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Introduction
During RAN#62, proposals to study the introduction of LTE for a licensed-assisted access to unlicensed spectrum in an operator-controlled manner were discussed. In addition, during the discussion around a new study item, one of the relevant aspects identified was the regulatory requirements around the world for unlicensed spectrum. 
This paper outlines the different regulations around the world for unlicensed spectrum.

Regulatory Requirements
2.1	ITU Region 1
2.1.1 Europe
The European regulation is determined by the European Commission and the ECC. The relevant regulations for the 5 GHz bands are found in two Commission Decisions [6, 7] and one ECC Decision [8]. These are interpreted by ETSI and used as a basis for harmonized standards, which are used for conformance declaration when products are placed on the European market. Harmonized European standards have a higher regulatory relevance than other product standards, since they are produced based on a mandate from the Commission with reference to an EU directive. They also go through a public enquiry and voting process, and are cited by the Commission. The European requirements on 5 GHz unlicensed deployment are specified in three ETSI harmonized standards [3, 4, and 5]. Figure 2.1.1-1 summarizes the relevant parts of the 5 GHz band set aside for unlicensed spectrum usage. The 5150-5350 MHz and the 5470-5725 MHz bands are referred here as the broadband radio access networks (BRAN) bands where the wireless access systems (WAS) including RLAN equipment are operating in. Moreover, the 5725-5875 MHz band (in the BRAN domain) is used by the fixed wireless access (FWA) networks and finally the intelligent transport systems (ITS) utilize the 5855-5925 MHz band.
The BFWA and the ITS are designated by the ECC for use as parts of the 5 GHz band and the relevant regulations are found in:
· An ECC Recommendation for FBWA [12], and 
· A Commission Decision [13], an ECC Decision [14] and an ECC Recommendation for ITS [15].
General purpose SRD devices can also operate in the band 5725-5875 MHz under the provisions of the ETSI harmonised standard EN 300 440 [16], but with reduced max EIRP of 25 mW. 
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Figure 2.1.1-1: 5 GHz spectrum allocations in Europe.

The European Commission has recently submitted to CEPT a mandate to study the conditions for the extension of the 5 GHz range designated for WAS/RLANs [17] in order to allow the use by WAS/RLANs of the whole 5150-5925 MHz band.
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Figure 2.1.1-2: Summary of existing and proposed EU regulations for WAS/RLANs in the 5GHz band

In the rest of this section, the specified ETSI requirements for the WAS/RLAN and FWA bands are summarized. Table 2.1.1-1 provides the limits on the transmit power control (TPC), the RF output power and power density given by the mean EIRP and the mean EIRP density at the highest power level. Additionally the requirements on the transmitter out of band emissions are listed in Table 2.1.1-2, Figures 2.1.1-3a, and Figure 2.1.1-3b. Table 2.1.1-4 illustrates the DFS requirements for some of these bands in Europe. Moreover, the 5150-5350 MHz is restricted to indoor deployments.
ETSI mandates the usage of DFS in some bands as shown in Table 2.1.1-4. Furthermore, a Listen-Before-Talk (LBT) mechanism is requested independently of whether the channel is occupied or not, the LBT parameters being given in Table 2.1.1-5a and 2.1.1-5b. Both the requirements on frame-based equipment and the requirements on load-based equipment are summarized in Table 2.1.1-5a and 2.1.1-5b, respectively. Note that no LBT requirement is requested in [4] for the FWA band.

[bookmark: _Ref375161150]Table 2.1.1-1: TPC, 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
	

	FWA
	5725-5875
	33
	23
	10 MHz channels

	
	5725-5875
	36
	23
	20 MHz channels

	Transmit Power Control (TPC):
· TPC ensures an average reduction in the aggregated transmission power by at least 3 dB (5 dB for FWA) compared with the maximum permitted transmission power. 
· TCP is not required for channels within the band 5150-5250 MHz.
· Without TPC, the highest permissible average EIRP (density) are reduced by 3 dB.




[bookmark: _Ref375161572]Table 2.1.1- 2: Requirements on out of band emissions in Europe
	
	Frequency range
	Max. power
	Bandwidth

	




WAS/RLAN,
FWA
	30-47 MHz
	-36 dBm
	100 kHz

	
	47-74 MHz
	-54 dBm
	100 kHz

	
	75-87.5 MHz
	-36 dBm
	100 kHz

	
	87.5-118 MHz
	-54 dBm
	100 kHz

	
	118-174 MHz
	-36 dBm
	100 kHz

	
	174-230 MHz
	-54 dBm
	100 kHz

	
	230-470 MHz
	-36 dBm
	100 kHz

	
	470-862 MHz
	-54 dBm
	100 kHz

	
	0.862-1 GHz
	-36 dBm
	100 kHz

	
	1-5.15 GHz
	-30 dBm
	1 MHz

	
	5.35-5.5.47 GHz
	-30 dBm
	1 MHz

	
	5.725-26 GHz
	-30 dBm
	1 MHz
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NOTE:	dBc is the spectral density relative to the maximum spectral power density of the transmitted signal.

