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1.  Introduction

In recent previous meetings, there has been quite much discussion regarding low-band receiver harmonic mixing problem in inter-band CAs. With existing and newly approved multiple CA items, more CAs may encounter this receiver harmonic mixing issue. In this contribution, a study has been conducted in regards.

2.  Discussion
2.1 Background
In the last few meetings, there have been three FDD-TDD inter-band CA combinations revealed with receiver harmonic issue. The detail has been listed as below:
1. B20+B40 [1] [2]: B40 UL carrier may interfere with 3rd order harmonics of B20 DL carrier, which desensitizes B20 DL receiving. The desensitization level is expected to be more than 50dB. Even with a band-pass filter rejecting at high-band UL frequency, the MSD is still expected to be higher than 20dB due to finite PCB isolation.  As an alternative, UL allocation in B40 can be avoided when the B40 UL and B20 DL 3rd harmonic alignment condition occurs. 
2. B26+B41 [3]:  B41 UL carrier may interfere with 3rd order harmonics of B26 DL carrier, which desensitizes B26 DL receiving. The desensitization level is expected to be more than 50dB. Even with a band-pass filter rejecting at high-band UL frequency, the MSD is still expected to be higher than 20dB due to finite PCB isolation. It is suggested network to avoid simultaneous Tx/Rx operation when the B41 UL and B26 DL 3rd harmonic alignment condition occurs.  No MSD is to be added.
3. B28+B40 [4]: The similar situation as above two cases. This band combination is still under discussion.
From the above information, it can be observed that there has not been any unified approach to receiver harmonic mixing issue in Class A2. When encountering receiver harmonic mixing issue, large MSD values have been resulted from previous studies among multiple companies. Furthermore, the significance and the scale of the impact of receiver harmonic mixing have been consented in RAN4. To tackle this issue properly and effectively, a common approach is proposed to apply to the CAs involved with receiver mixing issue. 

Proposal 1: one common approach to tackling the CAs involved with receiver mixing issue. 
2.2 RX harmonic mixing issue
The mechanism is slightly different between conventional low-band TX harmonics into high-band RX and this high-band TX causing low-band RX harmonic mixing issue. Existing study has shown significantly large MSDs when Low band receiver encounters RX harmonic mixing issue, whose level is on the magnitude of 50dB. In such analysis, 20dB rejection has been assumed including 9dB rejection from switching mixer and less than 10 dB from matching selectivity. [1] From our observation, 2nd order harmonic mixing would be less severe compared to 3rd order harmonics due to even order suppression. However, it would still cause significant degradation on low-band receiving. 4th and 5th order harmonic mixings are not appearing in any of existing CA combinations. Therefore, the decision could be held presently. Further study on 4th and 5th order harmonic mixing issues are encouraged.  
Proposal 2: RX harmonic mixing issue includes 2nd and 3rd order harmonics. 

Proposal 3: 4th and 5th order RX harmonic mixing severity needs further study. 
2.3 RX harmonic mixing issue at adjacent channel
The degradation is confirmative when high-band UL signals fall on the harmonics of low-band DL spectrum. Consequently, what would be the severity when high-band UL signals fall adjacently to the harmonics of low-band DL spectrum? Assuming the worst case scenario, there would be a 30dB drop at adjacent channel from the in-band signal, based on 30dB ACLR requirement.  Then the potential MSD would still be on the scale of 20dB. Therefore, it is rational to include the immediate adjacent channel when considering the occurrence of RX harmonic mixing. The high-band and low-band spectra are illustrated in Figure 2.1. 
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Figure 2.1

If any of the spectra from 
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 overlaps the receive frequency range at the harmonics of the low-band receiving spectrum, RX harmonic mixing issue needs to be considered.  Figure 2.2 and 2.3 illustrate the scenarios when RX harmonic mixing degradation happens. In Figure 2.4 and Figure 2.5, there is no RX harmonic mixing issue. In these four figures, green block is the receiving spectrum at the 2nd or 3rd order harmonic of the low band LO. In Figure 2.2 and 2.3, yellow and green blocks have some overlap, and the harmonic mixing happens at the overlapping areas. 
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Figure. 2.2
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Figure 2.3
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Figure 2.4
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Figure.2.5

To avoid RX harmonic mixing, either condition in Figure 2.4 or condition in Figure 2.5 needs to be satisfied. The original formulae for avoiding RX harmonic mixing conditions are expressed as below for 2nd order harmonic mixing:
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For avoiding 3rd order harmonic mixing:
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Additionally, 
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In the above formulae, 
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is the low bound frequency of low band, and
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is the high bound frequency of low band. 
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is the low bound frequency of high band, and 
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is the high bound frequency of high band. 
[image: image20.wmf]L

CBW

is the channel bandwidth of low band DL.
[image: image21.wmf]H

CBW

is the channel bandwidth of high band UL. 
[image: image22.wmf]center

L

f

-

 is the center frequency of low band DL channel. 
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 is the center frequency of high band UL channel.  After modification for better format, the formulae are expressed as below:

For avoiding 2nd order harmonic mixing, 
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For avoiding 3rd order harmonic mixing, 
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In another word, if 
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meets either of below conditions, RX harmonic mixing issue needs to be considered:

2nd order harmonic mixing happens when:
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3rd order harmonic mixing happens when:
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Proposal 4: When high-band UL signal meets any of the conditions in Formulae 1 to 2, RX harmonic mixing issue shall be considered.
From initial analysis and calculation, it is known the potential MSD could be as high as 50dB when RX harmonic mixing happens. Under such high MSD, the receiver cannot be used functionally in network. Therefore, the effective solution for RX harmonic mixing is to avoid such a case. From the above derivation, it could be concluded that for avoiding 2nd order harmonic mixing, 
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For avoiding 3rd order harmonic mixing, 
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Proposal 5: The high-band UL and low-band DL shall be scheduled to avoid RX harmonic mixing, according to Formulae 3 to 6.
3.  Conclusion
In this contribution, further consideration of RX harmonic mixing issue has been discussion. Below four proposals are addressed:

Proposal 1: one common approach to tackling the CAs involved with receiver mixing issue. 

Proposal 2: RX harmonic mixing issue includes 2nd and 3rd order harmonics. 

Proposal 3: 4th and 5th order RX harmonic mixing severity needs further study. 
Proposal 4: When high-band UL signal meets any of the conditions in formulae 1 to 2, RX harmonic mixing issue shall be considered.

For 2nd order harmonic mixing issue: 
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For 3rd order harmonic mixing issue:
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Proposal 5: The high-band UL and low-band DL shall be scheduled to avoid RX harmonic mixing issue. 

For avoiding 2nd order harmonic mixing, 
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For avoiding 3rd order harmonic mixing, 
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