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1. Introduction

It has been identified that the CA combinations with carriers in Band 2 and Band 71 suffer from 3rd harmonic interference when transmitting on lower channels in Band 71 and simultaneously receiving in the uppermost channels in Band 2.  A study [1] was performed to estimate the MSD for a 5 MHz Tx channel on the lower edge of Band 71 paired with a 5 MHz Rx channel on the upper edge of Band 2.  This contribution completes the study by evaluating the other bandwidth possibilities.  
2. Discussion

A study was conducted on the impact of the 3rd harmonic of the uplink in Band 71 to downlink in Band 2 [1].  It was found that when the uplink channel in Band 71 is in the lowest frequency range and the downlink in channel in Band 2 is in the highest frequency range, there is 3rd harmonic interference.  The 3rd harmonic interference does not directly overlap the receive channel, but the spectral spreading about the 3rd harmonic does encroach into the Rx channel causing a degradation in receiver performance.  In [1], the worst case of 5 MHz in Band 71 and 5 MHz in Band 2 was considered.  Here, we consider all other channel bandwidths.  As defined in the WID, the supported channel bandwidths are as follows
	CA operating / channel bandwidth
	Maximum aggregated bandwidth [MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_2A-71A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	71
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	2
	
	
	Yes
	Yes
	
	
	20
	1

	
	71
	
	
	Yes
	Yes
	
	
	
	


Therefore, it is necessary to study 5, 10, 15, and 20 MHz channels in both Band 2 and Band 71 where the channels are located at the lower band edge of Band 71 and the upper band edge of Band 2.

2.1. Harmonic interference level

Following a similar procedure to that in [1], both a single RB transmission with no MPR and a full allocation with 1 dB MPR are considered in Band 71 Tx with the PA calibrated against ACLR limits.  For a single RB transmission, the location of the RB within the uplink channel was chosen so that the worst case harmonic interference could be observed within the downlink receive channel.  It was found that for the single RB transmissions, the worst case interference is not necessarily observed with the single RB at the channel edge and therefore its 3rd harmonic just outside the Band 2 receive channel.  Instead, the worst case interference could be observed when sidetones of the 3rd harmonic, analogous to LO and IQ images and their folding products, fall within the receive channel.  This effect is illustrated below where the single RB was intentionally placed such that the folding product of the IQ image falls directly within the receive channel.  For wider Rx bandwidths, it is possible that two such spurious products of the 3rd harmonic may fall within the receive channel.
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Figure 1.  3rd harmonic spectrum of Band 71 Tx at Band 2 Rx frequency range.
The measured PA output for both single RB as described above and full allocation integrated over the Band 2 Rx frequency range, taking into consideration the guard bands at each end of the Rx channel, are summarized below.  Note that the values below are referenced to the antenna port.  To obtain a value referenced at the PA output, the Band 71 front-end insertion loss, assumed to be 5 dB, should be added.
Table 1.  Measured harmonic noise integrated over Rx channel.

	Tx channel BW (MHz)
	Rx channel BW (MHz)
	Measured harmonic noise at Tx antenna output (dBm)

	
	
