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1 Introduction
A new WI on license-assisted access to unlicensed spectrum was established in RAN #68 [1] and output power requirement was initially discussed in [2]. This contribution continues the discussions on base station output power for LAA BS.
2 Discussion
Base station rated output power is defined in TS 36.104 as the mean power level per carrier at each antenna connector for BS operating in single carrier, multi-carrier, or carrier aggregation configurations. BS class is categorized by the rated output power.
For 5GHz unlicensed spectrum applications, ITU-R and regulations in each region define power limitation and power density limitation [3]. Therefore, additional power requirement should be specified in TS 36.104 to capture different regional requirements. Some regions require maximum conducted transmitter power with assumed antenna gain, e.g. US, while some regions require maximum mean EIRP, e.g. EU, and some regions require both of them and assumed antenna gain, e.g. Canada, Japan. In addition to the power/EIRP limitation, some regulatory requirements also define the power density or EIRP density limitations.
It is noted that for the regulations required conducted transmitter power, like US, they also assumed antennas with directional gains that do not exceed 6 dBi. If transmitting antennas of directional gain greater than 6 dBi are used, the conducted output power from the intentional radiator shall be reduced by the amount in dB that the directional gain of the antenna exceeds 6 dBi. In another word, the required EIRP and the maximum mean EIRP should be less than the maximum conducted power plus assumed antenna gain.
It is also noted that for BS supporting multiple antennas, the maximum mean EIRP should include the beamforming gain and the maximum conducted power is the total transmit power over all antennas and antenna elements which is different from the rated output power definition in TS 36.104 in which rated output power is specified per carrier per antenna connector.
According to the investigation to the regulations [3], following additional output power requirements are proposed to be added in section 6.2.2. Band X,Y… denotes 5GHz band(s) in the following text. Additional requirements of maximum EIRP or output power are from ITU-R, and following with other different regional requirements. TPC requirement is a kind of maximum power requirement and should be also added if regulatory requires.
Proposal 1: Additional requirements of maximum EIRP or output power are from ITU-R, and following with other different regional requirements in US and China. 
Proposal 2: TPC requirement is a kind of maximum power requirement and should be also defined if regulatory requires.

Proposal 3: The correction on additional output power requirements are proposed to be added in section 6.2.2 of TS 36.104. 

<Start of text>
For Band X, Y…, the maximum mean EIRP or output power per BS declared by the manufacturer shall be less than or equal to the values specified in Table 6.2.2-3 [reference ITU-R]. The table shall be updated by the band plan decision.

Table 6.2.2-3: Additional requirements for Band X, Y… declared by the manufacturer
	Freq. range (MHz)
	Max output power (dBm)
	Max PSD (dBm/MHz)
	Declared Max Mean EIRP (dBm)
	Declared Max Mean EIRP density (dBm/MHz)
	Note

	5150-5250
	
	
	Pout, Bx,1
	Pdens, Bx,1
	

	5250-5350
	
	
	Pout, Bx,1
	Pdens, Bx,1
	3, 4

	5470-5725
	24
	11
	Pout, By,1
	Pdens, By,1
	3

	5725-5850
	
	
	
	
	

	NOTE 1: Maximum output power is defined as the total transmitter power over all carriers and antennas; maximum mean EIRP is defined as the total radiated power over all carriers including the beamforming gain.
NOTE 2: The assessment of the EIRP level is described in Annex H.

NOTE 3: TPC is required and ensures an average reduction in the aggregated transmission power by at least 3 dB compared with the maximum permitted transmission power. Without TPC, the highest permissible average EIRP (density) are reduced by 3 dB.
NOTE 4: Stations in the mobile service in frequency range of 5250-5350MHz are permitted to be used either indoors or outdoors may operate up to a maximum mean e.i.r.p. of 1 W and a maximum mean e.i.r.p. density of 50 mW/MHz in any 1 MHz band, and, when operating above a mean e.i.r.p. of 200 mW, these stations shall comply with the following e.i.r.p. elevation angle mask where ( is the angle above the local horizontal plane (of the Earth):
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For Band X, Y… operation in US and Canada [reference FCC and RSS Gen], the maximum output power per BS declared by the manufacturer shall be less than or equal to the values specified in Table 6.2.2-4. The table shall be updated by the band plan decision.

Table 6.2.2-4: Regional requirements for Band X, Y… in US and Canada
	Freq. range (MHz)
	Max output power (dBm)
	Max power spectral density (dBm/MHz)
	Note

	5150-5250 
	30
	17 in US

4 in Canada
	

	5250-5350
	24
	11
	3

	5470-5725
	24
	11
	3

	5725-5850 in US

5725-5825 in Canada
	30
	30 dBm/500kHz in US

17 in Canada
	

	NOTE 1: Maximum output power limit is defined for a single transmitting antenna with a gain equal to or less than 6dBi. If the antenna gain is greater than 6dBi, the maximum output power limit shall be reduced by the amount in dB that antenna gain exceeds 6dBi. 

