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1.  Introduction

In the previous meeting, some concerns have been raised regarding some MSD calculation assumptions and pertinent test realities, especially related to antenna isolation between main antenna and diversity antenna. In this contribution, further study has been carried out.
2.  Discussion

2.1 Background

In the last RAN4 meeting, some concerns have been raised regarding some MSD calculation assumptions and pertinent test realities, especially related to antenna isolation between main antenna and diversity antenna in the discussion of CA B3+B40. The initial concern came from a prima facie discrepancy between antenna isolation assumption in MSD calculation and realistic antenna isolation in conducted test for REFSENS. The concerns have been extended beyond any specific CA band combination but to generic CA. 
In MSD calculation, 10dB antenna isolation from main to diversity has been assumed with all CA cases with harmonic and/or IMD interference. However, in existing REFSENS test with conducted setup, the antenna isolation from main to diversity is fairly high. Depending on different specifications of equipment and minor difference in setup realization, the antenna isolation could be larger than 60dB or even 70dB.  
A closer scrutiny is conducted to confirm what band combinations and issues would be impacted by this antenna isolation consideration.
2.2 Antenna Isolation

In a real phone the antenna isolation is much less than its value in the conducted test. It can range from 5-30dB, in some cases even beyond. One of the major issues is that it almost cannot be measured, because if a cable is applied to the antenna to connect the measurement equipment the antenna is already modified and the measurement result is wrong. However, there is quite some experience what the values can be. Especially at low bands the isolation is also low, since the separation between main and diversity antennas is very small when measured in wavelengths. Usually it is in the range of 10dB, but can also be a bit better, up to 15dB. When a phone is lying on a metal plate, for example on a table or in a car, the cross-coupling can be as low as 5dB only. On the other hand if one antenna is completely surrounded by absorbing material like a hand, it can also be better than 10dB. At high bands the isolation is a bit better and may reach 15dB, but also it gets worse when the phone is lying on a metal plate. If the antennas are using different polarizations, which is difficult to implement in a normal form factor smartphone, the isolation may be larger, for example 20dB. But in that case any metallic object close to the phone, for example the keys in the pocket or a pen will degrade the isolation again since the signal will be converted from one polarization to the other by such an object. Therefore even with the effort of antenna polarization improvement, the isolation will still be low in many cases. The conclusion is that a 10 dB isolation assumption is quite reasonable between antennas in a mobile phone, although in many cases the isolation can be lower or higher.
Observation 1: The antenna isolation in a smartphone should be assumed to be 10dB.

2.3 Conducted Measurements vs. Radiated Performance

Almost all 3GPP RF measurements are done in conducted mode, there are only a few radiated tests for TRP and TRS, especially since the MIMO OTA testing is very complicated and takes quite some time to specify. Since in radiated measurements the antenna isolation in a real phone plays a key role, the measured radiated performance will be worse than the conducted measurement. For example if the main antenna is completely disturbed by a harmonic, intermodulation product or the own TX signal and the diversity antenna is undisturbed in the conducted test there will still be a reasonable sensitivity like if only a single antenna is used. If the same device is now used in a radiated test and it has 10dB antenna isolation, suddenly the diversity receiver is disturbed as well and the radiated sensitivity is much worse than with ideal antenna decoupling. This is additionally to the antenna efficiency impact. Therefore if we assume 10dB antenna cross-coupling for the conducted tests, the sensitivity measurements will show values that are much closer to reality, while assuming infinite isolation would give on paper the better results for conducted REFSENS, but in real life with antennas the performance will be degraded much more.
Observation 2: Assuming 10dB antenna isolation for conducted tests will result in a closer match of conducted REFSENS and the radiated real life performance of the phone than infinite isolation

2.4 Radiated Performance for CA Combinations with Harmonics or Intermod Issues

Many of the CA combinations have either harmonics issues, where the harmonic of the TX is falling into the RX of another band, or in case of 2UL CA the intermodulation products fall into an RX band. We already defined MSD for such combinations for the conducted tests. However, when we look at the performance in real life, i.e. with antennas connected and a complete phone surrounding the antennas this will differ very much from the conducted tests. Especially it can happen that some other components in the phone can re-generate the harmonics. This can be seen at figure 1 below from [1] on the right hand side where the signal is radiated by the antenna and some harmonics are radiated back to both RX antennas by some other components in the phone:
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Figure 1: Example for Cross-coupling of harmonics

