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1.
Introduction

The discussions on output power for MR BS classes have been initiated in the previous RAN4 meeting. This paper elaborates further on output power and proposes possible alternatives and also contains a TP for the report.
2.
Discussion
In all RAN4 specifications regardless if it is a single-RAT or MSR, there is no restriction on output power stated for the WA BS classes. For other BS classes that exist, the output power definition is carrier centric and maximum power limits are given. The UTRA and E-UTRA output power definitions are neither consistent nor do they consider the multi carrier aspects. However multi-carrier operation is already a reality due to MC-HSDPA or LTE CA.
The existing output power definition in UTRA, E-UTRA is as following:

UTRA:

The power definition subclause in the UTRA specification is reproduced here:
6.2
Base station output power

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

6.2.1
Base station maximum output power

Maximum output power, Pmax, of the base station is the mean power level per carrier measured at the antenna connector in specified reference condition.
The rated output power, PRAT, of the BS shall be as specified in Table 6.0A.

Table 6.0A: Base Station rated output power
	BS class
	PRAT

	Wide Area BS
	- (note)

	Medium Range BS
	< +38 dBm

	Local Area BS
	< + 24 dBm

	Home BS
	< + 20 dBm (without transmit diversity or MIMO)

< + 17 dBm (with transmit diversity or MIMO)

	NOTE:
There is no upper limit required for the rated output power of the Wide Area Base Station like for the base station for General Purpose application in Release 99, 4, and 5.


6.2.1.1
Minimum requirement

In normal conditions, the Base station maximum output power shall remain within +2 dB and -2dB of the manufacturer's rated output power.

In extreme conditions, the Base station maximum output power shall remain within +2.5 dB and -2.5 dB of the manufacturer's rated output power.

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

The power definition subclause in the E-UTRA specification is reproduced here:
6.2
Base station output power

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.
Table 6.2-1: Base Station rated output power
	BS class
	PRAT

	Wide Area BS
	· (note)


	Local Area BS
	<  + 24 dBm (for one transmit antenna port)

<  + 21 dBm (for two transmit antenna ports)

<  + 18 dBm (for four transmit antenna ports) 

<  + 15 dBm (for eight transmit antenna ports)

	Home BS
	<  + 20 dBm (for one transmit antenna port)

<  + 17 dBm (for two transmit antenna ports)

<  + 14dBm (for four transmit antenna ports) 

<  + 11dBm (for eight transmit antenna ports)

	NOTE:
There is no upper limit for the rated output power of the Wide Area Base Station.


6.2.1
Minimum requirement

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

In extreme conditions, the base station maximum output power shall remain within +2.5 dB and -2.5 dB of the rated output 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.
Note that the MSR specification is adapted to single RAT specifications with respect to output power requirements by declaring additional parameters such as carrier power, per RAT power and total output power.
Following observations can be made:
· The requirements apply per carrier for UTRA, E-UTRA and MSR.

· For existing UTRA MR BS, the output power should not be scaled with number of transmit antenna port

· For existing UTRA LA BS, the output power is not scaled with number of transmit antenna port while for existing E-UTRA LA BS the output power is scaled with the number of transmit antenna ports. Note that for the LA BS class, both UTRA and E-UTRA use 24 dBm as a cap for the output power. 

· For E-UTRA the Power Spectral Density (PSD) would vary due to the carrier centric definition of output power. E.g. a 20 MHz carrier would have 6 dB less PSD than a 5 MHz carrier or a UTRA carrier. Note that it is not an issue for WA BS classes since there is no restrictions on carrier output power and thus for wider bandwidths, the PSD can be kept the same by increasing the carrier power.
Since the objective of the WI is to define the E-UTRA MR, MSR MR and MSR MR base station classes it is essential to find a proper consistent definition that would not pose unnecessary power restrictions given the already standardized features such as MC-HSDPA or LTE CA. At the same time the definition should not discard the multiple transmit port aspects.
There are some regulatory frameworks, e.g. WAPECS in Europe, which define the output power as power per 5 MHz. Even if the output power is restricted the framework opens up the possibility to maintain the same PSD over 5 MHz blocks regardless of the carrier bandwidth.

For MSR covering the multi-carrier and multi-RAT operations, a shift towards frequency block centric approach is already incorporated with respect to unwanted emission as well as quite many receiver requirements. The carrier centric definition for MSR given a cap would cause confusion due to flexibility not only in frequency domain (carriers with different BW and RAT) but also how carrier power per RAT is handled.
There are thus a few possibilities to handle the output power definition with some benefits and drawbacks as following:

1.
Limit the sum of powers available over all the antenna connectors per 5 MHz block.
This approach would reflect the regulatory situation in some region and also allow for possible expansion where larger bandwidths and higher number of carriers are deployed by scaling the total output power over the declared operation bandwidth. Adopting this approach would require a clarification on requirements that are currently relative to carrier power. This approach can be used for E-UTRA 1.4 MHz and 3 MHz BW options and possibly for GSM when BC2 requirements are concerned but this approach would require endorsement from GERAN WG1.
2.
Limit the maximum power available at an antenna connector, i.e. limit the sum of carrier powers for each antenna connector.
This approach is similar to UTRA MR and UTRA LA with he difference that the total output power regardless of the number of carriers or operation bandwidth would be restricted. No scaling of power depending on number of transmit antenna port is applied to not severely restrict the carrier output power. As the approach above, this would very much be block centric instead of carrier centric but would not allow for scaled output power with scaled bandwidth. Adopting this approach would require a clarification on requirements that are currently relative to carrier power.
3.
Limit the maximum power for each carrier at each antenna connector, i.e. the same approach used for UTRA MR and LA.
This approach would be fully compatible with existing UTRA and E-UTRA requirements but allows for scaling of power with operation bandwidth and number of transmit antenna ports. 

