[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 99e	R4-2111018
Electronic Meeting, May. 19-27, 2021

Source: 	Skyworks Solutions, Inc.
Title: 	Extended 600MHz duplexers and band definitions options evaluation
Agenda Item:	10.4.4 Study on frequency arrangements (such as options B1 and B2) [FS_NR_600MHz_ext]
Document for:	Approval
Introduction
In the RAN4#98b e-meeting, a discussion paper [2] provided detailed performance/cost trade-off analysis for B1 and B2 extended 600MHz band definition options, especially for full duplexer B1 and dual duplexer for B2. Although it could not be agreed the way forward [1] explored other options. Since it was possible to extrapolate the additional filter options from our B28 full and n71 full duplexer performance using the same principles than in [1] and for the sake of completeness this contribution provides the additional filter options. This effort aims at narrowing down the options to cases that are feasible, provide good performance/cost trade-off and allows to leverage the band n71 eco-system and finally proposes which options are worth pursuing.
Discussion
Duplexer Implementation Options
To ease the discussion in this contribution, we list in Table 1 the different options for the bands definitions and the associated duplexer implementations that are presented in this contribution. These are illustrated in Figure 1.
Table 1: band definition and duplexer implementation options
	Band definitions
Frequency range
	Duplexer
arrangement
	Name
	Duplexer UL range
	Duplexer DL range

	B1 
UL: 663 - 703 MHz
DL: 612 - 652 MHz
Duplex Distance: 51 MHz
	Full 40MHz
	B1F
	663 - 703 MHz
	612 - 652 MHz

	
	Dual 35MHz
	B1A35
B1B35
	663 - 698 MHz
668 - 703 MHz
	612 - 647 MHz
617 - 652 MHz

	
	Dual 35+25MHz*
	n71F
B1X25
	663 - 698 MHz
678 - 703 MHz
	617 - 652 MHz
612 - 637 MHz

	B2
UL: 663 - 703 MHz
DL: 617 - 657 MHz
Duplex Distance: 46 MHz
	Full 40MHz
	B2F
	663 - 703 MHz
	617 - 657 MHz

	
	Dual 35MHz*
	n71F/B2A35
B2B35
	663 - 698 MHz
668 - 703 MHz
	617 - 652 MHz
622 - 657 MHz

	
	Dual 35+25MHz*
	n71F/B2A35
B2B25
	663 - 698 MHz
678 - 703 MHz
	617 - 652 MHz
632 - 657 MHz

	Note that dual duplexer implementations reusing band n71 duplexer can also support a split band approach
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Figure 1: the different duplexer options

Observation 1: B1 and B2 band definitions are not compatible, if most dual duplexer approaches reuse the band n71 full duplexer, this is not the case for the fixed 51MHz duplex B1A35/B1B35 case.
Using the same scaling principles already described in [2], the different filter performance can be extrapolated from the measured performance of band 28 full, band 71 full and the upper 25MHz duplexer of band 71 dual duplexer. The related scaling can be found in table 2.
Table 2: Filter frequency scaling
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B1 filter options performance
In Figure 2, the 51MHz duplex distance B1 cases performance is presented, the 40MHz full duplexer (B1F) in plain line while the 35MHz dual duplexer uses dashed lines for lower duplexer (B2A35) and dotted lines for upper duplexer (B2B35)
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Figure 2: Top: Tx-Ant and Rx-Ant losses for full duplexer (plain) and dual duplexer (two types of dashed lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbor bands.
Observations:
· 40MHz Full duplexer (B1F), although reusable for n71, results in higher insertion loss and reduced attenuation of TV CH36
· 35MHz Dual duplexer (B1A35/B1B35) does allow to recover the same insertion loss than N71 duplexer but none of the duplexer can cover the n71 46MHz duplex distance, thus it is not possible to reuse for n71. Nevertheless the larger duplex gap of B1 can offer better performance.

