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1
Introduction
The explosive increase in mobile data consumption is a global phenomenon. There is a strong trend of media consumption moving towards smartphones, tablets and other mobile computing devices. As the content on the internet gets richer with a higher quality, the cellular industry is constantly on the hunt for solutions that meet this insatiable data demand, while continually providing higher levels of user experience to their customers. Some of the key strategies of the operators are: (1) densify the network using small cells; and (2) intelligently utilizing more spectrum and getting access to more. Bringing LTE Advanced to unlicensed spectrum fits perfectly with these initiatives, as it exploits the deployment of small cells to achieve the best possible performance for opportunistically using the unlicensed spectrum.
In this approach, the same small cells that offer LTE Advanced on licensed spectrum, will also offer it on the 5 GHz unlicensed spectrum. Both bands are aggregated together, in exactly the same way that licensed bands are treated in standard LTE Advanced carrier aggregation.

As the 5GHz unlicensed spectrum is currently being used by commercial, enterprise and private WiFi networks, weather radar and several other incumbents, regulatory authorities around the world have defined a wide variety of requirements and co-existence mechanisms so as to inter-operate with current users of the band in each region. This document summarizes the regulatory requirements for the deployment of LTE Advanced in unlicensed spectrum in the 5GHz band.
2
Types of regulatory requirements
The amount of spectrum available in each sub-band of the 5GHz band and the regulatory requirements of each sub-band differ across the several countries and regulatory domains. In this section, we briefly describe the types of regulatory requirements that transmission on the 5GHz unlicensed band are expected to satisfy. Note that only a subset of these requirements may be applicable in each band or regulatory domain.
2.1
Indoor vs. Outdoor bands

A few sub-bands in the 5GHz may be reserved for exclusive indoor and outdoor use while other sub-bands may allow both indoor and outdoor deployments.
2.2       Dynamic Frequency Selection

An LTE Advanced device transmitting in the 5GHz unlicensed spectrum may need to employ a Dynamic Frequency Selection (DFS) function for several reasons predominantly to 

1. Detect interference from radar systems and to avoid co-channel operation with these systems

2. Detect transmissions from already existing users and enable co-existence of different systems

3. Provide on aggregate a near-uniform loading of the spectrum

These requirements define the DFS requirements and operational behaviour on associated master and slave devices operating in this band. Examples of DFS requirements are Channel Availability Check to detect radar, Off-Channel Channel Availability Check to monitor other channels for radar transmission, in-service monitoring and channel shutdown procedures.

Uniform spectrum loading requirements may include network management functions controlling a large number of eNBs and the channel selection function of each eNB.
2.3     
Adaptive Channel Access Mechanism

Adaptive channel access is a mechanism by which a device temporarily avoids transmissions in a channel in the presence of signals above a certain threshold from other transmitters (LAA-LTE, WiFi devices and other intentional radiators). 
For example, ETSI regulations specify the use of a Listen before Talk (LBT) protocol under which the energy measured on the channel by ongoing transmissions is used to determine whether the channel is available for transmission.
2.4
Minimum Bandwidth Occupancy
This requirement establishes a limit on the minimum bandwidth that needs to be occupied by each carrier when a transmission is active. These requirements also define the bandwidth occupancy rules when simultaneous transmissions occur on adjacent and non-adjacent channels.

For example, the ETSI regulations specify that each transmission must occupy at least 80% of the nominal channel bandwidth. 
2.5 
Transmit Power and PSD Limits, Transmit Power Control

These requirements specify the limits on the transmit power and the power spectral density mask within each sub-band of the 5GHz band both in the presence and absence of transmit power control mechanisms. The requirements may also be a function of whether the sub-band exclusively supports either indoor/outdoor deployments or whether both deployments may be allowed. They also describe the limits applicable in systems with smart antennas systems (devices with multiple transmit chains) in each allowed configuration of the system and with possibly multiple adjacent and non-adjacent simultaneously active carriers across several sub-bands in the 5GHz band.
2.6       Transmission and Receiver Unwanted Emissions

These requirements impose limits on the level of out of band emissions for the transmitter and specify the requirements of spurious emission for the receiver.
A detailed description of the regulatory requirements for each region are in [1].
3
Conclusions

This paper has summarized the regulatory requirements for unlicensed spectrum in various regions across the world. While only a subset of requirements are applicable for each region, we propose that the super set of regulatory requirements be considered applicable for the candidate solution.

Proposal:  Candidate solution shall obey the following regulatory requirements
1. Applicable to both indoor and outdoor deployments

2. Perform dynamic frequency selection

3. Have an adaptive channel access mechanism

4. Satisfy the minimum bandwidth occupancy for both downlink and uplink transmissions

5. Meet TX power and TX PSD limits applicable to each sub-band and regulatory domain

6. Satisfy the worst case requirements for out of band emissions, ACLR, spurious emissions needed for operation in all sub-bands and regions
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