Figure 2.1.1-3a: Transmit spectral power mask for RLAN equipment operating within the frequency bands 5150-5250 MHz; 5250-5350 MHz or 5470-5725 MHz
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NOTE 1: 0 dB Reference Level is the spectral density relative to the maximum spectral power density of the transmitted signal.
NOTE 2: On the Frequency Offset axis, the figures apply to ChS = 20 MHz whereas the figures in parentheses apply to ChS = 10 MHz.
NOTE 3: Emissions that fall outside the lower and upper band frequency limits of 5 725 MHz and 5 875 MHz, 
respectively shall instead meet the unwanted emission limits of clause 4.3.1.
Figure 2.2.1-3b: Transmit spectral power mask for FBWA equipment operating within the frequency band 5725-5875 MHz

FWA devices in the 5.8 GHz range are also subject to an additional requirement of EIRP spectral density limit in the elevation plane, see Table 5.


Table 2.1.1-3: EIRP spectral density limits in the elevation plane (5.8 GHz frequency range)
	EIRP spectral density
	Elevation angle

	For sectorised (e.g. P-MP Central or Base Station) and Omni-directional deployments:

	−7 dB(W/MHz)
	0° ≤ θ <4°

	−2.2 - (1.2*θ) dB(W/MHz)
	4° ≤ θ ≤ 15°

	−18.4 - (0.15*θ) dB(W/MHz)
	θ > 15°

	For P-MP Customer Terminal Station and P-P deployments:

	−7 dB(W/MHz)
	for 0° ≤ θ <8°

	−2.68 -(0.54*θ) dB(W/MHz)
	8° ≤ θ < 32°

	−20 dB(W/MHz)
	32° ≤ θ ≤50°

	−10 - (0.2*θ) dB(W/MHz)
	θ > 50°




[bookmark: _Ref375161580]Table 2.1.1-4: DFS requirements in Europe
	Parameter
	Requirement
	Comments

	DFS Threshold (dBm) for WAS/RLAN
	-62(dBm) + 10(dBm/MHz) -  EIRP Spectral density (dBm/MHz) + G(dBi)

	*No DFS requirements on 5150 MHz – 5350 MHz
*G denotes antenna gain 

	DFS Threshold (dBm) for FWA
	-69 (dBm) + 23(dBm/MHz) - EIRP Spectral density (dBm/MHz) + G(dBi)

	*No DFS requirements on 5850 MHz – 5875 MHz
*G denotes antenna gain

	Channel Availability check
	60 seconds outside 5600-5650 MHz
	Master mode

	
	10 minutes inside 5600-5650 MHz
	

	Channel move time
	10 seconds
	Master and slave modes

	Non-occupancy time
	30 minutes
	After radar detection in either channel availability check or in-service monitoring

	Uniform Spreading is required across the frequency ranges 5150 -5350 MHz and 5470-5725 MHz.
Uniform Spreading is not applicable for equipment that only operates in 5150-5250 MHz band.




[bookmark: _Ref375166814]Table 2.1.1-5a: LBT requirements for Frame-Based-Equipment in Europe
	Parameter
	Requirement
	Comment

	Clear Channel Assessment (CCA) time
	Minimum 20μs
	

	Channel Occupancy time
	Minimum 1 ms, maximum10 ms
	

	Idle period
	Minimum 5% of channel occupancy time
	

	Fixed frame period
	Equals to Channel Occupancy time + Idle Period
	

	Short control signaling transmission time
	Maximum duty cycle of 5% within an observation period of 50ms
	Part of Channel occupancy time

	CCA Energy detection threshold 
	Assuming receive antenna gain G=0dBi:
If EIRP=23dBm at transmitter
Threshold ≤ -73 dBm/MHz
Otherwise (different transmit power levels, PH)
Threshold = -73(dBm/MHz) + 23(dBm) – PH(dBm)
	For WAS/RLAN





Table 2.1.1-5b: LBT requirements for Load-Based-Equipment in Europe
	Parameter
	Requirement
	Comment

	Clear Channel Assessment (CCA) time
	Minimum 20μs
	

	Extended CCA time
	Duration of a random factor N multiplied by the CCA observation time. 
N shall be randomly selected in the range 1..q every time, q=4…32
	

	Channel Occupancy time
	<= (13/32) × q ms
	

	Idle period
	Extended CCA time
	

	Short control signaling transmission time
	Maximum duty cycle of 5% within an observation period of 50ms
	Part of Channel occupancy time

	CCA Energy detection threshold 
	Assuming receive antenna gain G=0dBi:
If EIRP=23dBm at transmitter
Threshold ≤ -73 dBm/MHz
Otherwise (different transmit power levels, PH)
Threshold = -73(dBm/MHz) + 23(dBm) – PH(dBm)
	For WAS/RLAN




Interference to Weather Radars
Interference to Weather Radars is also a hot topic in the EU. The two last versions of EN 301 893 (1.6.1 and 1.7.1) have included amendments to better protect these radars, like the prohibition to give the user access to the configuration control settings that would allow him to disconnect the DFS functionality.
The use of the band 5.60-5.65 GHz by WLANs is allowed in Europe, and a Market Surveillance campaign on WLANs 5 GHz has been led at EU level by the ADCO R&TTE Group. The report [18] of the campaign has proposed specific recommendations to improve the situation. These recommendations do not require amendments to the last version of EN 301 893.

2.1.2 Israel
In Israel the bands 5150-5250 MHz and 5250-5350 MHz are open to RLANs.

2.1.3 Russia
In the Russian Federation the bands 5150-5350 MHz, the band 5470-5725 MHz above 5650 MHz and the band 5725-5815 MHz [20] are allowed to RLANs. Use of DFS is not mandated.

2.1.4 South Africa
In South Africa the bands 5150-5250 MHz and 5250-5350 MHz are available to RLANs but restricted to indoor use. The band 5470-5725 MHz is also open to RLANs.

