3GPP TSG RAN WG1 Meeting #78bis                       R1-144347
Ljubljana, Slovenia, 6th – 10th October 2014
Agenda Item:
7.3.2.1
Source: 
LG Electronics

Title: 
Regulatory requirements for LAA
Document for:
Discussion and decision
1. Introduction

In RAN#65 plenary meeting, proposal for licensed-assisted access (LAA) using LTE was approved as Rel-13 LTE study item [1]. The SI targets to developing LTE standards to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements, especially considering 5 GHz band. Since LAA standard design should be compliant with the regional regulations in unlicensed bands, it should be the first step to identify the regulatory requirements to be considered in developing LTE standards on 5 GHz unlicensed band. RP-140808 [2], outcome of the discussion in 3GPP workshop on LTE-U held in June, 2014 [3], is a good reference which summarizes the regulations on unlicensed band in various regions. 
In this paper, we review the existing regulations on 5GHz unlicensed band in different regions mainly referring to the regulation summary in [3], and discuss the regulatory requirements essential in supporting LTE operation in unlicensed band. Summary of regulations in Korea [4] can be also found in the annex of this contribution for information.
2. Regulatory requirements for LAA
2.1. Maximum transmit power
As summarized in [2], maximum transmit power for frequency bands in 5 GHz band is restricted via both total transmit power restriction and transmit power density (PSD) restriction. Therefore LAA eNB/UE transmit power should be limited in both perspectives. Regarding PSD, most regions define maximum PSD as transmit power “per MHz” while US regulation clarifies additional peak PSD restriction of “8 dBm per 3 kHz” which corresponds to ~25 dBm per PRB (180 kHz). Since regulation on PSD depending on various bands and regions defines maximum PSD ranges over 2.5~30 dBm/MHz, maximum TX power allowed per PRB ranges over around -5~23 dBm if we interpret the PSD restriction to be applied to any given bandwidth. On the other hand, if the regulation is interpreted to apply “mean power per 1MHz”, transmit power of a single PRB can be up to 2.5 ~ 30 dBm as long as it is the only PRB transmitted within a given 1 MHz bandwidth. Therefore, for clear starting point of LAA design, it seems necessary to clarify the meaning of maximum PSD restriction
Observation 1:  LAA should be able to restrict eNB/UE transmit power in both perspectives of maximum transmit power and maximum transmit power density

· Meaning of maximum transmit power density in regional regulations should be clarified in perspective of applicable bandwidth
2.2. Transmit spectral power mask
Transmission of LAA eNB or UE should satisfy regulations on OOB or SEM per band per region in unlicensed band. This aspect can be mainly handled by RAN4.
2.3. DFS
Some bands of most regions require DFS to avoid corruption of radar system. Since DFS regulation defines relatively large time scale operation such as channel availability check during 60 sec ~ 10 min, channel move time of 10 sec and non-occupancy time of 30 min, DFS operation can be mainly handled by RRC operation such as SCell reconfiguration on unlicensed band.

2.4. Listen-before-Talk
LBT (Listen-before-Talk) operation is at least requested in WAS/RLAN bands in Europe. Moreover, LBT is an essential operation to guarantee LAA coexist as a “good neighbour” with other network deployments. Therefore, LBT operation in LAA should be at least configurable at network side and at least optional at UE side to support WAS/RLAN bands in Europe.
Further details of the European regulations on LBT are as follows.

· CCA time

CCA (Clear Channel Assessment) time in European regulation is defined as at minimum 20us or multiple of 20 us depending on the LBT policy (frame-based or load-based) of the equipment, which should be considered in LBT operation design for LAA.

· CCA energy detection threshold

CCA (Clear Channel Assessment) time in European regulation is defined as follows.

· If EIRP=23dBm at transmitter: Threshold ≤ -73 dBm/MHz

· Otherwise (different transmit power levels, PH): Threshold = -73(dBm/MHz) + 23(dBm) – PH(dBm)
For 20 MHz operating bandwidth with transmit power of 23 dBm, this leads to the requirement of CCA threshold < -60 dBm. These requirements on CCA threshold values can be considered in studying LBT operation in LAA or coexisting WiFi network. 
· Channel occupancy time & idle period

European regulation defines maximum channel occupancy time which ranges from around 1ms to 10ms. Also, minimum idle period is defined around 20us ~ 500us depending on the channel occupancy time and CCA time. In general, required idle period increases proportionally to the channel occupation time so that 10ms occupation time requires 500us idle time.
Observation 2:  LBT should be supported in LAA by regulation if LAA is to be supported in WAS/RLAN bands in Europe, where parameters for LBT operation should be compliant with the regulation
3. Summary and conclusions

