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1. Introduction
CA_3A-7A-8A has an IMD2 and IMD3 problem. In addition, they can overlap. This paper discusses how to treat such a combination and proposes testpoints and MSD.
2. Discussion

CA_3A-7A-8A with UL configured for 2UL CA_3A-8A has an IMD2 and IMD3 problem that land on B7. The test points were agreed in RAN4#79 [1] as the following:
Table 4 Proposed 3DL/2UL inter-band CA REFSENS exceptions and test configurations

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA
DL Configuration
	EUTRA CA
UL Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	3rd DL Fc (MHz)
	DL BW

(MHz)
	MSD 
(dB)
	Duplex mode

	CA_3A-7A-8A
	CA_3A-8A
	3
	1735
	5
	25
	1830
	5
	N/A
	FDD

	
	
	8
	900
	5
	25
	945
	5
	
	

	
	
	7
	2515
	10
	50
	2635
	10
	TBD
	


The testpoint written is the test point for 2nd order IMD. However, according to WF [2], RAN4 will specify also MSD caused by other IMDs in addition to the strongest one. As written in [3], this configuration has also 3rd order IMD problem. Furthermore, we noticed that a test point can be found where both, IMD2 and IMD3 overlap. Table summarizes all possible test conditions for CA_3A-7A-8A with UL on CA_3A-8A.
Table 1 Possible testpoints for CA_3A-7A-8A
	CA
	UL CA
	IMD
	UL Fc [MHz]
	UL BW [MHz]
	UL  [RB]
	DL Band
	3rd DL Fc [MHz]
	IMD center [MHz]
	DL BW [MHz]

	
	
	
	
	
	
	
	
	
	

	B3+B7+B8
	B3
	IMD3
	2*fB3 - fB7
	1735
	5
	25
	B8
	940.0
	940.0
	5

	
	B7
	
	
	2530
	10
	50
	
	
	
	

	
	B3
	IMD2
	fB3 + fB8
	1780
	5
	25
	B7
	2670.0
	2670.0
	10

	
	B8
	
	
	890
	5
	25
	
	
	
	

	
	B3
	IMD3
	2*fB3 - fB8
	1772.5
	5
	25
	B7
	2635.0
	2635.0
	10

	
	B8
	
	
	910
	5
	25
	
	
	
	

	
	B3
	IMD2
	fB3 + fB8
	1780
	5
	25
	B7
	2670.0
	2670.0
	10

	
	B8
	IMD3
	 2*fB3 - fB8
	890
	5
	25
	
	
	2670.0
	


We believe that this is first configuration where more than one IMD can land on same receive channel with same UL test frequencies. However, in this paper we discuss only this configuration. 
IMDs at B7 receiver can be considered as two independent interference sources so combining can be done in power domain. Applying correction factor independently should also apply since the intent is to exclude the part of IMD that does not land on receive channel. Latter part of this paper presents the analysis for IMD2, IMD3 and combined IMD2+3.  

Component values and other parameters for the estimation are shown in Tables 2 and 3

Table 2 Component values for CA_3A-7A-8A MSD estimation

	Component values
	Value
	Unit

	PA reverse IM2
	30
	dBm

	B3 and B8  duplexer ISO
	50
	dB

	B7 duplexer and div filter rejection @ B3 and B8 and B8 Duplexer rejection on B3 and B7
	37
	dB

