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1. Introduction
This contribution investigates pros and cons of introduction of BS maximum output power limits (24 dBm for conducted power/30 dBm for EIRP) for LAA/eLAA operations in band 49 (3550-3700 MHz).
2. Background
The 3GPP Work Item Description CBRS_LAAeLAA-LTE [1], aiming at defining usage of LAA/eLAA (i.e. LTE Frame Structure 3) in the same 3550-3700 MHz CBRS band as already defined for TDD in Band 48, only includes applicability for Base Stations with a maximum conducted transmit power of 24 dBm and a maximum EIRP of 30 dBm in 10 MHz.

FCC [2] classified BSs (CBSDs) in lower power (Category A) CBSDs with a maximum EIRP of 30 dBm in 10MHz (allowed to operate either indoor or outdoor) and higher power (Category B) CBSDs with 47 dBm/10MHz EIRP limit (allowed to be used only outdoor). It does not include any restriction on maximum base station conducted power neither applicability limitation for GAA (General Authorized Access) to Category A base station.
3GPP has already defined requirements for Band 46 LAA/eLAA operations at 5 GHz for which BSs have to comply with the applicable power limits established regionally. As shown in the tables below, the regional requirements may be in the form of conducted power, power spectral density, EIRP and other types of limits. For some regions and for some sub-bands the allowed maximum conducted power and EIRP are higher than 24 dBm and 30 dBm respectively.
2.1 Some regional transmit power requirements for 5GHz bands
In Europe BSs may operate up to a maximum mean e.i.r.p. of  30 dBm (between 5470-5725 MHz).
Table 1: Transmit power and power spectral density requirements in Europe

	
	Freq. range (MHz)
	Max Mean EIRP (dBm)
	Max Mean EIRP density (dBm/MHz)
	Comment

	WAS/RLAN
	5150-5350
	23
	10
	20 MHz and 40 MHz channels

	
	5470-5725
	30
	17
	


In US, according to sub-part E for eCFR Part 15 [4], for an access point operating in the band 5.15-5.25 GHz, the maximum conducted output power over the frequency band of operation shall not exceed 1 W provided the maximum antenna gain does not exceed 6 dBi. In addition, the maximum power spectral density shall not exceed 17 dBm in any 1 megahertz band. Transmit power requiremetns for other 5GHz sub-bands are shown in Table 2.
Table 2: Transmit power requirements for UNII devices

	
	UNII-1
	UNII-2A
	UNII-2C
	UNII-3
	Comments

	Frequency Range (GHz)
	
	5.15 – 5.25
	5.25-5.35
	5.47-5.725
	5.725-5.85
	

	Max conducted output power < min(a, b) (dBm)
	a
	eNB: 30
UE: 24
	24
	24
	30
	

	
	b
	
	11+10logB
	11+10logB
	
	B is the 26-dB emission bandwidth in MHz


In Brazil, the bands 5250-5350 MHz, 5470-5650 MHz, 5650-5725 MHz and 5725-5850 MHz are allowed to RLANs . Bands 5150-5250 MHz and 5250-5350 MHz are restricted to indoor use, and DFS is mandated in the bands 5250-5350 MHz and 5470-5725 MHz.

The relevant restrictions are shown below: 
Table 3:  Power limits in Brazil
	From (MHz)
	To (MHz)
	Service
	Restriction [insert reference]

	5150
	5350
	Restricted radiation
	Indoor use only, EIRP limited to 200mW, EIRP spectral power density limited to 10mW/MHz. DFS mandated between 5250-5350MHz.

	5350
	5470
	Unregulated
	 

	5470
	5650
	Restricted radiation
	DFS mandated. Max transmitter output power limited to 250mW, EIRP limited to 1W, EIRP spectral power density limited to 50mW/MHz

	5650
	5725
	Restricted radiation or amateur radio
	DFS mandated. Max transmitter output power limited to 250mW, EIRP limited to 1W, EIRP spectral power density limited to 50mW/MHz

	5725
	5875
	Restricted radiation (ISM Band)
	Max transmitter output power limited to 1W, max EIRP EMF density of 50,000 microvolt per meter (measured at 3 meter distance)


Table 3 summarizes an overview of technical regulatory requirements for outdoor deployment in India
Table 4: Summary of regulatory requirements for outdoor deployment in India
	Regulation code
	NFAP2011-IND 68
	NFAP2011-IND 69
	NFAP2011-IND 71
	NFAP2011-IND 72, GSR No 38E

	Band (MHz)
	5150-5250
	5570-5725
	5725-5825
	5825-5875

	License Type
	Licensed
	Licensed
	Licensed
	Unlicensed

	Maximum transmitter output power
	
	
	1 W (30dBm) in spread of 10 MHz or higher
	1 W (30dBm) in spread of 10 MHz or higher

	Maximum mean EIRP
	200mW (23dBm)
	1W (30dBm)
	4W (36dBm)
	4W (36dBm)


In Korea the maximum transmission power is:
-
50mW, 200mW, 200mW and 200/260mW for 5150-5250, 5250-5350, 5470-5650, and 5725-5825 MHz band  respectively, with assumed antenna gain 6 dBi  for 5150-5250 and 5725-5825MHz band and 7 dBi for 52505350 and 5470-5650MHz band
2.2 LBT (Listen Before Talk) threshold

For 5GHz bands, regulatory requirements in some regions, e.g., in Europe, specify an energy detection threshold such that if a node receives energy greater than this threshold, the node assumes that the channel is not free. While all nodes need to follow such regulatory requirements, a node may optionally use a lower threshold for energy detection than that specified by regulatory requirements. It is recommended that LAA support a mechanism to adaptively lower the energy detection threshold from an upper bound. Such an adaptation mechanism does not preclude static or semi-static setting of the threshold [3]
In IEEE 802.11 [5], the ED Threshold level has been specified based on the type of equipment:

Option 1: For equipment that for its operation in the 5 GHz bands is conforming to IEEE 802.11 clause 17, clause 19 or clause 21, or any combination of these clauses, the ED Threshold Level  is independent of the equipment's maximum transmit power (PH). Assuming a 0 dBi receive antenna the ED Threshold Level  shall be: -75 dBm/MHz;
Option 2: For equipment conforming to one or more of the clauses listed in Option 1, and to at least one other operating mode, and for equipment conforming to none of the clauses listed in Option 1, the ED Threshold shall be proportional to the equipment's maximum transmit power (PH).

