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Discussion
1  Introduction
The contribution R4-142392 [1] in Mexico meeting was to propose a new test by extending SDR test to verify the performance under minimal channel spacing. Even though it was not approved, the impact of minimal channel spacing is a good question to figure out. In this paper, we give theoretical analysis, together with simulation results, to check the demodulation performance.
2  CA with minimal channel spacing and the comparison with ACI scenario
Let’s first look at the existing adjacent channel selectivity test in 7.5 of 36.101. The purpose of discussing the ACI case first is because it is the existing test and the UE should be able to handle it before the minimal channel spacing issue for CA. Fig.1 shows an example of desired 20MHz signal with a 5MHz interferer. There are several things to be noticed from Fig. 1,
· The oversampling rate is 61.44 MHz in this example
· Down-sample to the elementary rate 30.72MHz before doing FFT
· The center frequency of the interferer is not orthogonal to the desired signal 

· The frequency gap between the desired signal and the interferer is 1.25MHz

· The interferer may impact the FFT dynamic range if it is not removed

The oversampling rate is UE implementation issue and it is double the elementary rate in our simulation. Basically, the frequencies outside -15.36MHz to 15.36MHz have to be filtered out by anti-aliasing filter before down-sampling to the elementary rate. However, it is not enough for the ACI scenario because the interferer is located inside the FFT output range, and more importantly, it is not orthogonal to the desired signal. So when the FFT is performed, there will be significant power leakage to the in-band of the desired signal particularly when the ACI power is much larger. Then an additional ACI filter has to be applied to remove the interferer in time domain before FFT happens.
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                             Fig. 1, ACI scenario
Fig. 2 shows the performance comparison with and without the ACI filter. The simulation setup is as follows,

·  The desired signal is TM9 random beamforming and two layer transmission, and MCS27 which is 64QAM with the code rate around 0.9
·  AWGN for both the desired signal and the interferer

·  The desired signal is 20MHz and the interferer is 5MHz
·  The interferer has power imbalance which is 25.5dB larger than the desired signal
There are three curves in Fig. 2. The red curve shows the performance without the interferer as the benchmark. The green curve shows the performance as the ACI filter is applied, and the blue curve is the result of only applying the anti-aliasing filter. It is clear seen that, the non-orthogonality of the interferer impacts the performance significantly. As ACI filter is applied, the performance degradation is around 0.3dB and 0.4dB at 70% and 90% of the max throughput, respectively, as compared to the case that the interferer is not present. 
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                       Fig. 2, simulation results for ACI case

In the next, let’s check the performance of 2DL and 3DL with minimal channel spacing, as the existing digital front end filters for ACI case are applied.
The intra-band contiguous CA is considered. In the simulation the performance of one CC is evaluated. The reason is explained below. Fig. 3 shows the 2DL CA spectrum at the baseband and again the oversampling rate 61.44MHz is adopted. The PCC and SCC can be individually handled at the baseband. The baseband frequency shifting in Fig. 4 can move one carrier to the DC, and then the anti-aliasing filtering and ACI filtering are followed. Since each carrier can be individually processed, we simply show the results of the demodulation performance of one carrier.
The main differences between ACI case and 2DL CA are,

· For ACI case, the interferer has significant power imbalance, and it is not orthogonal to the desired signal

· For 2DL CA case (intra and contiguous), the power imbalance and the frequency offset can be well controlled for both CCs. So basically the orthogonality can be maintained
· The frequency gap is 1.25MHz and 300KHz for ACI and 2DL CA cases, respectively

Let’s check the performance as the digital front end filters which are originally for ACI case are applied to the 2DL CA with minimal channel spacing. The simulation setup is as follow,

· TM9 random beamforming, MCS27 and two layer transmission for both CCs. Only check the result from one carrier

· add the frequency gap 301KHz for comparison to see the impact of non-orthogonality

· equal power on both CCs

· AWGN for both CCs

· enable both the anti-aliasing filter and ACI filter

From Fig. 5, it is seen that the degradation is pretty limited as compared to the single carrier case. It is also seen that, even 1KHz frequency offset is intentionally induced, the degradation is still negligible. It is mainly due to the well-controlled power balance for intra band contiguous CA scenario. If unfortunately the power imbalance is significant, the ACI filter has to be re-redesigned and the filter transition band is only 300KHz, making the design more challenging. 
We further extend the simulation to the 3DL CA case, and again only one carrier’s demodulation performance is checked. Fig. 6 shows the setup and Fig. 7 shows the simulation results. It is seen that there is no much difference from that of the 2DL CA case. It is because the digital front end filters are symmetric. 
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                             Fig. 3, 2DL CA at the baseband
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                Fig. 4, 2DL CA at the baseband by baseband frequency shifting
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Fig. 5, simulation results for one carrier in 2DL CA with minimal channel spacing
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      Fig. 6, 3DL CA at the baseband
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Fig. 7, simulation results for one carrier in 3DL CA with minimal channel spacing

3  Conclusion 
Our observations and proposals are,
Observation 1: The ACI in the test has large power imbalance and non-orthogonal frequency offset. The ACI filter is necessary to remove the ACI in time domain
Observation 2: For the intra-band contiguous CA case, the power balance and frequency offset between CCs can be well controlled
Observation 3: No significant performance degradation is seen as the digital front end filter design for the ACI case is applied to the CA case with minimal channel spacing
Proposal 1: Encourage more companies to provide the results, and more impairment conditions could be considered in the evaluation
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