	B3 filter attenuation at B8 TX
B8 Duplexer attenuation B3 Tx
	21
	dB

	Triplexer Iso
	15
	dB

	B3 Duplexer IP2 and B3 filter IP2
	120
	dBm

	B8 Duplexer IP5 and B3 filter IP3
	65
	dBm

	Switch IP2
	120
	dBm

	Switch IP3
	65
	dBm

	Triplexer IP2
	160
	dBm

	Triplexer IP3
	73
	 

	Switch IL B8
	0.4
	dB

	Switch IL B3
	0.6
	dB

	Switch IL B7
	0.8
	dB

	B3 Duplexer IL
	3.7
	dB

	B8 Duplexer IL
	3.2
	dB

	B7 Duplexer IL
	3.3
	dB

	Triplexer IL B3
	0.7
	dB

	Triplexer IL B8
	0.4
	dB

	Triplexer IL B7
	1
	dB

	PA Max Gain
	30
	dB

	PA Gain at agressor freq
	10
	dB

	B7 div filter loss
	1.4
	dB

	B8 div filter loss
	0.9
	dB


Table 3 Other parameters for CA_3A-7A-8A MSD estimation

	Other parameters
	Value
	Unit

	PCB ISO
	65
	dB

	Antenna Iso
	10
	dB

	BW
	10
	MHz

	Thermal noise
	-101.5
	dBm

	LNA NF
	3
	dB

	LTE SNR
	-1
	dB

	Single band sensitivity
	-98
	dBm

	LNA IIP2
	13
	dBm

	LNA IIP3
	-6
	dBm

	LTE Signal to noise ratio
	-1
	dB

	CF for IMD2 (3+8)
	0
	dB

	CF for IMD3 (3+8)
	0
	dB

	CF for IMD3 (3+7)
	2.8
	dB


For PA IMD, we took measurement data and applied with the same principle as in [4]. The measured data is  showsn in Tables 4 and 5.
Table 4 PA IMD measurement data for B7 as victim

	IMD on B7

	 
	 
	 
	Agg Pin
	IMD Out
	Own Pout

	3+7+8 
(B3 PA)
	Vendor A
	IMD2
	-10
	3.5
	28.2

	
	
	
	-40
	-26.46
	28

	
	Vendor B
	
	-10
	-1.6
	27.1

	
	
	
	-40
	-26.5
	27.1

	
	Vendor D
	
	-10
	10
	26

	
	
	
	-40
	-12.6
	26

	
	Vendor E
	
	-10
	-5
	28.5

	
	
	
	-40
	-34
	28.5

	
	Average
	
	-10
	1.725
	27.45

	
	
	
	-40
	-24.89
	27.4

	
	Vendor A
	IMD3
	-10
	2.3
	28

	
	
	
	-40
	-28.4
	28.5

	
	Vendor B
	
	-10
	-11
	27.2

	
	
	
	-40
	-28
	27.2

	
	Vendor C
	
	-10
	4.3
	26

	
	
	
	-40
	-16
	26

	
	Vendor D
	
	-10
	-0.8
	28.5

	
	
	
	-40
	-32.5
	28.5

	
	Average
	
	-10
	-1.30
	27.43

	
	
	
	-40
	-26.23
	27.55


Table 5 PA Measurement data for B8 as victim

	IMD on B8

	 
	 
	 
	Agg Pin
	IMD Out
	Own Pout

	3+7+8 (B8 PA)
	Vendor A
	IMD3
	-10
	-1.5
	26.9

	
	
	
	-40
	-33.22
	26.9

	
	Vendor B
	
	-10
	-4.9
	28.8

	
	
	
	-40
	-35.6
	28.8

	
	Vendor C
	
	-10
	-4.1
	28.5

	
	
	
	-40
	-36.7
	28.5

	
	Average
	
	-10
	-3.50
	28.07

	
	
	
	-40
	-35.17
	28.07


The IMD analysis for IMD2 and IMD3 when B7 is victim are shown in  Tables 6 and 7.

Table 6 IMD2 analysis for CA_3A-7A-8A with B7 as victim

	 
	Power [dBm]
	IMD2 [dBm]

	 
	PB3
	PB8
	Source
	Ant
	B7 PRX LNA
	B7 DRX LNA

	B7 DRX LNA
	-38
	-39
	-90
	NA
	 
	-90

	B7 PRX LNA
	-31
	-31
	-75
	NA
	-75
	 

	Triplexer
	20
	20
	-120
	-120
	-125
	-132

	B8 Switch
	5
	20
	-112
	-113
	-132
	-125

	B8 Duplexer
	4
	21
	-94
	-96
	-114
	-110

	B3 Switch
	21
	8
	-93
	-94
	-112
	-106

	B3 Duplexer
	21
	5
	-90
	-91
	-109
	-103

	PA B3
	25
	-31
	-28
	-51
	-69
	-63

	PA B8
	-16
	24
	-32
	-55
	-73
	-67

	PA B3 Input
	-5
	-41
	 
	 
	 
