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1. Introduction
In RAN#65, a new study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum [1] has been approved. This feasibility study will evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum. Here the unlicensed carrier(s) operate as secondary cell(s) with carrier aggregation configuration, where the primary cell operates in licensed spectrum.
As a first step, regulatory requirements on the targeted unlicensed spectrum need to be identified, which will guide the LAA system design and allow us to identify the changes needed on the physical layer. In this contribution, we identify the regulatory requirements that are relevant to physical layer design.

2. Regulatory Requirements Affecting Physical Layer
This study item targets the 5GHz unlicensed bands. The regulatory requirements for the 5GHz bands in different regions/countries are summarized in [2]. Many of these requirements (such as maximum transmit power, maximum EIRP, out-of-band emission, spurious emission, spectral mask, etc) are RF requirements, which do not affect the physical layer design. Therefore they are not discussed in this contribution. The requirements that have impact on the physical layer design include listen-before-talk (LBT), dynamic frequency selection (DFS), and transmit power control (TPC). The related requirements in different regions/countries that affect the physical layer design are summarized in the following subsections.

2.1. Europe
The harmonized standard for broadband radio access network (BRAN) in the 5150-5350 MHz and the 5470-5725 MHz bands, in which the wireless access systems (WAS) including radio local area networks (RLAN) operate, is given in [3].
Listen-Before-Talk (LBT)
Equipment is required to be “adaptive”, meaning that it can adapt to its environment by sensing other transmissions. The listen-before-talk (LBT) requirements are defined for frame-based equipments and load-based equipments.
· Frame Based Equipment (FBE) is an equipment where the transmit/receive structure is not directly demand-driven but has fixed timing. It may be altered by configuration changes but there is always a minimum Idle Period following a transmit period. An example of timing is given in Figure 1. If the clear channel assessment (CCA) check passes, the equipment may transmit; otherwise it shall not transmit during the next fixed frame period.
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[bookmark: _Ref399150837]Figure 1 Example of timing for frame-based equipments
· Load Based Equipment (LBE) is an equipment where the transmit/receive structure is not fixed in time but demand-driven. For load-based equipments, if the CCA check passes, the equipment may transmit immediately; otherwise it performs an extended CCA check for a random duration and may transmit again when the channel is deemed as unoccupied according to the following method: during the extended CCA check, a random value is selected, and decremented each time a CCA slot is sensed free; when the value reaches zero, the equipment may transmit. The equipment shall perform a new extended CCA after a transmission.
The requirements on the LBT parameters are summarized in Table 1.
[bookmark: _Ref399151574]Table 1 LBT requirements for frame-based equipments and load-based equipments
	Parameter
	Frame-based equipments
	Load-based equipments

	Clear Channel
Assessment (CCA)
	Energy detection for no less than 20μs

	Extended CCA time
	Not applicable
	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
	[1, 10] ms
	<= (13/32) × q ms

	Idle period
	>= 5% of channel occupancy time
	Extended CCA time

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


Note: there is a newer draft version of [3] which has different values for the above LBT parameters, which may have different impact on the possible solutions if adopted.

For both types of equipments, upon correct reception of a packet, the equipment can skip CCA and immediately transmit the management and control frames (e.g. ACK).
Short Control Signalling Transmissions are allowed to send management and control frames (e.g. ACK/NACK signals) without sensing the channel for the presence of other signals. If implemented, Short Control Signalling Transmissions of Adaptive equipment shall have a maximum duty cycle of 5 % within an observation period of 50 ms.

Dynamic Frequency Selection (DFS)
Other than the generic LBT requirements, Dynamic frequency selection (DFS) is required when operating on channels whose nominal bandwidth falls partly or completely within the frequency ranges 5250 MHz to 5350 MHz or 5470 MHz to 5725 MHz.
DFS requires the equipment to:
· Detect interference from radar systems (radar detection) and to avoid co-channel operation with these systems
· provide on aggregate a near-uniform loading of the spectrum (Uniform Spreading)
When a master device detects the radar signal, the device and the associated slave devices shall not transmit on this channel, or shall stop transmitting on this channel. The DFS requirements are summarized in Table 2.
[bookmark: _Ref399159784]Table 2 DFS Requirement Values in Europe
	Channel Availability Check (CAC) Time
	60 seconds outside 5600-5650 MHz
10 minutes inside 5600-5650 MHz

