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Discussion
1 Introduction
It was agreed in [1] to study the protection of non-3GPP radio such as WiFi and positioning radios. This contribution analyses the impacts of protecting non-3GPP radios. Some alternatives on how to ensure the functionality of non-3GPP radio concurrently with dual inter-band UL CA operation are discussed.  
2 Discussion
In this contribution only the impact of the intermodulation caused by dual uplink inter-band CA is evaluated. Later we also need to evaluate the impact of intermodulation caused by WLAN transmitter and LTE transmitter. The most interesting part of this contribution is subchapter 2.4 where we discuss alternatives to manage intermodulation problems. 
First we evaluate the level of dual uplink inter-band CA intermodulation power that might disturb the operation of non-3GPP radio. After that we consider which protection mechanisms could be used to achieve decent operation.

The LTE-CA part of the intermodulation is similar to what has been presented by several companies related for instance to UE-to-UE coexistence. This contribution is based on our earlier intermodulation paper [2]. Please note that we use intermodulation caused by the antenna switch as an only example in this paper. As known there are also other intermodulation sources.
Intermodulation power level caused by the antenna switch
A very brief wrap-up from [2] is as follows. The following intermodulation power levels with a couple of different RF front-end architectures can be seen at the antenna connector:
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Figure 1 Common diplexer based RF Front-end architecture
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Figure 2 No common diplexer based RF Front-end architecture
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2.1 Non-3GPP radio antenna options
Non-3GPP radio such as WiFi can share cellular antenna or use own dedicated antenna. In case the antenna is shared between LTE and non-3GPP radio there is no antenna-to-antenna isolation. In case there are dedicated antennas for cellular and non-3GPP the antenna-to-antenna isolation can be assumed to be ~10dB.
2.2 Impact to non-3GPP radio operation
Let’s use 20MHz wide WLAN with 9dB receiver NF as an example. The calculation below is rough and does not address all issues that may need to be taken into account later. Furthermore calculation assumes the intermodulation hits on top of WLAN.
WLAN Receiver reference sensitivity= -174+10log(20*10^6)+9= -92dBm
Worst case intermodulation power caused by dual UL inter-band CA:
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· OBSERVATION1: WLAN is heavily (30-40dB) desensitized in worst case. Even there would be separate cellular and non-3GPP antennas the WLAN desensitization would still be heavy
2.3 Alternatives to manage intermodulation problems
As was briefly analysed above, intermodulation caused by dual uplink inter-band CA can heavily desensitize non-3GPP radio’s such as WiFi. This subchapter discusses some alternatives to mitigate problems. At least the following options should be discussed:

1) LTE total UE power restrictions

-This option restricts LTE total power.

2) Per UL power restrictions
-This option restricts the max power of each UL independent of each other. Naturally the UE max power should not exceed PCMAX_H
3) Allow certain amount of desensitization
-In this option there could be a clear requirement at certain non-3GPP radio frequencies where intermodulation created by dual uplink inter-band CA hits. The requirement could be for instance -60/70/80dBm depending on the study results. Depending on the study results, it might be sensible to use different intermodulation performance categories (=UE achieves -60/-70/-80dBm intermodulation performance at certain non-3GPP radio frequency)
4) Do nothing

-This option would not set any additional requirements and thus would allow heavy desense in worst case scenarios. In the long run this does not seem so attractive because in future UE use case where dual uplink inter-band CA operates concurrently with non-3GPP radio is likely.

5) Other

-There are probably several other options such as scheduling restrictions etc. Filtering can also mitigate intermodulation power in certain cases but it does not always help.
Each of these options have pros and cons which will be discussed in future.
3 Conclusion
The impact of intermodulation caused by dual uplink inter-band CA to non-3GPP radios was briefly analysed. More importantly, different means to manage intermodulation problems were discussed. The following observation was made.

OBSERVATION1: WLAN is heavily (30-40dB) desensitized in worst case

The following means to manage intermodulation problems were discussed. 

1) LTE total UE power restrictions

2) Per UL power restrictions

3) Allow certain amount of desensitization

4) Do nothing

5) Other

We hope to receive comments from the companies on their preferences to manage intermodulation problems.
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