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1 Introduction
In RAN#65, a study item on Licensed-Assisted Access (LAA) using LTE was approved, as in [1]. The study item’s key objective is to explore the feasibility of operating LTE system in the 5 GHz frequency bands, which is currently designated as unlicensed spectrum or the ISM bands. The 5 GHz bands are mainly used by Radio LAN (RLAN) or Wireless LAN (WLAN) systems that are based on the IEEE 802.11 standards family. Although the designated 5 GHz spectrum is unlicensed in nature, there are quite a lot of regulatory requirements imposed on the frequency bands. These regulatory requirements are established based on different ITU regions and countries. The main purpose of these regulatory requirements is to ensure that systems operating in the 5 GHz bands can coexist with each other and without causing any harm to the public.     
In this contribution, initial assessment is carried out on the RLAN/WLAN regulatory aspects that pertinent to RAN4.
2 Discussion
The LAA SI in [1] only considers the Carrier Aggregation (CA) with secondary unlicensed carrier(s) for DL or DL/UL transmission (i.e. SDL mode). Therefore, the regulatory assessment below is for SDL only, even though it could be generic for other LAA modes. Figure 1 illustrates the LAA SDL mode and CA with UL/DL Scell operation in unlicensed carrier. Note that more than 1 unlicensed carrier can be aggregated.  
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Figure 1: Illustration of LAA operation modes
2.1 Summary/Status of RAN1 Regulatory Discussion 

The LAA regulatory discussion took place in RAN1#78bis and RAN1#79, see references in [1 – 11] and [12 – 14], respectively. From the references, almost all the regulatory discussion occurred in RAN1#78bis and some leftover issues were discussed in RAN1#79. As a result, RAN1 has completed the documentation of the LAA physical layer regulatory requirements [14][15][16]. 

Based on the contributions in [1 – 13], RAN1 identified and discussed in detailed several regulatory requirements that could impact the physical layer design. These requirements are listed below: 
· Listen-Before-Talk (LBT)
· Dynamic Frequency Selection (DFS)
· Transmit Power Control (TPC)
· Channel Occupancy Time (COT)
· Short control signaling (SCS) transmissions
In addition, RAN1 also provided some analysis on the following RLAN regulatory requirements that could impact RAN4 [3][4][5]. 
· Nominal Channel Bandwidth
· Occupied Channel Bandwidth (OBW)

· EIRP (Transmit) Power
· Out of Band Emission (OOBE)
· Power Spectrum Density (PSD)
In [13], it is also proposed that RAN4 should further investigate those RAN4-pertinent regulatory requirements. 
2.2 Regulatory Requirements Affecting RAN4
2.2.1 Assessment Approach

In LTE RF specifications, the regulatory requirements from national regulator bodies across ITU Region 1, 2, and 3 are being factored into the specification development stage. This ensures that LTE system can become the globally deployed and compatible technology. Therefore, LAA system should adopt the same approach, as agreed in the LAA SI [1], which states that a single global solution framework should be aimed for LAA system. From the TR 36.889 in [16], the radio spectrum in 5 GHz share very similar spectrum allocations across ITU regions and across different countries within the ITU region. This is also the reason why WiFi devices can work globally. Figure 2 shows the 5 GHz spectrum allocation situation. 

It can be observed from Figure 2 that the 200 MHz spectrum block allocation from 5150 – 5350 MHz is basically consistent across ITU Region 1, 2, and 3. The only minor difference is that in some countries the spectrum block is split into smaller chunks of 100 MHz, and some of the smaller chunks may be allocated to indoor usage only. 
For the 255 MHz spectrum block allocation from 5470 – 5725 MHz in Figure 2, there is slightly more variation across the ITU regions than the 200 MHz lower block. However, the spectrum allocation is still quite consistent, except may be in certain countries like Korea, where the allocation is only up to 180 MHz. 

Therefore, in terms of global roaming capability, the 200 MHz and 255 MHz spectrum blocks in 5 GHz are very attractive for LAA global deployment. Based on this, it is proposed to use a set of regulatory framework from a representative national regulatory body as a baseline for further regulatory assessment in RAN4. Hence, 
Proposal 1: Based on the regulatory information provided in TR 36.889 [16], baseline regulatory requirements are chosen according to  

Region 1: European ETSI BRAN specification (EN301 893) is used as baseline to conduct further regulatory impact analysis on RAN4 requirements. 

Region 2: USA FCC Part 15 (other related parts) as baseline to conduct further regulatory impact analysis on RAN4 requirements.

Region 3: It is proposed to use Korea (TTA) regulatory requirements as baseline to conduct further regulatory impact analysis on RAN4 requirements. 
Note 1: Further simplification can be made to identify commonality and difference between 3 sets of regulatory framework.

