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1. Introduction

During RAN#59, a new work item for AAS BS was approved. Considering the discussion in [1] on proposed prioritization as well as pending LS from ITU-R WG-5D, this paper initiate the discussion on AAS BS transmit output power.
2. Discussion

The transmit output power is currently defined as a single RAT requirement and is described as following in 37.104 which also cover the concerned AAS BS classes according to the AAS WID [2]:

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 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.

The rated carrier output power of the BS shall be as specified in Table 6.2-1.
Table 6.2-1 Base Station rated carrier output power

	BS class
	PRated,c

	Wide Area BS
	(note)

	Medium Range BS
	≤+ 38 dBm

	Local Area BS
	≤+ 24 dBm

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


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.

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


For Band 41 operation in Japan, the rated output power per BS declared by the manufacturer shall be less than or equal to the values specified in Table  6.2.2-2.

Table 6.2.2-2: Regional requirements for Band 41 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
	N/A
	20
	N/A
	40


The base-station output power is thus related to each antenna port in the existing RAN4 specifications. 

In general, majority of RAN4 requirements in existing specifications are developed in relation to antenna port and assumes passive fixed beam antennas. For AAS, to ensure that an AAS BS would have at least similar or better performance compared to BS equipment compliant to existing specifications and thus re-use the base-line requirements, it is necessary to consider “equivalent antenna port” concept.
The “equivalent antenna port” concept is simply implying that the AAS BS with an array of radiating element should logically be considered as a composite of number of element arrays groups where each group would correspond to “equivalent antenna port”. Thus different topologies on how the elements arrays are grouped together should not be precluded which give full flexibility for more advanced future applications and need. As an example, an AAS BS consisting “m x n” array elements can logically be considered as “n” group of equivalent antenna ports while each group consist of m array elements as in figure 1.

[image: image1]
Figure 1. AAS “equivalent antenna port” concept for two AAS example topologies.
Note that AAS “equivalent antenna port” can correspond to baseband ports or other proper entities.

Considering the AAS output power requirements, depending on the parameterization of the AAS reference model, there are a few options to set the requirement point and test point:
· Define the requirement point in far field and set the requirement as TRP (Total Radiated Power).

The TRP measurements can be performed by various methods and capture some characteristics of the transceiver and radiating elements but is not fully usable from network deployment point of view.

· Define the requirement point in far field and set the requirements as EIRP. 

The EIRP is commonly used in the regulation i.e. FCC allowed limits on radiated carrier power as well as ECC license conditions for quite many bands in Europe [3-4].

An EIRP definition should consider “equivalent antenna port” and the corresponding “equivalent antenna gain” as elaborated in [5]. The EIRP definition of AAS output power would give more relevant characteristics from network deployment point of view while capturing the spatial aspect.
The “equivalent antenna gain” is defined as:


[image: image2.wmf](

)

1

10

log

10

L

G

m

G

E

equivalent

+

+

=

     [dBi]

Where m number of array elements corresponding to group of array elements within the “equivalent antenna port”, GE is the array element gain and L1 is implementation loss.

Considering the DL down tilt application studied within the SI, depending on the separation between array elements and level of down tilt, the equivalent antenna gain would vary as in figure 2.
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Figure 2. The equivalent gain for different down-tilt angles and element separations.
It is obvious that the level of equivalent antenna gain due to spatial properties of the antenna is changing due to grating lobes. For different tilt values, the EIRP would thus vary and consequently the need to discuss if the requirements on AAS output power should be based on 0 degree tilt or any other pre-defined value.

· Define the requirement point at transceiver boundary and test based on conducted measurements.
Considering the example application above, depending on the element separation and level of tilt, the AAS output power would fully depend on the antenna design and application and conducted reference point and testing will not at all capture the characteristics for AAS output power and thus not justified.

For AAS output power requirement, we thus would recommend requirements point defined in the far field either as TRP or EIRP where EIRP would better capture the essential characteristics of AAS output power as well as being better suited from network planning and deployment point of view.
Proposal 1: Adopt the far field reference point based on EIRP measurements for AAS output power.

It should be noted that the concepts of “equivalent antenna gain” and “equivalent antenna port” is essential components on driving AAS specification and thus we would encourage RAN4 to further discuss and conclude.
Proposal 2: Further discuss and elaborate the concepts of “equivalent antenna gain” and “equivalent antenna port”.
3. Conclusion

In this paper, the AAS output power requirement was further investigated. New concepts based on “equivalent antenna gain” and “equivalent antenna port” was introduced to partly ensure that the existing requirement base-line can be re-used for AAS while it was shown that for AAS output power due to properties of radiating elements and applications, the AAS output power characteristics could vary which makes the transceiver boundary reference point and conducted testing irrelevant.
The most promising approach turned out to be definition of the requirement in far field based on EIRP using a pre-defined set of antenna weights.

We also propose the following:
Proposal 1: Adopt the far field reference point based on EIRP measurements for AAS output power.

Proposal 2: Further discuss and elaborate the concepts of “equivalent antenna gain” and “equivalent antenna port”.
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