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Introduction
TP to TR 38.860 regarding filter option B2 is provided.
Annex TP to TR 38.860 v0.2.0
[bookmark: _Toc69408580]6.4	Duplex filter implementation issues
6.4.2	Option B2
6.4.2.1	Band plan
Option B2 proposes a dual duplexer solution where one duplexer is supposed to cover the band 71/n71 frequency range and the other covers additional spectrum below or above band n71 according to Figure 6.4.2.1-1.
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Figure 6.4.2.1-1: Band plan for Option B2
Band 71 was originally specified as a dual duplexer band, since at that time filter vendors considered a 2x 35 MHz duplexer as not implementable with reasonable performance concerning insertion loss as well as stop band attenuation. Meanwhile technology has improved and there are single duplexers available for band 71/n71 that can cover the 2x 35 MHz with reasonable performance, however, they are still worse than usual duplexers with lower bandwidth. So having 2x 35 MHz as a duplexer is still marginal, but it can be used as one duplexer/band of a dual duplexer/band solution. The other advantage is that meanwhile band 71/n71 is mainstream and implemented in a huge number of smartphones, therefore it is useful to re-use it.
The second duplexer can be freely specified according to the band plan. However, since the 35 MHz BW is still marginal the second duplexer/band may cover less than 35 MHz to get a better performance of the duplexer concerning insertion loss and stopband attenuation.
6.4.2.2	Duplexer performance
Table 6.4.2.2-1 list the band definition and duplexer implementations that are studied in the following clauses, including the full 2x40 MHz duplexer. These duplexer arrangements are illustrated in Figure 6.4.2.2-1.
Table 6.4.2.2-1: band definition and duplexer implementation options that have been simulated
	Band definitions
Frequency range
	Duplexer
arrangement
	Name
	Duplexer UL range
	Duplexer DL range

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

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

	
	Dual 35+25 MHz*
	n71F/B2A35
B2B25
	663 - 698 MHz
678 - 703 MHz
	617 - 652 MHz
632 - 657 MHz
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Figure 6.4.2.2-1: the different duplexer options

In Figure 6.4.2.2-2, the 46 MHz duplex distance B2 cases performance is presented with the addition of the 40 MHz full duplexer (B2F) in plain line while the 35 MHz dual duplexer uses dashed lines for lower duplexer (B2A35) and dotted lines for upper duplexer (B2B35)
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Figure 6.4.2.2-2: Top: Tx-Ant and Rx-Ant losses for 40 MHz full duplexer (plain), dual duplexer approaches B2A35/n71 35 MHz duplexer (dashed lines), B2B35 35 MHz duplexer (doted lines) and alternative B2B25 25 MHz duplexer (dashed-doted lines), Bottom: same filter attenuation with CH36/37 and US/Asia neighbor bands.
As expected, the 40 MHz full duplexer approach has higher insertion losses. It is compatible with n71 band and provides similar attenuation of CH36 than a 35 MHz n71 full duplexer. However, the main issue for this B2 solution is the performance in the 6 MHz duplex gap. To better asses this issue, Figure 6.4.2.2-3 zooms into the narrow 6 MHz gap.
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Figure 6.4.2.2-3: Same cases than Figure 6.4.2.2-2 zoomed in the 6 MHz gap.
Observations for 40 MHz B2F full duplexer is listed.
· 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 6 MHz so the filter is more subject shifts due to temperature coefficients, even with TC SAW 
· Also, with this 6 MHz gap the Tx-Rx isolation is degraded compared with the dual duplexers case which still benefits from a 11 MHz 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

6.4.2.3	Relative cost and size
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 B2B35, it is simple since B2B25 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 B2B25, due to the reduced BW and increased gap, the size and cost can be reduced compared to n71F thanks to lower number of resonators and simplified process steps.
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 35 MHz full band n71 duplexer. As discussed above, the B2 40 MHz full duplexer feasibility and performance is highly questionable and would only result in further degradation of the n71 REFSENS performance.
Table 6.4.2.3-1: Comparison of the different extended 600 MHz implementation options
	Band definitions
Frequency range
	Duplexer
arrangement
	Pro
	Con
	Cost/size vs n71

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

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

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




6.4.2.4	Summary of option B2
Single duplexer of full 2x40 MHz:
· This duplexer implementation supports 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6 MHz, severe REFSENS issues are expected. It is practically not feasible.
Dual duplexer with lower duplexer identical to n71
· This duplexer implementation is based on the lower duplexer the same as n71. The same performance as n71, when reusing n71 duplexer, is achieved. Own band protection may need to be reduced within the upper 5 MHz of the RX band, however smaller upper duplexer (than 35 MHz) can provide a balanced trade-off, though the channel bandwidth is restricted in the passband of upper duplexer.
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