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Introduction
In this contribution we discuss various power definitions and how they may apply in an MSR context. We also provide a text proposal to align and clarify the various power defintions in the MSR specification.
Discussion
For a BS transmitting a single carrier the definition of output power is relatively straight forward. All output power is put into a single carrier and the manufacturer declares how much power that can be output at most. The BS may provide means to reduce the output power, but from a requirement perspective the only interesting case is when the BS is transmitting at declared max power.

For an MSR BS the situation is more complicated since there is potentially more than one carrier that has to share the available power. If there are more than one carrier used, the power configured for each individual carrier becomes relevant.

There are essentially four different power concepts that are of interest: 
Declared power: There is the declared power set down in the manufacturer’s declaration. The declaration defines (among other things) how the maximum power of each carrier may be configured.
Configured power: When an MSR BS is put into use the maximum carrier power for each carrier is configured. This power is the highest that can be expected at the output of the BS when power control and so on is turned up to max. (For a single carrier BS this roughly corresponds to “rated output power” with the exception that “rated output power” does not allow for setting the output power to a lower value).

Maximum power: Note that the configured carrier power does not take into account any production and temperature variations. The configured carrier power is what  the output power should be, not exactly what is measured at the output. The maximum power is what is measured at the output when the BS is set to transmit at the configured power. How accurately the actual maximum output power should match the configured output power is described in subclause 6.2.1 of TS 37.104.
Instantaneous power: Finally there is the instantaneously measured power which, for example is used in the output power dynamics requirements in subclause 6.3 of TS 37.104.

In MSR there are three different ways to group carriers: It can be a single carrier, multiple carriers of the same RAT and finally all the carriers. The power can be defined for each of these three different groups.
In total this gives 12 different combinations (even more if we substitute RAT for GSM/UTRA/E-UTRA…). Defining all of these is cumbersome and we porpose to only define the ones needed in the specification. Table 1 summarises the usage in the specification.
Table 1: Used power concepts in the specification

	
	Carrier
	RAT
	Total

	Declared
	Used in manufacturer’s declaration in TS.37.141
	Used in manufacturer’s declaration in TS.37.141
	Used in manufacturer’s declaration in TS.37.141

	Configured
	Used to assess power accuracy
	Not used
	Not used

	Maximum
	Used to assess power accuracy
	Defined in 6.2
	Defined in 6.2

	Unspecified (means Instantaneous)
	Not used
	Not used
	Not used


To align the naming we suggest using the pattern:
<Used concept> <Carrier grouping> output power.

For example the total power measured instantaneously at the antenna connector becomes “Total Output power” and the total power declared by the manufacturer becomes “Declared Total Output Power”.

Proposal
It is proposed that the attached text is included in TS 37.104.

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Band category: A group of operating bands for which the same MSR scenarios apply
Base Station RF bandwidth: The bandwidth in which a Base Station transmits and receives multiple carriers and/or RATs simultaneously 

Base Station RF bandwidth edge: The frequency of one of the edges of the Base Station RF bandwidth
Carrier: The modulated waveform conveying the E-UTRA, UTRA or GSM/EDGE physical channels
Channel bandwidth: The bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.

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
Downlink operating band: The part of the operating band designated for downlink. 

Lower RF bandwidth edge:  The frequency of the lower edge of the Base Station RF bandwidth, used as a frequency reference point for transmitter and receiver requirements
Maximum Base Station RF bandwidth: The maximum RF bandwidth supported by a BS within an operating band.
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 throughput: The maximum achievable throughput for a reference measurement channel. 

Maximum total output power: The sum of the power of all carriers available at the antenna connector for a specified reference condition.
Measurement bandwidth: The bandwidth in which an emission level is specified.

MSR Base station: Base Station characterized by the ability of its receiver and transmitter to process two or more carriers in common active RF components simultaneously in a declared RF bandwidth, where at least one carrier is of a different RAT than the other carrier(s). 

