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1
Introduction
In this input we supply new filter data for B7 + B40 CA. Reported isolations between the two bands are low. In this input we give filter data showing that ISO can be >50 dB which in general should be the minimum target on filter isolation between aggregated bands if not agreed differently.
2
CA framework on additional IL and ISO
The uplink and downlink spectrum allocation for B7 and B40 is given in the table below
	E‑UTRA 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
	

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD


The additional deltaTib and deltaRib values for B7 + B40 were agreed in the last meeting in R4-153805 and are higher than which is agreed in the general CA framework for low-low and high-high CA combinations.
· dTib/dRib for B7/B40 agreed in R4-153805 with: dTib 0.5/0.6 dB and dRib 0/0.5 dB, respectively

· Framework says in R4-146833: 0.5/0 dB for dTib and dRib respectively

From discussions we understood that this may be due to the FDD + TDD CA combination which needs special attention and/or on ISO requirements from Tx ( Rx and Rx ( Tx. Our general understanding on the minimum ISO requirements to own receiving bands we expressed in several inputs to be > 50 dB over ETC, see e.g. R4-150605. Vendors did not agree on such a minimum ISO requirement and one reason may be that higher ISO requirements could increase the additional IL. The achievable ISO depends on the minimum separation between the aggregated bands. Lowering the ISO <45/50 will cause Tx noise and other noise sources to cause REFSENS degradation and following causes MSD as can be seen in R4-153816.

Observation 1: Our expectation on the low-low and high-high CA dTib and dRib framework is that ISO requirements to cross-bands are > 50 dB. There seems to be a similar discrepancy on the understanding of the framework between different companies as we observe for the Pcell discussion.
RAN4 has to make a decision if we believe in the framework for CA, the additional ILs and what ISO requirements we expect between the bands. From R4-155052 we know that:

· Acoustic filters can handle comfortably filtering for relative BWs from 1% to 4% 

· At 2 GHz SAW filter can handle sufficient isolation between two bands with > 50 dB for ETC and >20 MHz separation (see e.g. B2 or B3). At 1 GHz 10 MHz is sufficient to give 50 dB ISO over ETC (see e.g. B8 or B20).

For band separations larger than these filters should be able to reach cross-band ISO > 50 dB without higher additional IL as agreed in the low-low and high-high CA framework above
Looking at the relative BW and cross-band separation between B7 and B40 we can’t see special challenge for these bands, see Table 2-1.
Table 2-1: Relative BW and minimum UL-DL separations between the two bands
	2DL/1UL CA combo
	Relative BW
	UL-to-DL minimum edge separation between the two bands

	CA_7A-40A
	2.8% B7 & 4.3% B40
	Tx to Rx: 100 MHz
Rx to Tx: 100 MHz


The ISO requirements to other 3GPP bands in order to follow the UE-coexistence requirements and also possible protection to other radio systems (e.g. WiFi @ 2.4 GHz) needs to be checked. For WiFi protection Band 40 filters for single carrier should already consider sufficient ISO and that should not add additional burden when aggregating these two bands.
We received B7 + B40 filter information regarding additional IL and ISO to own bands and other bands. The data sheet is attached to this document. 
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We observe that the IL over ETC is less for the triplexer with respect to the compared duplexer B7 or Tx/Rx filter for B40. We know that such a comparison is not easy as there are many different duplexer on the market and ISO performance may be different. But looking at the absolute additional IL over ETC it can be said that performance of the triplexer is close to what we expect from a standalone B1 filter. For the ISO we have:
· From B7 Tx to B7 Rx > 60 dB
· B7 Tx to B40 Tx/Rx > 60 dB

