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1. Introduction
CA_3A-41A was agreed as new 2UL 2DL configuration in 2UL 2DL basket WI [1]. This combination has an IMD4 problem [2]. In this paper we present analysis for MSD. 
This is a revision of [4] with new more reliable approach to calculating PA fwd IMD from test data. Also, one calculation error is corrected in MRC combing part. 
2. Discussion

In addition to IMD4, CA_3A-41A has a close proximity problem and MSD levels are written in to Table 7.3.1A-0bE in 36.101 as shown below. In this 2UL case, we will concentrate on analysing IMD4 on B3 receive frequency. It should be noted that the analysis must include the MSD due to close proximity since the test conditions will be different. Also, the test point will include only the worst case BW combination for 2UL and close proximity MSD.
Table 7.3.1A-0bE: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	EUTRA CA Configuration
	EUTRA band
	Channel bandwidth
	Duplex mode
	Applicable active UL band

	
	
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	
	

	CA_3A-41A5
	3
	
	
	[-94]
	[-91]
	[-89.2]
	[-87.9]
	FDD
	41

	
	41
	
	
	-97.5
	-94.5
	-92.7
	-91.5
	TDD
	

	
	3
	
	
	-97 
	-94
	-92.2
	-91
	FDD
	3

	
	
	
	
	[-99.7]11
	[-96.7]11
	[-94.9]11
	[-93.7]11
	
	

	
	41
	
	
	[-93.3]
	[-90.7]
	[-89.2]
	[-88.1]
	TDD
	


2.1. Discussion on IP values for components with frequency dependency

During the analysis for 2UL 2DL and 2UL 3DL, we have noticed a persisting problem with applying OIPx or IIPx for PAs. Firstly, the IIP or OIP is meant to be applied for small signal conditions where the assumption is that intersection point of own power and IMD power would grow with a slope determined by the order of the IMD. This is true only when the output power is small (<20 dB) compared to the saturation point of the PA. Closer to the saturation point, IMD behaviour becomes less predictive. MSD analysis is performed at max output power.
Additionally, to apply the formula for calculating IMD level, one must use output powers of own signal and aggressor. For 3+41 it is

PIMD=2*PB3+2*PB41-3*OIP4

If B41 power is injected to B3 PA, it is unclear what the gain of the PA at B41 is. While we took data from B3 PA and injected – 10 dBm B41 signal to B3 input when B3 output was set to max power, we observed -27.5 dBm B41 signal at output. When we shut down the B3 signal source but kept PA operating conditions unchanged, we observed 20 dB increase in B41 signal at output. This is due to self-biasing effect in PA where capacitances of the active parts change based on present RF power. Therefore, it is ambiguous what output power should be used when deriving OIP4 for this PA or when calculating IMD levels from OIP4.
Observation1: Applying OIPx or IIPx for PAs for MSD analysis is not reliable way to predict PA IMD levels.
In addition, we find it not a good practice to use generic values for the reason that already the input matching may impact greatly on the actually power that reaches non-linear parts of the PA. Also the performance of frequency dependent circuitry after the non-linearity source is not know and the generated IMD level may or may not be filtered after generation in PA. Therefore IMD levels should be measured at the actual testpoint for the corresponding CA configuration. This more important in 2UL 3DL cases where PA design may have omitted completely the frequency response at the 3rd band where as typically the frequency response at the own receive band is somehow controlled.

Observation2: PA IMD performance may be strongly dependent on the testpoint.

Better way to find out the correct IMD levels is to refer IMD from own signal power at output and IMD source at input and scale the measured IMD based on those two. For this, OIP number is not needed but an actually measured IMD level at the conditions corresponding to the IMD calculation is needed. 

We took data from three different PAs and results are shown in Table 1. Unfortunately, at -40 dBm aggressor input power,   the IMD was too low to measure.
Table 1 Measurement data from B3 PA under agreed test point. 

	 
	 
	Agg Pin
	IMD Out
	Own Pout

	3+41
	Vendor A
	-10
	-17.7
	27.2

	
	
	-40
	< 50 
	27.2

	
	Vendor B
	-10
	-27
	28.6

	
	
	-40
	< 50
	28.6

	
	Vendor C
	-10
	-37.5
	28.5

	
	
	-40
	< 50
	28.5

	
	Average
	-10
	-27.4
	28.1


This method was then applied to the analysis in [4] as shown in following sub-section.

