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Introduction
In last RAN meeting held in Malmo (RAN #68), a new work item on Licence-Assisted Access (LAA) to unlicensed spectrum was approved [1]. In this contribution, we take into account a possible channelization of the 5GHz spectrum and propose a specific channel raster to be applied to 5GHz unlicensed band(s).

Discussion
LAA WID agreed in RAN #68 includes the following items: 
“The work item should only specify support for LAA SCells operating with only DL transmissions. When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells  can be added in future release without modifications to the DL design.
The detailed objectives of the work item are to specify support for the following functionalities:
· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)
· UE support for carrier selection (RAN1, RAN2)
· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)
· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)
· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)
The work item should also specify base station and UE core requirements of 5GHz spectrum (based on regulatory limits) including applicable band/bands definition and a limited set of example band combinations. The 5 GHz band/bands definition should include DL only and UL/DL operations (without UL requirements being defined in Rel-13). The 5GHz unlicensed band/bands definition(s) should not introduce new frame structure(s) (if any) and/or new TDD UL/DL configurations (if any) for the licensed bands. (RAN4)”
In this contribution we will focus on the 5GHz band channelization and we will propose a specific channel raster. 

Channel bandwidths in 5GHz unlicensed spectrum
When considering a possible channelization several factors need to be taken into account. First of all, we need to evaluate which channel bandwidth will be supported for operation in 5GHz. In [3], it was agreed that the PHY layer options considered for LAA have at least the following characteristics:
-	Support for at least 20MHz system BW option in the 5GHz band
-	System bandwidths < 5 MHz are not considered for PHY layer options in LAA
Therefore the usage of 5MHz, 10MHz and 15MHz channels are not precluded. Focusing on 5GHz spectrum, since the minimum channel BW allowed by Wi-Fi is 20MHz, we need to carefully evaluate the pro and cons in case lower bandwidth are supported. 
There are at least two clear benefits if BW<20 MHz is supported in 5GHz:
· Better spectrum utilization in DFS sub-bands: this is because most of the radars use a bandwidth lower than 20MHZ.
· Possibility to use 10MHz available at the edge of specific sub-bands, i.e. possibility to use portions of spectrum which are currently not used by Wi-Fi because of tough emission requirements.
The two above bullets represent a possible diversification compared to Wi-Fi. However, supporting channels smaller than 20MHz has also some drawbacks:
· Different granularity and channel alignment compared to Wi-Fi could have implication in terms of coexistence.
· More requirements and testing to be handled by UE and eNodeB.
Regarding the coexistence issue, this can be alleviated by aligning LAA and Wi-Fi channels, a specific proposal will be made in next section. However, based on the above pro and cons, our preference is to define only 20MHz channel for 5GHz unlicensed band. 
[bookmark: _GoBack]Proposal 1: to define 20MHz channels in 5GHz unlicensed band for LAA in release 13.
Proposal 1 will also simplify specification for LAA in release 13, by reducing the amount of core requirements which need to be specified. It is also important to note that Proposal 1 does not preclude the possibility to define lower channel BW for 5GHz spectrum in future releases.   
Finally, it is worth emphasizing that Proposal 1 only addresses 5GHz spectrum. In other words, LAA feature should not be precluded to support other channel bandwidths, however whether it is possible to use a specific channel BW or not it depends on the specific operating band.

Channel raster for 5GHz unlicensed spectrum
As agreed in [2], the unlicensed spectrum available for LAA in 5GHz band will span from 5150MHz to 5925MHz. Depending on the region of operation only part of this spectrum could be available. It is also worth noticing that 5350-5470MHz is currently not available for transmission of Radio LAN (RLAN). 
Following Proposal 1, we define a possible channel raster in 5GHz spectrum considering 20MHz channels only. As already proposed in [4], we will also assume that a single band covering 5150MHz-5925MHz will be defined for LAA operating in 5GHz unlicensed spectrum. A general observation which can be made is related to the search space (number of hypothesis) in case the legacy 100KHz raster is adopted for 5GHz band. Indeed because of the very wide chunk of spectrum, search space will be extremely large. Related to this issue is the signalling space needed due to the large number of EARFCNs. To overcome the above issues, one possibility is to try to align the raster with 20MHz Wi-Fi carriers, thus highly reducing the number of hypothesis. Of course, on top of Wi-Fi carrier frequencies additional carriers are necessary to allow 300KHz carriers spacing in case of intra-band CA. If we call f1 a Wi-Fi carrier frequency we can define f1-200KHz, f1- 100KHz, f1, f1+100KHz and f1+200KHz.
In order to allow future extension for additional channel locations, all the channels with 100KHz raster will be reserved over 775MHz spectrum, however only a subset of carrier frequencies will be allowed.
Proposal 2: to adopt E-UTRA channel numbers described in Table 1 for 5GHz channelization.
[bookmark: _Ref425949832]Table 1. E-UTRA channel numbers.
	E-UTRA Operating
Band
	Downlink
	Uplink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL

