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Introduction
In the previous RAN4 meetings, concern has been raised about possible IMD issue for V2X waveforms in the CA and multiple carriers operation scenarios. In [2], a way forward has been agreed as:
· For multiple transmissions in multiple carriers, composite IBE requirement as below can be as a starting point for the case PSSCH and PSCCH are adjacent in each CC:
· For V2X intra-band contiguous multi-carrier operation, the in-band emission values (General, IQ Image or Carrier leakage) of each channel is calculated separately as Pgeneral, PSSCH,c(i), PIQ, PSSCH,c(i), PLO, PSSCH,c(i), Pgeneral, PSCCH,c(i), PIQ, PSCCH,c(i), PLO, PSCCH,c(i) for each carrier respectively. In-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the PsumIBE.CA, where PsumIBE.CA is the linear sum of Pgeneral, PSSCH,c(i), PIQ, PSSCH,c(i), PLO, PSSCH,c(i), Pgeneral, PSCCH,c(i), PIQ, PSCCH,c(i), PLO, PSCCH,c(i) for all carriers.
· Above requirement is a general IBE requirement without consideration of IMD exceptions.
· The down selection of below two solutions needs to be decided in next RAN4 meeting
· Solution 1: Specify in-band emission requirement with exceptions on IMD issues.
· Solution 2: Specify in-band emission requirement without considering IMD exceptions and apply MPR for IMD product.
 In this paper, we provide MPR simulation results for V2X CA waveforms with adjacent control and data clusters in each carrier, taking this working assumption into account. 
We also further discuss the similarity of this problem with the problem of defining IBE requirements for V2X waveforms with non-adjacent control and data cluster. As a result, the same principle here (V2X CA waveform) can be reused there (V2X waveforms with non-adjacent control and data). 
The paper is structure as follows:
1. Section 2 discuss the MPR simulation results. This includes MPR for QPSK, 16QAM and 64 QAM modulation order.
2. Section 3 discuss the IBE requirements for V2X waveforms with non-adjacent control and data.
MPR Simulation Result

The result for QPSK and 16QAM are in Figure 1 and 2, respectively.
We observe that when IBE condition is checked, the MPR for waveforms with smaller number of allocated RBs has much smaller spread. This is the expected behaviour since there are waveforms that have IMD fall in the channel bandwidth. Such waveforms do not require much back off before to meet the SEM and ACLR requirement, but now need extra back-off to meet also the IBE requirement.
Overall, as the specified MPR is the worst case value for each number of allocated RB, the final MPR value does not change very much. Based on the simulation result, we propose the following formula for MPR of 2 adjacent carriers CA waveforms (for that case control and data adjacent) with QPSK modulation order: 
MA =      6.5		                    ; 0 ≤ A < 0.1
8.5 - 20A 		      ; 0.1 ≤ A < 0.2
5.3 – 4A		      ; 0.2 ≤ A < 0.7
2.5			      ; 0.7≤ A ≤ 1.
The corresponding formula for 16QAM modulation order is:
MA =      6.5		                    ; 0 ≤ A < 0.1
8 - 15A 		      ; 0.1 ≤ A < 0.2
5.8 – 4A		      ; 0.2 ≤ A < 0.7
3			      ; 0.7≤ A ≤ 1.
Note that the required MPR for 16QAM is a bit higher is mostly due to tighter IBE requirement. Without checking IBE requirement, we observe that the required MPR for QPSK and 16QAM is similar.
The piecewise linear functions proposed above are also plotted in Figure 1 and 2 for visualization.
Observation 1: when check with IBE requirement, the simulation results for waveforms with small number of allocated RB have less spread out values.
Observation 2: There is a small increase (approx. 0.5-1 dB) in MPR compared to the result without checking IBE.
Observation 3: The MPR for 16QAM is slightly more (approx. 05dB) than that of QPSK. This is due to tighter IBE requirement.
Given the increased MPR is small, we think that it is appropriate to adopt solution 2: “Specify in-band emission requirement without considering IMD exceptions and apply MPR for IMD product”.
Proposal 1: Adopt option 2: “Specify in-band emission requirement without considering IMD exceptions and apply MPR for IMD product”.
Proposal 2: Specify MPR for V2X 2 adjacent carriers CA waveforms with adjacent control and data clusters as:
1. For QPSK modulation order:
MA =      6.5		                    ; 0 ≤ A < 0.1
8.5 - 20A 		      ; 0.1 ≤ A < 0.2
5.3 – 4A		      ; 0.2 ≤ A < 0.7
2.5			      ; 0.7≤ A ≤ 1.