Multi-carrier transmission configuration: A set of one or more contiguous carriers that a BS is able to transmit simultaneously according to the manufacturer’s specification.
Occupied bandwidth: The width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage β/2 of the total mean power of a given emission.

Operating band: A frequency range in which E-UTRA, UTRA or GSM/EDGE operates (paired or unpaired), that is defined with a specific set of technical requirements.

NOTE:
The operating band(s) for a BS is declared by the manufacturer.


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.

Throughput: The number of payload bits successfully received per second for a reference measurement channel in a specified reference condition.


Transmission bandwidth: Bandwidth of an instantaneous E-UTRA transmission from a UE or BS, measured in Resource Block units.

Transmission bandwidth configuration: The highest E-UTRA transmission bandwidth allowed for uplink or downlink in a given channel bandwidth, measured in Resource Block units.

Uplink operating band: The part of the operating band designated for uplink. 

Upper RF bandwidth edge: The frequency of the upper edge of the Base Station RF bandwidth, used as a frequency reference point for transmitter and receiver requirements 

3.2
Symbols

For the purposes of the present document, the following symbols apply:


Roll-off factor


Percentage of the mean transmitted power emitted outside the occupied bandwidth on the assigned channel

BWChannel
Channel bandwidth (for E-UTRA)
BWConfig
Transmission bandwidth configuration (for E-UTRA), expressed in MHz, where BWConfig = NRB x 180 kHz in the uplink and BWConfig = 15 kHz + NRB x 180 kHz in the downlink.

BWRF 
Base Station RF bandwidth, where BWRF = FBW RF,high – FBW RF,low 

BWRF,max 
Maximum Base Station RF bandwidth

f
Frequency




(f
Separation between the Base Station RF bandwidth edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency

(fmax 
The largest value of (f used for defining the requirement

FC
Carrier centre frequency

f_offset 
Separation between the Base Station RF bandwidth edge frequency and the centre of the measuring filter

f_offsetmax 
The maximum value of f_offset used for defining the requirement

FBW RF,high  
Upper RF bandwidth edge, where FBW RF,high  = FC,high + Foffset, RAT 

FBW RF,low  
Lower RF bandwidth edge, where FBW RF,low  = FC,low - Foffset, RAT
FC,high

Center frequency of the highest transmitted/received carrier.
FC,low

Center frequency of the lowest transmitted/received carrier.

Foffset, RAT
Frequency offset from FC,high to the upper  RF bandwidth edge or FC,low to the lower RF bandwidth edge for a specific RAT.
FDL_low
The lowest frequency of the downlink operating band

FDL_high
The highest frequency of the downlink operating band

FUL_low
The lowest frequency of the uplink operating band

FUL_high
The highest frequency of the uplink operating band

NRB
Transmission bandwidth configuration, expressed in units of resource blocks (for E-UTRA)

Pmax
Maximum total output power

Pmax,RAT
Maximum RAT output power
Pmax,c
Maximum carrier output power

PREFSENS

Reference Sensitivity power level
<<<NEXT changed section >>>

6.2
Base station output power

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 manufaturers 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.

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.

In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.

6.2.2
Additional requirement (regional)

For Band 34 operation in Japan, the rated E-UTRA output power declared by the manufacturer shall be less than or equal to the values specified in Table  6.2.2-1.

Table 6.2.2-1: Regional requirements for Band 34 for rated output power declared by the manufacturer.
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Maximum output power [W]
	N/A
	N/A
	20
	40
	60
	N/A


6.2.3
E-UTRA minimum requirement for DL RS power

For E-UTRA, the minimum requirement for DL RS power is specified in TS 36.104 [4], subclause 6.5.4.

6.2.4
UTRA FDD minimum requirement for primary CPICH power

For UTRA FDD, the minimum requirements for primary CPICH power is specified in TS 25.104 [2], subclause 6.4.4, 