2.1.5 Turkey
In Turkey the bands 5150-5250 MHz and 5250-5350 MHz are restricted to indoor use. DFS and TPC are mandated in the band 5470-5725 MHz.


2.2 ITU Region 2
2.2.1 USA
The use of unlicensed 5 GHz spectrum in USA is governed by FCC part 15 regulations [1]. In Feb 2013, potential new rules were proposed in FCC 13-22 [2]. Figure 2.2.1-1 summarizes the relevant part 15 rules for 5GHz unlicensed spectrum usage:
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Figure 2.2.1-1: Summary of existing and proposed new FCC part 15 rules for 5GHz unlicensed spectrum usage

In Figure 2.2.1-1, U-NII-x bands denote frequency bands for Unlicensed National Information Infrastructure devices usage that are governed by §15.407 [1]. As shown in the figure, there is also an overlapping ruling of §15.247 from 5.725 to 5.85 GHz. A device could choose to follow either U-NII rulings or §15.247 rulings when operating within the frequency range.
In the rest of this section, we summarize FCC paragraphs 15.407 and 15.247 rules. In general either frequency hopping or digital modulation techniques are permitted under part 15 rules. Since LTE is not designed as a frequency hopping system, the rest of the document will focus on regulations related to digital modulation. 
Paragraph 15.247 rules relevant for LTE point to multi-point communications are summarized in 4 aspects:
· Transmission Bandwidth: 
· The minimum 6 dB bandwidth shall be at least 500 kHz. 
· Maximum Transmit Power:
· Peak conducted output power shall not exceed 1 W. An alternative to peak power measurements is maximum conducted output power, which is the total transmit power over all antennas and antenna elements when the transmitter is operating at its maximum power control level. 
· Note that, the conducted output power limit is based on the use of 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.
· Out of Band Emission:
· In any 100 kHz bandwidth outside the frequency band, the radio frequency power that is produced by the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest level of the desired power, based on either an RF conducted or a radiated measurement. If the transmitter complies with the conducted power limits based on the use of RMS averaging over a time interval, the attenuation required under this paragraph shall be 30 dB instead of 20 dB.
· Power Spectrum Density:
· The power spectral density conducted from the intentional radiator to the antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission. The same method of determining the conducted output power shall be used to determine the power spectral density.

Paragraph15.407 rules for UNII devices are summarized in following tables. In Table 2.2.1-1, the maximum transmit power, PSD and out of band emission requirements are listed for UNII-1/2/3 bands. In Table 2.2.1-2, the dynamic frequency selection requirements for radar detection are summarized for UNII-2 devices. In addition, there is an indoor deployment restriction for UNII-1 devices for MSS satellite operation protection.


Table 2.2.1-1: 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
	5.725-5.825
	

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

	
	
	4+10logB
	11+10logB
	11+10logB
	17+10logB
	B is the 26-dB emission bandwidth in MHz

	Peak PSD (dBm/MHz)
	
	4
	11
	11
	17
	

	Assumed Antenna Gain (dBi)
	
	6
	6
	6
	6*
	Peak power is reduced by G-6 dB for directional antennas with gain > 6 dBi;
* UNII-3 fixed point to point operation power scaling threshold is 23 dBi

	Out of band emission
	Frequency Support (GHz)
	Outside 5.15 – 5.35
	Outside 5.25 – 5.35
	Outside 5.47-5.725
	Outside 5.715-5.835
	

	
	EIRP (dBm/MHz)
	-27
	-27
	-27
	-27
	Resolution bandwidth 1 MHz

	
	Frequency Support (GHz)
	
	5.15-5.25
	
	5.715-5.725
5.825-5.835
	

	
	EIRP (dBm/MHz)
	
	Same as UNII-1
	
	-17
	

	Transmit Power Control
	
	N/A
	TPC to 6 dB below a mean EIRP of 30 dBm. No TPC for mean EIRP < 27 dBm
	N/A
	




Table 2.2.1-2: DFS requirements for UNII-2 Devices
	
	Levels
	Comments

	Max EIRP (dBm)
	23 to 30
	* DFS power is averaged in 1 micro-second for 0 dBi antenna.
* Uniform spread over available channels.

	DFS Threshold (dBm)
	-64
	

	Max EIRP (dBm)
	<23
	

	DFS Threshold (dBm)
	-62
	

	Channel Availability check
	60 seconds
	Master mode

	Channel move time
	10 seconds
	Master and slave modes

	
	200 ms normal operation
	

	Non-occupancy time
	30 minutes
	After radar detection in either channel availability check or in-service monitoring



Interference to Weather Radars
In order to resolve interference to Terminal Doppler Weather Radar (TDWR) the FCC has defined interim plans to approve UNII devices operating in the 5470-5725 MHz band [9]. These interim plans provide specific actions for equipment authorization and installation, as detailed below. The main elements in the interim plan are:
· Master devices shall not transmit on channels overlapping with the range 5600-5650 MHz band used by TDWRs;
· Professional installation of equipment operating within the band 5470-5720 MHz;
· Prohibition to include configuration controls (like country code settings) that would allow to change the frequency of operations to any frequency other than those specified on the grant of certification for US operation.
In parallel FCC is continuing its work to develop long-term equipment authorization test procedures that will ensure that the devices comply with the rules that protect the TDWR operations. 