2.2. MSD analysis
Component values and other parameters that define the environment and conditions are shown in table 2.
Table 2 Component values and other parameters

	Component values
	Value
	Unit
	Other parameters
	Value
	Unit

	B3 PA forward IP4
	N/A
	dBm
	PCB ISO
	65
	dB

	B3 PA reverse IM4
	32
	dBm
	Antenna Iso
	10
	dB

	B41 PA forward IP4
	40.6
	dBm
	BW
	5
	MHz

	B3 duplexer ISO
	50
	dB
	Thermal noise
	-104.468
	dBm

	B3 duplexer and div filter rejection @ B41
	40
	dB
	LNA NF
	3
	dB

	B41 filter attenuation at B3 TX&RX
	21
	dB
	LTE SNR
	-1
	dB

	Triplexer Iso
	15
	dB
	Single band sensitivity
	-97
	dBm

	B3 Duplexer IP4 and B41 filter IP4
	63
	dBm
	Delta RIB
	0.2
	dB

	Switch IP4
	60
	dBm
	LNA IIP2 for IM2 noise
	48
	dBm

	Triplexer IP4
	73
	dBm
	LNA IIP4
	-6
	dBm

	Switch IL B41
	0.8
	dB
	B41 Noise @ B3 RX
	-151
	dBc/Hz

	Switch IL B3
	0.6
	dB
	B3 RX LO Phase noise
	-154
	dBc/Hz

	Duplexer + Harmonic filter IL
	3.7
	dB
	Correction factor
	1
	dB

	B41 Filter IL
	1.25
	dB
	LTE Signal to noise ratio
	-1
	dB

	Triplexer IL B3
	0.9
	dB
	
	
	

	Triplexer IL B41
	1.1
	dB
	
	
	

	PA Max Gain
	30
	dB
	Note: typical is 25 dB
	
	

	B41 PA Noise @ B3 RX
	-130
	dBm/Hz
	
	
	

	B3 PA Max Gain @ B3 RX
	20
	dB
	
	
	

	B3 div filter loss
	1.4
	dB
	
	
	


The analysis with intermediate results for IMD are shown in table 3.

Table 3 IMD4 analysis

	 
	Power [dBm]
	IMD2 [dBm]

	 
	PB3
	PB42
	Source
	Ant
	B3 PRX LNA
	B3 DRX LNA

	B3 DRX LNA
	-40.80
	-30.80
	-125.20
	NA
	 
	-125.20

	B3 PRX LNA
	-24.80
	-34.70
	-101.00
	NA
	-101.00
	 

	Triplexer
	20.00
	20.00
	-139.00
	-139.00
	-144.20
	-151.00

	B41 Filter
	-15.00
	21.10
	-134.80
	-149.80
	-154.10
	-164.10

	B3 Switch
	20.90
	5.75
	-123.90
	-124.80
	-128.20
	-136.80

	B41 Switch
	6.00
	22.35
	-153.30
	-175.20
	-180.40
	-187.20

	B3 Duplexer
	21.50
	6.55
	-125.50
	-127.00
	-125.50
	-139.00

	PA B3
	25.20
	-11.85
	-29.50
	-81.00
	-79.36
	-90.68

	PA B41
	-9.80
	23.15
	-95.10
	-117.60
	-122.80
	-129.60

	PA B3 Input
	-4.80
	-41.85
	 
	 
	 
	 

	PA B41 Input
	-39.80
	-6.85
	 
	 
	 
	 

	CF
	 
	 
	 
	 
	1.00
	1.00

	Total
	 
	 
	 
	 
	-80.33
	-91.67


The close proximity analysis in shown in table 4.

Table 4 Close proximity analysis

	 
	Power [dBm]

	 
	PB3
	PB41

	Power @ B3 DRX LNA
	-40.80
	-30.80

	Power @ B3 PRX LNA
	-24.80
	-34.70

	B41 TX Noise B3 DRX LNA
	-97.07
	N/A

	B41 TX Noise B3 PRX LNA
	-100.97
	N/A

	IM2 noise DRX
	 
	-115.60

	IM3 noise PRX
	 
	-123.40

	Rx LO Downconverting Tx DRX
	 
	-117.81

	Rx LO Downconverting Tx PRX
	 
	-121.71

	Total noise DRX
	-96.97
	 

	Total noise PRX
	-100.91
	 


Finally, MRC combining is done based on intermediate values from tables above. The summary of analysis in shown in table 5.

Table 5 MRC combing and summary of analysis

	 
	PRX LNA
	DRX LNA
	PRX @ Ant
	DRX @ Ant
	Unit

	Total Interferer  due to IMD4
	-80.33
	-91.67
	-75.13
	-89.67
	dBm

	Noise due to close proximity
	-100.91
	-96.97
	-95.71
	-94.97
	dBm

	Interferer noise
	-80.30
	-90.55
	-75.10
	-88.55
	dBm

	Total noise with thermal noise
	-80.28
	-90.38
	-75.08
	-88.38
	 

	MRC Sensitivity
	 
	 
	-88.10
	dBm

	Sensitivity requirement for 1DL
	 
	 
	-97.00
	dBm

	MSD
	 
	 
	8.90
	dB


3. Conclusion

2UL 2DL MSD analysis was provided and as a conclusion, 8.9 dB MSD is proposed as MSD for this combination.
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA  band
	IMD
	UL Fc 
(MHz)
	UL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	CF

(dB)
	MSD 
(dB)
	Duplex mode

	3
	IMD4
	2*f41-2*f3
	1740
	5
	25
	1835
	1
	8.9
	FDD

	41
	
	
	2657.5
	5
	25
	2657.5
	N/A
	N/A
	TDD
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