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Introduction
In the RAN4#98 e-meeting, different options for the band definition and duplexer implementations were proposed in [1]. Although it was not agreed, way forward [2] discussed that beyond B1 and B2, other options looking at a different approach for upper duplexer of B2 with smaller bandwidth can be studied. In this contribution, the feasibility of the different duplexers and their impact on performance are provided. Impact to n71 performance and extended 600MHz band are discussed including coexistence with surrounding bands.
Discussion
Duplexer Implementation Options
Two options were provided as a starting point; here we define the corresponding duplexer frequencies and naming used in this contribution.
Option B1: 2x40MHz full duplexer approach (612-652MHz DL + 663-703MHz UL) = 600+F
Option B2 split duplexer approach with 2x35MHz each (617-657MHz DL + 663-703MHz UL):
· Lower duplexer (617-652MHz DL + 663-698MHz UL) = n71F or 600+A
· Upper duplexer (622-657MHz DL + 668-703MHz UL) = n71F shifted 5MHz up = 600+B

Option B2- split duplexer approach with 2x35MHz lower and 2x25MHz upper (617-657MHz DL + 663-703MHz UL):
· Lower duplexer (617-652MHz DL + 663-698MHz UL) = n71F or 600+A
· Upper duplexer (632-657MHz DL + 678-703MHz UL) = n71B shifted 5MHz up = 600+C

Observation 1: B1 and B2/B2- are not compatible in terms of band definition so it is not possible to migrate from B2/B2- early implementation to a longer term B1 implementation. B2 and B2- are compatible and only result in slightly different channel bandwidth limitations.
Spectrum Landscape in Asia and North America
In order to understand the requirements for the duplexers and whether the claimed n71 eco-system reuse can be materialized, the spectrum landscape in both Asia and North America should be analyzed. It should be noted that the spectrum in Asia is also relevant to Europe if spectrum below band 28 is made available thanks to DTV channels move. Figure 1 provides such landscape together with the different duplexer implementation for the extended 600MHz band.
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Figure 1: Spectrum landscape around n71 and extended 600MHz bands with duplexer options
For the U.S. spectrum the following aspects are relevant for n71:
· Band protection for n29 SDL band and bands n85, n12, n13 and n14 DL
· Band combinations with the above bands
· DL filter protection from interference of:
· Broadcasting high-power TV CH36 (1,000KW).
· Wireless Medical Telemetry Services (WMTS) devices in CH37 (10dBm).
· Fixed and personal/portable White Space devices in CH37 and duplexer gap (16dBm).
· Licensed/Unlicensed Wireless Microphones in duplexer gap and guard band (13dBm).

For the spectrum in Asia:
· The position and power level of the closest DTV channel is unclear and thus the potential rejection requirements from the DL filter but also the UL filter are unknown.
· Band protection of n28 DL.
Duplexer Options Feasibility Based on Existing Filters
In order to determine the pros and cons of the different options, both the cost/size and performance aspects should be considered. At this point, we could not do a full-fledged feasibility study of each duplexer in detail but fortunately the different duplexer options can be derived from existing filters. Table 1 shows the UL, DL and gap relative bandwidth comparison of existing filters (B71A/B/F and B28F) and the 4 options (600+A/B/C/F):
· B71A is the lower 2x25MHz duplexer of a n71 split duplexer implementation
· B71B is the upper 2x25MHz duplexer of a n71 split duplexer implementation
· B71F is the 2x35MHz full duplexer for n71
· B28F is the 2x45MHz full duplexer for n28
Table 1: comparison of extended 600MHz duplexer options and existing duplexers
	