2.2.2	Canada
In Canada, the use of RLANs is forbidden in the band 5600-5650 MHz in order to protect the meteorological radars from interference caused by RLANs. The regulations for RLANs in the 5 GHz range in Canada are defined in RSS-210 Annex 9 [19]. Table 2.2.2-1 presents the transmit power requirements for RLAN devices while Table 2.2.2-1 provides the EIRP spectral density limits in the elevation plane required from RLAN devices operating with an EIRP level higher than 200 mW in the frequency range 5250-5350 MHz.  

Table 2.2.2-1: Transmit power requirements for RLAN devices in Canada
	Frequency Range (GHz)
	
	5.15 – 5.25
	5.25-5.35
	5.47-5.60 and 5.65-5.725 
	5.725-5.825
	

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

	
	b
	
	11+10logB
	11+10logB
	17+10logB
	B is the 26-dB emission bandwidth in MHz

	Peak PSD (dBm/MHz)
	
	4
	11
	11
	17
	Resolution bandwidth 1 MHz

	Max e.i.r.p.   < min(a, b) (dBm)
	a
	23
	30
	30
	36
	

	
	b
	10+10logB
	17+10logB
	17+10logB
	23+10logB
	

	Max e.i.r.p density (dBm/MHz)
	
	10
	
	
	
	Resolution bandwidth 1 MHz

	Out of band emission
	Frequency Support (GHz)
	Outside 5.15 – 5.25
	Outside 5.25 – 5.35
	Outside 5.47-5.725
	Outside 5.715-5.825
	

	
	EIRP (dBm/MHz)
	-27
	-27
	-27
	-17 within 5.705-5.715 and 5.825-5.835;
-27 outside
	Resolution bandwidth 1 MHz

	Transmit Power Control
	
	N/A
	TPC to 6 dB below a mean EIRP of 30 dBm. No TPC for mean EIRP < 27 dBm
	
	

	DFS
	
	N/A
	Required
	
	

	e.i.r.p. elevation mask
	
	N/A
	If e.i.r.p. > 23 dBm compliance with e.i.r.p. elevation mask required 
	N/A
	N/A
	




Table 2.2.2-1:  EIRP spectral density limits in the elevation plane for devices with EIRP > 200 mW
(5.25-5.35 GHz frequency range)
	EIRP spectral density
	Elevation angle

	−13 dB(W/MHz)
	0° ≤ θ <8°





2.2.3 Brazil
In Brazil, the bands 5250-5350 MHz, 5470-5590 MHz, 5650-5725 MHz and 5725-5850 MHz are allowed to RLANs [20]. Bands 5150-5250 MHz and 5250-5350 MHz are restricted to indoor use, and DFS is mandated in the band 5470-5725 MHz.


2.2.4 Mexico
In Mexico, the bands 5150-5250 MHz, 5250-5350 MHz, 5470-5600 MHz, 5650-5725 MHz and 5725-5875 MHz are open to RLANs [20].


2.3 ITU Region 3
2.3.1	China
The 5150-5350 MHz frequency band is open to unlicensed RLANs indoor deployment in China. Furthermore, mandatory DFS / TPC or DFS only with a 3 dB backoff of the max mean EIRP is required for 5250-5350 MHz.
The key regulatory restrictions include:
· EIRP: ≤200mW
· Power Spectrum Density: ≤10dBm/MHz (EIPR)
· Max Emission at edges fo the used frequency:  ≤-80dBm/Hz (EIRP)
· Spurious Emission (correponding to frequency range outside 2.5*carrier bandwidth )
· 30-1000MHz: -36dBm/100kHz
· 48.5-72.5MHz, 76-118MHz, 167-223MHz, 470-798MHz: -54dBm/100kHz
· 2400-2483.5MHz: -40dBm/1MHz
· 5150-5350MHz: -33dBm/100kHz
· 5470-5850MHz: -40dBm/1MHz
· Other frequency in 1-40GHz: -30dBm/1MHz
The 5725-5850 MHz frequency band is assigned as light licensed, shared among operators and traffic control bureau, open for both WAS (wireless access system) and RLAN, for both indoor and outdoor deployment in China. The key regulatory restrictions as below:
· Transmit Power: ≤500mW and ≤27dBm;  
· EIRP: ≤2W and  ≤33dBm
· Power Spectrum Density: ≤13dBm/MHz and ≤19dBm/MHz(EIRP)
· Out of Band Emission:  ≤-80dBm/Hz(≤5725MHz and ≥5850MHz)
· Spurious emission
· 30-1000MHz: ≤-36dBm/100kHz
· 2400-2483.5MHz: ≤-40dBm/1MHz
· 3400-3530MHz: ≤-40dBm/1MHz
· 5725-5850MHz: ≤-33dBm/100kHz
· correponding to frequency range outside 2.5*carrier bandwidth
· Other frequency in 1-2483.5MHz: -30dBm/1MHz
The band 5470-5725 MHz  have not yet been open for RLAN(is put on hold). 

2.3.2	Japan
With regard to the use of 5 GHz spectrum for RLAN in Japan, the following frequency bands are available:
- 	5150-5250 MHz;
- 	5250-5350 MHz;
- 	5470-5725 MHz.
Table 2.3.2-1 summarizes overview of technical regulatory requirements in Japan based on those for IEEE 802.11a/n/ac. As shown in the table, it should be noted that “Max Burst Length” is specified as less than 4 msec for RLAN systems in Japan.

