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1. Introduction
2 concurrently active uplinks cause second and third order intermodulation (IM2 or IM3) distortion. The seriousness of IMD2 or IMD3 depends on where it hits, on top of own DL, on top of certain frequency range with special emission requirement or on top of general emission limit frequency. This paper considers this issue and briefly analyses how severe the problem is. 

2. Discussion

2.1 General
Frequency relations are the following:
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 are frequencies where IMD2 or IMD3 generated by a combination of uplink frequencies
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Figure 1 shows one possible inter-band CA architecture. Note that this is only feasible for low-high band combinations. Figure 2 shows one possible low-low/high-high inter-band CA architecture. Please note that these are examples.
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Figure 1 Example low-high inter-band CA architecture
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Figure 2 Example low-low or high-high inter-band architecture
In this analysis the antenna switch linearity (
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, 
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) is assumed to be the limiting factor. For the specification, other possible factors that might be even more limiting need to be analysed as well. Formulas for IMD2 and IMD3 are presented below
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Where:
-
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is 2nd order intermodulation power (in dBm)

-
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is 3rd order intermodulation power (in dBm)

-
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is transmitter power from 1st transmitter (closer to IMD frequency)
-
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is transmitter power from 2nd transmitter (farther to IMD frequency)
-
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is band x to band y isolation at antenna (provided by diplexer in Figure 1. In Figure 2 powers of both uplinks go directly into antenna switch and thus no isolation exists) 
-
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is antenna switch second order input intercept point (measure of linearity)

-
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is antenna switch third order input intercept point (measure of linearity)

2.2 Assumptions for calculations
In order to do some calculations, basic assumption of equal TX powers is made. Furthermore we assume TX power per UE to be 23dBm. We recognize that in real use scenarios TX power allocations may vary a lot. Note that it will be rather easy to redo analysis with different than equal powers assumptions.
We looked at linearity performance of different available antenna switches.  Some of the datasheets show typical performance only and not the worst case. The numbers we used in analysis represent worst case specification and they need to be confirmed later. The value of parameter
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 can vary significantly depending on the RF FE architecture and frequency separation between aggregated bands. In this analysis, we used Figure 1as basis for parameter 
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. Please note that in some cases this value could be significantly lower, even zero.
-
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 = 20dBm. This 20dBm value is diplexer low-high band isolation [1]. 
-
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=84dBm 
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=62dBm 
- Receiver NF = 9dB

2.3 Calculations

Inserting assumptions to equations (1) and (2) we get:
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2.4 Analysis
The effect of IMD depends on where it hits. Figure 3 below shows an example where IMD

a) Hits not on top of own DL

b) Hits partially on top of own DL

c) Hits on top of own DL
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Figure 3 Intermodulation caused by 2 concurrent UL's

2.4.1 IMD hitting not on top of own downlink
Looking at calculations in chapter 2.3 we can see that neither 
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violate generic 3GPP emission mask (-30dBm/1MHz or -36dBm/1MHz). In addition both are clearly below -50dBm/1MHz UE to UE co-existence limit. 
Conclusion 1: Intermodulation is not a problem when the IMD does not hit on top of own downlink.

2.4.2 IMD hitting at least partially on top of own downlink
Reference sensitivity is for most bands with (for instance) 10MHz carrier BW is between -94 and -97dBm. Below we show an example calculation of the effect of IMD2 and IMD3. Here we assume the noise level at the antenna to be equal to REFSENS value; in practical implementations there is margin and thus actual sensitivity gets more desensitized than this calculation shows. This calculation as it is shown here is not proposed to be baseline for any potential power/MSD restrictions discussed in chapter 3.
REFSENS is 
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in this analysis 
Intermodulation powers from section 2.3 are the following:
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=> Desense in IMD2 case for main receiver branch is 
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=> Desense in IMD3 case for main receiver branch is 
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Diversity receiver gets less desensitized than main branch due to some isolation between main and diversity antennas. For instance if we assume 10dB isolation (=10dB less IMD power for diversity branch), we get the following:

