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1 Introduction
A new study item addressing Licensed-Assisted Access (LAA) using LTE was agreed at RAN#65 [1]. This contribution focusses on the European regulatory requirements for operation on unlicensed bands at 5 GHz. The summary and discussion in this document is based on the requirement description given in [2]. Some important Japanese regulation aspects are described as well.
2 Discussion
In the following, we will describe the regulatory requirements addressing transmit power, dynamic frequency selection and basic rules regarding the channel access mechanism for unlicensed bands at 5 GHz in Europe.
2.1 Transmit Power

The limit of the allowed mean transmit power in the unlicensed bands at 5 GHz is either 23 dBm (5150 MHz – 5350 MHz) or 30 dBm (5470 MHz – 5725 MHz) depending on the used channel. An additional requirement is here however that the transmitting equipment performs transmit power control (TPC) as well. 

According to [1], TPC is used for ensuring a mitigation factor of at least 3 dB on the aggregate power from a large number of devices. A TPC range from which the lowest value has to be at least 6 dB below the limit of the mean transmit power in order to achieve that aggregated power reduction.  

The use of TPC itself is however not mandated for the unlicensed band operation, but the transmit power limit is reduced by 3 dB (from 30 dBm to 27 dBm and from 23 dBm to 20 dBm, respectively) if no TPC is applied. An exception is here the case where the nominal transmission bandwidth falls completely between 5150 MHz and 5250 MHz.  
A summary of the band dependent transmit power limits is given in Table 1. The rather low transmit power levels at unlicensed bands automatically yield the creation of small cells in a deployment area. In combination with the increased carrier frequency compared to previous LTE small cell studies this will reduce the cell size even compared to hitherto licensed band LTE operation.
Proposal 1: 
The impact of transmit power control and corresponding transmit power restrictions have to be taken into account for LAA performance evaluations.
Table 1: Transmit power limits on unlicensed bands at 5 GHz
	Frequency range [MHz]
	Mean EIRP
 limit [dBm]

	
	with TPC
	without TPC

	5150 – 5250
	23
	20

	5250 - 5350
	23
	23

	5470 – 5725
	30
	27


2.2 Dynamic Frequency Selection

Operation on unlicensed bands at 5 GHz requires dynamic frequency selection (DFS) in order to detect interference from radar systems and to avoid co-channel operation with these systems. The intention is furthermore to achieve a near-uniform loading of the spectrum.
Radar detection is required for operation on channels whose nominal bandwidth falls partly or completely within the frequency ranges of 5250 MHz to 5350 MHz or 5470 MHz to 5725 MHz.
Near-uniform loading is in general required for operation across frequency ranges of 5150 MHz to 5350 MHz and 5470 MHz to 5725 MHz, except for equipment that only operates in the frequency range of 5150 MHz to 5350 MHz.
The DFS operation and corresponding requirements are associated with a master-slave principle. The master shall detect radar interference, can however rely on another device, that is associated with the master, to implement the radar detection. 
A master is only allowed to start operations on a channel if no radar has been detected during a so-called channel availability check. During operation, the master has to perform additional in-service monitoring to ensure that there is no radar operating within the channel. If radar signals are detected during operation, the master shall instruct all its associated devices to stop transmitting on the channel.

A slave is only allowed to transmit after receiving an appropriate enabling signal from the associated master, and it has to stop any transmission when it is instructed by the master to do so as well.

In terms of LAA, it seems to be reasonable to assume the master functionality in the eNB since it is already standard LTE behaviour that the eNB controls the UE channel access. The details of supporting radar detection at 5 GHz should be clarified at RAN4.
Proposal 2:
Dynamic frequency selection (DFS) taking into account radar detection shall be implemented in LAA transmission nodes.
2.3 Channel Access Mechanism

The European regulation framework distinguished between so-called Frame Based Equipment and Load Based Equipment. There is however no further distinction between uplink and downlink transmissions. In the following we will describe the listen before talk (LBT) requirement and the specific restrictions for load and frame based equipment.  

