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1
Introduction
In RAN#74 a new WI [1] for agreeing a band arrangement and specifying RF requirements for the new E-UTRA band on 450 MHz range was approved. This contribution discusses the band arrangement.
2
Discussion

2.1
Band plans
In the WID [1] two options were listed for band plan. 
1.      Initial study phase:

a.       Agree on band(s) arrangement focusing on the following options:

i. 2x5MHz within 450,5 – 456 MHz (UL) / 460,5 – 466 MHz (DL) and 2x5MHz within 452 – 457,5 MHz (UL) / 462 – 467,5 MHz (DL)

ii. 2x7MHz: 450,5 – 457,5 (UL) / 460,5 – 467,5 (DL)

Note: Other options are not precluded considering the filter performance constrained by the small duplex gap of each option and capability to achieve OOBE requirement.

First alternative is consisting of two partly overlapping FDD bands both having bandwidth of 5 MHz or even 5.5 MHz. Second altenative is consisting of one FDD band having bandwidth of 7 MHz. Both cases are presented in Figure 1.
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Figure 1: Band arrangements from the WID [1]

Table 1 presents comparison of the three proposed band arrangements with a comparison for existing band 31.
Table 1: Comparison of 450 MHz bands
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31 Brasil 452,5 – 457,5 462,5 – 467.5 -93,5 5 5 10 1,09 1,10 5 2,00

450 7 MHz 450,5 – 457,5 460,5 – 467,5 7 3 10 0,65 1,54 5 2,00

450 5.5 MHz Band 1 450,5 – 456 460,5 – 466 5,5 4,5 10 0,98 1,21 5 2,00

450 5.5 MHz Band 2 452 – 457,5 462 – 467,5 5,5 4,5 10 0,98 1,21 5 2,00
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From the Table 1 we can see that all three new 450 MHz band plans are more difficult from duplex-arrangement point of view than current band 31 which was already challenging [2]. The 5.5 MHz bands are close to band 31 in terms of bandwidth and duplex-gap, bandwidth being 0.5 MHz wider and duplex gap being 0.5 MHz narrower than band 31. Both of these differences make filter desing more challenging than band 31 filter desing which was already difficult. Looking the single band arrangement where bandwidth is 7 MHz and duplex-gap is 3 MHz it seems that single duplex-filter desing is not feasible instead a dual-duplexer solution could be used similarly as for band 28.

In Figure 2 we present possible dual duplexer options for 7 MHz band arrangement. 
· Option 1 consisting of 2 x 5 MHz duplex-filters would allow to place 1.4 and 3 MHz carrier anywhere within the band but 5 MHz carrier can be placed only to lowest or highest frequency position of the band. Difference of options 1a and 1b is that lower filter is 0.5 MHz shifted between the options. Higher filter is in both cases same as band 31.
· Option 2 consiting of 2 x 5.5 MHz duplex-filters with 4 MHz overlap allows also to place 1.4 and 3 MHz carrier anywhere within the band but 5 MHz carrier placement has restrictions. The 2 x 5.5 MHz duplex -filters cover the same frequency range as the two 5.5 MHz band arrangements mentioned in the WID
· Option 3 does not have any restrictions on placement fo the 5 MHz carrier within the bands but the individual duplex-filters would be 6 MHz wide with 4 MHz duplex-gap thus filter implementation seems to be too difficult.
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Figure 2: Dual duplexer options
2.2
Filter data

We received filter data from two vendors for B1 and B2 options on Figure 1 and it is presented in Table 1. The performance is not what is typically expected from FDD-band filter but given the very challenging band arrangement this was anticipated. The data in Table 1 is worst case data which would be presented in data sheet.
Table 2: Filter data for B1 and B2 in Figure 1

	Parameter
	Vendor A
	Vendor B

	Tx IL
	4.0 dB (max)
	4.7 dB (max)

	Rx IL
	5.4 dB (max)
	3.6 dB (max)

	Tx Iso
	45 dB (min)
	42 dB (min)

	Rx Iso
	36 dB (min)
	38 dB (min)


In addition to B1 and B2 filter data we also received datasheet on band 31 filter with performance presented in Table 3.
Table 3: Filter data for Band 31

