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Introduction
In a previous RAN4 paper [1], we outlined different ways that sub-6 GHz and mm-wave transceivers, in close proximity, could interfere with each other. To summarize a few of the issues that were raised in [1], with a super-het mm-wave transceiver:
1. De-sense of mm-wave receiver by sub-6 GHz signal and its PA harmonics
2. Phase noise from mm-wave LO to sub-6 GHz receiver
3. De-sense of the sub-6 GHz receiver by the mm-wave TX signal
4. Higher-order harmonics of the sub-6 GHz PA falling into the image band at (RF – IF) of mm-wave receiver.
5. Images of the IF signal produced by the RF LO mm-wave mixer falling in-band to the sub-6 GHz signal
More cases and analysis can be found in [1], [2], [3], [4] and [5]. 
In this paper, we provide more details on antenna isolation between sub-6 GHz and mm-wave antennas. The data here can be used as a first step in estimating the sensitivity degradation due to self-interference.  We caution that the data presented here are not absolute worst-case, and should be viewed as examples. In particular, the isolation could get worse if the antenna elements are located closer than what is shown in the figures.

Antenna isolation at mm-wave band

Sub-6 GHz and mm-wave patch antenna
Consider the antenna arrangement in Fig. 1, with different sub-6 GHz antennas and a single patch element for mm-wave.
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Figure 1. Sub-6 GHz antennas and a single mm-wave patch antenna 

Based on the physical placement of Fig. 1, the simulated s21 curves across the 20-30 GHz frequency range are shown in Fig.2. 
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Figure 2.  S21 analysis in the 28 GHz band

Based on the s21 data in Fig. 2 for the range 26.5-29.6 GHz, the worst-case isolation for each antenna is listed in Table 1. We see that the worst-case isolation is 18.3 dB for antenna 3.
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Table 1. Antenna isolation at mm-wave frequencies


 Sub-6 GHz antennas and mm-wave dipole antenna
Consider the following antenna arrangement below in Fig. 3, with the same sub-6 antennas before, but using a dipole antenna for mm-wave.
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Figure 3. Sub-6 GHz antennas and a mm-wave dipole antenna

Based on the physical placement of Fig. 3, the simulated s21 curves across the 20-30 GHz frequency range are shown in Fig.4. 
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Figure 4. S21 analysis in the mm-wave band

Based on the s21 data in Fig. 4 for the range 26.5-29.5 GHz, the worst-case isolation for each antenna is listed in Table 2. We see that the worst-case isolation is even lower than before, at 14.5 dB for antenna 3
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Table 2. Worst-case antenna isolation measured at mm-wave frequencies.

Antenna isolation at sub-6 GHz band
In this section, we consider the antenna isolation at sub-6 GHz frequencies. Notice that the antenna placement has been changed slightly from the previous examples. This is because the configuration of poor isolation at 28GHz does not necessarily yield poor isolation at sub-6GHz. The goal is to investigate relatively poor isolation scenarios.
Sub-6 GHz and mm-wave patch antenna
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Figure 5. Sub-6 GHz and mm-wave patch antenna

Based on the physical placement of Fig.5, the simulated s21 curves across the 0.7- 6 GHz frequency range are shown in Fig.6. 
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Figure 6. S21 curves in the 0.7- 6 GHz band

Based on the s21 data in Fig. 6 for the range 0.7-6 GHz, the worst-case isolation for each antenna is listed in Table 3. We see that the worst-case isolation is 24.3 dB for antenna 6, and it occurs near 6 GHz.
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Table 3. Worst-case antenna isolation measured at 0.7 – 6 GHz band


Sub-6 GHz antennas and mm-wave dipole antenna
As before, the antenna placement has been changed slightly from the previous examples, since the goal is to investigate relatively poor isolation scenarios.
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Figure 7. Sub-6 GHz and mm-wave dipole antenna

Based on the physical placement of Fig.7, the simulated s21 curves across the 0.7- 6 GHz frequency range are shown in Fig. 8. 
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Figure 8. S21 curves in the 700 MHz to 6 GHz band

Based on the s21 data in Fig. 8 for the range 0.7-6 GHz, the worst-case isolation for each antenna is listed in Table 2. We see that the worst-case isolation is 25.1 dB for antenna 3, and it occurs near 6 GHz.
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Table 4. Worst-case antenna isolation measured at 0.7 – 6 GHz band


Conclusion
The isolation depends on the proximity of the antennas and antenna design. The purpose of this study is to provide an idea of the isolation level in a relatively “crowded” environment. However, the isolation can get worse if the spacing between the antennas gets further reduced.  The goal of the paper is to estimate these isolations as a step towards analysis of MSD and REFSENS for NR. 
Observation 1:  In the 28GHz band 
· From the mm-wave patch antenna, the isolations to the Sub-6GHz antennas range from 18.3dB to 33.1dB. 
· From the mm-wave dipole antenna, the isolations to the Sub-6GHz antennas range from 14.5dB to 40.9dB.
Observation 2:  In the sub-6GHz band
· From the mm-wave patch antenna, the isolations to the sub-6 GHz antennas range from 24.3dB to 37.6dB.
· From the mm-wave dipole antenna, the isolations to the sub-6 GHz antennas range from 25.1dB to 40.1dB.
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