	UL [MHz]
	DL [MHz]
	DuplexGap

	
	Low
	High
	BW%
	Low
	High
	BW%
	MHz
	%

	B71A
	663
	688
	3.7%
	617
	642
	4.0%
	-21
	3.2%

	B71B
	673
	698
	3.6%
	627
	652
	3.9%
	-21
	3.2%

	B71F/600+A
	663
	698
	5.1%
	617
	652
	5.5%
	-11
	1.7%

	B71F(+5)/600+B
	668
	703
	5.1%
	622
	657
	5.5%
	-11
	1.7%

	B71B(+5)/600+C
	678
	703
	3.6%
	632
	657
	3.9%
	-21
	3.1%

	600+F
	663
	703
	5.9%
	612
	652
	6.3%
	-11
	1.7%

	B28F
	703
	748
	6.2%
	758
	803
	5.8%
	10
	1.3%



Observations:
· Duplexer 600+C can be derived from the 5MHz shift of B71B
· Duplexer 600+A is B71F
· Duplexer 600+B can be derived from the 5MHz shift of B71F
· Duplexer 600+F can be derived from B28F
· 600+F DL is similar relative BW to B28F UL
· 600+F UL is similar relative BW to B28F DL
· 600+F gap has a relaxed relative BW compared to B28F DL
Duplexers Relative Performance
Based on the above observations, it is possible to derive the different extended 600MHz duplexer option performance by scaling existing filter by the ratio of UL and DL frequency center separately. The resulting scaling is provided in Table 2.
Table 2: Filter frequency scaling
	
	B28F to 600+F scaling
	B71F to 600+B scaling
	B71B to 600+C scaling

	Ref. [MHz]
	703
	748
	758
	803
	663
	698
	617
	652
	673
	698
	627
	652

	Target [MHz]
	612
	652
	663
	703
	668
	703
	622
	657
	678
	703
	632
	657

	Scaling [%]
	87.1%
	87.5%
	100.7%
	100.8%
	100.7%
	100.8%

	Freq. [MHz]
	612.4
	651.6
	663.3
	702.7
	667.9
	703.1
	621.9
	657.1
	677.9
	703.1
	631.9
	657.1

	Error [MHz]
	-0.40
	-0.40
	-0.31
	-0.31
	0.13
	0.13
	0.14
	0.14
	0.09
	0.09
	0.10
	0.10



Applying the above scaling, we can plot the expected duplexer main characteristics. Since we do not want to share the exact filter performance we only provide plots comparing with the baseline B71F filter without vertical axis scale. It is anyhow sufficient to look at delta performance and cost compared to the current n71 implementation to gauge the benefit and impact of the different options.
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In the following graphs, the following color legend is used:
· 
· Rx-Ant path is in green
· Tx-Ant path is in blue
· Tx/Rx isolation is in red
· Band definition and achievable IL are in black

To distinguish the different options, the following line legend is used:
· 
· Thick plain line: 600+F duplexer
· Thin plain line: 600+A = n71F duplexer
· Small dash line: 600+B duplexer
· Large dash line: 600+C duplexer



The following figures plots the following characteristics:
· 
· Figure 2: Rx-Ant and Tx-Ant in band IL
· Figure 3: Tx/Rx isolation
· Figure 4: Rx-Ant and Tx-Ant in gap attenuation
· Figure 5: Rx-Ant and Tx-Ant higher band protection
· Figure 6: Rx-Ant DTV channels attenuation
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Figure 2: Rx-Ant and Tx-Ant in band Insertion Loss for the four different duplexer options
Observation on IL:
· 600+F 2x40MHz duplexer insertion loss is degraded compared to n71F: ~ +0.5dB in UL and +0.4dB in DL
· 600+B 2x35MHz duplexer insertion loss is the same than n71F
· 600+C 2x25MHz duplexer insertion loss is improved compared to n71F: ~ -0.5dB in UL and -0.3dB in DL
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Figure 3: Tx/Rx isolation for the four different duplexer options
Observation on isolation: Except a negligible degradation of the lowest 5MHz isolation in DL for 600+F 2x40MHz duplexer, all isolations are very similar.
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Figure 4: Rx-Ant and Tx-Ant in gap attenuation for the four different duplexer options
Observations on in gap attenuation:
· 600+F definition with 11MHz gap provides similar attenuation than n71F/600+A for interference in the gap and significant Tx-Ant attenuation in DL to grant good DL band protection at -50dBm/MHz
· 600+B and C DL filters have limited attenuation in the gap, but potential interference in Asia is unknown
· 600+B and C DL filters have limited attenuation in 600+A UL which may create blocking issues
· UL filter n71F/600+A has limited attenuation (<10dB) in the upper edge of the upper duplexer bands which will not allow to guarantee the -50dBm/MHz band protection
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Figure 5: Rx-Ant and Tx-Ant higher band protection for the four different duplexer options
Observation on band protection:
· 600+F and 600+A/n71F provide similar and sufficient attenuation for North America bands 12/13/14/29/85 DL but 600+F UL further overlaps with band 12/85 UL which may compromise combining those bands with n71
· All options provide similar and sufficient attenuation for band 28DL.
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Figure 6: Rx-Ant DTV channels attenuation for n71F/600+A and 600+F
Observation on protection from TV channels:
· 600+F DL filter has no attenuation for CH36 since there is a 2MHz overlap, while n71F/600+A has some thanks to a 3MHz gap
· 600+F DL filter has limited attenuation at CH37 edge since there is only a 4MHz gap while n71F/600+A has good attenuation throughout CH37 thanks to a 9MHz gap
· Both UL filters have good attenuation for both TV channels.
Duplexers Relative Cost and Size
Again it is not possible for us to provide exact and absolute numbers, but cost and sizes can be discussed relative to the band n71F duplexer baseline:
· For option B2, it is simple since 600+B duplexer size is only marginally bigger than n71F duplexer due to the scaling, it can be twice the cost and size of a band n71 solution
· For option B1 to meet the displayed performance, size and cost have to increase, either because a more expensive technology than baseline TC-SAW is used or, when keeping TC-SAW (with the degraded IL) with the additional resonators and additional matching components, both size and cost are increased.
· For option B2-, due to the reduced BW and increased gap, the size can and cost can be reduced compared to n71F thanks to lower number of resonators and simplified process steps.