4.
Limit the sum of powers across all antenna connectors for each carrier. This is what is done for E-UTRA LA.
This approach would put restriction and not allow for any scaling regardless if it concerns the operation bandwidth nor number of transmit antenna ports. Due to flexible bandwidth options in E-UTRA, the adoption of this approach would not only penalize the E-UTRA larger BW options but also violate the legacy requirements for UTRA and thus not recommended neither for E-UTRA MR nor MSR MR and LA.

The different options are illustrated in the figure below. Limitations are placed on the maximum power that can be transmitted inside each rectangle. The green squares indicate powers transmitted on a particular port for a particular carrier. Note that rectangle 1 covers 5 MHz in the frequency domain.


[image: image1]
Given the discussion above, there are benefits and drawbacks regardless on the chosen approach but considering the real life scenarios with E-UTRA flexible bandwidth options and multi-carrier operations and ongoing regulatory frameworks, the alternative 1 seems quite attractive while alternative 2 and 3 would also be possible to adopt. We thus encourage RAN4 to adopt the alternative 1 and have prepared TP alternative for the three first alternatives for further discussion. 
3.
Summary and Proposal
In this paper, the output power requirements for E-UTRA MR and MSR MR/LA were further discussed. The inconsistency in defining the output power between different specifications was elaborated and a way forward as well as TP alternatives for BS Class WI is proposed. 
It is proposed that the attached text proposal (the agreed alternative) is included in TR 37.802.
TEXT PROPOSAL: (Annex A, alternative 1)

*********************Changed section*****************

6.2
Base station output power

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.
Table 6.2-1: Base Station rated output power
	BS class
	PRAT

	Wide Area BS
	· (note)


	Medium Range BS
	<  + 38 dBm / 5MHz (for one transmit antenna port)

<  + 35 dBm / 5MHz (for two transmit antenna ports)

<  + 32 dBm / 5MHz (for four transmit antenna ports) 

· <  + 29 dBm / 5MHz (for eight transmit antenna ports)

	Local Area BS
	<  + 24 dBm (for one transmit antenna port)

<  + 21 dBm (for two transmit antenna ports)

<  + 18 dBm (for four transmit antenna ports) 

<  + 15 dBm (for eight transmit antenna ports)

	Home BS
	<  + 20 dBm (for one transmit antenna port)

<  + 17 dBm (for two transmit antenna ports)

<  + 14dBm (for four transmit antenna ports) 

<  + 11dBm (for eight transmit antenna ports)

	NOTE:
There is no upper limit for the rated output power of the Wide Area Base Station.


6.2.1
Minimum requirement

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

In extreme conditions, the base station maximum output power shall remain within +2.5 dB and -2.5 dB of the rated output 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.

TEXT PROPOSAL: (Annex A, alternative 2)

*********************Changed section*****************

6.2
Base station output power

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.
Table 6.2-1: Base Station rated output power
	BS class
	PRAT

	Wide Area BS
	· (note1)


	Medium Range BS
	· 38 dBm (note 2)

	Local Area BS
	<  + 24 dBm (for one transmit antenna port)

<  + 21 dBm (for two transmit antenna ports)

<  + 18 dBm (for four transmit antenna ports) 

<  + 15 dBm (for eight transmit antenna ports)

	Home BS
	<  + 20 dBm (for one transmit antenna port)

<  + 17 dBm (for two transmit antenna ports)

<  + 14dBm (for four transmit antenna ports) 

<  + 11dBm (for eight transmit antenna ports)

	NOTE 1:
There is no upper limit for the rated output power of the Wide Area Base Station.
NOTE2:     For medium range BS, the 38 dBm level is related to the maximum total output power (Pmax)


6.2.1
Minimum requirement

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

In extreme conditions, the base station maximum output power shall remain within +2.5 dB and -2.5 dB of the rated output 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.

TEXT PROPOSAL: (Annex A, alternative 3)

*********************Changed section*****************

6.2
Base station output power

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.
Table 6.2-1: Base Station rated output power
	BS class
	PRAT

	Wide Area BS
	· (note)


	Medium Range BS
	·    <  + 38 dBm

	Local Area BS
	<  + 24 dBm (for one transmit antenna port)

<  + 21 dBm (for two transmit antenna ports)

<  + 18 dBm (for four transmit antenna ports) 

<  + 15 dBm (for eight transmit antenna ports)

	Home BS
	<  + 20 dBm (for one transmit antenna port)

<  + 17 dBm (for two transmit antenna ports)

<  + 14dBm (for four transmit antenna ports) 

<  + 11dBm (for eight transmit antenna ports)

	NOTE:
There is no upper limit for the rated output power of the Wide Area Base Station.


6.2.1
Minimum requirement

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

In extreme conditions, the base station maximum output power shall remain within +2.5 dB and -2.5 dB of the rated output 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.
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