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Introduction
In the previous meeting, one issue was raised for the IBE requirements for V2X CA and/or Multiple Carrier operation. In particular, the current specification, which reuse LTE CA requirement does not cover the case that there are allocated RBs are in both carriers.
In that case, the main concern is that the IMD product of the 2 allocated RB blocks can fall in the aggregated bandwidth and affect the IBE. We study this issue by simulating a few waveforms where we expect that the impact of IMD is most significant. We then propose modification to existing IBE model based on this result.
We only cover the case of adjacent PSCCH and PSSCH in this paper.
Simulation Setting
We consider 2 10MHz carriers case and the following waveforms: (note that we assume RB start 1 in our notation)
1. Waveform 1: Sub-channel 46-50 in the lower carrier, Sub-channel 1-5 in the upper carrier
2. Waveform 2: Sub-channel 41-45 in the lower carrier, Sub-channel 6-10 in the upper carrier
3. Waveform 3: Sub-channel 41-50 in the lower carrier, Sub-channel 16-20 in the upper carrier
4. Waveform 4: Sub-channel 26-35 in the lower carrier, Sub-channel 1-5 in the upper carrier
5. Waveform 5: Sub-channel 31-45 in the lower carrier, Sub-channel 1-5 in the upper carrier

The rationale for choosing those waveforms are:
· Waveform 1 is the inner most possible RB allocation within the aggregated bandwidth
· Waveform 2 is similar to waveform 1 but the gap of the 2 allocated blocks is widen by 10 RBs
· Waveform 3 allocated RB at the lower CC is widen by 5RB. Start position chosen such that there is 1 IMD region falls entirely in the lower CC
· Waveform 3 allocated RB at the lower CC is widen by 5RB. Start position chosen such that there is 1 IMD region falls entirely in the upper CC
· Waveform 3 allocated RB at the lower CC is widen by another 5RB. 
We simulate these waveforms using a setting similar with MPR simulation []. IQ leakage and LO leakage is disabled so that the IMD effect can be observed in separation. Each waveform is simulated with different power back-off value of to see the location and the magnitude of the IMD region
Simulation Results
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Figure 1: in-band energy per RB in each carriers of Waveform 1
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Figure 2: in-band energy per RB in each carriers of Waveform 2
In figure 1 and 2 are the energy per RB in each carrier of waveform 1 and 2. We can clearly see the IMD effect in the form of a “bump”. The position and the shape of the IMD region can clearly be seen in waveform 2, where the frequency gap between the 2 RB cluster is large enough. There are 2 IMD regions. Let D be the gap between the 2 cluster in terms of RB , rounded up to the closest integer. The IMD regions are approx. D RBs away from the allocated RBs.
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Figure 3: in-band energy per RB in each carriers of Waveform 3
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Figure 4: in-band energy per RB in each carriers of Waveform 4
For waveform 3 and 4, the shape of the IMD region is analyzed by using a larger RB allocation in one of the two CC. We can see that the IMD region consists of a fairly flat region at the center and the two skirts at the two sides. The width of the flat region equal to the larger allocated RB cluster. 
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Figure 5: in-band energy per RB in each carriers of Waveform 5
For waveform 5, we notice one interesting effect that the skirt of the narrow allocated RB cluster is as flat as that of the wider allocated RB cluster. This is due to IMD product of the form f1+f2-f3 where f1 is a tone belong to the narrow cluster and f2, f3 are 2 tones belong to wider cluster.
Based on the above observations, the following modifications to V2X CA IBE specification can be expected 
Proposal 1: add an IMD3 term to IBE CA requirement.
Proposal 2: Simulate more waveforms to identify applicable RB location of IMD3 terms. 
Proposal 3: The IMD3 limit will be specified by 2 formulas. One corresponding to the flat region, another one corresponding to the skirt around the allocated RBs and the flat regions.  
IMD Limits and Back-off Power
From the simulation results above, it can clearly be seen that the amount of IMD depends on the back-off power. So, in order to define a reasonable limit, 2 approaches can be used Once the RB location and the form of formulas for the IMD3 term are identified.
Option 1: the coefficient in the formula are defined based on system simulation. The defined formula will drive the back-off that UE need to use.
Option 2: we can start with a predefined back-off of [x] dB and derive the coefficient based on this value. It has to be specified that the UE need to back-off at least [X] dB in for all V2X CA transmission with RB allocation on 2 CCs.
Option 1 would be the ideal solution. However, it also entails a lot of work for system simulations. Not to mention the extra work to do MPR simulation after the IBE is finalised. Given the current work load in RAN4, it would be wiser to go with Option 2. 
Proposal 4: determine coefficients in IMD formula assuming [X] dB back-off. X can be 1 or 2 dB. 
Conclusions
We present in this paper our initial study on the IBE of V2X CA waveforms. Based on the obtained result, we propose the followings.
Proposal 1: add an IMD3 term to IBE CA requirement.
Proposal 2: Simulate more waveforms to identify applicable RB location of IMD3 terms. 
Proposal 3: The IMD3 limit will be specified by 2 formulas. One corresponding to the flat region, another one corresponding to the skirt around the allocated RBs and the flat regions.  
Proposal 4: determine coefficients in IMD formula assuming [X] dB back-off. X can be 1 or 2 dB. 
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