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Discussion
1 Introduction
This contribution presents analysis for class A2 CA band combinations where the low band 3rd harmonic overlaps high band DL CC. Six different architecture alternatives are compared. CA_1A-28A is used as an example band combination in this contribution; the proposed REFSENS holds for that band combination but generic considerations are valid for all class A2 band combinations.
2 Discussion
This analysis covers the following architectural options:

1. Common diplexer with harmonic trap after duplexer

2. Common diplexer with harmonic trap after PA

3. Common diplexer without harmonic trap

4. Common antenna switch with harmonic trap after duplexer

5. Common antenna switch with harmonic trap after PA

6. Common antenna switch without harmonic trap

The basis for CA_4A-17A and CA_4A-12A was alternative 1.

CA_1A-28A is somewhat similar to CA_4A-17A where the 3rd harmonic of the low band overlaps high band. The reference architecture assumed in CA_4A-17A [1] is copied below. 
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The analysis is summarized below. Components with relative high linearity are assumed. 
Table 1 CA_1A-28A calculation

[image: image2.emf]B28 PA output power 27.7

B28 duplexer IL 3.5 3.5

Harmonic filter IL 0.5 0.5

Low/high band switch IL 0.7 0.7

Diplexer IL 0.5 0.5

B1 duplexer IL 2.5 2.5

Diplexer attenuation [dB] 18 18

Harmonic filter attenuation [dB] 30 30

B28 PA H3 [dBm] -22 -22.0 -22 -22.0

B28 duplexer H3 rejection [dB] 35 -57.0 35 -57.0

B28 duplexer H3  [dBc] -93 -65.3 -93 -65.3

H3 at duplexer output [dBm] -59.3 -59.3

H3 at harmonic filter output [dBm] -89.3 -89.3

LB switch H3 [dBc] -109 -85.3 -109 -85.3

H3 at LB switch output [dBm] -84.0 -84.0

H3 at diplexer output [dBm] -102.0 -102.0

Value H3 level Value H3 level

Antenna isolation [dB] 10 -112.0

HB switch H3 [dBc] -109 -100

H3 at HB switch output [dBm] -100.3 -104.7

H3 at B1 duplexer output [dBm] -102.8 -107.2

B28 PA to B1 LNA isolation [dB] 80 -102.0 -102.0

Single chip DA to LNA [dBm] -98 -98.0 -98 -98.0

Composite [dBm] -95.6 -96.2

Parameter

Primary Diversity

TX path


It shall be noted that the additional switches needed to combine two B28 filters are not included in the analysis; thus the SP2T switch must be linear not to further increase MSD. The composite additional noise seen at the B1 main and diversity RX ports is -95.6dBm and -96.2dBm, respectively. Excluding diplexer IL, the MSD becomes 9.7dB for 5MHz, 7.1dB for 10MHz, 5.7dB for 15MHz and 4.8dB for 20MHz CC BW. The MSD numbers are revised lower to correct an error in [2] our earlier contribution.
Similar analysis with similar RF component characteristics was conducted for six different abovementioned architectures. Table 2 below compares the amount of MRC combined additional noise with alternative 1 that has been the baseline for class A2 specifications. 
Alternatives 5 and 6 result much larger MRC combined additional noise than alternatives 1-4. Actually alternative 4 is not that attractive either because of several reasons. Thus we concentrate comparing alternatives 1, 2, and 3.

We well understand operator’s interest to avoid additional losses i.e. degraded TX and/or RX performance. Alternative 1 results in lowest MSD but it penalizes both TX and RX due to additional harmonic trap. Alternative 2 has ~4dB higher MSD than alternative 1 but the pro over alternative 1 is that it only burdens TX due to additional harmonic trap. MSD is higher in alternative 2 compared with alternative 1 because in alternative 2 the 3rd harmonic generated by the low band duplexer is not attenuated by the harmonic trap. However, additional TX insertion loss is more difficult to accept than additional RX insertion loss, at least based on several discussions in RAN4. Alternative 3 burdens neither TX nor RX which is a good thing as such but the drawback is ~8dB higher MSD compared with alternative 1. 
In previous meeting companies were encouraged to provide analysis and considerations on whether RAN4 should change the class A2 baseline assumption (common diplexer, harmonic trap after duplexer) in order to avoid TX/RX penalty due to the harmonic trap.

In our opinion alternative 2 can be ruled out because the only benefit would be 0.5dB smaller RX insertion loss compared to alternative 1. The penalty of this small benefit would be ~4dB larger MSD. The UL coverage would still be reduced due to harmonic trap on TX path like in alternative 1. 
In our opinion the decision should be made between alternative 1 and alternative 3. Clear benefit of alternative 3 would be the avoidance of addition IL for both TX and RX. Alternative 3 would be especially beneficial for the network scenarios where the harmonic overlap does not happen. The drawback of alternative3 is significantly increased MSD. That penalizes operators if the harmonic overlap actually happens in the network. We are still evaluating pros and cons of these alternatives. We hope to hear vendors and especially operator’s feedback in RAN4 on their preferences.
Table 2 Comparison of different RF front-end architectures

[image: image3.emf]Alternative Increase in MRC additional 

noise compared to 

alternative 1 [dB]

1) Common diplexer, trap after duplexer 0

2) Common diplexer, trap after PA 4.2

3) Common diplexer no trap 9

4) Common switch, trap after duplexer 4.3

5) Common switch, trap after PA 19.1

6) Common switch no trap 26.3


We calculated the REFSENS for cases 1 and 3 for CA_1A-28A in table below. 
Table 3 Band1 REFSENS for CA_1A-28A

	Company
	Band 1

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Broadcom alternative 1
	-90.3
	-89.9
	-89.5
	-89.2

	Broadcom alternative 3
	-81.6
	-81.6
	-81.5
	-81.5

	
	
	
	
	

	
	
	
	
	


3 Conclusions

Corrected analysis on CA_1A-28A REFSENS was provided. In addition several different RF front-end architectures for class A2 were compared. Based on the comparison RAN4 should decide between two architectural options:
· Common diplexer with harmonic trap after duplexer (alternative 1)

· Common diplexer without harmonic trap (alternative 3)

Our analysis shows the following REFSENS for CA_1A-28A band 1:

	Company
	Band 1

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Broadcom alternative 1
	-90.3
	-89.9
	-89.5
	-89.2

	Broadcom alternative 3
	-81.6
	-81.6
	-81.5
	-81.5

	
	
	
	
	

	
	
	
	
	


We hope to hear vendors and especially operator’s feedback in RAN4 on their preferences.
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