Given the fact that the “normal” dual duplexer with 51MHz duplex distance cannot be reused as is to cover n71 for B1, in Figure 3, another dual duplexer approach reusing band n71 35MHz duplexer (plain line) is presented. The second duplexer (dashed lines) is a 25MHz duplexer (B1X25) that covers the lower 5MHz of the DL duplexer while the UL side covers the top 5MHz part of UL and has 20MHz overlap with n71.
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Figure 3: Top: Tx-Ant and Rx-Ant losses for n71 duplexer (plain) and band extension duplexer (dashed lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbor bands.
Observations:
· The reuse of n71 duplexer provides uncompromised performance for band n71 and can be used as is to cover n71
· Provided that CH36 is not an issue in Asia, the second 25MHz duplexer (B2X25) offers very good performance and overall benefit from the 11MHz duplex distance.
· However since the n71 duplexer uses 46MHz duplex distance and 66MHz for the second duplexer, depending on how channels are distributed between the two duplexers, variable duplex may be needed for use in Asia.
· This approach could work for a single band definition or a two band definition including n71

The fact that variable duplex is needed is illustrated in Figure 4. In yellow is shown how the channels are distributed across the two duplexers. In the n71 duplexer from top to bottom channels are occupying from 35 to 20MHz while 5 to 20MHz occupies the second duplexer. In dark blue, the corresponding duplex distance for the channels in the n71 duplexer is provided (from 46 to 31 MHz for total channel BW varying from 35 to 20MHz), while the light blue provides the one for the second duplexer (from 86 to 71 MHz for total channel BW varying from 5 to 20MHz).
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Figure 4: Possible channel distribution across n71 and B1X25 duplexer and resulting duplex distances.

It should be noted that it is not worth having too large bandwidth allocated in the 25MHz duplexer since it only further reduces the duplex distance of the channels allocated in the band  n71 duplexer, therefore we did not look into a second 35MHz duplexer and kept only 25MHz.

Observation: Although this approach requires different duplex distance depending on how the channels are allocated, this can be supported by the specification with different duplex distances like in some other bands. It also has a number of merits:
· Fully compatible with band n71 at no performance cost
· Reduced size and cost increase vs n71
· Stepping stone towards a 40MHz full duplexer approach when technology allows a better insertion loss and providing enough attenuation for the DTV CH36. Note that provided flexibility on duplex distance and some restriction on channel placement, both B1F and n71+B1X25 implementation can be supported by the specification.
· This solution does not suffer from reduced band protection thanks to 11MHz duplex gap compared to B2 cases.
B2 filter options performance
In Figure 5, the 46MHz duplex distance B2 cases performance is presented again from [2] with the addition of the 40MHz full duplexer (B2F) in plain line while the 35MHz dual duplexer uses dashed lines for lower duplexer (B2A35) and dotted lines for upper duplexer (B2B35)
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Figure 5: Top: Tx-Ant and Rx-Ant losses for 40MHz full duplexer (plain), dual duplexer approaches B2A35/n71 35MHz duplexer (dashed lines), B2B35 35MHz duplexer (doted lines) and alternative B2B25 25MHz duplexer (dashed-doted lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbor bands.
The dual duplexer approaches were already discussed in [2] and, as expected, the 40MHz full duplexer approach has higher insertion losses. It is compatible with n71 band and provides similar attenuation of CH36 than a 35MHz n71 full duplexer. But as already discussed in [2], the main issue for this B2 solution is the performance in the 6MHz duplex gap. To better asses this issue, Figure 6 zooms into the narrow 6MHz gap.
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Figure 6: Same cases than Figure 5 zoomed in the 6MHz gap.
Observations 40MHz B2F full duplexer:
· Thanks to a higher number of resonators it has a better duplex gap transition, thus it provides a slightly better protection of the DL, but the gap is truly 6MHz so the filter is more subject shifts due to temperature coefficients, even with TC SAW 
· Also, with this 6MHz gap the Tx-Rx isolation is degraded compared with the dual duplexers case which still benefits from a 11MHz gap and cannot reach 50dB in all conditions unless the design uses even more resonators and thus is even more subject to temperature shifts and higher insertion losses
· In any case, using a full duplexer for B2 results in further degraded REFSENS
Comparison of the different solutions
As discussed in [2], although full duplexer seems to be a much smaller size or cost-effective approach, it is only the case if they can be reused for n71 with negligible impact on n71 performance in terms of insertion losses or DTV CH36 attenuation. Also, a full duplexer implementation uses a more advanced technology and more resonators, thus cost is increased versus the reference 35MHz full band n71 duplexer. As discussed above, the B2 40MHz full duplexer feasibility and performance is highly questionable and would only result in further degradation of the n71 REFSENS performance.
Table 3: Comparison of the different extended 600MHz implementation options
	Band definitions
Frequency range
	Duplexer
arrangement
	Pro
	Con
	Cost/size vs n71