2. For 16QAM modulation order:
MA =      6.5		                    ; 0 ≤ A < 0.1
8 - 15A 		      ; 0.1 ≤ A < 0.2
5.8 – 4A		      ; 0.2 ≤ A < 0.7
3			      ; 0.7≤ A ≤ 1.
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Figure 1. MPR for QPSK modulation order.
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Figure 2. MPR for 16QAM modulation order
IBE requirements for V2X waveforms with non-adjacent control and data
In current UE RF specification for V2X Service, there is no IBE requirement for V2X waveforms with non-adjacent control and data clusters. From the system point of view, the problem is similar to that of V2X CA waveforms. The IMD products of the controls and data clusters may fall in channel, and create high peaks of leakage. Such high peaks leakage may interfere with receiving UEs nearby causing the near far effect that reduce system capacity and communication range.
As it has been shown that one can supress these high IMD peaks by allowing for a bit more MPR, at least for the 2 carriers CA case. The same may hold true for at least the V2X waveforms with non-adjacent control and data clusters in a single carrier. Thus, we propose to extend the current IBE requirements for single carrier to the case where control and data clusters are non-adjacent and re-adjust the MPR for that case accordingly.
Proposal 3: RAN4 to adopt the same IBE requirement for single carrier V2X waveforms with adjacent control and data clusters to single carrier V2X waveforms with non-adjacent control and data clusters. The MPR for the latter case needed to be re-evaluated and adjusted if needed.
For V2X CA, the waveforms now may contain 4 different non-adjacent SC-FDM clusters, which increases the complexity of the IMD effect significantly. Nevertheless, we hope that the same approach may still works in this case. Of course, more simulations are needed to verify if the required MPR to suppress the in channel IMD peaks is not too much.
Proposal 4: RAN 4 to further study to needed MPR to supress the in channel IMD peaks for 2 carriers V2X CA waveforms with non-adjacent control and data clusters in each carrier.
Conclusion
For the case where control and data clusters are adjacent.
Observation 1: when check with IBE requirement, the simulation results for waveforms with small number of allocated RB have less spread out values.
Observation 2: There is a small increase (approx. 0.5-1 dB) in MPR compared to the result without checking IBE.
Observation 3: The MPR for 16QAM is slightly more (approx. 05dB) than that of QPSK. This is due to tighter IBE requirement.
Proposal 1: Adopt option 2: “Specify in-band emission requirement without considering IMD exceptions and apply MPR for IMD product”.
Proposal 2: Specify MPR for V2X 2 adjacent carriers CA waveforms with adjacent control and data clusters as:
1. For QPSK modulation order:
MA =      6.5		                    ; 0 ≤ A < 0.1
8.5 - 20A 		      ; 0.1 ≤ A < 0.2
5.3 – 4A		      ; 0.2 ≤ A < 0.7
2.5			      ; 0.7≤ A ≤ 1.

2. For 16QAM modulation order:
MA =      6.5		                    ; 0 ≤ A < 0.1
8 - 15A 		      ; 0.1 ≤ A < 0.2
5.8 – 4A		      ; 0.2 ≤ A < 0.7
3			      ; 0.7≤ A ≤ 1.
For the case where control and data clusters are not adjacent.
Proposal 3: RAN4 to adopt the same IBE requirement for single carrier V2X waveforms with adjacent control and data clusters to single carrier V2X waveforms with non-adjacent control and data clusters. The MPR for the latter case needed to be re-evaluated and adjusted if needed.
Proposal 4: RAN 4 to further study to needed MPR to supress the in channel IMD peaks for 2 carriers V2X CA waveforms with non-adjacent control and data clusters in each carrier.
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