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1. Introduction

This contribution is the updated version of R4-121658. As was discussed in [1], the inter band CA using Bands 1 and 21 does not belong to any Categories in [2]. In this contribution, we provide some data of the diplexer and analyze a possible RF FE architecture to obtain ISO between these two bands. In addition, we evaluate the impact of introduction of these additional devices on the total RF front end loss. Finally, TP is proposed to be included into the inter-band CA TR [2].
2.  Discussion

2.1.  Diplexer data
The diplexer data from three device vendors are provided in this section and summarized in Table 2.1-1. Note that we may provide additional data from other device vendors in the next meeting. The detailed data of this table are summarized in the TP for TR. Note that these data are obtained from the real devices, but not from the simulations.
Table 2.1-1: Diplexer characteristics from three device vendors
	　
	Frequency (MHz)
	Vendor 1(diplexer)
	Vendor 2(diplexer)
	Vendor 3(diplexer)
	Average
 (dB)

	
	
	Typ/Min
(dB)
	Typ/Max
(dB)
	Min
(dB)
	Max
(dB)
	Min
(dB)
	Max
(dB)
	

	IL
	B21 Tx
	1447.9
	1462.9
	-
	0.5/0.84
	-
	0.43
	-
	0.64
	0.64

	
	B21 Rx
	1495.9
	1510.9
	-
	0.65/1.00
	-
	0.45
	-
	0.64
	0.69

	
	B1 Tx
	1920
	1980
	-
	0.65/0.90
	-
	0.74
	-
	0.76
	0.8

	
	B1 Rx
	2110
	2170
	-
	0.35/0.65
	-
	0.52
	-
	0.76
	0.64

	Att
	B21 Tx
	1447.9
	1462.9
	20/15
	-
	17.9
	-
	22.4
	-
	-

	
	B21 Rx
	1495.9
	1510.9
	16/10
	-
	19.7
	-
	22.4
	-
	-

	
	B1 Tx
	1920
	1980
	18/13
	-
	22.6
	-
	16.9
	-
	-

	
	B1 Rx
	2110
	2170
	20/13
	-
	14.8
	-
	16.9
	-
	-


2.2. A possible RF FE architecture
In this section, we consider an alternative possible RF FE architecture to obtain sufficient ISO between the two bands, to reduce insertion loss and to minimize its size impact. In order to demonstrate its feasibility and effects, we compare the performances of three RF FE architectures as explained in Figure 2.2-1. 
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Figure 2.2-1: Prototype RF FE architectures to study

· (1) Non_CA type

· This architecture  is considered for comparison purpose, where it can not realize CA.

· (2) CA type w/o diplexer

· So far, this architecture has not been discussed in RAN4. ISO between B1 and B21 can be obtained through a combiner implemented in LTCC substrate.

· (3) CA type w diplexer

· This architecture is also considered for comparison purpose.
Table 2.2-1 summarizes the data for the above three architectures. Note that RF FE IL in the Table means the insertion loss including line losses and duplexer and switch losses or a combiner or diplexer losses. 
	Table 2.2-1: Comparison of three architectures for NTC
　
　
	Frequency
(MHz)
	(1)
Non_CA
(dB)
	(2)
CA_type w/o dip
(dB)
	(3)
CA_type w dip
(dB)
	(2)-(1)
(dB)
	(3)-(1)
(dB)
	(3)-(2)
(dB)

	B1
	TX RF FE I.L.
	1920-1980
	2.32 
	2.92 
	3.10 
	0.60 
	0.78 
	0.18 

	
	RX RF FE  I.L.
	2110-2170
	2.53 
	3.10 
	3.26 
	0.57 
	0.73 
	0.16 

	　
	　
	　
	　
	　
	　
	　
	　
	　

	B21
	TX RF FE I.L.
	1447.9-1462.9
	2.13 
	2.68 
	3.01 
	0.55 
	0.88 
	0.33 

	
	RX RF FE  I.L.
	1495.9-1510.9
	2.11 
	2.65 
	2.96 
	0.54 
	0.85 
	0.31 

	　
	　
	　
	　
	　
	　
	　
	　
	　

	B1-B21
	B1 TX - B21 RX
	1920-1980
	57.10 
	58.11 
	53.01 
	-
	-
	-5.10 

	
	B1 TX - B21 RX
	1495.9-1510.9
	69.70 
	42.56 
	61.58 
	- 
	- 
	19.01 

	
	B21 TX - B1 RX
	1447.9-1462.9
	79.70 
	55.45 
	63.05 
	- 
	- 
	7.60 

	
	B21 TX - B1 RX
	2110-2170
	65.30 
	54.38 
	55.24 
	- 
	- 
	0.86 

	(1) Based on 2 samples.

(2) Based on 8 samples.

(3) Based on 8 samples.