Table 2.3.2-1: Summary of basic regulatory requirements
[image: ]
Note 1:DFS（Dynamic Frequency Selection）, TPC（Transmitter Power Control）

Figure 2.3.2-1 indicates the spectrum and channelling arrangements available for different channel bandwidth. This figure also provides information on incumbent systems to be coexisting with RLAN systems in Japan.
[image: C:\Users\0172918\OUT\20140218\周波数配置.jpg]
Figure 3.4-2: Spectrum and Channel arrangement

Further detailed regulatory requirements, such as ACLR, SEM and peak data rate for the respective frequency bands are provided in the following sub-sections.

2.3.2.1	5150-5250 and 5250-5350 MHz

Table 2.3.2.1-1: Adjacent Channel Leakage Ratio (ACLR) 1
	Occupied bandwidth
	≤ 18MHz
	> 18MHz and ≤ 19MHz
	> 19MHz and ≤ 38MHz
	> 38MHz and ≤ 78MHz

	ACLR 1
	≥ 25 dB
	≥ 25 dB
	≥ 25 dB
	≥ 25 dB

	Measurement
bandwidth
	18 MHz
	19 MHz
	38 MHz
	78 MHz

	Adjacent channel centre frequency offset [MHz]
	+20
/
-20
	+20
/
-20
	+40
/
-40
	+80
/
-80



Table 2.3.2.1-2: Adjacent Channel Leakage Ratio (ACLR) 2
	Occupied bandwidth
	≤ 18MHz
	> 18MHz and ≤ 19MHz
	> 19MHz and ≤ 38MHz
	> 38MHz and ≤ 78MHz

	ACLR 2
	≥ 40 dB
	≥ 40 dB
	≥ 40 dB
	-

	Measurement
bandwidth
	18 MHz
	19 MHz
	38 MHz
	-

	Adjacent channel centre frequency offset [MHz]
	+40
/
-40
	+40
/
-40
	+80
/
-80
	-



(1) Occupied bandwidth ≤ 18 MHz
Table 2.3.2.1-3: SEM: Occupied bandwidth ≤ 18 MHz
	Centre 
Frequency 
(MHz)
	Frequency range(f)
(MHz)
	Frequency difference between centre frequency – the edges of frequency range(MHz)
	e.i.r.p/MHz

	5240
	5140 ≤ f ≤ 5142
	≥ 98 and ≤ 100
	≤ 2.5 W

	
	5142 < f ≤ 5150
	≥ 90 and < 98
	≤ 15 W

	
	5250 ≤ f < 5251
	≥ 10 and < 11
	≤  mW

	
	5251 ≤ f < 5260
	≥ 11 and < 20
	≤  mW

	
	5260 ≤ f < 5266.7
	≥ 20 and < 26.7
	≤  mW

	
	5266.7 ≤ f ≤ 5360
	≥ 26.7 and ≤ 120
	≤ 2.5 W

	5260
	5140 ≤ f ≤ 5233.3
	≥ 26.7 and ≤ 120
	≤ 2.5 W

	
	5233.3 < f ≤ 5240
	≥ 20 and < 26.7
	≤  mW

	
	5240 < f ≤ 5249
	≥ 11 and < 20
	≤  mW

	
	5249 < f ≤ 5250
	≥ 10 and < 11
	≤  mW

	
	5350 ≤ f ≤ 5360
	≥ 90 and ≤ 100
	≤ 2.5 W



(2) 18 MHz < Occupied bandwidth ≤ 19 MHz
Table 2.3.2.1-4: SEM: 18 MHz < Occupied bandwidth ≤ 19 MHz
	Centre 
Frequency 
(MHz)
	Frequency range(f)
(MHz)
	Frequency difference between centre frequency – the edges of frequency range(MHz)
	e.i.r.p/MHz

	5180
	5135 ≤ f ≤ 5142
	≥ 38 and ≤ 45
	≤ 2.5 W

	
	5142 < f ≤ 5150
	≥ 30 and < 38
	≤ 15 W

	5240
	5250 ≤ f < 5251
	≥ 10 and < 11
	≤  mW

	
	5251 ≤ f < 5260
	≥ 11 and < 20
	≤  mW

	
	5260 ≤ f < 5266.7
	≥ 20 and < 26.7
	≤  mW

	
	5266.7 ≤ f ≤ 5365
	≥ 26.7 and ≤ 125
	≤ 2.5 

	5260
	5135 ≤ f ≤ 5233.3
	≥ 26.7 and ≤ 125
	≤ 2.5 

	
	5233.3 < f ≤ 5240
	≥ 20 and < 26.7
	≤  mW

	
	5240 < f ≤ 5249
	≥ 11 and < 20
	≤  mW

	
	5249 < f ≤ 5250
	≥ 10 and < 11
	≤  mW

	5320
	5350 ≤ f ≤ 5365
	≥ 30 and ≤ 45
	≤ 2.5 W



(3) 19 MHz < Occupied bandwidth ≤ 38 MHz
Table 2.3.2.1-5: SEM: 19 MHz < Occupied bandwidth ≤ 38 MHz
	Centre 
Frequency 
(MHz)
	Frequency range(f)
(MHz)
	Frequency difference between centre frequency – the edges of frequency range(MHz)
	e.i.r.p/MHz