	Parameter
	Vendor B

	Tx IL
	4.2 dB (max)

	Rx IL
	3.1 dB (max)

	Tx Iso
	50 dB (min)

	Rx Iso
	50 dB (min)


By examining the filter data in Table 2 and 3 it seems that extending the passband from 5 MHz to 5.5 MHz has a major impact to filter parameters. Especially due to low isolation values of 5.5 MHz filter full-duplex operation does not seem to be possible. Hence the dual duplexer implementation is only attractive using 2 x 5 MHz filters.
If the 7 MHz band plan would be adopted using two 5 MHz duplex-filter with a performance presented in Table 3 additional swithes would be needed at the input and output of the split-filter assemply. Switch loss would be in the order of 0.4 dB each hence the insertion loss would be increase by approximately 0.8 dB compared what is presented in Table 3. Because of this added indertion loss and complexity the 7 MHz band with dual duplexer solution of using 2x5 MHz filters might not be justified as the benefit of using 2x5 MHz filter is limited as is discussed in next paragraph.
2.3
Frequency arrangements in Europe
When studying the frequency allocations in Europe it seems that option 1b from Figure 2 which is uplink = 451 - 456 MHz and downlink = 461 - 466 MHz would satisfy the needs of the countries highlighted in blue in Table 4. Higher 5 MHz block would be the same as current band 31 and it would cover countries highlighted in green. Latvia and Hungary have an allocation of >7 MHz but have deployed LTE in band 31. Spectrum refarming by regulators in Turkey and Spain is still ongoing and the final frequency arrangement has not been decided yet.
Hence if we compare specifying 7 MHz option 1b using uplink = 451 - 456 MHz and downlink = 461 - 466 MHz and B31 filter to specifying a new 5 MHz band using uplink = 451 - 456 MHz and downlink = 461 – 466 we can observe that out come from usability point of view is the same as B31 is already used in Europe. Furthermore, if 5 MHz band is specified instead of 7 MHz band we do not mandate UE vendors to build dual duplexer solution and allow flexibility to support either the new band or both new band and band 31.
Table 4: Frequency arrangements in Europe
	Country
	UL (MHz)
	DL (MHz)
	Block Size (MHz)
	Comments

	Austria
	451,300
	455,740
	461,300
	465,740
	4,440
	Lower filter

	Germany
	451,000
	455,740
	461,000
	465,740
	4,740
	Lower filter

	Slovakia
	451,310
	455,730
	461,310
	465,730
	4,420
	Lower filter

	Czech Republic
	451,300
	455,740
	461,300
	465,740
	4,440
	Lower filter

	Netherlands
	451,768
	454,768
	461,768
	464,768
	3,000
	Lower filter

	Turkey
	450,000
	457,500
	460,000
	465,500
	7,500
	Frequency band not decided yet

	Spain
	452,125
	457,125
	462,125
	467,125
	5,000
	Frequency band not decided yet

	France
	452,500
	455,500
	462,500
	465,500
	3,000
	Higher filter

	Poland
	452,525
	457,000
	462,525
	467,000
	4,475
	Higher filter

	Hungary
	450,000
	457,380
	460,000
	467,380
	7,380
	LTE in band 31 deployed

	Denmark
	453,000
	457,450
	463,000
	467,450
	4,450
	Higher filter

	Sweden
	452,500
	457,500
	562,500
	467,500
	5,000
	Higher filter

	Norway
	453,000
	457,500
	463,000
	467,500
	4,500
	Higher filter

	Finland
	452,425
	456,925
	462,425
	466,925
	4,500
	Higher filter

	Russia
	453,000
	457,400
	463,000
	467,400
	4,400
	Higher filter

	Estonia
	453,000
	457,475
	463,000
	457,475
	4,475
	Higher filter

	Latvia
	450,000
	457,500
	460,000
	467,500
	7,500
	LTE in band 31 deployed


3
Conclusion

In this contribution, we have discussed the 450MHz E-UTRA FDD Band plan for LTE PPDR and PMR/PAMR in Europe and it is noted that best way forward is a new 5 MHz band using uplink = 451 - 456 MHz and downlink = 461 – 466.
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