Table 2.2-2: Comparison of three architectures for ETC(-30～+85 degrees)
	　
　
	Frequency (MHz)
	(1)
Non_CA
(dB)
(Worst)
	(2)
CA_type w/o dip
(dB)
(Worst)
	(3)
CA_type w dip
(dB)
(Worst)
	(2)-(1)
(dB)
	(3)-(1)
(dB)
	(3)-(2)
(dB)

	B1
	TX RF FE I.L.
	1920-1980
	2.81 
	3.30 
	3.70 
	0.49 
	0.89 
	0.40 

	
	RX RF FE  I.L.
	2110-2170
	3.03 
	3.55 
	3.93 
	0.52 
	0.90 
	0.38 

	　
	　
	　
	　
	　
	　
	　
	　
	　

	B21
	TX RF FE I.L.
	1447.9-1462.9
	2.38 
	2.97 
	3.28 
	0.59 
	0.90 
	0.31 

	
	RX RF FE  I.L.
	1495.9-1510.9
	2.25 
	2.87 
	3.23 
	0.62 
	0.98 
	0.36 

	(1) Based on 2 samples

(2) Based on 5 samples

(3) Based on 5 samples


From the above table, the followings can be observed.
· In the worst case, the total RF FE Tx IL post PA is 3.7 dB for the CA architecture with diplexer solution (3). 

· On the other hand, for the CA architecture without diplexer solution (2) , RF FE Tx IL post PA is 3.23 dB.

· The additional insertion loss of this CA architecture (2) is quite smaller than that of the CA architecture with diplexer (3).

2.3. Summary

The average insertion loss of three different diplexer data in Table 2.1-1 for ETC is summarized in Table 2.3-2.
Table 2.3-2: Additional insertion loss for ETC
	　　Additional Insertion loss
	Frequency (MHz)
	Average (dB)

	B1
	For Tx
	1920-1980
	0.64

	
	For Rx
	2110-2170
	0.69

	B21
	For Tx
	1447.9-1462.9
	0.8

	
	For Rx
	1495.9-1510.9
	0.64


Note that if the validity of availability of a new possible RF architecture is confirmed, the values in Table 2.2-2 will be incorporated into Table 2.3.-2.
3. Conclusion

In this contribution, we discussed the additional insertion loss due to the introduction of the diplexer. In addition, we analyzed another solution for CA architecture without diplexer. In conclusion, the followings are obtained.
The average insertion loss of three different diplexer data in Table 2.1-1 for ETC is summarized in Table 3-1.
	.Table 3 -1: additional insertion loss for ETC
　　Additional Insertion loss
	Frequency
(MHz)
	Average (dB)

	B1
	For Tx
	1920-1980
	0.64

	
	For Rx
	2110-2170
	0.69

	B21
	For Tx
	1447.9-1462.9
	0.8

	
	For Rx
	1495.9-1510.9
	0.64


Note that if the validity of availability of a new possible RF architecture presented is confirmed, the values in Table 2.2-2 will be incorporated into Table 2.3.-2.
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6.5

The other band combinations without harmonic relation between bands

6.5.X.X.X    ∆TIB and ∆RIB values
6.5.X.X.X.1 Diplexer data

6.5.X.X.X.1.1 Summary of diplexer data

The diplexer data from three device vendors are summarized in Table 6.5X.X.X.1.1-1. Note that these data are obtained from the real devices, but not from the simulations.

	Table 6.5X.X.X.1.1-1: Diplexer data from the real devices for ETC
　
	Frequency (MHz)
	Vendor 1(diplexer)
	Vendor 2(diplexer)
	Vendor 3(diplexer)
	Average
 (dB)

	
	
	Typ/Min
(dB)
	Typ/Max
(dB)
	Min
(dB)
	Max
(dB)
	Min
(dB)
	Max
(dB)
	

	IL
	B21 Tx
	1447.9
	1462.9
	-
	0.5/0.84
	-
	0.43
	-
	0.64
	0.64

	
	B21 Rx
	1495.9
	1510.9
	-
	0.65/1.00
	-
	0.45
	-
	0.64
	0.69

	
	B1 Tx
	1920
	1980
	-
	0.65/0.90
	-
	0.74
	-
	0.76
	0.8

	
	B1 Rx
	2110
	2170
	-
	0.35/0.65
	-
	0.52
	-
	0.76
	0.64

	Att
	B21 Tx
	1447.9
	1462.9
	20/15
	-
	17.9
	-
	22.4
	-
	-

	
	B21 Rx
	1495.9
	1510.9
	16/10
	-
	19.7
	-
	22.4
	-
	-

	
	B1 Tx
	1920
	1980
	18/13
	-
	22.6
	-
	16.9
	-
	-

	
	B1 Rx
	2110
	2170
	20/13
	-
	14.8
	-
	16.9
	-
	-


6.5.X.X.X.1.2 Details of diplexer data 

6.5.X.X.X.1.2.1 Vendor 1
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Figure 6.5.X.X.X.1.2.1-1: Diplexer data of real device from Vendor 1
6.5.X.X.X.1.2.2 Vendor 2

[image: image3.emf]
Figure 6.5.X.X.X.1.2.2-1: Diplexer data of real device from Vendor 2
6.5.X.X.X.1.2.3 Vendor 3
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Figure 6.5.X.X.X.1.2.3-1: Diplexer data of real device from Vendor 3
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Figure 6.5.X.X.X.1.2.3-2: Diplexer data of real device from Vendor 3

6.5.X.X.X.2 Other solutions

6.5.X.X.X.2.1 Solution with a combiner w/o diplexer
In this section, a possible RF FE architecture is studied, which can obtain sufficient ISO between the two bands, reduce insertion loss, and minimize its size impact. In order to demonstrate its feasibility and effects, we compare the performances of three RF FE prototypes as explained in Figure 6.5.X.X.X.2.1-1. 
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Figure 6.5.X.X.X.2.1-1: Prototype RF FE architectures to study

· (1) Non_CA type

· This architecture is considered for comparison purpose, where it can not realize CA.

