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1  Introduction
The availability of spectrum as per LTE-A spectrum use cases with regard to 20 MHz component carriers is discussed for a few bands and markets from [1] together with future considerations for other bands. We focus on the 2.3 GHz bands and the potential allocation in 3.4-4.2 GHz that may allow larger intra-band allocations of n x 20 MHz. It turns out that operator allocations of 80 MHz are still not readily available, not even after 2015. 
For all other bands (used today) aggregation of fewer narrower component carriers of an aggregated bandwidth less than 80 MHz are more likely, and in some bands non-contiguous aggregation should be of interest (e.g. in a shared network scenario). With the multitude of these more realistic scenarios with narrower carriers in mind and the possibilities to get 80 MHz allocations anywhere, the gains with a 4 x 108 RB aggregation appear less useful.
2 Spectrum use cases
Three scenarios from [1] are analyzed.

	Scenario No.
	Deployment Scenario
	Transmission BWs of LTE-A carriers
	No of LTE-A component carriers
	Bands for LTE-A carriers
	Duplex modes

	1
	Single-band contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Contiguous 2x20 MHz CCs

DL: Contiguous 4x20 MHz CCs
	3.5 GHz band
	FDD

	2
	Single-band contiguous spec. alloc. @ Band 40 for TDD
	100 MHz
	Contiguous 5x20 MHz CCs
	Band 40 (2.3 GHz)
	TDD

	3
	Single-band contiguous spec. alloc. @ 3.5GHz band for TDD
	100 MHz
	Contiguous 5x20 MHz CCs
	3.5 GHz band
	TDD



Table 1:  Scenarios from [1]
2.1 Scenario #1 and #3 3.5 GHz
The table below from [2] summarizes the 3.4-3.6 GHz spectrum use in Europe. This table was also analyzed in [3] when it comes to the total spectrum block available, i.e. 75 MHz or 84 MHz, for example.  

However, this can be further subdivided to the actual per operator situation where these 75 MHz or 84 MHz are further subdivided using a particular Block size, per operator. The block size column from Table 2 shows that the actual spectrum allocated to an operator is even smaller, i.e. 14, 15, 21, 28, etc MHz.  
	Country
	Uplink 

frequency range [MHz]
	Downlink 

Frequency range [MHz]
	Duplex arrangement
	Duplex separation for FDD
	Block sizes [MHz]

	Austria
	3410
	3494
	3510
	3594
	FDD, TDD
	100 MHz
	21, 28, 35, 42

	Belgium
	3450
	3500
	3550
	3600
	FDD, TDD
	100 MHz
	25

	Bosnia & Herzegovina
	3410
	3494
	3510
	3594
	FDD
	100 MHz
	21

	Czech Republic
	3410
	3480
	3510
	3580
	FDD, TDD
	100 MHz
	3.5 (raster)

	France
	3432.5
	3495
	3532.5
	3595
	FDD, TDD
	100 MHz
	15

	Germany
	3410
	3494
	3510
	3594
	FDD, TDD
	100 MHz
	21

	Hungary
	3410
	3494
	3510
	3594
	FDD, TDD
	100 MHz
	14

	Ireland
	3410
	3500
	3510
	3600
	FDD, TDD
	100 MHz
	11, 25, 35

	Italy
	3425
	3500
	3525
	3600
	FDD, TDD
	100 MHz
	21

	Macedonia (FYROM)
	3410
	3494
	3510
	3594
	FDD, TDD
	100 MHz
	31.5, 14

	Norway
	3413.5
	3500
	3513.5
	3600
	FDD, TDD
	100 MHz
	3.5 (raster)

	Portugal
	3410
	3438
	3510
	3538
	FDD, TDD
	100 MHz
	28

	Russian Federation
	3400
	3450
	3500
	3550
	FDD, TDD
	100 MHz
	

	Sweden
	3410
	3494
	3510
	3594
	FDD, TDD
	100 MHz
	28

	Switzerland
	3410
	3497.5
	3510
	3597.5
	FDD, TDD
	100 MHz
	17.5, 21, 28

	United Kingdom
	3480
	3500
	3580
	3600
	FDD, TDD
	100 MHz
	20


Table 2: Summary of the survey for 16 European countries.

Moreover in Europe the Block Edge Mask [4], will, in some cases, put additional, strict requirements on out of block emissions, for the BS, making guard bands imperative. How strict is make clear below. 
[image: image1.emf]
Figure 1: Block Edge Mask for Europe, from [4]
Japan: The present use of the band 3.4-3.6 GHz is reported in [5] but there is currently no band plan. The examples from [5] show that between 160 MHz to 190 MHz, excluding guard bands will be made available. This results in allocations from 40 MHz (or 2x20MHz) to 47.5 MHz (or 2x23.75 MHz) if one assumes 4 operators.
Latin America: Mexico, Peru auctioned blocks of 25 MHz separately, but then acquired in pairs by the operators. 
North America: only 50 MHz is available, in total, for terrestrial mobile services in the US, leaving less for the individual operator.
The exact combination of 80 MHz DL and 40 MHz UL FDD is not readily available in the 3.4-3.6 GHz band. Moreover any larger allocations would nevertheless be rather uneven looking when comparing to the numbers 80 and 40 MHz.
2.2 Scenario #2, band 40, 2.3 GHz
The 100 MHz of band 40 are not all available for LTE since there is a need to set a side a guard band of up to 20 MHz in order to protect RLAN Channel 1 and Bluetooth. This leaves around 80 MHz available to distribute among operators (90 MHz assumed in the figure below).

[image: image2]
Figure 2: band 40, 2.3 GHz

The Block Edge requirements for this band [xxx ref needed], might impose additional requirements for the European market, depending on band arrangement.
In general 3 operators sharing 80 MHz would result in up to 30 MHz TDD spectrum per operator with no allowance for possible guards between uncoordinated networks.
The exact combination of 100 MHz is not readily available in the 3.4-3.6 GHz band. Moreover any larger allocations would nevertheless be rather uneven looking when comparing to the numbers 100 MHz.
2.3 3.8-4.0-4.2 GHz and 4.4-4.9 GHz
The WRC#15 2015 will consider many scenarios. One hypothesis is, in case of a joint recommendation for the entire 3.8-4.2 GHz band, that 400 MHz will be made available 2015. 
This could make large spectrum blocks available, but, individual operator allocations block edge masks and particular requirements for certain geographical areas within regions will very likely lead to uneven looking spectrum blocks not conforming precisely to neither to 100 nor to 80 MHz. 
3 Summary
The exact combination of 80 MHz DL and 40 MHz UL FDD is not readily available in the 3.4-3.6 GHz band. Moreover any larger allocations would nevertheless be rather uneven looking when comparing to the numbers 80 and 40 MHz.

The exact combination of 100 MHz is not readily available in the 3.4-3.6 GHz band. Moreover any larger allocations would nevertheless be rather uneven looking when comparing to the numbers 100 MHz.

The optimality of 4 x 108 MHz when it comes to spectrum utilization, reaching 97%, relies on even, nice, looking numbers when it comes to spectrum allocation [6]. 
   The real life situation of guard bands, Block Edge Masks and multiple operators competing in the same band will result in smaller, uneven looking band allocations per operator, 21, 24, 25, 28, etc MHz for which the mathematical optimality is lost.

Larger spectrum blocks might be made available 3.8-4.2 GHz range after 2015.
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