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Introduction
LTE+DC IDC issue was raised in the previous meetings and some analysis was provided. [1] This contribution provides some consideration for 3.5GHz + 28 GHz IDC problem as an example. This is a preliminary analysis because some of the performances are not confirmed. Further update in future may be needed when more measurement results are valid.
Discussion
We used B42 + 28 GHz as the example DC scenarios, other bands analysis is very similar but the conclusion should be double checked compared with B42 + 28 GHz. The possible scenarios are divided to 1UL scenario and 2UL scenario. For the convenient of reading, we used Bx to represent 28 GHz band in this contribution.
Because the NR RF discussion is in a very early stage, there’s no common understanding on the general approach and the component performance yet. We used some assumptions or estimations for some performance and put brackets on the values we are not very sure.
For mmWave output power, there’s no requirement yet, we used 23 dBm, 26 dBm and 29 dBm as the three EIRP assumptions. We don’t assume 28 GHz has any RF filter to attenuate the noise from 3.5 GHz. For mmWave Tx/Rx signal BW, we assumed 20 MHz which is the same with B42 because multiple numerologies may be used, PSD degradation is the reasonable approach. We assume B42 and Bx are using separated antenna. Then the primary path MSD and diversity path MSD are in the same level which is different with LTE when diversity path can have the 10 dB antenna ISO benefit. Therefore, only the primary path noise increase is provided. For the combined MSD, we think the noise from other band should be assumed full correlated or part correlated, the final MSD should be larger than primary MSD. For example, if primary MSD is 10 dB the combined MSD should be 13 dB as there’s no diversity gain at all.
The noise coupling path is assumed from the antenna port with the assumption that B42 and 28GHz are in two different chipsets that PCB coupling will not be a problem like inter-band class A2 CA discussed.
1UL scenario
We used the traditional LTE RF link analysis approach to do the MSD analysis with the difference that EIRP replaces  PA power in LTE analysis.
LTE/mmWave Rx performance when mmWave/LTE Tx
mmWave band and LTE TDD band can be non-synchronized in DC service mode, the Rx performance should be analyzed when the other band transmits signal. The following table shows the component performance we used in this analysis.
Table 1: B42 and mmWave band component performance assumption
	Bx PA spectrum regrowth at B42 Rx noise (dBm/Hz)
	[-130]

	B42 PA spectrum regrowth at Bx Rx noise (dBm/Hz)
	-130

	B42 RFIC IIP2 (dBm)
	50

	Bx RFIC IIP2 (dBm)
	[40]

	B42 FE Loss (dB)
	6

	Bx FE Loss (dB)
	[3]

	Bx Band filter: Bx - B42 ISO (dB)
	[0]

	B42 Band filter: B42 - Bx ISO (dB)
	30

	Bx LNA selectivity at B42
	15

	B42 LNA selectivity at Bx
	15

	B42 LO phase noise (dBc/Hz)
	-150

	Bx LO phase noise (dBc/Hz)
	[-130]

	Antenna ISO at B42 and Bx(dB)
	[40]



The analysis result is shown in Table 2.
Table 2: MSD analysis result for 1UL no harmonic scenario
	B42 Tx power (dBm)
	23
	Bx EIRP (dBm)
	23
	26
	29

	Bx MSD (dB)
	8.2
	B42 MSD (dB)
	8.2
	11.6
	14.3



The detail analyses are shown in Table 3 and Table 4.
Table 3: 28 GHz MSD analysis
	　
	PRx

	PA Rx noise at RFIC (dBm)
	-165.4 

	Tx leakage IM2 at RFIC (dBm)
	-110.0 

	Tx LO noise spectrum leakage at RFIC (dBm)
	-156.4 

	Tx leakage Reciprocal Mixing at RFIC (dBm)
	-89.4 

	Tx Noise at Rx Band at antenna port (dBm)
	-86.4 

	Rx Noise at antenna port for single carrier (dBm)
	-91.4 

	Rx Total Noise at antenna port (dBm)
	-85.2 

	Noise increase (dB)
	6.2 



Table 3: 3.5 GHz MSD analysis
	　
	PRx

	PA Rx noise at RFIC (dBm)
	-118.4 

	Tx leakage IM2 at RFIC (dBm)
	-168.0 

	Tx LO noise spectrum leakage at RFIC (dBm)
	-86.4 

	Tx leakage Reciprocal Mixing at RFIC (dBm)
	-133.4 

	Tx Noise at Rx Band at antenna port (dBm)
	-80.4 

	Rx Noise at antenna port for single carrier (dBm)
	-91.4 

	Rx Total Noise at antenna port (dBm)
	-80.1 

	Noise increase (dBm)
	11.3 



It can be seen from the analysis that 28 GHz phase noise is the most contribution noise for the large MSD. A 25 dB attenuation 28 GHz band filter may help this, but as 28 GHz chipset also integrates antenna, we don’t think it’s a good solution considering the size. This may need more discussion in RAN4.
LTE Tx harmonic scenario
The 8th harmonic of B42 falls in 28 GHz band, analysis is needed to check the possible degradation. No harmonic filter is used and the component assumptions in Table 4 are used.
Table 4: Component performance assumption for B42 8th harmonic MSD analysis
	B42 PA output power (dBm)
	28

	B42 Band filter IL (dB)
	3

	B42 PA H8 (dBc)
	[75]

	B42 Band filter rejection (dBc)
	[30]

	B42 Band filter H8(dBc)
	[100]

	Switch H8 (dBc)
	[100]

	Antenna isolation (dB)
	[40]

	B42 switch IL,dB
	1

	Bx Filter IL,dB
	0



The analysis shows that for the H8 harmonic direct hitting 28 GHz band, only 0.2 dB MSD happens. This scenario may not have problem for in device co-existence.
LTE Rx LO harmonic mixing scenario
We used the following assumptions to do the LO harmonic mixing issue, 70 dBc LO H8 rejection can make sure no REFSENS degradation, this performance needs some measurement double check which we didn’t finish when the contribution is finished.
Table 5: Component performance assumption for B42 Rx LO harmonic mixing problem
	Antenna ISO (dB)
	[40]

	B42 filter attenuation (dB)
	30

	RFIC LO H8 rejection (dBC）
	[70]

	UE Noise figure assumption
	10



2UL scenario
If we assume both 28 GHz is a TDD band, no 2UL IMD problem happens because UL and DL don’t work simultaneously for each band.
IF architecture impact
We didn’t do the analysis on the IF part, but it should be analyzed before the requirement is defined. If IF frequency is the low band harmonic direct hitting frequency, IF degradation may happen for LTE Tx harmonic scenario and the LO band harmonic scenario. IF frequency choice may be different for the implementations, but it should be considered if the noise cancellation is very challenge.
Conclusion
We did analysis for the possible 1UL and 2UL scenario MSD, it was found that mmWave LO noise will cause MSD for both LTE and mmWave band. LTE Tx harmonic and Rx LO harmonic mixing may not have problem if the component performance assumption in this contribution is reasonable. 2UL scenario doesn’t have problem if mmWave band is TDD band. We didn’t do the IF architecture analysis, but it should be checked before any requirement is defined for IDC scenario.
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