	Minimum Off-Channel CAC Time
	6 minutes outside 5600-5650 MHz
1 hour inside 5600-5650 MHz

	Maximum Off-Channel CAC Time
	4 hours outside 5600-5650 MHz
24 hours inside 5600-5650 MHz

	Channel Move Time
	10s

	Channel Closing Transmission Time
	1s

	Non-Occupancy Period
	30 minutes

	DFS Detection threshold
	DFS Detection Threshold (dBm) = -62 + 10 - e.i.r.p. Spectral Density (dBm/MHz) + G (dBi), but no lower than -64 dBm



The Uniform Spreading is a mechanism to be used by the RLAN to provide, on aggregate, a uniform loading of the spectrum across all devices. It is required across the frequency ranges 5150 MHz to 5350 MHz and 5470 MHz to 5725 MHz, but not applicable for equipment that only operates in the band 5150 MHz to 5250 MHz. Each of the declared Channel Plans (see clause 3.1 of [3]) shall make use of at least 60 % of the spectrum available in the applicable sub-band(s).

Transmit Power Control (TPC)
Transmit Power Control (TPC) is a mechanism to be used by the RLAN device to ensure a mitigation factor of at least 3 dB on the aggregate power from a large number of devices. This requires the RLAN device to have a TPC range from which the lowest value is at least 6 dB below the values for mean EIRP for devices with TPC. It is not required for channels whose nominal bandwidth falls completely within the band 5 150 MHz to 5 250 MHz.

Occupied Channel Bandwidth
The Nominal Channel Bandwidth shall be at least 5 MHz at all times.
The Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth.
During an established communication in which a device operates with a Nominal Channel Bandwidth mode of 40 MHz or more, the device is allowed to operate temporarily with an Occupied Channel Bandwidth below 80 % of its Nominal Channel Bandwidth with a minimum of 16 MHz.

2.2. 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]. This is summarized in Figure 1.
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Figure 2 Summary of existing and proposed new FCC part 15 rules for 5GHz unlicensed spectrum usage
For the transmission Bandwidth, the minimum 6 dB bandwidth shall be at least 500 kHz.
There are no LBT requirements. But DFS requirements exist for UNII-2 devices, as summarized in Table 3. On TPC, the U-NII device is required to have the capability to operate at least 6 dB below the mean EIRP value of 30 dBm. A TPC mechanism is not required for systems with an EIRP of less than 27 dBm.
[bookmark: _Ref399162548]Table 3 DFS requirements for UNII-2 devices in USA
	Channel Availability Check Time
	60 seconds

	Channel Move Time
	10s

	Channel Closing Transmission Time
	260 ms

	Non-Occupancy Period
	30 minutes

	DFS Detection threshold
	-64 dBm if max EIRP is between 23 and 30 dBm
-62 dBm if max EIRP < 23 dBm
(DFS power is average over 1ms for 0dBi antenna)



2.3. Japan
In Japan, frequency bands 5150-5250 MHz, 5250-5350 MHz, and 5470-5725 MHz are available for RLAN. To the best of our knowledge, there have been no regulatory requirements defined for the operation of LAA technology so far. But requirements exist for 802.11a/n/ac technology, and if similar requirements were to be applied to LAA it would mean that carrier sensing would be required before transmission, and the maximum burst length would have to be less than 4 ms. DFS and TPC are also required for the 5250-5350 MHz and 5470-5725 MHz bands.

2.4. Other Countries/Regions
For the detailed regulatory requirements in other countries/regions, please refer to [2]. There are no LBT requirements in any of these countries/regions. But for many countries/regions, DFS and TPC are required for some of the unlicensed 5GHz frequency bands.

3. Conclusions
In this contribution, we have summarized all the regulatory requirements that are relevant to physical layer design in LAA and may require physical layer changes. We have the following observations:
· LBT is required in Europe and Japan.
· DFS (radar detection and uniform spreading) and TPC are required in many countries/regions in part of the unlicensed 5GHz band.
· There is a requirement on occupied channel bandwidth in Europe.
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