power range for which the requirement is applicable. This definition also keeps the frequency slopes fixed. The definition in sub-clause 6.2 suggests that the operating band unwanted emission requirements varies with the current output power rather than by the setting of the BS and that the frequency slopes follows this variation. It can be noted that there is no contradiction between the rated output power limitations for the respective BS classes and operating band unwanted emission tables. It can be noted that the requirement is either depending on the setting (configured power of the BS) or on the actual measured output power at the instant. There is no mentioning of any reference condition, which shall be specified in the sub-clause 6.2 definition, but for the available power in the sub-clause 3.1 definition the power limit itself can be assumed represent the reference condition. In either case, it is clear that the carrier power is the determining factor. Both definitions can in principle work for single carrier as the requirement is written, but the absence of any defined reference condition talks for the sub-clause 3.1 definition also here. If it shall be assumed that the requirement shall be supported in multi-carrier operation, it appears more clear that the sub-clause 3.1 definition has its merits, since it remains consistent in all multi-carrier scenarios (assuming the carriers are set to the same configured power), whereas the sub-clause 6.2 definition would require all carriers to operate at exactly the same per carrier power at every instant in order to be consistent and thus would be in contradiction with individual power control of each carrier as stipulated in sub-clause 6.3..
It has been argued that the requirements require the actual performance rather than the declared performance in order to make the frequency behaviour defined consistent. However, both definitions represent actual performance in a similar sense, so this argument does not help determining the most reasonable definition.
Rated output power is always a declared parameter describing the maximum output power declared to be available. In sub-clause 3.1 it is not defined but the definition in sub-clause 6.2 is; “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.” This can be compared with the definition proposed in [1] above. There is generally an expectation that the declared value shall deviate from the actual (or measured). This applies both for the rated power values and for the configured power values. The definitions of rated power are essentially consistent. The explicit mentioning of declaration is only in sub-clause 6.2, but in the implications of the definition of configured power makes the definitions fairly equal.

The rated power is used to put limits on the BS as in table 6.2-1 where limits on rated carrier power distinguishes between BS classes. In sub-clause 6.6.2, the limitation is on maximum rated output power (per carrier?) for operation in a certain operating band and region. (It appears only the rated carrier power is defined, and hence appears reasonable to assume the requirement is per carrier. The term is not used elsewhere in [2].

In TS 37.141 [5]

Output power is defined in the same way is in TS 37.104 [2]. And it is used consistently.

Measured output power is not used as a term in [5]. The use of “measured power” has been exclusively used in the definitions of” maximum output power” where applied. His suggests that the term may be redundant currently. It can also show that the term may be used for actually measure power values in e.g. test specifications. However currently there is no other claim to the expression than in the definitions of “maximum output power” in sub-clause 6.2.

Configured output power is not defined in this specification at all. The minimum requirement in [2] uses this definition and this is referred in [5]. However, the test requirement is defined using the rated power in the position of the configured power. Using the above definition of the configured power [1], this is consistent with the test procedure, where the configured power shall be equal to the rated power. However, not using configured power in the text makes it seem inconsistent.

Maximum output power is defined and used in similar ways as in TS 37.104 (including double definitions). The test procedure uses the language: “Set the Base Station to transmit at maximum power according to the applicable test configuration...” which partly contradicts the idea that the maximum is the measured power. However, the language is not stringent enough to determine whether “maximum power” and “maximum output power” or comparable entities or fundamentally different. Chances are that the latter is true. The exact term appears in the definitions and in the test purpose description for output power (sub-clause 6.2.1.3). The issue of understanding the applicable definition in regard to operating band unwanted emission is the same as in the core specification.
Rated output power is defined in sub-clause 3.1 for both RAT, total and per carrier. E.g.; “Rated carrier output power: The mean power level per carrier that the manufacturer has declared to be available at the antenna connector.”
4 Other BS RF specification discussion 
In TS 36.104: [4]
Output power is defined in sub-clause 3.1. the definition is identical to that in TS 37.104, sub-clause 6.2. The term is used in sub-clause 6.2.3, “Home BS output power for adjacent UTRA channel protection” where it refers to the summed power from all connectors. (The definition does not offer any restriction in frequency of this power, but it can be assumed that the brunt is concentrated into one carrier in a home BS.) the definition is also used in sub-clause 6.2.4, “Home BS output power for adjacent E-UTRA channel protection” and “Home BS output power for co-channel E-UTRA channel protection”, where similar concerns as for UTRA apply. Further, is it used in sub-clause 6.3, “output power dynamics”, where it is used to describe relative and absolute power settings per resource element. In all cases, the term refers to a current measurable power – not capability and not a measured value.
It is also used in the combination “maximum output power”, which generally seems to be intending the highest possible output power achievable (or maybe settable). This expression is not defined, but borders to the different flavors of maximum output power discussed in R4-157888. The definition proposed in section 2 above seems to work at all the instances if achievable power is referred to. Otherwise, the maximum configurable power, or the rated power would be the right term. The use of “maximum output power” also seems to be used, where the RAT, or carrier configuration is not addressed – only the RF power level, as in e.g. annexes G and H.
Measured output power is not use in the entire document. As in TS 37.104 [2].
Configured output power is not defined in this specification at all. The output power accuracy requirement is only related to the rated power (i.e. the maximum configurable power).