Note 2: Any specific regulatory requirements arose from specific country in Region 1,2,3 can be studied case by case and potentially included at a later stage.   
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Figure 2: 5 GHz spectrum allocation 

2.2.2 Channel Bandwidths

In ETSI EN 301 893, the nominal channel bandwidth is specified as at least 5 MHz. This requirement is consistent with the RAN1 agreement, that LAA system bandwidths < 5 MHz are not considered for PHY layer design for LAA.
However, the unclear part is the Occupied Channel Bandwidth (OBW), and detailed assessment is performed in [17]. 
2.2.3 EIRP (Transmit) Power

The RF output power in [8] is the mean equivalent isotopically radiated power (e.i.r.p.) during a transmission burst. According to clause 5.3.4.2 [8], the e.i.r.p. can be calculated using the following formula:
P = A + G + Y + 10 × log (1 / x) (dBm) 
for continuous transmission capability or LBE operation, or,
P = A + G + Y(dBm) 
for without continuous transmission capability and operating in one sub-band or both sub-bands.
A refers to measured power output in dBm, 
G refers to antenna gain in dBi, 
Y refers to beamforming gain in dB if applicable,
x refers to observed duty cycle

Given this RF output power definition, the power (spectral) density (dBm/MHz) for the RLAN equipment is then defined as mean EIRP density during the transmission burst. Since RLAN equipment can be either frame-based or load-based, the duration of transmission burst can be varied. For instance, frame-based equipment has a fixed transmission time duration. For conformance testing purpose, it is consistent to use one LTE subframe (i.e. 1 ms) as the measurement period for LAA EIRP measurement. 
The limits for EIRP and EIRP density are shown in Table 1 below:
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Table 1: BRAN RLAN EIRP and EIRP density limits [8]

From Table 1, the lower and upper 5 GHz spectrum blocks (shown in Figure 1) are specified. The EIRP limits of the lower spectrum block with and without TPC are 23 dBm (assuming reference antenna gain = 0 dBi) if transmission whose nominal bandwidth falls completely within the block. For the upper spectrum block, there is 3-dB reduction in EIRP limit due to consideration for interference to the meteorological radar system.  
The EIRP density limits are obtained from the EIRP limits, based upon 20 MHz nominal channel bandwidth.  
For the FCC Part 15 [19], the transmit power requirements are given in Table 5.3.1-1 [16], as shown in Table 2 below:
	
	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

	Peak PSD (dBm/MHz)
	
	eNB: 17
UE: 11
	11
	11
	30dBm in 500kHz
	

	Assumed Antenna Gain (dBi)
	
	6
	6
	6
	6*
	Peak power is reduced by G-6 dB for directional antennas with gain > 6 dBi


Table 2: Transmit power limits
From the table, the lower spectrum block has higher DL transmit power. However, the EIRP limits are relatively higher than ETSI [8], due to the assumption on antenna gain. For upper spectrum block the EIRP limits are quite aligned with ETSI [8]. 
In Korea, the TTA regulatory limits for RLAN’s equipment transmit power is given by Table 3 below:

	
	Lower block1
	Lower block 2
	Upper block

	Frequency Range
	[GHz]
	5.15 – 5.25
	5.25-5.35
	5.47-5.65

	Max conducted output power 
	[dBm]
	17
	23
	23

	Peak PSD 
	[mW/MHz]
	2.5 (4)
	10 (10)
	10 (10)

	Assumed Antenna Gain
	[dBi]
	6
	7
	7

	Note: assume 20 MHz nominal channel bandwidth


Table 3: TTA’s transmit power regulatory limits
The peak PSD is the conducted PSD without inclusion of antenna gain. The table shows that for the first 100 MHz in the lower spectrum block, the EIRP limit is significantly lower than ETSI [8] and FCC [19]. 

The EIRP is used in TS36.104 specification as a regional requirement, which is dependent on both the BS emissions at the antenna connector and the deployment parameters (including antenna gain and feeder loss). The calculation of EIRP based on manufacturer declarations and site specific conditions can be found in Annex H in TS36.104:
For the case when the base station manufacturer 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: 
PEIRPcell =10 * log (∑10PEIRPn/10)

where 

"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 nth 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.

It can be seen that the EIRP is similar between EN 301 893 and the RAN4 specifications, except for continuous transmission capability or LBE operation.
In RAN4, the LAA eNB and UE should fulfil the maximum output power (MOP) requirements. For SDL case, LAA UE MOP can be defined in a similar manner in TS 36.101, where new UE power class can be introduced for LAA operation. 
For eNB BS power class, the lower EIRP limits indicates that only small cells with transmit power per antenna of < 30 dBm is feasible in order to fulfil the regulatory requirements. 
2.2.4 Out-of-Band Emission

In current RAN4 specifications, the unwanted emission includes out-of-band emissions and spurious emissions. The out-of-band emissions can be specified in terms of Occupied Bandwidth, spectrum emission mask and ACLR. 