· B40 Tx/Rx to B7 Tx and B7 Rx > 60 dB
In R4-153805 the following ISO were discussed as problematic and therefore causing MSD problems:
· Triplexer cross band (B40 Tx to B7 RX) iso: 44 dB
We observe from the data so far submitted for that CA combo that the filter causing the low ISO is from vendor “C”, see Table 3-1 (R4-153805). The group shall discuss if we should allow a filter with such low ISO performance as we have in the current table for B7 + B40 CA with vendor “C”
Proposal 1: We suggest adding the additional filter information for B7 + B40 CA from AvagoTech to the already existing filter information for that combo. That follows the agreement that filter information can be added as long as the WI is not closed and this has been also done by other companies in the past.
Proposal 2: We suggest removing the filter information from vendor “C” as the ISO is < 45 dB to cross bands. 
3
Trading deltaTib/deltaRib for cross-band ISO
Filter combiners performance are one of the difficult issues when it comes to CA. During the progress of CA different frameworks were agreed on expected minimum filter performance and one of these frameworks is covering the low-low and high-high CA case in R4-146833. The framework does not define the cross-band ISO but the general understanding in RAN4 is that the filter ISO has to be good enough in order to avoid Tx noise which otherwise can cause DESENSE. We understand there can be a tradeoff between filter insertion loss and cross-band ISO. But that tradeoff depends on the frequency separation between the bands and for frequency separation >20 MHz (high bands) the filter insertion loss and cross-band isolation can be decoupled.
Looking now at the filter information so far received for B7 + B40 CA we observe that filter vendor A and B offer reasonable ISO of about 50 dB in order to avoid DESENSE due to Tx noise whereas filter C just gives 35 dB ISO from B40 to B7 Rx, see Table 3-1. Comparing the deltaTib and deltaRib of filter A/B with filter C we get a 0.3 dB lower deltaTib dB for filter C and virtually no difference for deltaRib between the filters. Due to the low filter ISO from filter C we get possible REFSENS/MSD degradation of ~2 to 4 dB. RAN4 needs to decide on the minimum expectation for cross-band ISO for CA and consider possible tradeoffs for deltaTib and deltaRib if the value is < 50 dB.
Proposal 3: The minimum requirement for cross-band ISO shall be 50 dB. Lower values need a case-by-case study in order to understand if REFSENS/MSD can occur.
Table 3-1 From TR 36.853-12 V0.6.0: Triplexer data for Band 7 and Band 40 combinations (under ETC)

	Vendor
	delta IL(dB)
	minimum Isolation (dB)

	
	Band 40 TRx
	Band 7 Tx
	Band 7 Rx
	Band 40 -> Band 7 Rx
	Band 7-> Band 7 Rx
	Band 7 -> Band 40 Rx

	A
	1.1
	0.5
	0.2
	46
	50
	48

	B
	1.1
	0.6
	0.6
	50
	46
	48

	C
	0.8
	0.5
	0.6
	35
	55
	56

	Average
	1.0 
	 0.53
	0.47
	44
	50
	50.6

	Note: delta IL is the insertion loss difference between triplexer and Band 7 duplexer or Band 40 filter.


4
Summary
In this input we discuss B7 + B40 CA with respect to deltaTib/deltaRib and expectation on filter cross-band ISO. We make the following observations and proposals:
Observation 1: Our expectation on the low-low and high-high CA dTib and dRib framework is that ISO requirements to cross-bands are > 50 dB. There seems to be a similar discrepancy on the understanding of the framework between different companies as we observe for the Pcell discussion.
Proposal 1: We suggest adding the additional filter information for B7 + B40 CA from AvagoTech to the already existing filter information for that combo. That follows the agreement that filter information can be added as long as the WI is not closed and this has been also done by other companies in the past.

Proposal 2: We suggest removing the filter information from vendor “C” as the ISO is < 45 dB to cross bands.
Proposal 3: The minimum requirement for cross-band ISO shall be 50 dB. Lower values need a case-by-case study in order to understand if REFSENS/MSD can occur.
Text proposal for TR 36.852 V0.6.0
E-UTRA inter-band Carrier Aggregation for 2DL
----- Start of TP -----
7.2.6.1.3
∆TIB and ∆RIB values (1UL)

Table 7.2.6.1.3-1 summarizes the additional insertion loss to be introduced for Band 7 and Band 40 combinations by using triplexer according to vendors’ simulations.
Table 7.2.6.1.3-1 triplexer data for Band 7 and Band 40 combinations (under ETC)

	Vendor
	delta IL(dB)
	minimum Isolation (dB)

	
	Band 40 TRx
	Band 7 Tx
	Band 7 Rx
	Band 40 -> Band 7 Rx
	Band 7-> Band 7 Rx
	Band 7 -> Band 40 Rx

	A
	1.1
	0.5
	0.2
	46
	50
	48

	B
	1.1
	0.6
	0.6
	50
	46
	48

	C
	0.8
	0.5
	0.6
	35
	55
	56

	D
	0
	0
	0
	60
	60
	60

	Average
	0.75 
	 0.4
	0.35
	48
	53
	53

	Note: delta IL is the insertion loss difference between triplexer and Band 7 duplexer or Band 40 filter.