Maximum output power is defined as “The mean power level per carrier of the base station measured at the antenna connector in a specified reference condition.” (same as one of the alternatives in TS 37.104 [2]). The term is defined in sub-clause 3.1 and sub-clause 6.2 with identical definitions. The application of the term in in sub-clause 6.2.1 results in the same contradiction as described above in section 3. Also the occurrence of the term in clause 6.2.2 concurs with the description in section 3 above. Also the discussion on the use of the term in relation to operating band unwanted emission (sub-clause 6.6.3) from section 3 above applies here.
As mentioned above (output power), the term is also used in places where this definition is not intended to apply like e.g. in sub-clause 6.3.1, where there would be two specified reference conditions referred (but none specified) and in the note to table 6.3.1.1-1, where the output power is assumed to always be lower than the measured output power in a specified reference condition, using the above definition. And it is used in the definition of RE power control dynamic range. (It can be noted that the alternative definition in section 2 above would make the here referred cases more intelligible.)

The flavour “maximum total output power” of the term is also defined and used. 
Rated output power is defined in sub-clause 3.1 as “the mean power level per carrier that the manufacturer has declared to be available at the antenna connector during the transmitter ON period.” And in sub-clause 6.2 as; “Rated output power, Prated,c, 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”. 

Although not identical, the definitions are pretty consistent, not only in this specification but also with other specifications. The use of the expression is also the same as in TS 37.104, and the same comments apply as above in section 3.
In TS 36.141: [6]

Output power is defined in sub-clauses 3.1 and 6.2 in the same way as in TS 36.104. The term is used in all corresponding situations described for TS 36.104 above. And the same comments apply in general.

In addition, the term total output power occur a number of times. Often in the sense of  “rated total output power” and sometimes it appears to relate to a measurement of the output power of a device operating at the rated total output power. However, in most cases the term “rated output power” is used properly.

Measured output power is not used in the specification.
Configured output power is not used in the specification.

Maximum output power is defined in sub-clauses 3.1 and 6.2 with the same definition as in TS 36.104 [4]. It is also used in the same cases as in the core specification, and the same comments apply.

Rated output power is defined in sub-clause 3.1 as “mean power level per carrier that the manufacturer has declared to be available at the antenna connector.” And in sub-clause 6.2.1 as “Rated output power (Prated,c), 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 Prated,c may be declared for different configurations” 

As for the corresponding core specification, the definitions are not identical, but reasonably consistent – also with other BS RF specifications. 

It appears in “per carrier” and “total” variations and is used extensively in declarations and test configurations sub-clauses as well as in test procedures defining the power setting of the BS for the tests – often referred to as the “declared rated power”. The term is also used in the same situations as in TS 36.104 [4], and the corresponding comments apply here.

In TS 25.104: [3] the usage of the terms is rather consistent with that in TS36.104. UTRA specific variations of the requirements results in different clause titles and clause numbers, but in general, the power terms are defied and used in the same way, and gives rise to similar comments. It can be noted that the power definitions are only per carrier here.
Given the result of the TS 25.104 study above, it is assumed that the same applies for the UTRA FDD BS conformance specification, TS 25.141 [7].

In TS 25.105 [8] it is noted that the definitions are concentrated to sub-clause 3.1 and consequently inconsistency due to multiple definitions of the same term is safely avoided. The usage of the terms is otherwise very close to that in TS 25.104 [3] with some small duplex mode adaptations, and gives the same inconsistencies as described above in this section and in section 3.

Given the result of the TS 25.105 study above, it is assumed that the same applies for the UTRA TDD BS conformance specification, TS 25.142 [9].
5 Other observations
In general it can be noted that the reference to a” specified reference condition” is not very clear in the core requirements since the reference condition is rarely specified there. In the conformance requirements it can be assumed that the test condition represents the specified reference condition.
6 Conclusion
· “Output power”, “maximum output power “and “rated output power “ are terms used in all BS specifications (often with certain qualifiers).

· In many specifications, there are dual definitions of the same term. In most specifications the definitions coincide reasonably well, but in TS 37.104 are the definitions for “maximum output power fundamentally different in that one definition is a “measured power” and the other is an “available power”.

· In all specifications does the definition of “maximum output power” (as a measured power) render the specification self contradictive.

· Using the alternative definition of “maximum output power” in TS 37.104 in all specifications renders their requirements consistent.

· TS 37.104 also uses the defined term “configured power” for the output power requirement.

· The use of the expression “configured power” allows the core specification to put requirements on the output power at other settings than full power. Therefore it has good merits. It is currently only used in TS 37.104, but can be employed in the other BS RF specifications ([3], [4]) and with the same benefit.
· Testing is still performed at full power, which is also reasonable. However, the choice of nomenclature could enforce the relation between the core requirements and the conformance requirements without actually changing the testing.

· The term “measured output power” is currently not needed.

· Specifying terms to apply under “specified reference conditions” generally make the core specifications unclear since the reference condition is rarely specified where the term is used.

7 Way forward

The following is proposed for future actions in BS specification improvement work:

· Consolidate the definitions of terms that are used in more than one sub-clause in sub-clause 3.1 in each specification, using the method proposed in R4-160629 [10] so that conflicting definitions of the same term can be avoided.

· Introduce the term “configured output power” from TS 37.104 in all specifications and use it to define the output power requirement in all specifications, but without reference to a defined reference condition. E.g. as: Configured output power: the maximum available output power set at the BS. ;– or similar.

· Define the “rated output power” as “the maximum configurable output power”.
· Define “maximum output power” as “the maximum available output power set at the BS” or similar, in all BS RF specifications. The definition shall not specify the condition at which it applies. This shall be done at the requirement if needed. 
· Verify that the specifications are consistent with the here proposed changes. In most cases the terms are already used in the above sense (but the definitions are not always accurate or consistent).
· Measured power may be used in conformance text, but not for defining power types to be used for core requirements.

The 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 (considering AAS BS specifications). 
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