	5190
	5100 ≤ f ≤ 5141.6
	≥ 48.4 and ≤ 90
	≤ 2.5 W

	
	5141.6 < f ≤ 5150
	≥ 40 and < 48.4
	≤ 15 W

	5230
	5250 ≤ f < 5251
	≥ 20 and < 21
	≤  mW

	
	5251 ≤ f < 5270
	≥ 21 and < 40
	≤  mW

	
	5270 ≤ f < 5278.4
	≥ 40 and < 48.4
	≤  mW

	
	5278.4 ≤ f ≤ 5400
	≥ 48.4 and ≤ 170
	≤ 2.5 W

	5270
	5100 ≤ f ≤ 5210
	≥ 60 and ≤ 170
	≤ 2.5 W

	
	5210 < f ≤ 5221.6
	≥ 48.4 and < 60
	≤ 2.5 W

	
	5221.6 < f ≤ 5230
	≥ 40 and < 48.4
	≤  mW

	
	5230 < f ≤ 5249
	≥ 21 and < 40
	≤ 

	
	5249 < f ≤ 5250
	≥ 20 and < 21
	≤  mW

	5310
	5350 ≤ f < 5358.4
	≥ 40 and < 48.4
	≤ 15 W

	
	5358.4 ≤ f ≤ 5400
	≥ 48.4 and ≤ 90
	≤ 2.5 W



(4) 38 MHz < Occupied bandwidth ≤ 78 MHz
Table 2.3.2.1-6: SEM: 38 MHz < Occupied bandwidth ≤ 78 MHz
	Centre 
Frequency 
(MHz)
	Frequency range(f)
(MHz)
	Frequency difference between centre frequency – the edges of frequency range(MHz)
	e.i.r.p/MHz

	5210
	5020 ≤ f ≤ 5123.2
	≥ 86.8 and ≤ 190
	≤ 2.5 W

	
	5123.2 < f ≤ 5150
	≥ 60 and < 86.8
	≤ 15 W

	
	5250 ≤ f < 5251
	≥ 40 and < 41
	≤  mW

	
	5251 ≤ f < 5290
	≥ 41 and < 80
	≤  mW

	
	5290 ≤ f < 5296.7
	≥ 80 and < 86.7
	≤  mW

	
	5296.7 ≤ f ≤ 5480
	≥ 86.7 and ≤ 270
	≤ 2.5 W

	5290
	5020 ≤ f ≤ 5203.3
	≥ 86.7 and ≤ 270
	≤ 2.5 W

	
	5203.3 < f ≤ 5210
	≥ 80 and < 86.7
	≤  mW

	
	5210 < f ≤ 5249
	≥ 41 and < 80
	≤  mW

	
	5249 < f ≤ 5250
	≥ 40 and < 41
	≤  mW

	
	5350 ≤ f < 5376.8
	≥ 60 and < 86.8
	≤ 15 W

	
	5376.8 ≤ f ≤ 5480
	≥ 86.8 and ≤ 190
	≤ 2.5 W



(5) 78 MHz < Occupied bandwidth ≤ 158 MHz
Table 2.3.2.1-7: SEM: 78 MHz < Occupied bandwidth ≤ 158 MHz
	Centre 
Frequency 
(MHz)
	Frequency range(f)
(MHz)
	Frequency difference between centre frequency – the edges of frequency range(MHz)
	e.i.r.p/MHz

	5250
	4916 ≤ f ≤ 5099.6
	≥ 150.4 and ≤ 334
	≤ 2.5 W

	
	5099.6 < f ≤ 5150
	≥ 100 and < 150.4
	≤ 15 W

	
	5350 ≤ f < 5400.4
	≥ 100 and < 150.4
	≤ 15 W

	
	5400.4 ≤ f ≤ 5584
	≥ 150.4 and ≤ 334
	≤ 2.5 W



Table 2.3.2.1-8: Peak data rate 
	Occupied bandwidth(MHz)
	Peak data rate (Mbps)

	≤ 19
	≥ 20

	> 19 and ≤ 38
	≥ 40

	> 38 and ≤ 78
	≥ 80

	> 78 and ≤ 158
	≥ 160




2.3.2.2	5470-5725 MHz

Table 2.3.2.2-1: Adjacent Channel Leakage Ratio (ACLR) 1
	Occupied bandwidth
	≤ 19.7MHz
	> 19.7MHz and ≤ 38MHz
	> 38MHz and ≤ 78MHz

	ACLR 1
	≥ 25 dB
	≥ 25 dB
	≥ 25 dB

	Measurement
bandwidth
	19 MHz
	38 MHz
	78 MHz

	Adjacent channel centre frequency offset [MHz]
	+20
/
-20
	+40
/
-40
	+80
/
-80



Table 2.3.2.2-2: Adjacent Channel Leakage Ratio (ACLR) 2
	Occupied bandwidth
	≤19.7MHz
	> 19.7MHz and ≤ 38MHz
	> 38MHz and ≤ 78MHz

	ACLR 2
	≥ 40 dB
	≥ 40 dB
	-

	Measurement
bandwidth
	19 MHz
	38 MHz
	-

	Adjacent channel centre 
frequency offset [MHz]
	+40
/
-40
	+80
/
-80
	-



(1) Occupied bandwidth ≤ 19.7 MHz
Table 2.3.2.2-3: SEM: Occupied bandwidth ≤ 19.7 MHz
	Frequency range(f)
(MHz)
	e.i.r.p/MHz