For vendor D we observe that the IL of the triplexer was lower than for the single B7/B40 filters compared with. The B7/B40 ILs of the triplexer are close to B1 filter performance.
For two simultaneous DL and one UL the (TIB,c and (RIB,c values are shown in table 7.2.6.1.3-2, and in table 7.2.6.1.3-3:

Table 7.2.6.1.3-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_7A-40A
	7
	0.5

	
	40
	[0.6]


Table 7.2.6.1.3-3: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_7A-40A
	7
	0

	
	40
	0.5


For the REFSENS of Band 7 and Band 40 for 1UL/2DL CA_7A-40A, the requirements are FFS.
----- End of TP -----
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Comments

This study shows a potential B7 — B40 multiplexer based on present Avago FBAR capabilities.

The traces shown are linear simulations based on measured capabilities of Avago Technologies’ Film Bulk Acoustic Resonator (FBAR) filter
process. Linear simulations of the kind used in this study typically give a good indication of the bandwidth and roll off (rejection) that can be
achieved in physical filters. They do not capture coupling effects.

The optimization targets used were chosen to minimize insertion. Attention was paid to B7 Tx rolloff into WiFi, but B40 was not limited in any
way. In this simulation cross-isolations between B40 and B7 Rx were requested, so either B7 or B40 could be p-cell. The biggest impact of this
requirement in terms performance compared to B7 only as p-cell is in B40 above band filter rejection; insertion losses were not significantly
impacted.

Different constraints could be placed on the design goals, and would likely result in different performance.

The modeling is based on measured resonator performance, but does not take into account electromagnetic radiation effects.

The plots unless otherwise noted represent the performance of typical filters at room temperature (25C). This exercise is not intended to
describe over temperature performance in detail. However reading the plots 5 MHz outside the nominal frequency band corresponds fairly well

to extended temperature conditions (ETC) for -20 to +85 C.

These simulations are for informational purposes only and do not represent physical products. These simulations should not be taken as any
guarantee of absolute performance or of the availability of the designs shown herein.

B7 Tx: 2500-2570 MHz Rx: 2620-2690 MHz
B40: 2300-2400 MHz i
T v 3

Tx Rx Rx
B7 B7 B40
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B7-B40 Triplexer: Band Pass

N 00
T

Tx Rx Rx
B7 B7 B40

Attenuation, dB
)
|

-80 I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I
NININININININININININININININININININININININININININININININININININININININNNNNINN

NINIUWWUWWWWWWWA RSB RNARNDNRNRNOIIOIVICIOICIOIVIOI 0O NNN
0OOO-NWARUICINCOO-NIW-AUICIN0OO-NWHROITIN0OO-=NWRUICIN0OO-N

Frequency, GHz

Red - B7Tx Filter
Blue - B7Rx Filter
Light Blue - B40 Filter

AvaGo

Page3 TECHMNOLOGIES






Wireless Semiconductor Division

Your Imagination, Our Innovation

B7-B40 Triplexer: Broadband
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B7Tx Insertion Loss
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B7Rx Insertion Loss
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B40 Insertion Loss
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B7Tx Insertion Loss vs Reference Duplexer
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Note: The triplexer in this design uses a newer FBAR node than the comparison released product. Therefore
Red - B7Tx Filter this plot should be taken to indicate that products can be made with minimal impact to insertion loss, NOT that

insertion loss is better under multiplexing.
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B7Rx Insertion Loss vs Reference Duplexer
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Note: The triplexer in this design uses a newer FBAR node than the comparison released product. Therefore
Blue - B7Rx Filter this plot should be taken to indicate that products can be made with minimal impact to insertion loss, NOT that

insertion loss is better under multiplexing.
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B40 Insertion Loss vs Reference B40 Filter
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Note: The triplexer in this design uses a newer FBAR node than the comparison released product. Therefore
Light Blue - B40 Filter this plot should be taken to indicate that products can be made with minimal impact to insertion loss, NOT that
Navy- ACPF-8042 B40 filter insertion loss is better under multiplexing.
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