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1 Introduction

In RAN#65, Study on Licensed-Assisted Access using LTE (FS_LAA_LTE) described in RP-141664[1] is approved, and LAA using LTE is expecting to operate as a “good neighbour” in unlicensed spectrum as follows:


Thus, to be a “good neighbour” in unlicensed spectrum, regulatory requirements affecting RAN1 shall be studied and possible LAA using LTE functionalities in unlicensed spectrum shall be considered in the study. To achieve the LAA using LTE operation meeting the regulatory requirement, we summarise the regulatory requirement focusing on the DFS as well as LBT. In addition, we will discuss on the functionality meeting the regulatory requirements, focusing on the following functionalities:
1) How to find the unlicensed channel

2) How to access the wireless medium in unlicensed spectrum
2 Terminology for this paper
· Channel availability check: checking the channel to find an available channel(s) by performing “energy detection” the wireless channel to 1) initiate operation; 2) change operational channel.

· Interference detecting: detecting the interference in unlicensed channel
· Energy detection: detecting the energy in unlicensed channel 

· CCA (Clear Channel assessment): assessing the wireless medium access to transmit data in unlicensed spectrum.
3 Discussion on the LAA using LTE compliant to Regulatory requirements
3.1 DFS (Dynamic Frequency Selection)

In this section, we summarise the DFS regulatory requirements as described in Rec. ITU-R M.1652 [2], and then provide general functionality to be considered as an operation affecting RAN1. (Note: the timing parameters and values are set locally or defined in regulation in the case of DFS and detection of radar signals).
DFS in an operation defined in regulatory requirements to provide adequate protection to radars in the 5GHz band, achieved by avoiding the use of, or vacating, a channel identified as being occupied by radar equipment based on detection of radar signals. The regulatory requirements for the DFS include detection, operational, and response requirements as follows:

· Detection requirements: to detect interference signal above the minimum DFS detection threshold
· Available channel is a radio channel on which a channel availability check has not identified the presence of a radar (i.e., If detected interference signal < DFS detection threshold before service)

· Operating channel is a radio channel on which WAS (Wireless Access System, i.e., LAA using LTE in unlicensed spectrum) operates on that channel, where one a WAS starts to operate on an available channel then that available channel becomes the operating channel.

· Operational requirements: to identify whether there is a radar operation on that radio channel

· Before service, WAS (Wireless Access System, i.e., LAA using LTE in unlicensed spectrum) listens on a particular radio channel for channel availability check during the channel availability check time.
· During service, radar detection function continuously searches (i.e., re-checking the operating channel) for radar signals in-between normal data transmission using quiet period between successive data transmission. In quiet period, CCA is performed in listening period before the data transmission, which called in-service monitoring.
· Response requirements:

· If a channel has been flagged as containing a radar signal, either by a channel availability check or in-service monitoring, the WAS (Wireless Access System, i.e., LAA using LTE in unlicensed spectrum) shall not use the channel during non-occupancy period.
· Upon detection of a signal above the DFS detection threshold, all transmission on the operating channel shall be ceased within channel move time.
Figure 1 shows the example of DFS procedure based on the parameters described above, where F1, F2 are unlicensed channel in 5GHz band.
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Figure 1 – Example of timing for DFS procedure
Observation 1: Channel availability check is necessary to meet the DFS regulatory requirement in the case of 1) starting operation in unlicensed channel; 2) changing the operational channel to another available channel.
Proposal 1: To meet the regulatory requirement, Channel availability check shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.

3.2 Adaptivity (Channel Access Mechanism)

In this section, we summarise the LBT as described in [3]

 REF _Ref273048487 \n \h 
[4]

 REF _Ref273048489 \n \h 
[5], and then provide general functionality to be considered as an operation affecting RAN1.
Adaptivity is an automatic channel access mechanism by which a device avoids transmissions in a channel in the presence of transmissions from mother devices in that channel. Note that this adaptivity is not used as an alternative to DFS to detect radar transmission, but to detect transmissions from other devices operating in the unlicensed band. Figure 2 shows the regulatory requirements for the adaptivity, which is categorized into frame based adaptivity (left) and load based adaptivity (right) as follows:
(Note: the timing parameters and values are set locally or defined in regulation in the case of Adaptivity, channel access mechanism. Load based channel access mechanism uses “energy detection,” as described in IEEE 802.11 standards.)
· Frame based adaptivity

· Before starting transmission on an operating channel

· CCA shall be performed using “energy detection” for the given time (CCA observation time)

· If the energy detection level in the channel exceeds the CCA threshold level (TL) corresponding to the given power level, the operating channel is considered “occupied”
· The device operating in unlicensed spectrum (e.g., WiFi, and LAA using LTE in unlicensed spectrum) shall not transmit data on that channel during the next Fixed Frame Period
· Otherwise (if the operating channel is considered as “clear”), the device may transmit data immediately.