	 

	PA B8 Input
	-40
	-6
	 
	 
	 
	 

	CF
	 
	 
	 
	 
	0
	0

	Total
	 
	 
	 
	 
	-67
	-61


Table 7 IMD3 analysis for CA_3A-7A-8A with B7 as victim

	 
	Power [dBm]
	IMD3 [dBm]

	 
	PB3
	PB8
	Source
	Ant
	B7 PRX LNA
	B7 DRX LNA

	B7 DRX LNA
	-38
	-39
	-104
	NA
	 
	-104

	B7 PRX LNA
	-31
	-31
	-82
	NA
	-82
	 

	Triplexer
	20
	20
	-86
	-86
	-91
	-98

	B8 Switch
	5
	20
	-98
	-99
	-118
	-111

	B8 Duplexer
	4
	21
	-83
	-85
	-103
	-97

	B3 Switch
	21
	8
	-98
	-99
	-117
	-111

	B3 Duplexer
	21
	5
	-94
	-96
	-114
	-108

	PA B3
	25
	-31
	-37
	-76
	-78
	-88

	PA B8
	-16
	24
	-30
	-69
	-71
	-80

	PA B3 Input
	-5
	-41
	 
	 
	 
	 

	PA B8 Input
	-40
	-6
	 
	 
	 
	 

	CF
	 
	 
	 
	 
	0
	0

	Total
	 
	 
	 
	 
	-70
	-80


Table 8 IMD3 Analysis for CA_3A-7A-8A with B8 as victim

	 
	Power [dBm]
	IMD3 [dBm]

	 
	PB3
	PB7
	Source
	Ant
	B8 PRX LNA
	B8 DRX LNA

	B8 DRX LNA
	-28
	-29
	-73
	NA
	 
	-73

	B8 PRX LNA
	-31
	-32
	-84
	NA
	-84
	 

	Triplexer
	20
	20
	-86
	-86
	-91
	-97

	B7 Switch
	5
	20
	-98
	-99
	-117
	-111

	B7 Duplexer
	4
	21
	-83
	-85
	-103
	-96

	B3 Switch
	21
	8
	-98
	-99
	-116
	-110

	B3 Duplexer
	21
	5
	-94
	-96
	-114
	-107

	PA B3
	25
	-31
	-41
	-63
	-81
	-74

	PA B7
	-16
	24
	-39
	-78
	-80
	-89

	PA B3 Input
	-5
	-41
	 
	 
	 
	 

	PA B7 Input
	-40
	-6
	 
	 
	 
	 

	CF
	 
	 
	 
	 
	2.8
	2.8

	Total
	 
	 
	 
	 
	-79
	-73


As a summary, estimated MSD values and test frequencies are shown in table 9.
Table 9 MSDs and test frequencies for CA_3A-7A-8A

	CA
	UL CA
	IMD
	UL Fc [MHz]
	UL BW [MHz]
	UL  [RB]
	DL Band
	3rd DL Fc [MHz]
	IMD center [MHz]
	DL BW [MHz]
	CF
	MSD

	
	
	
	
	
	
	
	
	
	
	
	

	B3+B7+B8
	B3
	IMD3
	2*fB3 - fB7
	1735
	5
	25
	B8
	940
	940
	5
	2.8
	23.0

	
	B7
	
	
	2530
	10
	50
	
	
	
	
	
	

	
	B3
	IMD2
	fB3 + fB8
	1780
	5
	25
	B7
	2670
	2670
	10
	0
	33.1

	
	B8
	
	
	890
	5
	25
	
	
	
	
	
	

	
	B3
	IMD3
	2*fB3 - fB8
	1772.5
	5
	25
	B7
	2635
	2635
	10
	0
	17.9

	
	B8
	
	
	910
	5
	25
	
	
	
