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1. Introduction
In RAN#65[1], the study item ‘Licensed-Assisted Access Using LTE’ was approved. The objective is to evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum. Different regulations [2] need to be observed using unlicensed spectrum of 5GHz in different regions in the world. In this contribution, important regulatory requirements are listed , and impact of regulatory requirements on RAN1 is analyzed.
2. Regulatory requirements affecting RAN1 for licensed-assisted access using LTE
 The regulatory requirements around the world for using unlicensed spectrum of 5GHz are different. If the LTE wants to use unlicensed spectrum, the regulatory requirements of those unlicensed spectrum need be complied with. Therefore the impact on RAN1 is inevitable. In this paper, these impact is analyzed from following six aspects: 

· Channel Bandwidth
· Transmit Power

· Out of Band Emission

· Power Spectrum Density
· Dynamic Frequency Selection

· Listen-Before-Talk

The detailed analysis is discussed in the following subsection.
2.1. Channel Bandwidth
The regulatory requirement on channel bandwidth of radio access networks which operating on bands of 5GHz is different. In European market, the channel bandwidth of WAS/RLAN in 5150-5350MHz bands is 20/40MHz. In Japanese market, the channel bandwidth of RLAN is 20/40/80/160MHz. The reference of channel bandwidth in [3] is the Nominal Channel Bandwidth shall be at least 5MHz at all times.
For LAA using LTE, whether existing channel bandwidth of LTE is reused or new channel bandwidth is introduced should be discussed first. The maximum of aggregated carriers is five in existing LTE carrier aggregation, i.e. the maximum channel bandwidth after carrier aggregation is 100MHz. For LAA using LTE, whether the maximum number of aggregated carriers/channel bandwidth after carrier aggregation should be extended is another issue to be considered.   
In Europe market, the regulatory requirement on transmission power includes two aspects: one is Transmission Power Control and another is Transmit Power. The intention of Transmission Power Control is to ensure an average reduction in the aggregated transmission power by at least 3dB（5dB for FWA）compared with the maximum permitted transmission power. The Transmit Power is given by mean EIRP. In Korean market, the intention  of Transmission Power Control is to ensure that wireless devices with average transmission power including antenna gain larger than 25mW/MHz can reduce its average transmission power by at least 3dB(below 12.5mW/MHz).
Considering regulatory requirement on transmission power, the impact on RAN1 maybe twofold, one is the need for modification/improvement on existing LTE TPC scheme and the other is finding solutions on series of issues which are brought about by different cover range of LTE and Wi-Fi.  
·  Observation 1: Channel bandwidth requirement and Transmission power requirement will have certain impact on RAN1 specs
2.2. Out of Band Emission
        The regulatory requirement on out of band emission is given in [2]. Out of band emission is normally considered in RAN4, but if RAN4 solution cannot satisfy regulatory requirement, it should also be considered in RAN1.
2.3. Power Spectrum Density
In European market, the regulatory requirement on power spectrum density is given by max mean EIRP density. In US market, the definition of power spectrum density in FCC 15.247 rules is the power spectral density conducted from the intentional radiator to the antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission. In FCC 15.407 rules, the power spectrum density is given by peak PSD. In China, the regulatory restriction is also given by peak PSD. The detail number is shown in table 1. 
Interference coordination and measurement should be considered for LAA using LTE because of power spectrum density requirements.
Table 1: Power Spectrum Density requirement in China

	
	Band of 5150-5350 MHz 
	Band of 5725-5850 MHz

	Power Spectrum Density
	≤10dBm/MHz (EIPR)

	≤13dBm/MHz and ≤19dBm/MHz(EIRP)


2.4. Dynamic Frequency Selection (DFS)
In some bands of unlicensed spectrum of 5GHz, e.g.5250-5350MHz, DFS is required. The regulatory requirement on DFS is given by DFS threshold, channel availability check, channel move time and non-occupancy time. The DFS requirements are different in different market, with DFS requirement in USE market as an example which is shown in Table 2. The channel move time is 10s in Europe market and less than 10s in Korea. The main purpose of DFS is Radar avoidance. Whenever radar signals are detected, the system must switch to another channel in certain period of time.
 DFS issues can be resolved using existing scheme, e.g. carrier reselection, small cell on/off, together with implementation solution. There should be little impact on RAN1.
Table 2: DFS requirements for UNII-2 Devices in USA
	
