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1 Background
New WI (RP-162514 [1]) was created to specify technical requirements for deploying LTE operation in 450 MHz bands in Europe for PPDR and PMR/PAMR, in accordance with ECC Decision (16)02 [2]. This contribution addresses the first bullet of the objectives of the work item:
1.      Initial study phase: agree on band arrangements 

2 Discussion
2.1 ECC Decision (16)02

The requirements for the frequency arrangement at 450MHz are defined in the section 3, bullet 3 of the ECC Decision [2]:

3.   that CEPT administrations wishing to introduce additional spectrum for BB-PPDR in parts of the 400 MHz range shall apply LRTC with channeling arrangements 1.4 MHz, 3 MHz or 5 MHz within the following paired frequency ranges: 

a)   450.5-456.0 MHz (uplink) / 460.5-466.0 MHz (downlink) those specified in Annex 2; 

b)   452.0-457.5 MHz (uplink) / 462.0-467.5 MHz (downlink) those specified in Annex 2;

 
2.2 Options for frequency arrangement 

In the objective section of the WID [1], two main options to be studied are listed: 

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)
2.2.1 First option: 2x5MHz + 2x5MHz

For the higher part of the spectrum (452.0-457.5 MHz (uplink) / 462.0-467.5 MHz (downlink)), the most straightforward solution is to re-use the existing 3GPP frequency band 31.

For the lower part of the spectrum (450,5 – 456 MHz (UL) / 460,5 – 466 MHz (DL)), it is proposed to follow the same methodology as for Band 31:
· The original allocation in Brazil was 2x7MHz (451-458MHz/461-468MHz). However, to reduce the negative impact of the small duplex gap on UE performances, the new band was chosen as 2x5MHz. The selection of the 5MHz band within the 7MHz band was done according to the ITU recommended frequency arrangement in the band 450-470MHz (Table 1) 
· Band 31 was chosen to be compatible with the D4 frequency arrangement of Table 1 (also known as “Block A” for Band Class 5 in CDMA).

	Frequency arrangements
	Paired arrangements
	Un-paired arrangements (e.g. for TDD) (MHz)

	
	Mobile station transmitter 
(MHz)
	Centre gap (MHz)
	Base station transmitter (MHz)
	Duplex separation (MHz)
	

	D1
	450.000-454.800
	5.2
	460.000-464.800
	10
	None

	D2
	451.325-455.725
	5.6
	461.325-465.725
	10
	None

	D3
	452.000-456.475
	5.525
	462.000-466.475
	10
	None

	D4
	452.500-457.475
	5.025
	462.500-467.475
	10
	None

	D5
	453.000-457.500
	5.5
	463.000-467.500
	10
	None

	D6
	455.250-459.975
	5.275
	465.250-469.975
	10
	None

	D7
	450.000-457.500
	5.0
	462.500-470.000
	12.5
	None

	D8
	
	
	
	
	450-470 TDD

	D9
	450.000-455.000
	10.0
	465.000-470.000
	15
	457.500-462.500 TDD

	D10
	451.000-458.000
	3.0
	461.000-468.000
	10
	None


Table 1: Frequency arrangements in the band 450-470MHz
Following a similar approach, it is proposed to select a 5MHz band which is compatible with one of the frequency arrangement of the above table.

Hence, the following 2x5MHz sub-band is proposed based on its compatibility with frequency arrangement D2 (also known as “Block H” of Band Class 5 in CDMA standards):
· 451-456MHz (uplink) / 461-466MHz (downlink)


In term of standardization effort, this option would require the introduction of a new FDD band (denoted Band X on the above figure). Due to its similarity with existing Band 31, it is likely that most of the performances specified for the Band 31 are also applicable for this new band.
2.2.2 Second option: 2x7MHz

This second options would allow covering both allocations defined in ECC Decision (16)02 [2] with a single band:

· 450.5-457.5MHz (uplink) / 460.5-467.5MHz (downlink)

2.2.2.1 Single duplexer solution

A single duplexer covering 2x7MHz would provide maximum flexibility in term of carrier placements.


However, several studies conducted during the work for introducing Band 31 in the 3GPP specifications highlighted the technical challenges of the frequency allocation in Brazil. Referring to section 4 of the TR 36.840 [3], the original allocation in Brazil was 2x7MHz (451-458MHz (uplink) / 461-468MHz (Downlink)). However, it was decided to specify a 2x5MHz band within the original allocation, not to impact too negatively the UE performances. Technical rationales and documents having driven this choice can be found in section 7.2.2. of [3].

Even for the 2x5MHz allocation, the receiver sensitivity was significantly degraded due to the small duplex gap.

It is then believed that the 2x7MHz allocation with a 3MHz duplex gap between uplink and downlink bands would require relaxation on the UE sensitivity which is not acceptable for PPDR or PMR/PAMR services.

2.2.2.2 Dual duplexer solution





The 7MHz allocation could also be covered by an implementation based on 2 switched duplexers:

· A Duplexer covering the lower frequency allocation of the ECC Decision (16)02 (“low” duplexer)
· A Duplexer covering the higher frequency allocation of the ECC Decision (16)02 (“high” duplexer)

In the above figure, a duplexer suitable for Band 31 is assumed for the “high” duplexer. To fully cover the 2x7MHz allocation, the bandwidth of the “low” duplexer shall be ≥ 5.5MHz.
As mentioned above, increasing the bandwidth of the duplexer would negatively impact the UE performances in addition to the losses introduced by the switch.
Moreover, defining a new 2x7MHz band in the 3GPP specifications based on this dual duplexer arrangement would increase the cost of devices that exclusively operate in “Block H”.
3 Conclusion
Based on the above discussion, it is proposed to focus on the first option listed in the WID objectives:

· 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)
The selection of the 5MHz sub-band was also discussed and it is proposed:

· 451-456 MHz (UL) / 461-466 MHz (DL) for the 2x5MHz band within 450,5 – 456 MHz (UL) / 460,5 – 466 MHz (DL)
· 452.5-457.5 MHz (UL) / 462.5-467.5MHz (DL), i.e. Band 31, for the2x5MHz within 452 – 457,5 MHz (UL) / 462 – 467,5 MHz (DL)
In term of standardization effort, this would require to introduce a new Band X in the 3GPP specifications.
	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

	…
	…
	
	
	…
	
	
	…

	…
	…
	
	
	…
	
	
	…

	31
	452.5 MHz
	–
	457.5 MHz
	462.5 MHz
	–
	467.5 MHz
	FDD

	…
	…
	
	
	…
	
	
	…

	…
	…
	
	
	…
	

	70
	1695 MHz
	–
	1710 MHz 
	1995 MHz
	–
	2020 MHz
	FDD10

	X
	451 MHz 
	–
	456 MHz
	461 MHz
	–
	466 MHz
	FDD
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