	
	
	

	
	B3
	IMD2
	fB3 + fB8
	1780
	5
	25
	B7
	2670
	2670
	10
	N/A
	34.2

	
	B8
	IMD3
	 2*fB3 - fB8
	890
	5
	25
	
	
	2670
	
	
	


After the discussion and analysis, we conclude the work with proposal to only test the combined test case and IMD3 and put the analysis result of the IMD2 in to TR. The MSD difference is quite small between IMD2 and combined test case and since the MSD is so large, testing 1 dB lower MSD does not make a significant difference.

Proposal 1:  Change the test frequency for CA_3A-7A-8A with UL CA_3A-8A according to Table 10 and specify the MSD to be 34.2 dB.
Table 10 New test frequencies for CA_3A-7A-8A with UL CA_3A-8A and MSD

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	

	EUTRA CA
DL Configuration
	EUTRA CA
UL Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	3rd DL Fc (MHz)
	DL BW

(MHz)
	MSD 
(dB)
	Duplex mode
	IMD order

	CA_3A-7A-8A
	CA_3A-8A
	3
	1780
	5
	25
	1875
	5
	N/A
	FDD
	IMD2+

IMD3

	
	
	8
	890
	5
	25
	935
	5
	
	
	

	
	
	7
	2550
	10
	50
	2670
	10
	34.2
	
	

	CA_3A-7A-8A
	CA_3A-8A
	3
	1772.5
	5
	25
	1875
	5
	N/A
	FDD
	IMD3

	
	
	8
	910
	5
	25
	935
	5
	
	
	

	
	
	7
	2515
	10
	50
	2635
	10
	18
	
	


The combined testpoint is also subject to harmonic overlap. Third harmonic of band 8 falls in to band 7 DL channel and also to band 3 UL channel. If the combination has HTF, the filter will attenuate the generated IMD by the equal amount as the harmonic and also the band 8 aggressor to band 7 LNAs. This needs to be included in to the analysis somehow. However, since the agreement of mandatory PCell in Rel-13 and onwards, which includes the agreement that HTF is optional and UE can signal if it is equipped with HTF or not, the MSD presented above is valid for the case where UE has no HTF.  

How to include second case where UE has HTF in to 36.101 is FFS and also the value of MSD.

In addition to UL CA_3A-8A, the UL on CA_3A-7A creates IMD and we propose MSD value:
Proposal 2:  MSD for CA_3A-7A-8A with UL CA_3A-7A to be 23 dB
3. Conclusion
New type of IMD problems was identified with two IMDs overlapping each other with same UL frequencies.  

Parameters and component values for MSD estimation along with the estimated IMD levels at different reference points were shared for all IMD problems on CA_3A-7A-8A. 

We justified and proposed to only specify one test frequency instead of all three for CA_3A-7A-8A with UL CA_3A-8A even it is against agreed WF [2].

Finally, the new test points and MSD levels was proposed for CA_3A-7A-8A with UL CA_3A-8A for the case where UE has no HTF:   
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	

	EUTRA CA
DL Configuration
	EUTRA CA
UL Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	3rd DL Fc (MHz)
	DL BW

(MHz)
	MSD 
(dB)
	Duplex mode
	IMD order

	CA_3A-7A-8A
	CA_3A-8A
	3
	1780
	5
	25
	1875
	5
	N/A
	FDD
	IMD2+

IMD3

	
	
	8
	890
	5
	25
	935
	5
	
	
	

	
	
	7
	2550
	10
	50
	2670
	10
	34.2
	
	

	CA_3A-7A-8A
	CA_3A-8A
	3
	1772.5
	5
	25
	1875
	5
	N/A
	FDD
	IMD3

	
	
	8
	910
	5
	25
	935
	5
	
	
	

	
	
	7
	2515
	10
	50
	2635
	10
	18
	
	


And MSD for CA_3A-7A-8A with UL CA_3A-7A was proposed as 23 dB
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4. Appendix Reference architecture
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