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1.
Introduction

As known, Band 12 covers the blocks A, B and C in FCC lower 700 MHz spectrum as shown in Figure 1.
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Figure 1: FCC Lower 700 MHz Spectrum and Band 12
Each block in Figure 1 has 6MHz bandwidth. Ch50 and Ch51 are used for TV and FCC allows up to 1MW ERP transmission. Block D and E are allocated for mobile TV and FCC allows up to 50kW ERP transmission.

There had been some discussion about Band 12 and the strong TV transmissions in its neighbourhood in 2008. The discussion was finalized with a new band definition currently known as Band 17, previously known as Band 15. See the references between [1] to [7]. 

These references, [1] to [7], discusses all the challenges including Tx noise in Rx band, intermodulation interference, blocking, adjacent channel interference and out of band emissions. 
The definition of Band 17 allows Block B and Block C spectrum owners to deploy their network by keeping the Block A as a guard. However, the spectrum owners who has Block A only, or Block A and Block B have to challenge with the technological limitations and delay in their network deployment.
This document proposes a solution to provide more room for an optimized Band 12 receiver.
2.
Discussion
According to the current owner distribution in Block A, B and C there is no any interest to deploy 15 MHz LTE. However, it is obvious that we cannot extent this current fact for future. Therefore we would like to keep the integrity of Band 12 and find some solutions to meet the current expectations and to keep economies of scale (See Ericsson’s contribution [5]).

The blocking due to the possible TV broadcasting from Channel 50, Channel 51, Block D and Block E depends on the signal distributions in the field and the ability of UE’s receiver to work under high interference from neighbors. Possible Block E transmission is the main interference source. FCC allows up to 50 kW ERP from Block E. There are some measures which can be taken during the network deployment. The rest of the issue has to be alleviated within the UE receiver. Sharp filtering, interference detection and adjustment of automatic gain control dynamically, increasing linearity are some possibilities to reduce the impact in the receiver. Another measure, of course is to handover to the another channel when interference affects the performance.
One of the challenges we have today is the availability of Band 12 duplexers. RF vendors prefer to re-use Band 17 design to develop a duplexer for Blocks A and B only by tweaking the center frequency. The main driver for this is the small market size of band 12 therefore this can be more economical. It is also said by some vendors that narrow duplexer design with wider guard band between uplink and downlink spectrums provides more room to reduce temperature and process related variations, to increase Tx noise rejection in Rx band, and to allow conventional technologies works easier.

According to input collected from the RF component vendors, a dual duplexer solution showed in Figure 2 is possible and it provides some solution until full Band 12 solution becomes available widely. By using two duplexers, one for Band 17 and another for Block A and B, Band 12 can be covered.
In order to allow the dual duplexer approach as 3GPP compliant, TS36.508 can be relaxed to keep the mid frequency tests within Band 12 optional depending to the receiver architecture.
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Figure 2: Dual duplexer approach with high power RF switch
The remaining issue is the high power broadcasting especially from Block E as stated above. In order to provide more room for filter design, the downlink carrier frequencies can be shifted up as shown in Figure 3. A Block-A owner has 6MHz spectrum. The carrier frequency can be shifted 1 MHz up for 5MHz LTE and 3MHz up for 3MHz LTE channel bandwidth. A Block A&B owner who deploys 10MHz LTE can shift the downlink carrier frequency 2 MHz up. Although this seems to be insufficient, having no any guard band between Block E and Block A, and accommodating two different systems as neighbors of each other, creating such guard spectrum as much as possible will help in the receiver design. 
In addition to benefit to the receiver, the same amount of shift at the uplink will provide more room to reduce emission to the Ch.51 TV channel.
TS36.508 can be adjusted to relax the low end test frequencies to up 1 to 2 MHz depending on the receiver architecture and LTE channel bandwidth.
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Figure 3: Possible downlink carrier shifts and filtering requirements
3. Conclusion
As mentioned in some arenas, when the filter technology advances, then Band 12 can be supported as it is designated. However, this will take some time according to today’s survey on RF components.

We have presented a dual duplexer design approach for interim economical solution to Band 12 based on available RF front-end components. Although, as stated, the approach does not solve the whole issues of Band 12, it provides more room for optimized and early-available receiver design. The approach keeps the integrity of Band 12 as well. More information can be provided if required.

The required changes in TS36.508 are as follows:

1) Keep the mid range frequency tests within Band 12 optional depending to the receiver architecture.

2) Relax the low range test frequencies to allow 1 MHz up for 1.4, 3 and 5 MHz LTE channel bandwidth, and 2 MHz up for 10 MHz LTE channel bandwidth, depending on the receiver architecture for the benefit of UE’s receiver and transmitter design.
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Annex: Proposed Changes in TS 36.508
4.3.1.1.12
FDD reference test frequencies for operating band 12

Table 4.3.1.1.12-1: Test frequencies for E-UTRA channel bandwidth for operating band 12

	Test Frequency ID
	Bandwidth
[MHz]
	NUL
	Frequency of Uplink [MHz]
	NDL
	Frequency of Downlink [MHz]

	Low Range[2]
	1.4
	23007
	698.7
	5007
	728.7

	
	3
	23015
	699.5
	5015
	729.5

	
	5 [1]
	23025
	700.5
	5025
	730.5

	
	10 [1]
	23050
	703
	5050
	733

	Mid Range[3]
	1.4/3 

5 [1]/10 [1]
	23090
	707
	5090
	737

	High Range
	1.4
	23173
	715.3
	5173
	745.3

	
	3
	23165
	714.5
	5165
	744.5

	
	5 [1]
	23155
	713.5
	5155
	743.5

	
	10 [1]
	23130
	711
	5130
	741

	NOTE 1:   Bandwidth for which a relaxation of the specified UE receiver sensitivity requirement (TS 36.101 [27] Clause 7.3) is allowed. 
NOTE 2:   The low range test frequencies for uplink and downlink in parallel can be shifted up to 1 MHz for 1.4 MHz, 3 MHz and 5 MHz LTE channel bandwidth, and 2 MHz for 10 MHz LTE channel bandwidth.

NOTE 3:   If UE employs dual duplexer architecture for Band 12 with frequencies shown in Table 4.3.1.1.12-2, the mid range frequency tests for 10MHz and 15 MHz LTE channel bandwidth is not required.


Table 4.3.1.1.12-2: The Duplexer Frequencies for Dual Duplexer ArchitectureTest for Band 12
	Duplexer
	FUL_low [MHz]
	FUL_high [MHz]
	FDL_low [MHz]
	FDL_high [MHz]

	Duplexer 1
	698 - 710
	710
	728 - 740
	740

	Duplexer 2
	704 - 716
	716
	734 - 746
	746


















































