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Introduction
In RAN4#83 meeting, the following agreement [1] has been made on the ICS value in the Power Imbalance Test
· Power imbalance test
· RAN4 agree ICS level is [-25] dBc for power imbalance test
· If technical issues are observed with -25dBc ICS level to support V2X, ICS level could be revised
Earlier contribution [3] has identified that [-25] dBc of ICS performance is not sufficient to guarantee system performance of V2X. However, the above agreement was made due to the concern from some companies about the feasibility of supporting higher ICS values in V2X UE. We will address that concern in this paper by means of analysis and simulation.
Analysis
Power Imbalance test is the test to verify the dynamic range of the device where there will be a strong link FDMed with a weak link and the UE is required to receive the weak link with high reliability. In a sense, it is very similar with the blocking tests in RF specification. The only different is that the strong link, which acts as a blocker, is within the configure channel of the weak link, thus there is no benefit provided by the RF filter. Thus, the main factors that contribute to ICS performance are:
1. AGC: this is the first component that the signal will pass through in the receive path. The concern here is that there may be some clipping effect because the LNA is in a high gain state, so that the strong signal will saturate the weak signal. However, we note that when this happen, the AGC will go through a training loop to adjust the gain state of the LNA (i.e. there will be no clipping), and through that will also decrease the noise figure. This training loop should be finished after at most 1 OFDM symbol per RAN4 assumption. Thus, there will be no negative contribution from AGC to ICS performance, given that the first symbol is always used for AGC training. 
2. Rx RFIC image: when signal go through the RFIC and get down-converted to baseband signal, some distortion will be added, namely the DC leakage and RF image distortion. However, the testing configuration [2] is carefully chosen such that the weak signal RB is not within the position of such leakages from the strong signal.
3. ADC: this phase happens after the signal was down-converted and before it gets processed by the digital baseband processing. The ADC will add quantization noise to the baseband signal. Consider a very a uniform quantization scheme. Such scheme will clearly underperform all available commercial ADC by a large margin. The quantization noise is well known to be white. The SNR of the uniform quantization is as follow:
SNR=6.02N+1.76(dB)
Where N is the number of bits. The SNR for 8 bits (conservative number) ADC is more than 49.92 dB and that of a 12bits (typical number) ADC is 74dB. This number means that the quantization noise will be at least 50dBc below the total received power, which is approximately the power of the strong link. Given the propose ICS numbers are in the range of 25-30dBc, we believe that the effect of quantization noise is negligible. 
4. Baseband Processing: the base band processing just performs NFFT de-mapping and demodulation. Since after de-mapping, each link is processed independently, the only factor that comes into the picture in this phase is the ICI leakage from the strong link to the weak link. The ICI leakage from one tone to another tone can be approximated as follow (given the NFFT size is sufficiently large)
,
where  is the frequency offset,  is the sub carrier spacing and  is the distance between the 2 tones. For V2X, , and worst case for  is 5kHz (assuming maximum frequency mismatch plus Doppler shift at high speed). Given the RB configuration proposed for the test,  is at least 120 (10RBs). The expect ICI value is then at most -52.8 dBc. By the same argument as above, we also believe that the effect if ICI is negligible.
Based on the above analysis, we think that it is not infeasible at all to support even ICS of -30dBc in the test setting currently proposed in RAN4.
Observation 1: It is feasible to support ICS of -30dBc in the test setting considered for power imbalance test.
Proposal 1: The ICS value in the power imbalance test should be set to -30dBc.
Simulation
To further verify the analysis in Section 2, we conduct a small simulation. The setting is as bellow
We first generate a V2X baseband waveform that include 2RB of control and 3RB of data. The baseband waveform is the upconverted to 5.9GHz frequency. The upconverted waveform is then passed through a N bits uniform ADC and then down convert using a reference frequency of 5.9GHz +   where   is set to 5kHz. In the end, we measure the level of energy leaked to non-allocated RBs that is 10RBs away from the allocated RBs. This will quantify the leakage from strong link to weak link due to the combination effect of ADC and baseband processing.  
The received power per RB is plotted in figure 1, with the total receive power normalized to 0dBm. The simulation result confirms the fact that ADC quantization noise is indeed white and should not significantly affect ICI given that more than 4 bits ADC is used. Indeed, the leakage ratio, i.e. the ratio between the energy measured in the RBs from 5 to 9 and the energy leaked to RBs from 20 to 25 are as follow
	Number of ADC bits
	4
	6
	8
	12

	Leakage ratio (dBc)
	35.0522
	38.8346
	39.0481
	39.0662



Indeed, when the number of ADC bits is above 8, the dictated terms become the IBE limit of the waveform.
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Figure 1: Receive Power per RB.
Observation 2: Simulation result show that the composite effect of ICI and ADC quantization noise is at most 35dBc in the most extreme case. As such, they should not affect the ICI performance.

Conclusions
Observation 1: It is feasible to support ICS of -30dBc in the test setting considered for power imbalance test.
Observation 2: Simulation result show that the composite effect of ICI and ADC quantization noise is at most 35dBc in the most extreme case. As such, they should not affect the ICI performance.
Proposal 1: The ICS value in the power imbalance test should be set to -30dBc.
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