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1. Introduction

This contribution provides additional ILs terms for LTE/NR DC band combinations. RAN4 consider the harmonic trap filter (HTF) to reduce self-desense problems from the own transmission.
In this paper, we provide the triplexer characteristics and HTF performance when RAN4 use the HTF for some LTE/NR DC band combinations with self-interference issues. 

2. Additional insertion loss of Triplexer and HTF
The LTE NR DC_1A-n77A UE has harmonic problems as below Table 1 but, the DC_1A-n78A UE do not have harmonic problems into the n78 operating band. However, the legacy LTE and 3.5GHz new band DC UE should support both n77 and n78, therefore RAN4 agreed to consider harmonic trap filter for both DC_1A-n77A and DC_1A-n78A.
Table 1. Harmonics impacts at n77/n78
	E-UTRA band
	UL Range (MHz)
	Harm. Order 
	Harmonic Range (MHz)
	Note

	B1
	1920 -1980
	2x
	3840 – 3960
	Need HTF to protect n77

	B3
	1710 -1785
	2x
	3420 – 3570
	Need HTF to protect n77/n78

	B5
	824 – 849
	4x & 5x
	3296 – 3396 & 4120 – 4245
	Need HTF to protect n77/n78

	B7
	2500 -2570
	-
	-
	No need to HTF


Figure 1 is example RF architecture to use triplexer for xDL/1UL LTE CA in rel-13. Based on the example RF architecture, RAN4 consider HTF to reduce self-interference by harmonics product from Low or Mid band.
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Figure 1. Example RF architecture with triplexer for LTE CA_xA-42A or CA_xA-yA-42A
Based on the commercial triplexer performance, the additional insertion loss of HTF is impacted to transmission and reception of Low or Mid Band.
The table 2 and Table 3 show the commercial filter characteristics for triplexer and HTF.

Table 2. Triplexer Characteristics
	
	Tx ILs for 

Low band (f<960MHz)
	Rx  for 

Low band (f<960MHz)
	Tx ILs for 

Mid band (1.448 < f < 2.695)
	Rx ILs for 

Mid band (1.448 < f < 2.695)
	Tx ILs for high band (3.2 < f <4.3)
	Rx ILs for high band (3.2 < f <4.3)

	Vendor A
	0.75
	0.4
	0.78
	0.45
	1.25
	1.03

	Vendor B
	0.62
	0.33
	0.70
	0.38
	1.37
	1.12

	Vendor C
	0.67
	0.35
	0.75
	0.42
	1.25
	1.00

	Avg. Values
	0.68 ( 0.7
	0.36 ( 0.4
	0.74 ( 0.7
	0.42 ( 0.4
	1.29 ( 1.3
	1.05 ( 1.0

	Shared pain
	0.35
	0.2
	0.35
	0.2
	0.7
	0.5


Table 3. Harmonic Trap filter performance
	
	ILs for 

Low Band  Transmission
	Ils for 

Low Band reception
	Attenuation on n78 (dB)
	Ils for 

Mid Band  Transmission
	Ils for 

Mid Band reception
	Attenuation on n78 (dB)

	Vendor A
	0.53
	0.48
	16
	0.62
	0.47
	22

	Vendor B
	0.57
	0.45
	17
	0.61
	0.48
	23

	Vendor C
	0.65
	0.32
	20
	0.65
	0.37
	20

	Avg. Values
	0.58 ( 0.6
	0.42 =0.4
	18
	0.62 ( 0.6
	0.44 = 0.4
	22

	Shared pain
	0.3
	0.2
	N/A
	0.3
	0.2
	N/A


As following shared pain approach in LTE + NR DC UE, we propose the additional ILs for DC_5A-n78A UE as below Table 4 considering triplexer and HTF performance.
Table 4. Additional ILs for DC_5A-n78A UE
	DC operation
	ΔTIB,c [dB] for B5
	ΔRIB,c [dB] for B5

	DC_5A-n78A
	0.6
	0.2

	
	ΔTIB,c [dB] for n78
	ΔRIB,c [dB] for n78

	
	0.8
	0.5


For the DC_7A-n78A UE, the additional ILs are proposed as shown in Table 5 considering triplexer characteristics.
Table 5. Additional ILs for DC_7A-n78A UE
	DC operation
	ΔTIB,c [dB] for B7
	ΔRIB,c [dB] for B7

	DC_7A-n78A
	0.5
	0.0

	
	ΔTIB,c [dB] for n78
	ΔRIB,c [dB] for Bn78

	
	0.8
	0.5


Based on the additional ILs for 2DL/2UL DC UE, RAN4 can reuse the principle of additional ILs for LTE CA for xDL/2UL DC UE.
For example, 3DL/2UL DC_1A-7A-n78A UE, RAN4 can reuse the additional ILs for LTE_CA_1A-7A-42A as below Table 6.

Table 6. Additional ILs for DC_1A-7A-n78A UE
	DC operation
	ΔTIB,c [dB] for B1
	ΔRIB,c [dB] for B1

	DC_1A-7A-n78A
	0.6
	0.2

	
	ΔTIB,c [dB] for B7
	ΔRIB,c [dB] for B7

	
	0.6
	0.2

	
	ΔTIB,c [dB] for n78
	ΔRIB,c [dB] for Bn78

	
	0.8
	0.5


Also, for DC_1A-5A-n78A UE & DC_5A-7A-n78A UE, same additional ILs are used as shown in Table 7.

Table 7. Additional ILs for DC_1A-5A-n78A UE & DC_5A-7A-n78A UE
	DC operation
	ΔTIB,c [dB] for B1
	ΔRIB,c [dB] for B1
	DC operation
	ΔTIB,c [dB] for B5
	ΔRIB,c [dB] for B5

	DC_1A-5A-n78A
	0.6
	0.2
	DC_5A-7A-n78A
	0.6
	0.2

	
	ΔTIB,c [dB] for B5
	ΔRIB,c [dB] for B5
	
	ΔTIB,c [dB] for B7
	ΔRIB,c [dB] for B7

	
	0.6
	0.2
	
	0.6
	0.2

	
	ΔTIB,c [dB] for n78
	ΔRIB,c [dB] for Bn78
	
	ΔTIB,c [dB] for n78
	ΔRIB,c [dB] for Bn78

	
	0.8
	0.5
	
	0.8
	0.5


For 4DL/2UL DC_1A-5A-7A-n78A UE, RAN4 can defined as below in Table 8.
Table 8. Additional ILs for DC_1A-5A-7A-n78A UE
	DC operation
	ΔTIB,c [dB] for B1
	ΔRIB,c [dB] for B1


	DC_1A-5A-7A-n78A
	0.6
	0.2

	
	ΔTIB,c [dB] for B5
	ΔRIB,c [dB] for B5

	
	0.6
	0.2

	
	ΔTIB,c [dB] for B7
	ΔRIB,c [dB] for B7

	
	0.6
	0.2

	
	ΔTIB,c [dB] for n78
	ΔRIB,c [dB] for Bn78

	
	0.8
	0.5


3. Conclusion
In this paper, we propose additional ILs of some 2DL/2UL DC, 3DL/2UL DC and 4DL/2UL DC band combinations in Table 4 to Table 8. The proposed ILs will be defined in the related DC band combinations to complete NSA DC band combinations.
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