	5455 ≤ f ≤ 5460
	≤ 2.5 W

	5460 < f ≤ 5470
	≤ 12.5 W 

	5725 ≤ f < 5740
	≤ 12.5 W

	5740 ≤ f ≤ 5745
	≤ 2.5 W



(2) 19.7 MHz < Occupied bandwidth ≤ 38 MHz
Table 2.3.2.2-4: SEM: 19.7 MHz < Occupied bandwidth ≤ 38 MHz
	Frequency range(f)
(MHz)
	e.i.r.p/MHz

	5420 ≤ f ≤ 5460
	≤ 12.5 W

	5460 < f ≤ 5470
	≤ 50 W

	5725 ≤ f ≤ 5760
	≤ 12.5 W



(3) 38 MHz < Occupied bandwidth ≤ 78 MHz
Table 2.3.2.2-5: SEM: 38 MHz < Occupied bandwidth ≤ 78 MHz
	Frequency range(f)
(MHz)
	e.i.r.p/MHz

	5340 ≤ f ≤ 5460
	≤ 12.5 W

	5460 < f ≤ 5469.5
	≤ 50 W

	5469.5 < f ≤ 5470
	≤ 51.2 W

	5725 ≤ f ≤ 5800
	≤ 12.5 W



(4) 78 MHz < Occupied bandwidth ≤ 158 MHz
Table 2.3.2.2-6: SEM: 78 MHz < Occupied bandwidth ≤ 158 MHz
	Frequency range(f)
(MHz)
	e.i.r.p/MHz

	5236 ≤ f ≤ 5419.6
	≤ 12.5 W

	5419.6 < f ≤ 5470
	≤ 50 W

	5725 ≤ f ≤ 5904
	≤ 12.5 W



Table 2.3.2.2-7: Peak data rate 
	Occupied bandwidth(MHz)
	Peak data rate (Mbps)

	≤ 19.7
	≥ 20

	> 19.7 and ≤ 38
	≥ 40

	> 38 and ≤ 78
	≥ 80

	> 78 and ≤ 158
	≥ 160



2.3.2.3	Simultaneous use of 5150-5250 and 5470-5725 MHz / 5250-5350 and 5470-5725 MHz
When simultaneous use of non-contiguous two channels in 5150-5250 and 5470-5725 MHz or that in 5250-5350 and 5470-5725MHz is employed, the following regulatory requirements are also applied. It should be note that total channel bandwidth is less and equal to 160 MHz in these usages.

Table 2.3.2.3-1: SEM: 78 MHz < Occupied bandwidth ≤ 158 MHz
	Case
	Combination of simultaneous transmission Centre Frequencies

	
	Centre Frequency 1 (MHz)
	Centre Frequency 2 (MHz)

	1
	5210
	5530

	2
	
	5610

	3
	5290
	5530

	4
	
	5610



Side conditions
· Occupied bandwidth for respective Carrier for Centre frequency is > 38 MHz and ≤ 78 MHz.
· Maximum Output power ≤ 1.25 mW
· e.i.r.p.≤ 1.25mW

Table 2.3.2.3-2: Adjacent Channel Leakage Ratio (ACLR)
	Occupied bandwidth
	> 38MHz and ≤ 78MHz

	ACLR
	≥ 25 dB

	Measurement
bandwidth
	78 MHz

	Adjacent channel centre 
frequency offset [MHz]
	+80
/
-80

	Note: Applicable to respective carrier



Table 2.3.2.3-3: SEM: Case 1 and 2
	Centre 
Frequency 
(MHz)
	Frequency range(f)
(MHz)
	Frequency difference between centre frequency – the edges of frequency range(MHz)
	e.i.r.p/MHz

	5,210
	5,020 ≤ f ≤ 5,134.8
	≥ 75.2 and ≤ 190
	≤ 2.5 W

	
	5,134.8 < f ≤ 5,150
	≥ 60 and < 75.2
	≤ 12.5 W

	
	5,250 ≤ f < 5,251
	≥ 40 and < 41
	≤  mW

	
	5,251 ≤ f < 5,285.2
	≥ 41 and < 75.2
	≤  mW

	
	5,285.2 ≤ f < 5,370
	≥ 75.2 and < 160
	≤ 2.5 W

	5,530
	5,370 ≤ f ≤ 5,454.8
	≥ 75.2 and ≤ 160
	≤ 2.5 W

	
	5,454.8 < f ≤ 5,470
	≥ 60 and < 75.2
	≤ 15 W

	5,610
	5,725 ≤ f ≤ 5,800
	≥ 115 and ≤ 190
	≤ 15 W



Table 2.3.2.3-4: SEM: Case 3 and 4
	Centre 
Frequency 
(MHz)
	Frequency range(f)
(MHz)
	Frequency difference between centre frequency – the edges of frequency range(MHz)
	e.i.r.p/MHz

	5,290
	5,020 ≤ f ≤ 5,214.8
	≥ 75.2 and ≤ 270
	≤ 2.5 W

	
	5,214.8 < f ≤ 5,249
	≥ 41 and < 75.2
	≤  mW

	
	5,249 < f ≤ 5,250
	≥ 40 and < 41
	≤  mW

	
	5,350 ≤ f < 5,365.2
	≥ 60 and < 75.2
	≤ 15 W

	
	5,365.2 ≤ f < 5,410
	≥ 75.2 and < 120
	≤ 2.5 W

	5,530
	5,410 ≤ f ≤ 5,454.8
	≥ 75.2 and ≤ 120
	≤ 2.5 W

	
	5,454.8 < f ≤ 5,470
	≥ 60 and < 75.2
	≤ 15 W

	5,610
	5,725 ≤ f ≤ 5,800
	≥ 115 and ≤ 190
	≤ 15 W




Table 2.3.2.3-5: Peak data rate 
	Peak data rate (Mbps)