The perfectly filtered signal without harmonics or intermodulation is radiated by the antenna. Unfortunately there are many other signal lines inside a mobile phone, for example supply lines to the battery, lines on the display driving the pixels, connections to the charger, SIM card, camera, earpiece, microphone etc. All of these lines are similar to an antenna and they are somewhere connected to semiconductors, but unfortunately almost all semiconductors have a non-linear characteristic and therefore can work like a diode, which would use the fundamental of the TX signal to regenerate the harmonics or generate intermodulation signals. These harmonics or intermodulation products are then radiated by the lines and picked up by the receive antennas. A similar effect has been discussed in RAN4 for base stations, where a passive non-linear element generates intermodulation or harmonics (called passive intermodulation there). However, currently there are no measurements available how severe this effect is in reality, but the estimation would be that it can be several 10s of dBs.

Concerning the issue with the antenna decoupling this is another point that will result in a larger difference between radiated and conducted performance if the conducted measurements would be tightened because larger antenna isolation is assumed.
Observation 3: Tightening the MSD requirements when taking into account larger antenna isolation will give better values on paper but the radiated real life performance of the phone is much worse and does not change
2.5 Potential Specification Impacts

2.5.1 1IL/xDL with harmonic issue in SCC DL

In CA Class A2 category, harmonics generated from PCC UL may interfere with SCC DL and degrade sensitivity of original SCC DL. Figure 2.2 shows the reference architecture of a typical H/L combination with 2nd/ 3rd harmonic issue to high band DL.
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Figure 2.2 Reference architecture of H/L combination with harmonic issue
Previously, MSD calculation assumed harmonic leakage along 4 paths as shown in blue lines in Figure 2.2.  Respectively, there are:

Trace 1: Harmonic interference from low-band TX to high-band RX through TX->RX main path;
Trace 2: Harmonic interference from PCB leakage between low-band TX and high-band RX on main path;
Trace 3: Harmonics interference from low-band TX to high-band RX through TX main -> antenna-> RX diversity path; and 
Trace 4: Harmonic interference from PCB leakage between low-band TX and high-band RX on diversity path.

The detailed calculation shows for diversity RX path, the interference gating factor is PCB leakage (Trace 4), instead of the leakage through TX/RX path (Trace 3), because large amount of harmonic interference is filtered off on TX/RX path from HTF. CA B3+B42 and CA B1+B28 were used as example MSD calculation. In the updated calculation, 70dB was assumed as the antenna isolation between main and diversity. Under such assumption, there was no MSD change with 60dB PCB isolation, and 0.2dB better MSD with 70dB PCB isolation. A more thorough examination may be necessary for other CA combinations in Class A2 in the future. At this moment, the conclusion can be drawn that MSD calculation is not impacted and no MSD recalculation is needed. Thus, a REFSENS test for Class A2 shall not be re-defined.

Observation 4:  MSD calculation shall NOT be impacted and NO MSD recalculation is needed. Thus, a REFSENS test for Class A2 shall not be re-defined.
2.5.2 2UL/xDL with intermodulation issue:
In 2UL CA, IMD products are produced from the nonlinearity of both passive and active components along the path. IMDs are produced when two TX signals meet at certain components in TX and RX chain on Main path and Diversity path. The IMD interference affecting Diversity RX chain is significantly through the antenna leakage from Main to Diversity in RAN4 simplified MSD simulation, where 10dB has been assumed as the antenna isolation. On the other hand, the contribution of IMD interference by PCB leakage to Diversity RX path is relatively low in this case but may become dominating in case of conducted tests. Thus, if the assumption of 10dB antenna isolation is changed, MSD to the affected RX would be different accordingly. However, in real life phones with antennas the currently calculated MSD values are much closer to reality than when assuming more than 10dB antenna isolation for conducted tests. These would just give better performance on paper, but would fail in reality. Since assuming 10dB antenna isolation results in more realistic figures for real life phones, it is proposed to continue using 10dB isolation for the MSD calculations.
Observation 5:  Although there is a discrepancy between MSD calculation and present REFSENS test setup in 2UL CA Class A4 the current MSD results with 10dB isolation better represent the real performance of a mobile phone with antennas.

