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1
Introduction

At RAN#66, a new SI on license assisted access of LTE in unlicensed band has been approved [1]. Under this SI, RAN4 is supposed to study the expected band plan in 5GHz unlicensed band. In RAN4#74bis, a number of contributions were discussed [4],[5],[6],[7],[8],[9],[10] where the potential band plan for unlicensed spectrum in 5GHz was presented. 
A way forward was agreed in [11], where the agreement was to: “Define 5 GHz unlicensed LAA band(s) with frequency limits 5150 – [5925] MHz”.
RAN4#75 is the last meeting where the LAA SI can be discussed. Thus, in this contribution, we propose the suitable band plan for 5GHz spectrum. 
2
Band definition in 5GHz spectrum
As detailed in [2], a summary of 5GHz bands as defined in different parts of the world are presented in a table below. 

	
	5150-5250MHz
	5250-5350MHz
	5350-5470MHz
	5470-5725MHz
	5725-5875 [5855]MHz
	5855-5925MHz

	EU
	WAS/RLAN
	
	WAS/RLAN
	FWA
	ITS

	USA
	U-NII-1
	U-NII-2A
	U-NII-2B
	U-NII-2C
	Part 15.247 rules (5725-5850)
	U-NII-4 (5850-5925)

	Israel
	RLAN
	
	
	
	

	Russia
	RLAN
	
	RLAN [5650-5725]
	RLAN [5725-5825]
	

	South Africa
	RLAN (indoor)
	
	RLAN
	
	

	Turkey
	RLAN (indoor)
	
	RLAN (DFS)
	
	

	Canada
	RLAN
	RLAN
	
	RLAN
	RLAN
	

	Brazil
	Indoor
	Indoor
	Unregulated
	DFS, low TxP
	ISM
	

	Mexico
	RLAN
	RLAN
	
	RLAN
	RLAN
	

	China
	RLAN, indoor
	RLAN, indoor, DFS
	
	
	WAS/RLAN [5725-5850]
	

	Japan
	RLAN
	RLAN
	
	RLAN
	
	

	Korea
	RLAN
	RLAN
	
	RLAN
	ISM
	

	India
	Low 

power WAS including RLAN
	Low 

power WAS including RLAN (indoor only)
	
	5570-5725

Low power WAS including RLAN
	Low power WAS including RLAN


	

	Taiwan
	
	RLAN
	
	RLAN
	RLAN [5725-5850]
	

	Singapore
	RLAN
	RLAN
	
	RLAN
	RLAN
	

	Australia
	RLAN
	RLAN, DFS
	
	RLAN, DFS
	
	


Since the allocations in the spectrum starts at 5150MHz and the highest allocation in this spectrum is up to 5925MHz, we propose to update the agreement made in [11] as the following:

Proposal-1: Define 5 GHz unlicensed LAA band with frequency limits 5150 – 5925 MHz
The above proposal ensures that all markets are included in the band definition. Regarding the number of bands in 5GHz spectrum, there are two options, 

1. either to define one single band across the available spectrum in 5GHz, 

2. or to define several bands inside 5GHz spectrum for unlicensed usage of LTE.

There are multiple regulatory and other requirements in terms of output power, out-of-band emissions, out-of-band blocking, blocking against other systems, in-device coexistence, listen before talk (LBT), dynamic frequency selection (DFS), etc. Detailed discussions of these requirements have been presented in [5], where it is concluded that none of them requires splitting up the LAA frequency range into multiple bands.
Regarding spectrum arrangement, defining the four bands follow the global allocation and we can link the bands to different (regulatory) requirements, which is desirable. Specifying one single band, on the other hand, would make sure the entire range is implemented in all devices which is also desirable since this will pave way for harmonization (similar to the reason for the success of the 2.4 GHz WLAN band). 
Thus, with a view to have global harmonization on unlicensed band access of LTE in 5GHz spectrum, we propose to add one new band as it is shown in the table below:

Table 5.5-1 E-UTRA operating bands, [3], only part of the table is shown
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	1
	1920 MHz
	–
	1980 MHz 
	2110 MHz
	–
	2170 MHz
	FDD

	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840 MHz
	875 MHz
	–
	885 MHz
	FDD

	
	
	
	
	
	
	
	

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD

	45
	5150 MHz
	--
	5925 MHz
	5150 MHz
	--
	5925 MHz
	TDD3

	NOTE 1:
Band 6 is not applicable

NOTE 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.
NOTE 3:   Restricted to E-UTRA operation when carrier aggregation is configured [refer to table with the LAA configurations]. [Text to be added on new frame structure support in this band, pending RAN1 conclusion].


We propose to use TDD band sequences for unlicensed LTE band in 5GHz, since the duplex method of this band with be TDD-like in terms of spectrum usage (i.e. UL and DL uses the same carrier frequency). 

Proposal-2: Define band 45 as 5GHz unlicensed band for CA with licensed band in Rel-13.  

An additional benefit of defining a single band across the spectrum is that it can be implemented using a single wideband filter. The UE must support the entire range in order to pass the conformance tests regardless of the filter arrangement. Moreover, it is difficult to achieve improved filter rejections between different parts of the band, thus one good solution is to consider single filter implementation of the band. With the currently available technology it doesn’t seem to be possible to integrate LAA as separate subbands into the UE by using more than one filters with more than one 5GHz transceiver LNA inputs (or an additional switch with insertion loss) and (in case of TDD) with more than one different PAs (or an additional switch with insertion loss). As far as we have investigated, there are no filters available to split-up the band like this and if it would be technically feasible, it would add significant unmotivated cost and complexity. Therefore the preferable option is to implement LAA as a single band in the UE.

Moreover, for UE side, since Wi-Fi is implemented by a single whole band filter, due to the rising noise floor caused by the Wi-Fi PA, it may not be possible to support Wi-Fi and LAA operation simultaneously. Possibly LAA may share the same front end of Wi-Fi and work in TDM mode. Therefore, LAA can use the same single wide band filter in this case [12]. Certainly, UE can also use separate channels and antennas for Wi-Fi and LAA respectively with sub-band filters, but the cost and power consumption will increase definitely.
Observation: LAA can be implemented in the UE with a single filter covering the entire spectrum.
3
Suitable duplex method for unlicensed bands

In RAN1 specification, the duplex method is tied to frame structure. Regarding the UL and DL carrier usage, the suitable duplex method is TDD for unlicensed band. However, Frame Structure type 2 (FS2) is not suitable for flexibility in UL and DL transmissions in unlicensed spectrum. Thus, RAN1 needs to define a new frame structure where flexibility, e.g. supplementary DL (DL-only TDD), or flexible UL/DL transmissions, etc, can be supported.

In RAN4, depending on the scope of the WI in Rel-13, we can define requirements which can utilize the available flexibility provided by the RAN1 design of new frame structure. Thus, we propose the following:

Proposal-3: The duplex method for 5GHz unlicensed bands shall be TDD with flexible UL/DL transmission, subject to RAN1 design of new frame structure. 
4
Conclusions
We propose the following in this contribution:

Proposal-1: Define 5 GHz unlicensed LAA band with frequency limits 5150 – 5925 MHz
Proposal-2: Define band 45 as 5GHz unlicensed band for CA with licensed band in Rel-13.  

Observation: LAA can be implemented in the UE with a single filter covering the entire spectrum.
Proposal-3: The duplex method for 5GHz unlicensed bands will be TDD with flexible UL/DL transmission, subject to RAN1 design of new frame structure. 
We also observe the following: 
Observation: LAA can be implemented in the UE with a single filter covering the entire spectrum.
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