· In Fixed Frame Period (=Channel occupy time + idle period)

· During the channel occupy time, re-evaluating the availability of that channel shall not be performed. In the case of the data transmission (operating channel is “clear”), consecutive transmission (including short control signalling transmission) may be performed without new CCA within Maximum Channel Occupancy Time
·  Towards the end of the Idle Period, new CCA (described above) shall be performed
· Load based adaptivity

· Before starting transmission on an operating channel

· CCA shall be performed using “energy detection” for the given time (CCA observation time)

· If the energy detection level in the channel exceeds the CCA threshold level (TL) corresponding to the given power level, the operating channel is considered “occupied”

· The device operating in unlicensed spectrum (e.g., WiFi, and LAA using LTE in unlicensed spectrum) shall not transmit data on that channel, but perform Extended CCA
· During the Extended CCA, the operating channel is observed for a random duration. If the channel is no longer “occupied,” the device may resume transmissions on this channel.
· Otherwise (if the operating channel is considered as “clear”), the device may transmit data immediately.

· In Channel Occupancy Time (< Maximum Channel Occupancy Time)
· During the channel occupy time, consecutive transmission (including short control signalling transmission) may be performed without new CCA within Maximum Channel Occupancy Time
·  After Channel Occupancy time expires, new CCA (described above) shall be performed
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Figure 2 – Example of timing for Frame based adaptivity (left) and Load based adaptivity (right)

Observation 2: CCA is necessary to meet the regulatory requirement in the case of either/both frame based or/and load based adaptivity, which includes the assessing a channel to determine whether the channel is idle or occupied.

Proposal 2: To meet the regulatory requirement, CCA shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.
3.3 Fundamental functionality on the LAA using LTE, affecting RAN1
Table 1 summaries the functionality affecting the RAN1 to meet the regulatory requirements. In order to operate in unlicensed spectrum meeting the regulatory requirement, some functionality, compliant to regulatory requirements needs to be considered as follows:

· how to check availability of unlicensed channel

· eNB detects the interference in the unlicensed channels 1) to find an available channel; 2) to re-check the current operational channel to determine whether it is still available to be operational channel. 

· In addition, eNB may request a UE to measure the interference in unlicensed channel and report the result of the measurement, which is similar to LTE measurement operation. Based on the reported measurement result, the eNB can make a list of alternative available channel to perform channel change as a part of DFS procedure. (Note that during the detecting the interference in the unlicensed channels, the eNB shall not transmit any data to the requested UE in unlicensed spectrum during the measurement interval.)
· how to access the wireless medium, including assessing the wireless medium

· eNB assesses the operational channel to access the wireless medium and to transmit DL data
· In the case of DL+UL scenarios, UE may also assess the operational channel to transmit UL data

· how to detect the interference in unlicensed channel

· In order to perform channel availability check, interference shall be detected by eNB itself or UE requested by eNB as mentioned in “how to check availability of unlicensed channel”
· how to detect the energy level as a part of “energy detection”

· In order to transmit data, energy level shall be detected by eNB as well as UE
Observation 3: To perform channel availability check and CCA, interference detection and energy detection are necessary performed in eNB as well as UE.

Proposal 3: To meet the regulatory requirement, interference detection and energy detection performed by eNB and UE shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.
Table 1 – Functionality affecting the RAN1, compliant regulatory requirements

	Functionality
	Definition
	Purpose
	Related regulatory requirements

	Channel availability check
	Finding an available channel in unlicensed spectrum by “energy detection” based on the measured interference by “interference detection”
	- to start operation in unlicensed spectrum

- to change operational channel to the new available channel

- to re-check the operational channel 
	DFS

	CCA
	Assessing the wireless medium access to transmit data in unlicensed spectrum, using “energy detection” based on the measured energy level
	- to assess the channel to determine whether the channel is idle or occupied, and then to access the data
	Channel access mechanism

	Interference detecting
	Detecting the interference in unlicensed spectrum to detect radar signal
	- to measure interference level to perform channel availability check
	DFS

	Energy detecting
	Measuring the energy level to perform “energy detection”
	- to measure energy level to perform CCA
	Channel access mechanism


4 Conclusion
In this contribution, we discussed about LAA using LTE in unlicensed spectrum, as a “good neighbour”, in the perspective of meeting the regulatory requirements. As a functionality description, we propose: 
Observation 1: Channel availability check is necessary to meet the DFS regulatory requirement in the case of 1) starting operation in unlicensed channel; 2) changing the operational channel to another available channel.
Proposal 1: To meet the regulatory requirement, Channel availability check shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.

Observation 2: CCA is necessary to meet the regulatory requirement in the case of either/both frame based or/and load based adaptivity, which includes the assessing a channel to determine whether the channel is idle or occupied.

Proposal 2: To meet the regulatory requirement, CCA shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.

Observation 3: To perform channel availability check and CCA, interference detection and energy detection are necessary performed in eNB as well as UE.

Proposal 3: To meet the regulatory requirement, interference detection and energy detection performed by eNB and UE shall be considered as an operation affecting RAN1 in LAA using LTE in unlicensed spectrum.
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In some regions in the world, unlicensed technologies need to abide to certain regulations, e.g. Listen-Before-Talk (LBT). Fair coexistence between LTE and other technologies such as Wi-Fi as well as between LTE operators is seen necessary. Even in countries without LBT, regulatory requirements exist to attempt to minimize interference with other users of the unlicensed spectrum. However, it is not enough to minimize interference simply for regulatory aspects. It is also essential to insure that a deployed system will operate as a “good neighbour”, and not significantly impact legacy systems.
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