· (2) CA type w/o diplexer

· In this architecture, ISO between B1 and B21 can be obtained through a combiner implemented in LTCC substrate.

· (3) CA type w diplexer

· This architecture is also considered for comparison purpose.
 Table 6.5X.X.X.2.1-1 summarizes the data for the above three architectures. Note that RF FE IL in the Table means the insertion loss including line losses and duplexer and switch losses or a combiner or diplexer losses. 

	Table 6.5X.X.X.2.1-1: Comparison of three architectures for NTC

　
　
	Frequency
(MHz)
	(1)
Non_CA
(dB)
	(2)
CA_type w/o dip
(dB)
	(3)
CA_type w dip
(dB)
	(2)-(1)
(dB)
	(3)-(1)
(dB)
	(3)-(2)
(dB)

	B1
	TX RF FE I.L.
	1920-1980
	2.32 
	2.92 
	3.10 
	0.60 
	0.78 
	0.18 

	
	RX RF FE  I.L.
	2110-2170
	2.53 
	3.10 
	3.26 
	0.57 
	0.73 
	0.16 

	　
	　
	　
	　
	　
	　
	　
	　
	　

	B21
	TX RF FE I.L.
	1447.9-1462.9
	2.13 
	2.68 
	3.01 
	0.55 
	0.88 
	0.33 

	
	RX RF FE  I.L.
	1495.9-1510.9
	2.11 
	2.65 
	2.96 
	0.54 
	0.85 
	0.31 

	　
	　
	　
	　
	　
	　
	　
	　
	　

	B1-B21
	B1 TX - B21 RX
	1920-1980
	57.10 
	58.11 
	53.01 
	-
	-
	-5.10 

	
	B1 TX - B21 RX
	1495.9-1510.9
	69.70 
	42.56 
	61.58 
	- 
	- 
	19.01 

	
	B21 TX - B1 RX
	1447.9-1462.9
	79.70 
	55.45 
	63.05 
	- 
	- 
	7.60 

	
	B21 TX - B1 RX
	2110-2170
	65.30 
	54.38 
	55.24 
	- 
	- 
	0.86 

	(1) Based on 2 samples.

(2) Based on 8 samples.

(3) Based on 8 samples.


Table 6.5X.X.X.2.1-2: Comparison of three architectures for ETC(-30～+85 degrees)
	　
　
	Frequency (MHz)
	(1)
Non_CA
(dB)
(Worst)
	(2)
CA_type w/o dip
(dB)
(Worst)
	(3)
CA_type w dip
(dB)
(Worst)
	(2)-(1)
(dB)
	(3)-(1)
(dB)
	(3)-(2)
(dB)

	B1
	TX RF FE I.L.
	1920-1980
	2.81 
	3.30 
	3.70 
	0.49 
	0.89 
	0.40 

	
	RX RF FE  I.L.
	2110-2170
	3.03 
	3.55 
	3.93 
	0.52 
	0.90 
	0.38 

	　
	　
	　
	　
	　
	　
	　
	　
	　

	B21
	TX RF FE I.L.
	1447.9-1462.9
	2.38 
	2.97 
	3.28 
	0.59 
	0.90 
	0.31 

	
	RX RF FE  I.L.
	1495.9-1510.9
	2.25 
	2.87 
	3.23 
	0.62 
	0.98 
	0.36

	(3) Based on 2 samples

(4) Based on 5 samples

(3) Based on 5 samples


From the above table, the followings can be observed.

· In the worst case, the total RF FE Tx IL post PA is 3.7 dB for the CA architecture with diplexer solution (3). 

· On the other hand, for the CA architecture without diplexer solution (2) , RF FE Tx IL post PA is 3.23 dB.

· The additional insertion loss of this CA architecture (2) is quite smaller than that of the CA architecture with diplexer (3).

6.5.X.X.X.3 Summary

The average insertion loss of three different diplexer data in Table 6.5X.X.X.1.1-1 is summarized in Table 6.5X.X.X.3.1-1.

6.5X.X.X.3.1-1: Additional insertion loss for ETC
	　　Additional Insertion loss
	Frequency (MHz)
	Average (dB)

	B1
	For Tx
	1920-1980
	0.64

	
	For Rx
	2110-2170
	0.69

	B21
	For Tx
	1447.9-1462.9
	0.8

	
	For Rx
	1495.9-1510.9
	0.64


Note that if the validity of availability of a new possible RF architecture presented is confirmed, the values in Table 6.5X.X.X.2.1-2 will be incorporated into Table 6.5X.X.X.3.1-1.
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