In this paper, we reviewed the existing regulations on 5GHz unlicensed band in different regions mainly referring to the regulation summary in [3], and discussed the regulatory requirements essential in supporting LTE operation in unlicensed band. According to the discussion in this paper, main focus of RAN1 on the regulatory requirements for LAA design should be maximum transmit power and LBT operation. Further observations are as follows.
Observation 1:  LAA should be able to restrict eNB/UE transmit power in both perspectives of maximum transmit power and maximum transmit power density

· Meaning of maximum transmit power density in regional regulations should be clarified in perspective of applicable bandwidth
Observation 2:  LBT should be supported in LAA by regulation if LAA is to be supported in WAS/RLAN bands in Europe, where parameters for LBT operation should be compliant with the regulation
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Annex. Regulatory requirements of Korea in 5GHz band
Regulatory requirements in 5 GHz unlicensed band in Korea can be summarized as follows [4].

· Average PSD requirement (mW/MHz)
· It covers both power spectral density and Max transmission power
· The maximum PSD is defined for a given spectrum range
· Maximum transmission power : 
· 50mW, 200mW, 200mW and 200/260mW for 5.15~5.25, 5.25~5.35, 5.47~5.65, and 5.725~5.825 GHz band  respectively
· Antenna gain assumed:
· 6 dBi for 5.15~5.25 and 5.725~5.825GHz band 

· 7 dBi for 5.25~5.35 and 5.47~5.65GHz band
· Out of Band Emission (EIRP (dBm/MHz) )
· <-27 dBm/MHz 
· DFS & TPC
· DFS is defined for 5.25~5.35GHz and 5.47~5.65GHz 
· TPC is defined for 5.25~5.35GHz and 5.47~5.65GHz 
· TPC ensures wireless devices with average Tx power including antenna gain larger than 25mW/MHz can reduce its average Tx power by at least 3dB (below 12.5mW/MHz)
· Maximum bandwidth occupancy
· < 80MHz for 5GHz

· Maximum power spectral density for bandwidth aggregation (contiguous or non-contiguous)
· Among 5.15~5.25, 5.25~5.35, 5.47~5.65, and 5.725~5.825 GHz bands, multiple of 80MHz bandwidth can be aggregated in contiguous or non-contiguous manner to form 160MHz bandwidth
· In this case, maximum power spectral density for 5.15~5.25GHz should be lower than 0.625mW/MHz while it should be lower than 1.25mW/Hz in the other bands
Table A Transmit power requirements for 5GHz Devices

	Frequency Range(GHz)
	5.1~5.25
	5.25~5.35
	5.47~5.65
	5.725~5.825,

2.4~2.4835 7)

	Average PSD requirement (mW/MHz)
	BW(MHz)
	PSD
	BW(MHz)
	PSD
	BW(MHz)
	PSD
	BW(MHz)
	PSD

	
	0.5~20
	≤2.5
	0.5~20
	≤10
	0.5~20
	≤10
	0.5~26
	≤10

	
	20~40
	≤1.25
	20~40
	≤5
	20~40
	≤5
	26~40
	≤5

	
	40~80
	≤0.625
	40~80
	≤2.5
	40~80
	≤2.5
	40~80
	≤2.5

	
	
	
	
	
	
	
	40~60 1)
	≤0.1 1)

	Assumed antenna gain (dBi) 4)
	6
	7
	7
	6, 20 2) (PTP) 3)

	Out of band emission, EIRP (dBm/MHz)
	-27
	-27
	-27
	For any 100kHz in outside band, less than -30dBm(2.4~2.4835GHz)

-27dBm/MHz (5.725~5.825GHz)

	DFS 5)
	No
	Yes
	Yes
	No

	TPC 6)
	No
	Yes
	Yes
	No

	
	Notes:

1) 2.4GHz~2.4835GHz devices

2) UNII-3 fixed point to point operation power scaling threshold is 20 dBi

3) PTP: Point to Point communication

4) Peak power is reduced by G-6 dB for directional antennas with gain > 6 dBi

5) DFS: Dynamic Frequency Selection

6) TPC: Transmit Power Control

7) 5.725-5.825GHz, 2.4~2.4835GHz are not allowed to be used for point-to-multipoint service for the same information and omni-directional electro-magnetic wave transmission


Table B DFS requirements for 5GHz Devices
	
	Levels
	Comments

	DFS Threshold (dBm) for interference detection
	-62dBm
	Average power considering antenna gain: <10mW/MHz

	
	-64dBm
	Average power considering antenna gain: 10mW/MHz ~50mW/MHz

	Channel availability check time
	> 60 seconds
	

	Channel move time
	< 10 seconds
	

	Non-occupancy time
	> 30 minutes
	After radar detection in either channel availability check or in-service monitoring