NOTE 2: Maximum output power limit is defined as the total transmitter power over all antennas and antenna elements.
NOTE 3: TPC is required and ensures an average reduction by 6 dB below a mean EIRP of 30dBm. No TPC is required for mean EIRP<27dBm.


For Band X, Y… operation in China [reference], the rated output power and maximum mean EIRP per BS declared by the manufacturer shall be less than or equal to the values specified in Table 6.2.2-5. The table shall be updated by the band plan decision.

Table 6.2.2-5: Regional requirements for Band X, Y… in China
	Freq. range (MHz)
	Max output power (dBm)
	Max PSD (dBm/MHz)
	Declared Max Mean EIRP (dBm)
	Declared Max Mean EIRP density (dBm/MHz)
	Note

	5150-5250
	
	
	Pout, Bx,1
	Pdens, Bx,1
	

	5250-5350
	
	
	Pout, Bx,1
	Pdens, Bx,1
	3

	5725-5850
	27
	13
	Pout, By,2
	Pdens, By,2
	

	NOTE 1: Maximum output power is defined as the total transmitter power over all carriers and antennas; maximum mean EIRP is defined as the total radiated power over all carriers including the beamforming gain.
NOTE 2: The assessment of the EIRP level is described in Annex H.
NOTE 3: TPC is required and ensures an average reduction in the aggregated transmission power by at least 3 dB compared with the maximum permitted transmission power. 


<Another section>
Annex X (Informative):
Regional requirement for Band X,Y..
X.1
Regional requirement for total output EIRP
For band X,Y.., manufacturer’s declaration of maximum mean EIRP and maximum mean EIRP density specified in subclause 6.2.2 shall comply with the regulatory requirements. Some regulatory requirements are listed in Table X.1-1 as well as the reference. EIRP assessment is described in Annex H.1.
Table X.1-1 Regulatory requirements for EIRP
	Declared Max Mean EIRP (dBm)
	Maximum Level (dBm)
	Declared Max Mean EIRP density (dBm/MHz)
	Maximum Level (dBm/MHz)
	Note

	Pout, Bx,1
	23
	Pdens, Bx,1
	17
	1

	Pout, By,1
	30
	Pdens, By,1
	17
	1

	Pout, By,2
	33
	Pdens, By,2
	19
	2

	NOTE 1: Reference ITU-R…..
NOTE 2: Reference …..


X.2
Regional requirement for emission
<Another section>
H.1
Calculation of EIRP based on manufacturer declarations and site specific conditions
Some regional requirements are defined per effective isotropic radiated power (EIRP), which is a combination of the transmitted power (or in some cases spectral density) and the effective antenna gain which is a site specific condition. Such requirements may be applied per antenna, per cell, or per base station. It shall be noted that the definition of BS or cell may differ between regulations. Where the regulator prescribes a method for EIRP calculation, that method supersedes the proposed assessment in this annex.
The 3GPP specifications mandate manufacturer declarations of the (conducted) output power or power spectral density per connector for the base station under the reference conditions stated as a way to accommodate the referred regional requirements without putting requirements on the local site conditions.

For the case when the base station manufacturer maximum output power or unwanted emission declarations apply per antenna connector, the maximum EIRP can be estimated using the following formulas:

EIRP per antenna:
PEIRP = PTx + GAnt 

EIRP per cell or per BS: 
PEIRPcell =10 * log (∑10PEIRPn/10)

In case the EIRP requirement is set per polarisation, the summation shall be made per polarisation.

"PEIRP" is the resulting effective isotropic radiated power (or radiated power spectral density) resulting from the power (or power spectral density) declared by the manufacturer in dBm (or dBm/measurement BW).

"PTx" is the conducted power or power spectral density declared by the manufacturer in dBm (or dBm/measurement BW) 

"GAnt" is the effective antenna gain, calculated as the antenna gain (dBi) minus the loss of the site infrastructure connecting the BS antenna connector with the antenna (dB) for the applied frequency. The antenna nominal gain is only applicable within a certain frequency range.

"n" is the index number of the co-located antennas illuminating the same cell. PEIRPn is the PEIRP of the n:th antenna.

"Cell" is in this annex used in the sense that it is the limited geographical area covered by the carrier transmitted from one site.
<End of text>
3 Conclusion

Proposal 1: Additional requirements of maximum EIRP or output power are from ITU-R, and following with other different regional requirements in US and China. 

Proposal 2: TPC requirement is a kind of maximum power requirement and should be also defined if regulatory requires.

Proposal 3: The correction on additional output power requirements are proposed to be added in section 6.2.2 of TS 36.104. 
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