2.3.1 Listen Before Talk

Before occupying the radio channel, the equipment has to perform a Clear Channel Assessment (CCA). It is only allowed to initiate a transmission on the unlicensed channel after detecting the channel as free based on energy detection. The equipment has to observe the channel at least for 20 us during the CCA. The channel is considered occupied if the detected energy level exceeds a configured CCA threshold. If the channel is classified as free, the equipment is allowed to transmit immediately.
According to [1], the energy detection threshold for the CCA shall be proportional to the maximum transmit power (PM) of the transmitter. The threshold level (TL) has to be equal or lower than TL = -73 dBm/MHz + 23 - PM; this relation is also shown in Figure 1 for a 20 MHz channel.
[image: image1.emf]20 22 24 26 28 30

-68

-66

-64

-62

-60

-58

-56

TX power [dBm]

CCA threshold limit [dBm]


Figure 1:  CCA threshold limit depending on TX power
Proposal 3: 
The CCA threshold requirements given by the regulation have to be taken into account for LAA performance evaluations.
2.3.2 Equipment Classification

2.3.2.1 Frame Based Equipment
A Frame Based Equipment (FBE) is an equipment where transmit and receive structure is not directly demand-driven but has fixed timing. The structure may be altered by configuration, but there is always a minimum idle period following a transmit period.
The channel occupancy time shall be between 1 ms and 10 ms and the minimum idle period shall be at least 5% of the channel occupancy time. Towards the end of the idle period, the equipment has to perform a new CCA before accessing the channel again.
2.3.2.2 Load Based Equipment

A Load Based Equipment (LBE) is an equipment where the transmit/receive structure is not fixed in time but demand-driven. A typical example of an LBE is an IEEE 802.11 (Wi-Fi) device [4].
The equipment shall perform an extended CCA check in which the channel is observed for the duration of a random factor N multiplied by the CCA observation time, where N defines the number of clear idle slots resulting in a total idle period that need to be observed before initiating the transmission. The value of N has to be randomly selected from the range between 1 and q, every time an extended CCA is required and the value stored in a counter. The value of q can be selected by the equipment manufacturer from the range between 4 and 32.

The maximum allowed channel occupancy duration is given by (13/32) x q ms. 
The concept of the extended CCA for load based equipment is known as random backoff in the context of Wi-Fi.
Proposal 4: 
It has to be clarified at RAN1 whether certain LAA concepts will classify the system as frame based or load based from regulation point of view. 
Proposal 5:
Concept proposals for LAA have to take into account how the system would be classified when the concepts are implemented.

2.3.3 Short Control Signalling Transmissions

Short control signalling transmissions shall not have a maximum duty cycle of 5% within an observation period of 50 ms. The possibility of declaring certain LAA signals in conformance with the regulation framework as short control signalling transmissions should be take into account during the LAA concept design.
Proposal 6: 
Concept proposals for LAA might take into account the possibility to declare certain control signalling as short control signalling transmissions if they conform to regulation requirements.
2.3.4 Japanese Regulation Aspect
According to [5], the Japanese regulation defines maximum allowed burst length as less than 4 ms. After performing LBT, master and slave entities can communicate without additional LBT within the 4 ms time window. Furthermore, the Japanese regulation does not consider short control signalling transmissions that do not have to follow LBT principles 

3 Conclusion
This contributions describes the European regulation for radio equipment operation on unlicensed bands at 5 GHz in detail, certain aspects of the corresponding Japanese regulation have furthermore been taken into account.

Based on the evaluation, we draw following conclusions:
Proposal 1: 
The impact of transmit power control and corresponding transmit power restrictions have to be taken into account for LAA performance evaluations.
Proposal 2:
Dynamic frequency selection (DFS) taking into account radar detection shall be implemented in LAA transmission nodes.
Proposal 3: 
The CCA threshold requirements given by the regulation have to be taken into account for LAA performance evaluations.
Proposal 4: 
It has to be clarified at RAN1 whether certain LAA concepts will classify the system as frame based or load based from regulation point of view. 

Proposal 5:
Concept proposals for LAA have to take into account how the system would be classified when the concepts are implemented.

Proposal 6: 
Concept proposals for LAA might take into account the possibility to declare certain control signalling as short control signalling transmissions if they conform to regulation requirements.
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