	B1 
UL: 663 - 703 MHz
DL: 612 - 652 MHz
Duplex Distance: 
51 MHz
	Full 40MHz B1F
	Smaller size / Supports n71
	DTV CH36 attenuation / increased insertion loss for n71
	~1.5x if reused for n71
~2.5x if not

	
	Dual 35MHz
B1A35/B1B35
	Improved performance
	Not reusable for n71
Double the size and cost of n71
	~3x

	
	Dual 35+25MHz*
n71F/B1X25
	Reusable for n71 without performance compromises
	Band definition / variable duplex
	~1.7x

	B2
UL: 663 - 703 MHz
DL: 617 - 657 MHz
Duplex Distance: 
46 MHz
	Full 40MHz B2F
	Reusable for n71
	Issue with too small gap for the upper 5MHz and increased MSD including for n71
	>1.5x if reused for n71but
probably not feasible

	
	Dual 35MHz*
n71F-B2A35/B2B35
	Reusable for n71 without performance compromises
	Double the size and cost of n71
	~2x

	
	Dual 35+25MHz*
n71F-B2A35/B2B25
	Reusable for n71 without performance compromises
	Reduced channel bandwidth support in the upper 25MHz
	~1.7x



Observation on performance and cost/size trade-off:
· B2 40MHz full duplexer (B2F) has severe REFSENS issues
· B1 40MHz full duplexer (B1F) has the best cost/size assuming it can be reused for n71. Assuming the increased insertion loss would be acceptable, the DTV channel 36 attenuation is still an issue. Any further improvement will result in higher cost/size and increased insertion losses
· B1 regular dual duplexer is not useful as it does not allow reuse for n71
· B2 dual duplexer especially with smaller upper duplexer, has a balanced trade-off provided that relaxed band protection is acceptable in the upper 5MHz of the DL. This approach can fit both a single band or n71+nX band approach
· B1 dual duplexer based on n71 duplexer and a 25MHz “extension” duplexer is a good compromise with good size/cost benefit, uncompromised n71 performance and no band protection issue at the expense of some specification flexibility for variable duplex and channel placement restrictions. This approach can fit both a single band or n71+nX band approach and be a stepping stone to a B1 

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, the n71 plus extension duplexer is a good option to fully enable B1 full in the future.

Proposal:
· B2 full 40MHz duplexer approach is not pursued.
· B2 dual duplexer approach with smaller upper duplexer should be further studied to derive how much band protection relaxation is needed versus -50dBm/MHz for the 652-657MHz range. It applies to both single band or n71 + nX split band cases.
· If B1 is pursued, the n71F + extension 25MHz duplexer is further studied as a stepping stone towards a single duplexer in the future with full reuse of the band n71 eco-system. It applies to single band or n71 + nY split band cases. Required attenuation in the DTV CH36 in the US but also in Asia needs further assessment.
Conclusions
In this contribution, we provide extrapolated performance for multiple B1 and B2 options including split band approaches. These performances extrapolations are very solid as they are derived from measured performance of existing duplexers. On top of the observations provided last meeting in [2], we bring further proposals.

Proposal:
· B2 full 40MHz duplexer approach is not pursued
· B2 dual duplexer approach with smaller upper duplexer should be further studied to derive how much band protection relaxation is needed versus -50dBm/MHz for the 652-657MHz range. It applies to both single band or n71 + nX split band cases. The specification can be done to accommodate upper duplexer with 35 to 25MHz by restricting the upper 25MHz only.
· If B1 is pursued, the n71F + extension 25MHz duplexer is further studied as a stepping stone towards a single duplexer in the future. It applies to single band or n71 + nY split band cases. Required attenuation in the DTV CH36 in the US but also in Asia needs further assessment.
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