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Introduction

In the last meeting parameters and general rules for the MSD calculation was suggested in R4-150605. Vendors especially expressed their concern that it may be not possible to agree on such general parameters. This means that combinations with IMD problems will have to be checked individually by vendors and operators and a long process can be expected. In that input we check the MSD for 2UL CA_1A_3A which suffers IMD to one of its aggregated band.
Comparison of MSD calculation
The following companies reported MSD values for B1 + B3 CA with 2ULs which affects B1 due to IMD3:
· Nokia in R4-150637
· Qualcomm in R4-73AH-0104. This input misses detailed information how the MSD is calculated
· MediaTek in R4-151158
· LGE in R4-151159
We first observe that the MSD values reported from the various companies which are summarized in R4-151161 differ by up to 8 dB. That is quite a large difference in MSD. We understand that the MSD calculation is not easy as the support of two ULs is a rather new requirement. But it should be also clear that for 2UL CA components need to improve its linearity and it does not make sense to assume or take performance parameters from e.g. filter combiners specified for single UL.
Proposal 1: For the support of two simultaneous ULs better component performance compared to single UL should be assumed
The frontend linearity’s of the passive components for the IMD3 calculation are listed in the table below
	
	IIP3, dBm (Nokia)
	IIP3, dBm (MediaTek)
	IIP3, dBm (LGE)

	Ant. Switch
	72
	68
	68

	Diplexer
	91
	86
	-

	Duplexer
	77
	74
	-

	Quadplexer
	74
	74
	73


The antenna switch is one of the dominant IMD sources. From leading switch manufacturer we know that IIP3 min is +70dBm and typical is +75dBm
Proposal 2: For the switch ≥ 70 dBm for the IIP3 shall be assumed
The frontend linearity’s of the active components for the IMD3 calculation are listed in the table below

	
	IP3, dBm (Nokia)
	IP3, dBm (MediaTek)
	IP3, dBm (LGE)

	PA Forward Output IP3
	32
	30
	29

	PA Reversed Output IP3
	34
	28
	30

	LNA
Input IP3
	-6
	-6
	0


The PA is dominating in the IMD3 products. The question should be raised how accurate is such a simple third-order assumption especially for envelope tracking amplifiers?

Frontend isolation and attenuation parameters for the IMD3 calculation are listed in the table below
	
	Values, dB 

(Nokia)
	Values, dB
(MediaTek)
	Values, dB
(LGE)
	Values, dB

(TeliaSonera)
	Comment

	Antenna to Antenna
	10
	10
	10
	15
	Main antenna to diversity antenna

	PA (out) to PA (in)
	60
	60
	60
	75
	PCB isolation (PA forward mixing)

	Diplexer
	15
	15
	-
	20
	High/low band isolation

	PA (out) to PA (out)
	45
	45
	50
	50
	H-H cross-band (quadplexer)

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

	Quadplexer and Receive filter
	47
	47
	-
	50
	Tx band rejection at Rx band (Tx to Rx and Tx to Ant and Ant to Rx)

	Quadplexer
	50
	50
	50
	50
	Tx band rejection at Rx band  (Tx to Rx)


The isolation values from the vendors are too pessimistic and add unnecessary IMD assumptions. From component vendors we know that better values are possible (see R4-150605) and should be considered in order to make 2ULs more feasible. 
Proposal 3: The following minimum performance values shall be assumed when calculating the IMD: Antenna isolation ≥ 15 dB. PCB isolation ≥ 75 dB.  Diplexer low/high band isolation ≥ 20 dB. Quadplexer isolation between any ports  ≥ 50 dB
Furthermore in the Nokia and MediaTek input the:

· “B1 PA Forward” is calculated with PB3 = -8 and -7 dBm, respectively. 
· “B1 PA Reversed” is calculated with PB3 = -21 and -27 dBm, respectively

It is not clear how that power levels are obtained and more clarification is needed.
Proposal 4: Nokia and MediaTek shall clarify in their input how “B1/B3 PA Forward” and “B1/B3 PA Reversed” is calculated
In the Nokia input the total IMD power of the individual IMD products is summed with the amplitude/phase (Voltage). This leads in that case to a 3 dB higher value in the total IMD compared with power summing, as done in e.g. the MediaTek input. 
Proposal 5: The distortions shall be summed at the antenna reference point in Watt
The actual calculation of the final MSD from the total interference levels at the main and diversity antenna reference point should be shown in the inputs how it is obtained. We suggested a method in reference R4-150605 assuming uncorrelated signals and in R4-147718 the MRC equation for correlated and co-phased interference signals is given. In order to calculate the noise at the antenna point the NF, implementation margin, and other possible band-dependent UE desense contributions has to be known. As it would be difficult to obtain those values for every band we suggest to calculate the noise power at the antenna port by adding 3dB diversity gain and 1 dB SNR to the given UE reference sensitivity level in TS 36.101 Table 7.3.1-1 (and ΔRIB,c) 
· NP the noise power at the antenna reference points calculated from PRefsens in TS 36.101 Table 7.3.1-1 with NP = PRefsens + 3 dB (diversity) + 1 dB (SNR) + ΔRIB,c
Proposal 6: MSD calculation from interference at antennas reference point considering MRC. Specify also the used noise power at the antenna reference point for the calculation
Summary
In order to make progress in specifying the MSD a more detailed analysis of the individual IMD sources and the final calculation is needed. It is not good just too present final MSD values without telling how the values are reached. We propose the following:
Proposal 1: For the support of two simultaneous ULs better component performance compared to single UL should be assumed
Proposal 2: For the switch ≥ 70 dBm for the IIP3 shall be assumed
Proposal 3: The following minimum performance values shall be assumed when calculating the IMD: Antenna isolation ≥ 15 dB. PCB isolation ≥ 75 dB.  Diplexer low/high band isolation ≥ 20 dB. Quadplexer isolation between any ports  ≥ 50 dB
Proposal 4: Nokia and MediaTek shall clarify in their input how “B1/B3 PA Forward” and “B1/B3 PA Reversed” is calculated
Proposal 5: The distortions shall be summed at the antenna reference point in Watt
Proposal 6: MSD calculation from interference at antennas reference point considering MRC. Specify also the used noise power at the antenna reference point for the calculation
