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1
Introduction
In RAN4#73 in San Francisco MSD for 2 UL CA band combination 1+8 was discussed but RAN4 could not agree on allowed MSD. Proposal were presented in [2] and [3]. This paper presents simulation assumptions and proposal for MSD. Test configuration is presented in [4]. 
This is a re-submission of [5] as during the meeting an error in the final MRC combination calculation was indicated. This resulted in error Table 6 and is now corrected. Simultaneously interested companies have expressed some concerns on used front-end performance values and as a results some numbers are fine tuned to better match the realistic numbers.
2
Discussion
When evaluating MSD component linearity and isolation/attenuation between components are the most essential parameters. For 1+8 IMD4 is the relevant non-linearity mechanism. Used component values are shown in Tables 1, 2 and 3.
Table 1: Front-end component linearity parameters for MSD calculation 
	Component
	IP2 (dBm)
	IP3 (dBm)
	IP4 (dBm)
	IP5 (dBm)

	Ant. Switch
	112
	72
	54
	55

	Diplexer
	121
	91
	55
	55

	Duplexer
	102
	77
	55
	53

	Quadplexer
	118
	74
	55
	52

	HB PA Forward
	 
	32
	32
	 

	HB PA Reversed
	 
	34
	31
	 

	LB PA Forward
	 
	 
	30
	 

	LB PA Reversed
	 
	 
	29
	 

	LNA
	10
	-6
	0
	-10


Table 2: Front-end passband attenuation parameters for MSD calculation

	Attenuation Parameter
	Value (dB)

	Diplexer IL
	0,5

	Antenna switch IL
	0,5

	Duplexer and Receive filter IL
	3

	PA Gain
	28


Table 3: Front-end isolation and attenuation parameters for MSD calculation
	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to PA (in)
	60
	PCB isolation (PA forward mixing)

	Diplexer
	15
	High/low band isolation

	PA (out) to PA (out)
	50
	H-L cross-band (duplexer+diplexer)

	PA (out) to LNA (in)
	50
	H-H cross-band (duplexer)

	PA (out) to LNA (in)
	55
	H-L / L-H cross-band (duplexer+diplexer)

	Duplexer and Receive filter
	47
	Tx band rejection at Rx band (Tx to Ant, Ant to Rx)

	Duplexer and Receive filter
	50
	Tx band rejection at Rx band ( Tx to Rx)


2.1 MSD 

Table 4 summarises IMD4 products from different components in the main receiver path. The second column from the right shows IMD4 level of the components at antenna port. This is calculated to understand IMD4 level that will couple to the diversity receiver. The last column shows IMD4 level at the receiver but referred at the antenna port to reflect the sensitivity specification in 36.101.

Table 4: IMD4 power level to B1 Rx main path
	Component
	PB1 (dBm)
	PB8 (dBm)
	IP4 (dBm)
	IMD4 @ ant (dBm)
	Receiver IMD4 ref @ ant (dBm)

	Diplexer
	20,0
	20,0
	55
	-85,0
	-85,0

	HB Antenna Switch
	20,5
	-55,5
	54
	-232,5
	-122

	LB Antenna Switch
	-55,5
	20,5
	54
	-232,5
	-231,5

	B1 Duplexer
	21,0
	-55,0
	55
	-234
	-232

	B8 Duplexer
	-55,0
	21,0
	55
	-234
	-232

	B1 PA Forward
	24
	-8
	32
	-112
	-110

	B8 PA Forward
	-8
	24
	30
	-106
	-104

	B1 PA Reversed
	24
	-26
	31
	-145
	-143

	B8 PA Reversed
	-26
	24
	29
	-139
	-137

	Tx Total
	 
	 
	 
	-83,9
	-83,5

	B1 LNA
	-26
	-26
	0
	-108
	-100

	Total IMD
	 
	 
	 
	-83,4
	-82,3

	Total IMD after CF (1,0)
	 
	 
	 
	-84,4
	-83,0


IMD4 products in the diversity path with the IMD4 contribution from the main through antenna coupling (isolation) path is shown in table 5.

Table 5: IMD4 power level to B1 Rx diversity path
	Component
	PB1 (dBm)
	PB8 (dBm)
	IP4 (dBm)
	IMD4 (dBm)
	B1 Receiver IMD4 ref @ ant (dBm)

	
	
	
	
	
	

	From Main Path
	 
	 
	 
	-97,9
	-93,9

	Diplexer
	10,0
	10,0
	55
	-129,0
	-125

	Antenna Switch
	9,5
	9,5
	54
	-127,5
	-123,5

	Receive filter
	9,0
	9,0
	55
	-132,0
	-128

	B1 LNA
	-38,0
	-38
	0
	-152,0
	-148

	Total IMD
	 
	 
	 
	-97,2
	-93,2

	Total IMD after CF (1,0)
	 
	 
	 
	-98,2
	-94,2


Table 6 summarises IMD4 levels at the antenna port before and after MRC process. Proposed MSD due to UE internal IMD4 is 9.7 dB for band 1 receiver when UL CA on bands 1 + 8 is configured.
Table 6: IMD4 after MRC and proposed MSD
	 
	Thermal
	IMD
	Total

	Main Path [dBm]
	-97,0
	-83,0
	-82,8

	Diversity Path [dBm]
	-97,0
	-94,2
	-92,4

	After MRC [dBm]
	-100,0
	 
	-92,8

	MSD [dB]
	 
	 
	7,2


4
Conclusion
In this contribution, we derived the needed MSD level for uplink CA on bands 1 and 8 in the presented simulation assumptions. Used test configuration is presented in [4]. MSD in this paper is derived with worst case assumptions i.e. the IMD products from various sources are assumed to add on top of each other maximally. 
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