=> Desense in IMD2 case for diversity receiver branch is 
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=> Desense in IMD3 case for diversity receiver branch is 
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In case IMD hits partially on top of own DL the desense is smaller. For instance if 10% of IMD power is on top of own DL, then calculations give the following results:
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=> Desense in IMD2 case for main receiver branch is 
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=> Desense in IMD3 case for main receiver branch is 
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=> Desense in IMD2 case for diversity receiver branch is 
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=> Desense in IMD3 case for diversity receiver branch is 
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Looking at the desense numbers it can be clearly said that both IMD2 and IMD3 are problematic. The seriousness of the problem depends a lot on how big portion of the IMD hits on top of own downlink. Furthermore the performance of the limiting components (like antenna switch) available today varies quite a lot and there is pretty big difference between “nominal” and “worst case” performance.  This poses challenges to the creation of the specification because the specification as the difference between worst case and slight IMD problem is big in terms of dB’s.
Conclusion 2: Intermodulation is a problem that needs special attention in case IMD hits at least partially on top of own downlink
3. How to handle intermodulation problem
There are several techniques and methodologies to handle intermodulation problem. 

Some possible options are presented below.

-Do not specify RAN4 requirements covering intermodulation cases

-If this option is chosen then there would be no test and any intermodulation problem which occurs would degrade throughput. As discussed in chapter 2, in case the IMD causes at least partial interference to the UEs own downlink there is the potential for quite a significant degradation, so this approach seems undesirable.

-Power restrictions

-With clever planning on powers for UL power of both transmitters the intermodulation power level can be mitigated below desired level. It has to be noted that the case of 2 active UL’s with intermodulation problem is more challenging than the case when there is no intermodulation problem. There are at least two approaches which can be considered:
-Network centric solution. Here network would control the UL powers using existing power control mechanisms.

-UE centric solution. Here UE would have certain freedom to limit the uplink power levels if the tolerable IMD would be violated without limitation. 

The advantage of UE centric solutions is that the performance of limiting components such as antenna switches is clearly better known to the UE than the eNB and hence there is a possibility that the UE is able to configure the UL transmission powers more optimally than an eNB which might assume worst case performance of the UE transmitters from an IMD perspective. 

 On the other hand, UE autonomous power reduction would be more difficult to specify in RAN4, due to the overall complexity of the problem, and the need to try to ensure that UE still provide as good as possible coverage on each carrier.

-Maximum sensitivity degradation


-The specification 36.101 could define a certain allowed maximum sensitivity degradation level. MSD level can be such (low) that there are some power restrictions needed or it can be such (high) that any power restrictions are not needed. The higher the allowed MSD is the more the victim DL performance will be degraded by intermodulation.
-Scheduling restrictions

-Intermodulation occurs only if UL transmissions are concurrent. Intermodulation becomes a problem only if victim DL reception happens concurrently with concurrent 2UL transmissions. Hence, an intermodulation aware packet scheduler can avoid scenarios of allocating resources for UE high power concurrent transmission at the same time as it schedules the same user on the downlink. Similarly to the network centric power restrictions, the network is not fully aware of the intermodulation performance of each individual UE, so it may make some scheduling decisions which are either too optimistic or too pessimistic depending on the assumptions made.

We ask for companies opinions on which approach should be chosen. There might be some differences in the specification depending on which solution is chosen. 
Proposal 3: RAN4 needs to agree what kind of approach is chosen for specifying the handling of intermodulation problem

4. Conclusion

A brief analysis on the intermodulation effect in 2UL inter-band CA was presented. Conclusions were the following:
Observation 1: Intermodulation is not a problem when the IMD does not hit on top of own downlink.

Observation 2: Intermodulation is a problem that needs special attention in case IMD hits at least partially on top of own downlink

Proposal 3: RAN4 needs to agree what kind of approach is chosen for specifying the handling of intermodulation problem

We hope to get some feedback during RAN#63 especially regarding proposal 3. We have provided some initial considerations on techniques for addressing intermodulation which could be used as the basis for the discussion and further studies.
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