The out-of-band emission requirements were used by some regulatory bodies as a basis for compatibility studies. In RAN4 specifications, the generic out-of-band requirements are defined at the antenna connectors and based on the maximum output power, rather than EIRP. However, some additional regional requirements are based on EIRP.

In addition, the spectrum emission masks defined for the BS are based on a necessary bandwidth of E-UTRA. No limits are specified inside the necessary bandwidth though, where the necessary bandwidth can be interpreted as channel bandwidth for single carrier or aggregated channel bandwidth for contiguous aggregation.

In Europe [8], the emission limits outside of the 5GHz lower and upper spectrum blocks have been specified in Figure 3. 
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Figure 3: Unwanted emission level for RLAN equipment

The spurious emission mask shows that the RLAN equipment has 2-tier protection level towards adjacent systems that operating over a specific frequency range.

For in-block emission limit, a spectrum emission mask is defined, as shown in Figure 4 below:
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Figure 4: Transmitter SEM for RLAN [8]

In Figure 4, given a typical nominal channel bandwidth of 20 MHz, the mask extends outwards to 215 MHz. However, the average level of transmitter unwanted emissions within the 5 GHz RLAN bands shall not exceed the limit of the mask provided in the figure or the limit for unwanted emissions provided in by the spurious emission mask, whichever is the higher. At ±1.5 N, where N is the nominal channel bandwidth, the worst-case limit is (23 – 40 = -17 dBm/20 MHz or -30 dBm/100 kHz).
From the FCC Part 15.407 rules in [19], the emission limits outside of lower and upper spectrum blocks are specified as EIRP of -27 dBm/MHz. The minimum measurement bandwidth is 1 MHz. However, smaller measurement e.g. 100 kHz can be used provided that it is linearly translated by conserving the total emission power over 1 MHz. Therefore, -27 dBm/MHz or -37 dBm/100 kHz. 
No in-block emission limits are provided in the FCC Part 15.407. 

For TTA case, similar out-of-block emission limit like in FCC has been specified [16]. 
By comparing those out-of-block emission limits with the RAN4 specifications, it can be seen that RLAN spurious emission limits are relatively straightforward. Therefore, it is feasible to include those limits into the RAN4 eNB and UE specification as regional requirements. For in-block emission limits, either a mask is defined or ACLR value is proposed. It can be shown in [23] that the ACLR for RLAN equipment is 37 dB. Therefore, further assessment is needed. 

2.2.5 Receiver Spurious Emission

This requirement is available in Europe [8]. Receiver spurious emissions are defined as emissions of the active receiver. 
The limits are specified in Table 4. 

[image: image6.emf]
Note that below 1 GHz, the limit is more stringent than the transmitter spurious emission. By comparing to the RAN4 specification, it can be seen that this limits are identical. 



Table 5: LTE UE receiver spurious emission limits 

	30MHz ( f < 1GHz
	100 kHz
	-57 dBm

	1GHz ( f ( 12.75 GHz
	1 MHz
	-47 dBm


2.3 Further Remarks

From the assessments provided in section 2.2, we can see that the regulatory limits for RLAN equipment are quite consistent with each other. This enables 3GPP to specify LAA requirements to cover all regulatory limits across ITU Region 1, 2 and 3. 
However, in terms of documenting the LAA regulatory requirements, we concur from [14][15][16] that the objective of LAA SI [1] below has been completed. 
[image: image7.emf]o   Document the relevant existing regulatory requirements for unlicensed spectrum deployment in t he  5GHz bands [RAN4]  


Proposal 2: RAN4 to declare the completion of “Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]”.  
3 Conclusions
In this contribution, we provided intial assessments of RLAN regualtory limits based on Europe (ETSI BRAN), USA (FCC) and Korea (TTA). We observed that it is possible to create a global LAA requirement framework in RAN4. 

We also proposed the following:

Proposal 1: Based on the regulatory information provided in TR 36.889 [16], baseline regulatory requirements are chosen according to  

Region 1: European ETSI BRAN specification (EN301 893) is used as baseline to conduct further regulatory impact analysis on RAN4 requirements. 

Region 2: USA FCC Part 15 (other related parts) as baseline to conduct further regulatory impact analysis on RAN4 requirements.

Region 3: It is proposed to use Korea (TTA) regulatory requirements as baseline to conduct further regulatory impact analysis on RAN4 requirements. 

Note 1: Further simplification can be made to identify commonality and difference between 3 sets of regulatory framework.

Note 2: Any specific regulatory requirements arose from specific country in Region 1,2,3 can be studied case by case and potentially included at a later stage.   

Proposal 2: RAN4 to declare the completion of “Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]”.  
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