Assuming a 0 dBi receive antenna the ED Threshold Level (TL) shall be:

For PH ≤ 13 dBm: TL = -75 dBm/MHz
For 13 dBm < PH < 23 dBm: TL = -85 dBm/MHz + (23 dBm - PH) (3)

For PH≥ 23 dBm: TL = -85 dBm/MHz (where PH to be specified in dBm e.i.r.p)
3GPP specified for Band 46  in 15.1.4 of 36.123 the following energy detection threshold adaptation procedure:

An eNB accessing a carrier on which LAA Scell(s) transmission(s) are performed, shall set the energy detection threshold (
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is determined as follows:

-
If the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation) then:
-
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 is Maximum energy detection threshold defined by regulatory requirements in dBm when such requirements are defined, otherwise 
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Where:

-
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= 10dB for transmission(s) including PDSCH;

-
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= 5dB for transmissions including discovery signal transmission(s) and not including PDSCH;

-

[image: image10.wmf]H

P

 = 23 dBm;

-
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 is the set maximum eNB output power in dBm for the carrier;

-
eNB uses the set maximum transmission power over a single carrier irrespective of whether single carrier or multi-carrier transmission is employed
-
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BWMHz is the single carrier bandwidth in MHz.
It follows that also 3gpp defines cases of static and semi static thresholds where there are no dependency of thresholds  on  TX output power (case 1) or the maximum threshold for TX outuput power above 20 and 23 dBm for 10MHz and 20 MHz BW respectively is constant (formula 2) as shown in Figure 1. This behaviour is consistent with what specified in IEEE 802.11 option 2. 
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3GPP has already defined requirements 

3. Discussion
At a given ED (Energy Detection) threshold, in general, higher power leads to worse performance since it would limit spatial reuse, i.e., a fewer number of active cells at the same time. 
Also, the adoption of the same LBT threshold as Band 46 for high power Category B CBSDs which can transmit with a power of 47 dBm in a 10 MHz bandwidth, may result in exclusion zones around a Category B CBSDs for adjacent channels since ACLR may not be sufficient to reduce the adjacent channel interference below the LBT threshold level (especially in cases of colocation and multichannel BSs).
But, Band 49 GAA LAA BSs need anyway to co-exist with B48 GAA TDD category B BS in outdoor scenario so reducing the output power of LAA BS does not solve completely the issue. It is worth mentioning that there is the SAS (Spectrum Access System) which coordinates frequency assignment of shared channels, has the responsibility to facilitate coordination between GAA users operating Category B CBSDs and to determine and provide to BSs the maximum permissible transmission power level at their location. 
In addition, as shown in the paragraph above there are regions in which for some 5 GHz sub-bands, the allowed conducted power is higher than 24 dBm and the allowed EIRP is higher than 30dBm;  for such cases and in cases where Maximum allowed EIRP is 30 dBm (in Europe for instance)  no more stringent power limits (in terms of conducted power or EIRP) have been specified in 3GPP for LAA/eLAA operations. 
With reference to the energy detection threshold, it can be static or adaptive and in the latter case it is function of TX output power in EIRP and not of the conducted power.  So even in cases where high power could lead to worse performance there is no reason to introduce limitations on TX conducted power (the Band 49 WID introduce limitation on the maximum conducted output power to 24 dBm). 
In order to understand performance of high power BS operations in case the same threshold as Band 46 is adopted, an high-power Micro eLAA scenario have been simulated and performance in terms of DL mean data rate per users versus DL total served traffic per operator are compared to TDD Micro scenarios. As shown in Figure 1 eLAA Micro scenario has better performance that TDD one at low/medium load. 
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Even if we would keep the BS power limit for B49, the 3GPP specifications do not prevent a vendor from deploying B49 (FS3) BS with Cat B limits as long as the FCC requirements are met. The UE radio requirements would not be affected, and the core signalling specifications still apply. 

4.  Conclusions

Even if there may spatial reuse issues in case of deployment of cat. B base stations,  3GPP should not preclude high-power BS outdoor deployments for B49 (Operators might want to deploy larger cells of the same size as B48)  which are allowed, as long as they comply with regulatory requirements. Simulation results indeed show that there is an advantage of using LBT with the given ED threshold level for category B BS LAA/eLAA operations. In US and some other countries for some 5GHz sub-bands, regulations allow maximum conducted power higher than 24dBm and EIRP higher than 30 dBm; for such cases no additional restrictions in 3GPP on conducted and EIRP power limits nor different behavior for the applicable energy detection maximum threshold levels have been specified.
So it is proposed to:

Proposal 1:  remove in 3GPP the limitations on maximum conducted power (24 dBm) for BSs operating in B49
 Proposal 2: remove in 3GPP the limitation on EIRP (30 dBm) for BS operating in B49. 
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