2.5.3 Interference due to lack of isolation in CA:
There are some other interference cases due to lack of isolation from PCC TX to SCC RX in FDD/TDD CA, such as CA B3+B40 and CA B3+B41. Regarding the Diversity SCC RX chain, the leakage from PCC TX to Diversity SCC RX through main and diversity antenna and the leakage through PCB both contribute significant interference to degrading Diversity SCC RX. Thus, changing the 10dB antenna isolation assumption between main and diversity antenna shall show a noticeable change in MSD calculation. Accordingly, REFSENS is impacted under present conducted test setup.  However, the performance will then be degraded in real phones with connected antennas while in the conducted test it is better.
Observation 6:  Although there is a discrepancy between MSD calculation and present REFSENS test setup in FDD/TDD CA with direct interference from PCC TX the current MSD results with 10dB isolation assumption better represent the real performance of a mobile phone with antennas.

2.5.4 Other CAs:
For the rest of the CA cases without above addressed harmonics/IMDs/direct interference issue, REFSENS test should not be impacted by this emerging antenna isolation issue

Observation 7:  in all of the other CA cases except addressed above, REFSENS test is properly set up with present conducted test. No modification is needed.
2.6 Potential solutions
As analyzed above, it is realized that there is in some cases a discrepancy between MSD calculation and REFSENS test set up. 
2.6.1 CAs with agreed MSDs
Regarding agreed MSDs as of today, there are some potential solutions to this issue but not limited to:

Solution 1: modify affected MSD calculation. In this approach, heavy workload is foreseen.  With any updated antenna isolation value larger than 10dB, the corresponding MSD may be underestimated compared to the values in reality. It cannot reflect the realistic degradation due to unrealistic antenna isolation assumption. (We don’t prefer this).
Solution 2: modify REFSENS test setup, to set up 10dB artificial antenna isolation. This will be a significant disadvantage for devices that intentionally optimize antenna isolation or for devices that have a larger form factor (for example rooftop boxes) where the better antenna isolation can be used to improve performance. Especially there will not be any incentive anymore to design antennas with better antenna isolation. Secondly, from test enabling point of view, if we artificially modify the conducted test setup with 10dB antenna isolation for REFSENS test with certain CA combinations, it leaves the REFSENS test setup inconsistent among all of the CA combinations, and introduce inconsistency between the REFSENS test setup and the test setup for other RF core tests. Additionally, it is not practical to plan more than one test setup for REFSENS from test enabling and cost perspectives.
Solution 3: continue using the 10dB antenna isolation for determining MSD. This results in the closest agreement of specified REFSENS performance and radiated real life performance of a phone.

Comparing these solutions we come to the conclusion that Solution 3 is preferred as it doesn’t give a false impression of the phones real life performance.

2.6.2 CAs with future MSDs
Regarding future MSD calculation, it is now in discussion that whether 10dB antenna isolation should be assumed continuously, or a new value needs to be identified. Fundamentally, 36.101 specifications need to reflect the minimal performance requirements for UEs. 10dB antenna isolation is the proper value for UEs on the market and in design phase. Thus, it is adequate to define UE performance based such realistic parameters in order to achieve feasible performance. Otherwise, it is misleading if REFSENS relaxation is defined with unachievable assumptions. Therefore we propose to continue to use 10dB antenna isolation for future MSDs.

3.  Conclusion

Changing the assumption of 10dB antenna isolation has significant disadvantages, mainly that the performance of a real phone including antennas will be significantly worse than the conducted MSD specification suggests. Testing with 10dB isolation will penalize devices having better antenna isolation and is not recommended Therefore we have the 
Proposal: Continue using the 10dB antenna isolation assumption for conducted tests as this will result in a closer match of conducted REFSENS and the radiated real life performance of the phone than assuming infinite conducted isolation
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[1] R4-121862 “Cross-coupling of Harmonics in case of band 17/4 Carrier Aggregation”, Intel Corporation.
 





  





 





RF Test





 





Connector





 





LB RX





 





High





 





B





and 





 





 





 





 





S





witch





 





Low 





Band





 





 





 





 





S





witch





 





Low





 





Bands





 





Harmonic





 





Filter





 





High





 





Bands





 





Diplex





er





 





Duplexer





 





 





Duplexer





 





 





 





 





Div. Antenna





 





RF Test





 





Connector





 





 





 





High





 





B





and 





 





 





 





 





S





witch





 





Low 





Band





 





 





 





 





S





witch





 





Low





 





Bands





 





 





 





High





 





Bands





 





Diplex





er





 





Main Antenna





LB TX





HB TX





HB RX





LB RX





 





 





HB RX





2





3





4








