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1. Introduction

A variety of LAA (B46) CA combinations have been standardized, or are in the process of standardization [1].  Most of them have a UE Tx harmonic that lands in B46.  Here we look at the impact of UE Tx 2nd, 3rd, 4th and 7th harmonic from the licensed band, and recommend a guard band from the just-miss harmonic condition in order to meet full refsens performance in B46.
2. Discussion

Band 1, 2, 3, 4 and 66 (bands with Uplink in the range of 1700 MHz to 2 GHz) have their UE Tx 3rd harmonic land in B46.  Band 41 and Band 7 are 2.5GHz bands who have their 2nd harmonic fall in or very near B46. Recently, B5 and B11 have been included ad license band to support CA with B46: B5 has 7th harmonic land in B46 while B11 generates 4th harmonic which falls in B46. Here we analyze both the MSD we expect for direct harmonic overlap with B46, as well as the guard-band on top of the just miss harmonic condition required to achieve zero MSD (full performance) in B46.  For all cases, we do not assume use of a harmonic trap filter in the Tx chain of the licensed band.  We assume that B1, B2, B3, B4, B5 and B66 will be on a separate antenna than B46, while B7, B11 and B41 are assumed to share an antenna with B46.
2.1. RF Component Performance

We present the key RF component performance values in order to perform our analysis.
2.1.1.  PA, Duplexer, Diplexer
For B1, B2, B3, B4 and B66, we find that the available PA 3rd harmonic capability is -42 dBc at max power. For B7 and B41, the PA 2nd harmonic capability is found to be -35dBc. For B5, we find that PA 7th harmonic capability is -55dBc, while 4th harmonic capability for B11 is -50dBc.
We find B1, B2, B3, B4 and B66 duplexer 3rd harmonic attenuation to be 18dB. 4th harmonic attenuation for B11 duplexer is 15dB, while B5 7th harmonic is attenuated by 32dB. For the B7 duplexer, we find the 2nd harmonic attenuation to be 25dB.  For the B41 filter, we find the 2nd harmonic attenuation to be 20dB.
For B1, B2, B3, B4, B5, B11 and B66, the usual low + high band diplexer used on most CA capable UEs has a band-pass response in the upper arm, and provides 25dB attenuation over B46.  For B7 and B41, the HB + UHB diplexer provides 28dB isolation over B46.
2.1.2.  PCB and Antenna Isolation
For PCB Isolation between the licensed PAs and LAA LNA, we would expect the PCB performance to be worse than the 70dB value found for similar analysis for lower frequency bands.  That is because the conducted coupling, via a capacitive method degrades with frequency.  To confirm this we made a measurement on an RF card that supports both licensed and un-licensed operation.  The result of the measurement is found in Figure 1.  For our analysis, we use 65 dB as the PCB Isolation value over the LAA band.
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Figure 1:  Measured PCB ISO from Licensed PA to LAA LNA

For B1, B2, B3, B4, B5 and B66, we use an antenna to antenna Isolation value of 15dB over the LAA band.  As mentioned before, B7, B11 and B41 are assumed to be on the same antenna as LAA for the purpose of this analysis.

2.2. Harmonic Level at LAA LNA
We pull all the information in Table 1.  The analyzed composite harmonic level at the LAA LNA is also presented in Table 1.
Table 1: Composite 2nd and 3rd, 4th and 7th harmonic Level at LAA LNA
	Licensed Bands
	Harmonic 
Order into LAA
	PA 
Max Power [dBm]
	PA 
Harmonic [dBc]
	PCB ISO 
Over LAA [dB]
	Duplexer/Filter 
Attn [dB]
	Diplexer 
Attn [dB]
	Antenna Isolation
	Total Harmonic 
@ LAA LNA

	B1, B2, B3, B4, B66
	3
	28
	-42
	65
	18
	25
	15
	-72.2

	B5
	7
	28
	-55
	65
	32
	25
	15
	-90.7

	B11
	4
	28
	-50
	65
	15
	25
	NA
	-67.7

	B7
	2
	28
	-35
	65
	25
	28
	NA
	-61.5

	B41
	2
	29.5
	-35
	65
	20
	28
	NA
	-55.8


We also analyze the harmonic side lobes from an ACLR limited 100RB waveform for the Tx 2nd, 3rd, 4th and 7th harmonic.  The spectral plots are provided in Figures 2 and 3, for 2nd and 3rd harmonic.
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Figure 2:  Simulated Spectral Estimate of the H2 of an ACLR limited 100RB QPSK signal
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Figure 3:  Simulated Spectral Estimate of the H3 of an ACLR limited 100RB QPSK signal
2.3. Impact to LAA sensitivity
We analyze the impact to LAA sensitivity.  The specified refsens for the 20MHz LAA channel is -90 dBm.  We assume a total front end loss of 5.5dB for the LAA path, as well as an LAA LNA noise figure of 5dB, and 2dB implementation margin.
Table 2 summarizes the results.  We provide both the direct hit harmonic MSD as well as the guard band from “just miss” condition required for zero MSD.  The side-lobe level is integrated over the full 20MHz LAA channel.  It’s worth noting that the guard-band provided is the “edge to edge” between the just miss harmonic edge and the edge of the LAA channel. Moreover for the 4th harmonic case, the resulting 10MHz guard band is conditioned on the fact that the maximum transmission bandwidth for B11 is 10MHz.
Table 2: LAA MSD and Guard-band from “just miss” harmonic condition for zero MSD
	
	
	dBm
	dB
	dBm
	dB
	MHz

	Licensed Bands
	Harmonic 
Order into LAA
	Total Harmonic 
@ LAA LNA
	Direct Hit LAA MSD
	Side Lobe Level @ LAA LNA for zero MSD
	Side Lobe vs Harmonic Level for zero MSD
	Guard-band from "just miss" for zero MSD

	B1, B2, B3, B4, B66
	3
	-72.2
	22.3
	-98.2
	-26
	10

	B5
	7
	-90.7
	4.7
	-98.2
	7.5
	0

	B11
	4
	-67.7
	26.8
	-98.2
	30.5
	10

	B7
	2
	-61.5
	33
	-98.2
	-36.7
	30

	B41
	2
	-55.8
	38.7
	-98.2
	-42.4
	40


We also analyzed cases in which smaller UL allocation is considered. Based on our analysis we can see that the GB needed compared to the just missed condition proportionately decreases with the number of allocated RBs in Uplink. 

3. Conclusion
UE Sensitivity impact for LAA due to licensed 2nd and 3rd harmonic was analysed for the harmonically related CA combinations.  For zero MSD in LAA, we find that the 3rd harmonic from B1, B2, B3, B4 and B66 should have at least 10 MHz guard-band from the “just miss” harmonic condition. For B5 7th harmonic no guard band is needed for the zero MSD. For B11, our analysis shows that at least 10MHz guard band from the just miss condition is needed to have zero MSD. For B7, we find that the 2nd harmonic should have at least 30 MHz guard-band from the “just miss” condition.  For B41, we find that the 2nd harmonic should have at least 40 MHz guard-band from the “just miss” condition.
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