	≥ 160




2.3.3	Korea

Table 2.3.3-1: Transmit power requirements for 5GHz Devices
	Frequency Range(MHz)
	5100-5250
	5250-5350
	5470-5650
	5725-5825,
2400~2483.5 7)

	Average PSD requirement (mW/MHz)
	BW(MHz)
	PSD
	BW(MHz)
	PSD
	BW(MHz)
	PSD
	BW(MHz)
	PSD

	
	0.5-20
	≤2.5
	0.5-20
	≤10
	0.5-20
	≤10
	0.5-26
	≤10

	
	20-40
	≤1.25
	20-40
	≤5
	20-40
	≤5
	26-40
	≤5

	
	40-80
	≤0.625
	40-80
	≤2.5
	40-80
	≤2.5
	40-80
	≤2.5

	
	
	
	
	
	
	
	40-60 1)
	≤0.1 1)

	Assumed antenna gain G (dBi) 4)
	6
	7
	7
	6, 20 2) (PTP) 3)

	Out of band emission, EIRP (dBm/MHz)
	-27
	-27
	-27
	For any 100kHz in outside band, less than -30dBm(2400-2483.5MHz)
-27dBm/MHz (5725-5825MHz)

	DFS 5)
	No
	Yes
	Yes
	No

	TPC 6)
	No
	Yes
	Yes
	No

	
	Notes:
1)  2400-2483.5MHz devices
2 Fixed point to point operation power scaling threshold is 20 dBi
3) PTP: Point to Point communication
4) Peak power is reduced by G-THR dB for directional antennas with gain > THR dBi (THR = 6 dBi for 51005250MHz and 5725-5825MHz or 7dBi for 5250-5350MHz and 5470-5650MHz)
5) DFS: Dynamic Frequency Selection
6) TPC: Transmit Power Control
7) 5725-5825MHz, 2400-2483.5MHz are not allowed to be used for point-to-multipoint service for the same information and omni-directional electro-magnetic wave transmission




Table 2.3.3-1: DFS requirements for 5GHz Devices
	
	Levels
	Comments

	DFS Threshold (dBm) for interference detection
	-62dBm
	Average power considering antenna gain: <10mW/MHz

	
	-64dBm
	Average power considering antenna gain: 10mW/MHz ~50mW/MHz

	Channel availability check time
	> 60 seconds
	

	Channel move time
	< 10 seconds
	

	Non-occupancy time
	> 30 minutes
	After radar detection in either channel availability check or in-service monitoring



Korean regulatory requirements are summarized as follows:
· Average PSD requirement (mW/MHz)
· It covers both power spectral density and Max transmission power
· The maximum PSD is defined for a given spectrum range
· Maximum transmission power : 
· 50mW, 200mW, 200mW and 200/260mW for 5150-5250, 5250-5350, 5470-5650, and 5725-5825 MHz band  respectively
· Antenna gain assumed:
· 6 dBi for 5150-5250 and 5725-5825MHz band 
· 7 dBi for 52505350 and 5470-5650MHz band
· Out of Band Emission (EIRP (dBm/MHz) )
· <-27 dBm/MHz 
· DFS & TPC
· DFS is defined for 5250-5350MHz and 5470-5650MHz 
· TPC is defined for 5250-5350MHz and 5470-5650MHz 
· TPC ensures wireless devices with average Tx power including antenna gain larger than 25mW/MHz can reduce its average Tx power by at least 3dB (below 12.5mW/MHz)
· Maximum bandwidth occupancy
· < 80MHz for 5GHz
· Maximum power spectral density for bandwidth aggregation (contiguous or non-contiguous)
· Among 5150-5250, 5250-5350, 5470-5650, and 5725-5825 MHz bands, multiple of 80MHz bandwidth can be aggregated in contiguous or non-contiguous manner to form 160MHz bandwidth
· In this case, maximum power spectral density for 5150-5250MHz should be lower than 0.625mW/MHz while it should be lower than 1.25mW/Hz in the other bands
· Modulation scheme
· Digital modulation for 5GHz
· Difference from FCC regulation 
· Maximum transmission power in case of 5725 to 5825MHz is still 200mW for 20MHz bandwidth (a bit lower compared to 1W power in UNII-3) 
· 5825-5850MHz is not for WAS (Wireless Access System)


2.3.4	India
In India the bands 5150-5250 MHz, 5250-5350 MHz and 5725-5875 MHz are open to RLANs [20].

2.3.4	Taiwan
In Taiwan the bands 5250-5350 MHz, 5470-5590 MHz, 5650-5725 MHz and 5725-5850 MHz are allowed to RLANs [20]. 

2.3.5	Singapore
In Singapore the bands 5150-5250 MHz, 5250-5350 MHz, 5470-5725MHz and 5725-5850 MHz are open to RLANs.

2.3.6	Australia
[bookmark: _GoBack]In Australia the band bands 5150-5250 MHz, 5250-5350 MHz and 5470-5725 MHz, except the sub-band 5600-5650 MHz, are open to RLANs. DFS and TPC are mandatory in the bands 5250-5350 MHz and 5470-5725 MHz.


Conclusion
This paper has presented and summarized the different regulatory requirements for unlicensed spectrum in different regions in the world. 
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