	Levels

	Max EIRP(dBm)
	23 to 30

	DFS Threshold(dBm)
	-64

	Max EIRP(dBm)
	<23

	DFS Threshold(dBm)
	-62

	Channel Availability Check
	60s

	Channel move time
	10s

	
	20ms normal operation

	Non-occupancy time
	30min


Observation 2: There should be little impact on RAN1 considering DFS requirements.
2.5. Listen-Before-Talk (LBT)
In some markets, like Europe and Japan, LBT must be supported. In other markets, for example，in China and USA, there is no such regulatory requirement. The principle of LBT is as follows :The equipment should detect energy level for a Clear Channel Assessment period before transmission. If the energy level is lower than threshold value, then the equipment can occupy for a Channel Occupancy Time. After transmission, there is idle period. If the equipment wishes to continue its transmission, it has to repeat the CCA process. LBT requirements for Frame-Based-Equipment in Europe are shown in Figure3. In Japan, “Max Burst Length” is specified as less than 4ms.
 The impact on periodic signal transmission e.g. CSI-RS/SRS/PSS/CSS is inevitable considering CCA cause no guaranteed channel access. The scheme of scheduling/HARQ/measurement should be improved because of limited channel occupancy time. The synchronization issue between different operators should be evaluated because of fair coexistence requirement with each other. The issues which brought by different frame structure and resource element of LAA using LTE and Wi-Fi should be considered too. 

Table 3 LBT requirement for Frame-Based-Equipment in Europe
	Parameter
	Requirement
	Comment

	Clear Channel Assessment (CCA) time
	Minimum 20us
	

	Channel Occupancy time
	Minimum 1ms,maximum 10ms
	

	Idle period
	Minimum 5% of channel occupancy time 
	

	Fixed frame period
	Equals to Channel Occupancy time + Idle Period
	

	Short control signaling transmission time
	Maximum duty cycle of 5% within an observation period of 50ms
	Part of Channel occupancy time

	CCA Energy detection threshold 
	Assuming receive antenna gain G=0dBi:

If EIRP=23dBm at transmitter

Threshold ≤ -73 dBm/MHz

Otherwise (different transmit power levels, PH)

Threshold = -73(dBm/MHz) + 23(dBm) – PH(dBm)
	For WAS/RLAN


Observation 3: LBT requirements has biggest RAN1 impact.
The objective of this SID is to determine a single global solution which enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. Considering the different regulatory requirements around world on unlicensed spectrum of 5GHz and the performance of LAA using LTE, a single global solution can be enabled via flexible configuration, rather than a fixed solution based on the stringent requirements. For example, two solutions in LAA using LTE should be supplied, one is based on LBT and another is without LBT. The solution based on LBT can be configured in the market where LBT is mandatory, while the solution based on non-LBT can be configured in the market where LBT is not mandatory. If there are only one solution based on LBT in LAA using LTE, the optimal performance of LAA using LTE cannot be achieved in the market which LBT is not mandatory. 
Based on the above discussion, we have the following proposals:
Proposal 1: The impact of LBT requirements and channel bandwidth requirements on RAN1 should be studied first. 

Proposal 2: A single global solution can be enabled via flexible configuration. 
3. Conclusion
Some important regulatory requirements for using unlicensed spectrum of 5GHz are analyzed in this contribution. The regulatory requirements affecting RAN1 is also discussed in this contribution. Finally, we show our views on single global solution for LAA using LTE.   
Observation 1: Channel bandwidth requirement and Transmission power requirement will have certain impact on RAN1 specs 

Observation 2: There should be little impact on RAN1 regarding DFS requirements.
Observation 3: LBT requirements has biggest RAN1 impact.
Proposal 1: The impact of LBT requirements and channel bandwidth requirements on RAN1 should be studied first. 

Proposal 2: A single global solution can be enabled via flexible configuration. 
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