	451
	5150
	255144
	255144-262894
	5150
	255144
	255144-262894

	NOTE 1: 	Only the following NDL and NUL are allowed for operation in band 45:
NDL,allowed = {n-2, n-1, n, n+1, n+2 | n = 255644, 255844, 256044, 256244, 256444, 256644,  258444	258644, 258844,	259044, 259244,	259444, 259644,	259844, 260044, 260244,	260444, 260644, 260844, 260894, 261094, 261294, 261494, 261694, 261894, 262094, 262294,	262494	262694}
NDL,allowed = {n-2, n-1, n, n+1, n+2, n+3, n+4, n+5, n+6, n+7, n+8, n+9 | n = 255244, 255444}
NDL,allowed = {n-9, n-8, n-7, n-6, n-5, n-4, n-3, n-2, n-1, n, n+1, n+2 | n = 256844, 257044}





It is worth noticing that channels corresponding to n=255244 (FDL = FDL = 5160MHz) and n=260894 (FDL = FDL = 5725MHz) do not correspond to Wi-Fi channels. 
An example showing legacy 100KHz raster and allowed EARFCN is 5GHz is showed in Figure 1.
[image: ]
[bookmark: _Ref425947573]Figure 1. Example of EARFCN allowed in 5GHz.
As it can be observed, the general approach is to have 5 possible carriers location for each Wi-Fi carriers. For instance considering Wi-Fi channel 40 (carrier frequency 5200MHz, NDL=255644) we will have the following possible carrier frequencies for LAA: 5199.8MHz, 5199.9MHz, 5200MHz, 5200.1MHz, and 5200.2MHz. For some specific channels, more NDL are allowed, in particular:
· For channel whose nominal carrier frequency is 5160MHz (NDL=255244), carrier locations from 5159.8MHz to 5160.9MHz with 100KHz steps are allowed;
· For channel whose nominal carrier frequency is 5180MHz (NDL=255444), carrier locations from 5179.8MHz to 5180.9MHz with 100KHz steps are allowed;
· For channel whose nominal carrier frequency is 5320MHz (NDL=268044), carrier locations from 5319.1MHz to 5320.2MHz with 100KHz steps are allowed;
· For channel whose nominal carrier frequency is 5340MHz (NDL=257044), carrier locations from 5339.1MHz to 5340.2MHz with 100KHz steps are allowed;
The motivation of the extra carriers for the above four channels is related to some specific emission requirements. Indeed, FCC has tight emission requirements for the so-called restricted bands [5]. For bands 4500-5150MHz and 5350-5460MHz the spurious emission requirement is -41.2dBm/1MHz. Therefore, increasing the carrier offset to the restricted bands edge would allow lower leakage of digital filter noise. Finally, adding extra carriers around 5180MHz and 5320MHz carriers will also facilitate the implementation of contiguous intra-band CA.
 
Based on the above proposal the search space for UE and eNodeB is significantly reduced. Indeed the occupied EARFCN are 193 (29x5 + 4x12) against 7750 for the case of allocation of all 100KHz spaced EARCFN.

Conclusion
In this contribution we analysed the channelization for 5GHz spectrum. Assuming that a single band will be defined for LAA in 5GHz, and considering the large number of search hypothesis due to the very wide available spectrum, we made the following proposal:
Proposal 1: to define 20MHz channels in 5GHz unlicensed band for LAA in release 13.
Proposal 2: to adopt E-UTRA channel numbers described in Table 1 for 5GHz channelization.
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