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1. Introduction

B3 + B42 is Class A2 CA combination.  The RF 2nd harmonic of B3 Uplink falls in B42, affecting UE Downlink performance.  Here we analyze the impact of the H2 interference, and provide some recommendations.
2. Discussion

B3 + B42 CA combination has a RF 2nd harmonic (H2) relationship between B3 Uplink (UE Transmit) and B42 Downlink (UE Rx) that affects UE downlink operation.  While the first inclination might be to copy existing RF requirements from B8+B3, we will present analysis that shows that in addition to avoiding direct H2 overlap (as B8+B3 specifies), we also need to consider some additional guard-band between H2 from B3 and B42 downlink channel, should close to full single carrier sensitivity performance be desired in B42 downlink operation.
2.1. RF Component Performance

We analyze key RF component performance to see what performance level is achievable.

2.1.1. B3 Power Amplifier H2 performance
The B3 Power Amplifier H2 performance is one of the key performance metrics.  We surveyed the industry, and found a few B3 PA vendors at around -31dBc H2 performance near max power, and one vendors at -35dBc.  We remain optimistic and will assume -35dBc for PA H2 performance.  Such performance is not easy to attain, and appears to come at some cost to PA efficiency, but since this is such an important performance parameter, we will assume -35dBc.
2.1.2. PCB Isolation
Another key performance parameter is the PCB Isolation between the B3 PA and the B42 LNAs.  While PCB Isolation around 1850MHz might have been able to achieve ISO in the range of 65 to 75dB, our measurements on our reference designs indicate that isolation performance around 3.5GHz in fact degraded.  While there are in theory two components to overall isolation, namely conducted and radiated, what we find is that the conducted component seems to dominate.  And the conducted component (modelled essentially as a capacitive coupling), for identical conditions, will be 5 to 6dB degraded over B42 downlink versus B3 downlink, depending on precise frequencies compared (center to center being 5.5dB).
Hence, even in the most optimistic view of PCB isolation, we do not believe it is feasible to achieve better than 70dB PCB Isolation at 3.5 GHz, and this may be too optimistic for many compact smartphone designs.  We request UE OEMs to provide more accurate assessment of their smartphone designs for better evaluation here.
2.1.3. Harmonic Trap Filter (HTF)
The other key component that is needed is the harmonic trap filter in the B3 Tx chain.  Our survey has indicated that 30dB attenuation of the PA H2 is possible with 0.6dB Insertion loss.  Another point to emphasize is that for best performance, the harmonic trap filter is required.  Another way to put this is that the conducted main path will dominate without the filter in place (we estimate the H2 at the LNA to be ~ -65 dBm without the harmonic trap filter).  However, with the filter in place, the PCB Isolation path will dominate, meaning the overall performance is better.  Hence, we recommend keeping the harmonic trap filter for this CA combination.
Observation 1: Keeping the harmonic trap filter is essential to meeting best B3+B42 sensitivity performance
2.2. Estimated UE H2 and H2 side-lobe performance with HTF
Putting the key performance parameters together, we estimate the best case 2nd harmonic at the LNA (both PRX and DRX) to be:  27.5dBm PA output – 35dBc PA – 70dB PCB ISO = -77.5dBm.  We again make the point that in fact it’s possible the H2 performance is yet worse…this is just the best case we can envision.  Note that direct H2 overlap performance would be quite bad (interference limited sensitivity of ~ -72dBm assuming 6.5dB front end loss for B42).
We now analyze the H2 spectral side lobe performance from a 50RB signal near the UE ACLR limit.  Figure 1 shows a simulated result, while Figure 2 shows a measured result.  The 2 estimates agree quite well, and help us predict interference for B42 Rx channels that are offset from direct H2 overlap.
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Figure 1:  Simulated Spectral Estimate of the H2 of a near ACLR limited 50RB signal
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Figure 2:  Measured Spectral Estimate of the H2 of a near ACLR limited 50RB signal

Based on both the measured and simulated H2 spectra from Figures 1 and 2, we make the following 2 observations:

Observation 2:  The immediate side lobe of the H2 can be estimated to be worst case -19dB vs the H2 main lobe power.  This is marker 2 vs marker 1 in Figure 2.  This is an interesting result when compared to the transmitted LTE signal itself, which has a worst case E-UTRA ACLR of -30dBc.
Observation 3:  For the spectrum with 10MHz guard band to the main H2 lobe, we estimate worst case -31dB vs the H2 main lobe power.  This is a 12dB “step” below the immediate side-lobe.  This is marker 4 vs marker 1 in Figure 2.
2.3. B42 Sensitivity estimate assuming 10MHz Guard-band to H2
Based on the above information, with the HTF, we estimate the interference at the LNA for a B42 Rx channel at the 10MHz guard-band condition (observation 3).  This is estimated to be best case:  -77.5dBm H2 – 31dB = -108.5dBm.
Without the HTF, the interference level at 10MHz guard band is much higher:  -65 dBm H2 – 31dB = -96dBm!

Given the above interference (which is considered coherent between PRX and DRX LNA), the assumptions of 6.5dB front end loss for B42 as well as a worst case LNA Noise Figure of 5dB (this includes the assumed implementation margin), we estimate sensitivity for B42.  Table 1 shows the best case sensitivity estimate for B42 with 10MHz guard-band to the H2 main lobe, for with and without the HTF.
  Table 1: B42 Interference limited Sensitivity estimate with 10MHz Guard-band (best case assumptions) to H2
	 
	With HTF
	with HTF
	w/o HTF
	w/o HTF

	B42 CH BW
	Sensitivity (dBm)
	MSD (dB)
	Sensitivity (dBm)
	MSD (dB)

	5 MHz
	-97.8
	1.2
	-89.9
	9.1

	10 MHz
	-95.5
	0.5
	-89.5
	6.5

	15 MHz
	-94
	0.2
	-89
	5.2

	20 MHz
	-93
	0
	-88.7
	4.3


Table 1 shows that for 20MHz LTE in B42 with HTF, it seems possible to meet the single carrier refsens value, but smaller than 20MHz channel bandwidths would require some MSD due to interference.  We note again this is for the best case assumptions for H2 interference, so it would be good to see if these assumptions are indeed valid across the industry.  Without HTF, the MSD values are quite large for all channel bandwidths, getting up to ~ 9dB!
2.4. Estimation of Del_T_IB and Del_R_IB

Assuming a common triplexer single PRX antenna architecture, estimated CA excess losses are presented in Table 2:
Table 2: Estimate of Del_T_IB and Del_R_IB for B3+B42 CA (in dB)
	Band
	Triplexer Loss
	HTF filter
	Total loss
	Del_T_IB
	Del_R_IB

	B3
	0.95
	0.6
	1.55
	[0.8]
	[0.8]

	B42
	1.3
	0
	1.3
	[0.8]
	[0.5]


3. Conclusion
We provide some preliminary best case analysis for B3+B42 CA.  We find that keeping the harmonic trap filter is essential for best performance.  We also estimate that in the best possible scenario (requiring further verification), it seems possible to not require MSD for a 20MHz LTE channel in B42 as long as it has min 10MHz guard band versus the 2nd harmonic from a 50RB B3 signal, and includes the HTF.  We showed that smaller channel bandwidths than 20MHz in B42 would require some MSD even for the 10MHz guard band condition.  Performance is much worse if the HTF is not assumed, with MSD as bad as ~9dB even with 10 MHz guard band from the direct H2 overlap!  Finally, we present estimated Del_T_IB and Del_R_IB values based on common triplexer architecture, and use of the harmonic trap filter (HTF).
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