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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 this contribution, we discuss our understanding regarding the band definition in 5GHz and propose new band definitions for 5GHz unlicensed spectrum. 
2
Suitable duplex method for unlicensed bands
In RAN4#74, there have been discussions regarding the suitable band definition for unlicensed bands in 5GHz spectrum. Both FDD SDL and TDD duplex has been discussed and proposed. There are pros and cons of both of these duplex methods for 5GHz unlicensed band as listed below.

	FDD SDL
	TDD

	All DL subframes are utilized, similar to other FDD SDL bands
	Subframes are utilized according to the TDD UL:DL configurations (even if no UL is used)

	Limits the usage of these bands when UL is also needed in LAA. Then, we need to define new bands in the same spectrum to include UL transmission
	No need to define a new band when UL is also considered

	Will be beneficial for compatibility point of view from LAA carriers initially in Rel-13 
	From duplex point of view, TDD is more suitable for LAA compared to FDD SDL

	Only FDD and DL related specification, thus simpler specification with less amount of testing 
	All TDD tests are applicable to the nodes, e.g. tests that are needed in addition to common tests wrt FDD bands,

· Cell phase synchronization accuracy: for many tests, one need to test timing offset between cells, e.g. cell re-selection, handover, etc. For example, Intra-frequency measurement tests are for asynchronous cells in FDD, while they are defined for synchronous cells in TDD

· TDD UL/DL configurations: e.g. for PDSCH, etc, at least the test for TDD config 1 needs to be satisfied (while LAA node will not use this TDD configuration in reality)

· Special subframe configurations: for many tests, SSF 0 configuration needs to be tested (PDSCH tests, cell reselection tests). Some tests specify other SSF, e.g. SSF 6 for RLM test for out-of-synch UE.


Based on the above understanding, we identify the following:
	With respect to Duplex scheme
	It has not been decided yet whether we have DL only mode in the first phase, however it has been agreed that unlicensed band access will include both UL and DL in near future. So, TDD-like band definition is needed

	With respect to frame structure
	If the design only considers DL only, then FS1 (frame structure type 1) type DL only frame structure is expected. Unlicensed access of LTE will allow (in near future) both UL and DL. In practice, when UL is also allowed, truly dynamic UL/DL allocation is required (not fixed ones like FS2). Thus, unlicensed band will require frame structure without conforming to either FS1 or FS2


The currently available frame structures are tied to the duplex scheme as described in 36.211. So, our understanding is that, unlicensed bands in 5GHz will require a duplex method similar to TDD for future proof usage of this spectrum, however not conforming to the currently available UL/DL configurations, instead requiring truly dynamic TDD, i.e. arbitrary number of UL and DL subframes inside any frame. 
Thus, the band(s) should be defined with a limited set of TDD requirements and tests, preferably defining a variant of TDD duplex method, e.g. unlicensed TDD. 
Proposal-1: The duplex method for 5GHz unlicensed bands will be TDD with a limited set of requirements and testing. 
Observations: In the WI phase, RAN4 needs to carefully select the test cases for LTE nodes in unlicensed bands. 

3
Band definitions in 5GHz spectrum
A summary of 5GHz bands as defined in different parts of the world are presented in a table. This information is collected from [2].

	
	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 (with DFS)
	
	

	Canada
	RLAN
	RLAN
	
	RLAN
	RLAN
	

	Brazil
	Indoor
	Indoor
	Unregulated
	DFS, low Tx power
	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
	RLAN
	RLAN
	
	RLAN
	
	

	Taiwan
	
	RLAN
	
	RLAN
	RLAN [5725-5850]
	

	Singapore
	RLAN
	RLAN
	
	RLAN
	RLAN
	

	Australia
	RLAN
	RLAN, DFS
	
	RLAN, DFS
	
	


For the band on 5470-5725MHz spectrum, in some countries only part of this band is available. Also, in some countries, this band is divided into two parts. More details can be found in [2]. 

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.

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). 
However, regardless of the frequency arrangement, it’s possible to assume a single filter for all bands and write e.g. the blocking requirements accordingly. Wifi uses similar one single filter implementation in 5GHz devices, thus there is little benefit in having band or spectrum chunk specific filter in unlicensed LTE devices, since the potential interference from wifi devices will be much higher. 
Above all, definition of one single band has the advantage of converting blockers as inband blockers in different parts of the spectrum. Also, this is somewhat beneficial when one single filter implementation is considered for 5GHz operation as mentioned above. 

Thus, with a view to have global harmonization on unlicensed band access of LTE in 5GHz spectrum, and  along with the consideration of single filter implementation of 5GHz unlicensed LTE devices, 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
	--
	5875 MHz
	5150 MHz
	--
	5875 MHz
	TDD2,3

	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:   The duplex method for these bands will be TDD with dynamic UL/DL transmissions with a limited set of requirements and testing


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 45as 5GHz unlicensed band for CA with licensed band in Rel-13.  

4
Single filter implementation of 5GHz unlicensed bands
As observed in the last RAN4 meeting, it is reasonable to assume that a single filter implementation of the 5GHz unlicensed band at the UE and the unlicensed LTE node should be possible. This will provide similar requirements and conditions as it is seen in 5GHz wifi. For most of the wifi implementation in this band, a single filter is used for the entire spectrum, thus, the requirements are quite relaxed for wifi devices. So, LAA nodes and UE will be in a disadvantageous situation if partial band filters are used. Thus, we suggest that the requirements for 5GHz unlicensed band should be defined in a way so that a single filter implementation is possible.

Observation: We should define the requirements in 5GHz band in a way so that single filter implementation is possible for the entire spectrum.  
5
Conclusions
We propose the following in this contribution:

Proposal-1: The duplex method for 5GHz unlicensed bands will be TDD with dynamic frame structure with a limited set of requirements and testing.  
Observations: In the WI phase, RAN4 needs to carefully select the test cases for LTE nodes in unlicensed bands. 

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

Observation: We should define the requirements in 5GHz bands in a way so that single filter implementation is possible for the entire spectrum.  
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