In Table 3 we provide a summarized pros and cons comparison of the different duplexer solutions using band n71F duplexer as the reference.
Table 3: Comparison of the different extended 600MHz implementation options
	Option
	B1
	B2
	B2-

	duplexer
	600+F
	n71F + 600+B
	n71F + 600+B

	performance for n71
	· ~0.5dB degraded IL vs n71F
· Potential Rx blocking issue from CH36 vs n71F
	unchanged
	unchanged

	performance for 600+
	· ~0.5dB degraded IL vs B2
· Any DTV channel requirement?
	· Upper DL duplexer attenuation in UL band 
· Blocking issue
· Lower UL duplexer band protection in upper 5MHz DL
· -50dBm/MHz issue
	· ~0.5dB improved IL in upper duplexer
· Upper DL duplexer attenuation in UL band 
· Blocking issue
· Lower UL duplexer band protection in upper 5MHz DL
· -50dBm/MHz issue

	Cost/Size vs n71
	~1.5x – if reused for n71
~2.5x – if not reused for n71
	~2x
	~1.7x





Observation on performance and cost/size trade-off:
· If B1 may be the smaller size/cost option, it is only if the same filter can be reused for n71 and thus that the related performance degradation is acceptable:
· This is not granted especially as beyond the degraded insertion loss, the limited protection from CH36 very high power broadcast stations is a real concern. 
· Any further optimization of the duplexer attenuation in CH36 will result in further degraded DL insertion loss
· B1 is not forward compatible from B2/B2-
· B2/B2- are a better option to keep n71 performance unchanged and still benefit from its ecosystem:
· The specification needs to accommodate the DL performance degradation in the upper 5MHz
· Provided some reduced spectrum flexibility, B2- can be accommodated with 25MHz channel BW for the upper duplexer and offer a lower cost approach.
· B2 can be forward compatible from B2-
[bookmark: _GoBack]
It is unfortunate that B1 cannot be used as a longer term solution while starting with B2/B2- in the short term as the DL is not the same. Given this and the potential issues for band n71 performance, split duplexer approach is the only certain path at this point.

Proposal:
· To enable n71 eco-system reuse together with guaranteed n71 performance a split duplexer approach is selected
· Degradation of the DL upper 5MHz band protection and blocking performance needs to be accommodated.
· Both B2 (two 2x35MHz duplexer) and B2- with 2x35MHz + 2x25MHz solutions are accommodated with additional BW constraint in the upper duplexer.
Conclusions
In this contribution, we provide a detailed duplexer feasibility of the different extended 600MHz band definition in terms of performance, cost and size based on existing filters. This detailed analysis allows the following proposal.

Proposal:
· To enable n71 eco-system reuse together with guaranteed n71 performance a split duplexer approach is selected
· Degradation of the DL upper 5MHz band protection and blocking performance needs to be accommodated.
· Both B2 (two 2x35MHz duplexer) and B2- with 2x35MHz + 2x25MHz solutions are accommodated with additional BW constraint in the upper duplexer.
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