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1. Introduction
In order to progress in the definition of the requirement for DC_20A_n28A and DC_28A_n20A this contribution makes evaluation for the IMD3 issue and describes the required two PA architecture.
2. Discussion
2.1. Band 20 and 28 Dual UL IMD3 Issue
Table 1 provides the calculated frequency ranges of harmonics and IMD products generates from Band 20 and Band 28 2 UL operation.
Table 1: Harmonic and IMD study for Band 20 and Band 28 dual UL

	Band / max BW 
	B20 / 20MHz
	B28 / 20MHz

	UE UL carriers
	fx_low
	fx_high
	fn_low
	fn_high

	UL (MHz)
	832
	862
	703
	733

	H2
	2*fx_low
	2*fx_high
	2* fn_low
	2* fn_high

	H2 (MHz) 
	1664
	1724
	1406
	1466

	H3
	3*fx_low
	3*fx_high
	3 fn_low
	3*fn_high

	H3 (MHz) 
	2496
	2586
	2109
	2199

	IMD2 products
	|fn_low – fx_high|
	|fn_high – fx_low|
	|fn_low + fx_low|
	|fn_high + fx_high|

	IMD2 (MHz)
	159
	99
	1535
	1595

	IMD3 products
	|2*fx_low – fn_high|
	|2*fx_high – fn_low|
	|2*fn_low – fx_high|
	|2*fn_high – fx_low|

	IMD3 (MHz)
	931
	1021
	544
	634

	IMD3 products
	|2*fx_low + fn_low|
	|2*fx_high + fn_high|
	|2*fn_low + fx_low|
	|2*fn_high + fx_high|

	IMD3 (MHz)
	2367
	2457
	2238
	2328

	IMD3 products
	(fx_low – max BW fn)
	(fx_high + max BW fn)
	(fn_low – max BW fx)
	(fn_high + max BW fx)

	IMD3 (MHz)
	812
	882
	683
	753

	IMD4 products
	|3*fx_low –1* fn_high|
	|3*fx_high – 1*fn_low|
	|3*fn_low – 1*fx_high|
	|3*fn_high – 1*fx_low|

	IMD4 (MHz)
	1763
	1883
	1247
	1367

	IMD4 products
	|2*fx_low –2* fn_high|
	|2*fx_high –2* fn_low|
	|2*fx_low +2* fn_low|
	|2*fx_high +2* fn_high|

	IMD4 (MHz)
	198
	318
	3070
	3190

	IMD4 products
	|3*fx_low +1* fn_low|
	|3*fx_high + 1*fn_high|
	|3*fn_low + 1*fx_low|
	|3*fn_high + 1*fx_high|

	IMD4 (MHz)
	3199
	3319
	2941
	3061

	IMD5 products
	|fx_low – 4*fn_high|
	|fx_high – 4*fn_low|
	|fn_low – 4*fx_high|
	|fn_high – 4*fx_low|

	IMD5 (MHz)
	2100
	1950
	2745
	2595

	IMD5 products
	|2*fx_low - 3*fn_high|
	|2*fx_high - 3*fn_low|
	|2*fn_low - 3*fx_high|
	|2*fn_high -3*fx_low|

	IMD5 (MHz)
	535
	385
	1180
	1030

	IMD5 products
	|fx_low + 4*fn_low|
	|fx_high + 4*fn_high|
	|fn_low + 4*fx_low|
	|fn_high + 4*fx_high|

	IMD5 (MHz)
	3644
	3794
	4031
	4181

	IMD5 products
	|2*fx_low + 3*fn_low|
	|2*fx_high + 3*fn_high|
	|2*fn_low + 3*fx_low|
	|2*fn_high + 3*fx_high|

	IMD5 (MHz)
	3773
	3923
	3902
	4052


Observations:

· IMD3 product falls in the upper part of Band 20 receive when 20MHz channels is considered for B28 which can be a concern for:

·  DC_20A_n28A as primary control carrier is affected.

·  DC_28A_n20A for NR performance
· IMD2 products falls in GNSS bands
· IMD3 products falls in 2.4GHz ISM band
2.2. Two PA Architecture and Signals 
Using a power splitter after a single PA approach would be extremely power intensive and detrimental to the single band or other band combinations operation. Therefore, it is only reasonable to consider dedicated PA for each band UL. The filtering and antenna combination network is not in the scope of this contribution since it focusses on the reverse IMD3 performance of this two PA architecture which can be evaluated from similar work for DC_71A_n71A in [1] and other dual PA cases in [2].
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Figure 1: Two PA architecture and B20 and B28 signals
Assumptions:

· Duplexing function will ensure at least 35dB cross isolation between B20 and B28 UL thus -10dBm reverse signal at PA outputs.
· B20 and B28 duplexing functions will attenuate the UL signals in both DL frequency ranges by at least 50dB before reaching respective DL paths.

· Equal power split at 20dBm at the antenna for simplicity.
2.3. IMD3 Evaluation
Although this study would require detailed analysis and dedicated measurements to derive the full set of requirements for DC_20A_n28A and DC_28A_n20A, an initial high-level analysis can be done to understand the dominant mechanism and the order of magnitude of the issue.
Based on Figure 1 and calculated signals levels, it is likely that the PA IMD3 product falling in B20 is dominated by the forward IMD3 of B20 signal and B28 leakage which is at -13dBm equivalent output power and sees the more harmful forward IMD compared to the -10dBm reverse IMD case. IMD of the passive RF front-end IP3 such as the switches should also be considered.

Assuming a power amplifier OIP3 of 42dBm, and one tone at 25dBm and the other (leakage path with PA gain) at -13dBm the worst case IMD3 is at -47dBm, which, accounting for 50dB duplexer attenuation results into a -97dBm interference level reaching the B20 LNA.
Assuming a switch OIP3 of 75dBm and equal B20 and B28 UL signals at 21dBm the IMD3 product falling in B20 is at -84dBm.
Given the relative levels, the switch IMD3 dominates and will result into a 5 to 10dB de-sense which can be considered moderate as it only occurs for B20 20MHz channel bandwidth and can be managed by RB restrictions.
Observation:
· IMD3 interference level falling into B20 upper DL frequency range is likely dominated by RF front-end passive non–linearity and can result into moderate MSD.

· This MSD level can be easily reduced if RB restrictions are applied to both UL signals.

· It is FFS to define these RB restriction rules based on further measurements.
3. Conclusion
This contribution provides an evaluation of the B20-B28 dual UL related IMD3 that potentially falls in the upper range of B20 RX upper frequency range. An initial analysis based on calculations, before dedicated measurement is done, allows the following observation:
Observation:
· IMD3 interference level falling into B20 upper DL frequency range is likely dominated by RF front-end passive non–linearity and can result into moderate MSD.

· This MSD level can be easily reduced if RB restrictions are applied to both UL signals.

· It is FFS to define these RB restriction rules based on further measurements.
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