	1 RB
	Full Allocation

	5
	5
	-38.6
	-39.0

	5
	10
	-44.1
	-44.2

	5
	15
	-44.6
	-44.6

	5
	20
	-44.6
	-44.6

	10
	5
	-46.9
	-46.6

	10
	10
	-44.5
	-46.8

	10
	15
	-44.5
	-47.0

	10
	20
	-44.5
	-47.4

	15
	5
	-47.0
	-48.1

	15
	10
	-47.0
	-47.4

	15
	15
	-44.4
	-47.5

	15
	20
	-44.5
	-47.6

	20
	5
	-46.7
	-49.1

	20
	10
	-46.9
	-47.9

	20
	15
	-46.5
	-47.7

	20
	20
	-44.5
	-47.7


2.2. MSD calculation

Based on these noise measurements, the MSD can be computed.  It was agreed [2] that a harmonic trap filter would not be assumed at the output of the Band 71 PA.  Therefore, the filtering of the 3rd harmonic comes primarily from the Band 71 duplexer and the low/high diplexer.  Other contributions to harmonic, such as switch, harmonic generation within Band 71 and Band 2 duplexers, etc., are not included in the calculation for simplicity and to maintain consistency with the analysis in [1].  Lastly, the assumption of 67 dB PCB isolation from [3] is adopted in this analysis as well.
A Band 71 filter datasheet indicates that the duplexer Tx attenuation in the frequency range of the 3rd harmonic is 40 dB, noting that 45 dB was assumed in [1] and 37 dB assumed in [3].  The low/high diplexer provides an additional attenuation of 25 dB.  The front-end loss in Band 2 Rx is assumed to be 5.5 dB due to the high insertion loss of the B2+B4 quadplexer.  With these assumptions, the following results are obtained using the 5 MHz + 5 MHz as an example.  The MSD analysis is based on an MRC combining algorithm assuming that the interference is correlated across primary and diversity receivers.
Table 2.  Example MSD analysis for 5 MHz + 5 MHz scenario

	
	Parameter
	Primary
	Diversity

	B71 PA H3
	-33.6
	-33.6
	

	B71 duplexer
	40
	-73.6
	

	Diplexer
	25
	-98.6
	

	Antenna isolation
	10
	-98.6
	-108.6

	PCB PA to LNA
	67
	-100.6
	-100.6

	B2 Rx FE loss
	5.5
	-95.1
	-95.1

	Composite
	
	-93.4963
	-94.9102

	MSD
	-4.62
	
	


The MSD is computed to be 4.6 dB, compared to the 2.8 dB found in [1], due to differences in assumptions.  

Following the same procedure and assumptions, the other bandwidth combinations were analyzed with a MSD summary provided in the table below

Table 3.  Summary of MSD for all aggressor and victim bandwidths

	Band 71 CBW
	Band 2 CBW
	MSD

	5
	5
	4.6

	5
	10
	1.0

	5
	15
	0.6

	5
	20
	0.5

	10
	5
	1.2

	10
	10
	1.0

	10
	15
	0.7

	10
	20
	0.6

	15
	5
	1.1

	15
	10
	0.6

	15
	15
	0.7

	15
	20
	0.6

	20
	5
	1.2

	20
	10
	0.6

	20
	15
	0.4

	20
	20
	0.6


2.3. Frequency offset

The above analysis assume that the Band 71 channel is placed immediate adjacent to the lower edge of the band while the Band 2 channel is placed immediately adjacent to the upper edge of the band.  However, MSD will still be applicable as these channels move slight away from the respective band edges.  While spectral regrowth and spreading effects will be reduced as the channels are offset from the band edges, for narrow allocations so long as the IM product falls within the receive band, the MSD will not decrease since the entire energy of the IM interference is captured.  Therefore, the MSD as calculated above applies not only for edge channels, but also for those channels in proximity of the edge of the band.  Moreover, moving either the Band 71 channel and/or the Band 2 channel away from their respective band edges will eventually result in the condition where the MSD disappears.  We compute the offset that the Band 71 channel must shift away from its band edge before the MSD disappears as shown below.  The offset was chosen to be computed for Band 71 since there is a 3x multiplicative factor in low frequency shift when translated to the higher frequency in Band 2.  
For channels located away from the Band 71 lower edge, it is expected that third harmonic interference will be most severe for single RB allocations since as long as these spurious products fall within the Band 2 receive channel, frequency separation will not reduce their amplitude.  We analytically evaluate the location of spurious products to determine the frequency offset where at least the third order products no longer fall within the Band 2 receive channel.  The result is as follows

	1RB Waveform
	Victim Chan BW in B2 DL (MHz)

	
	5
	10
	15
	20

	Aggressor Chan BW in UL (MHz)
	5
	1.337
	1.253
	1.170
	1.087

	
	10
	2.587
	2.503
	2.420
	2.337

	
	15
	3.837
	3.753
	3.670
	3.587

	
	20
	5.087
	5.003
	4.920
	4.837


It can therefore be seen that as long as the Band 71 channel is offset by at least 5 MHz away from the low edge of the channel, then the MSD is avoided.

3. Conclusion

An MSD analysis has been provided to account for the 3rd harmonic interference from transmission in low channels of Band 71 to reception in high channels of Band 2.  Whereas the previous study focused on the worst case of 5 MHz channels in each of the bands, this contribution evaluate all possible channel bandwidths.  
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