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1 Introduction

At the previous meeting (RAN1#88b), it was concluded for short TTI simulation to:
Continue discussion at RAN1#89 and make a decision on whether to model ADC quantization errors. For next meeting, companies are encouraged to explain how and if quantization noise is modelled. 

 In this contribution, we discuss the remaining details for sTTI evaluation methodology.
2 Discussion on AGC impacts
During RAN1#88b, it was discussed that when a Rel-15 sTTI transmission and a Rel-14 legacy 1ms transmission occur in the same subframe, the Rel-14 receiver demodulation performance may be degraded due to time-selective interference from the Rel-15 sTTI transmitter. The problem is more severe in a near-far scenario, where a distant Rel-14 transmitter is interfered by a nearby Rel-15 sTTI transmitter in the middle of a subframe. From a Rel-14 receiver perspective, such impact could result in ADC quantization noise and overload distortion. 

2.1 Background on AGC/ADC operations

Typically, ADC implementation and operating regions are illustrated in Figure 1, where three operating regions are defined: an over-ranging region, an under-ranging region, and an operating region where a signal can be recovered. To ensure proper ADC operation, both over-ranging and under-ranging should be avoided. Over-ranging occurs when the total power input to the ADC, PT, is greater than the maximum power the ADC can quantize without clipping, ADCmax, resulting in overload distortion. To avoid over-ranging, AGC is used to keep the signal level at a reasonable range such that transient surges in the input signal power will not drive the ADC into saturation. A safety margin is typically considered in ADC design to absorb signal power fluctuations. Under-ranging can be avoided by ensuring that input signal power is greater or equal than Pmin, to meet the minimum SNR requirements. 
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Figure 1
ADC operating regions
2.2 Modeling ADC Precision 
12-bit resolution ADC has been widely adopted in popular RF SoC products, such as AD9631/32 [1] and even low-cost LBE SoC [2]. Mainstream automotive IC products are now considering at least 12-bit ADC precision [3]. Flagship products for ADAS and autonomous driving applications are using 16-bit ADC precision [4]. Thus, it is reasonable to consider when R15 technology is available, 16-bit ADC precision is likely to become readily available. Therefore, it is proposed to consider 16-bit ADC precision in evaluating the impact ADC quantization. Figure 2 shows the signal-to-quantization-noise ratio (SQNR) vs. backoff curves for different ADC precisions.
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Figure 2
SQNR performance curves under different ADC precisions
Proposal 1: Use the SQNR curve corresponding to 16-bit ADC precision for sTTI system level evaluations.
2.3 Modeling ADC backoff

Proper ADC backoff selection is crucial to absorb signal power fluctuations. Some important factors to consider are ADC precision and MCS. For a given modulation order, the higher the ADC precision is, the larger backoff value can be selected. In turn, for a given ADC precision, the higher the modulation order, the smaller the backoff value. 
Based on 16-bit ADC precision, we determine the proper backoff values for assuming 16QAM 1/2 for Rel-14 UEs. 
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Figure 3
R14 16QAM BLER performance under different SQNR
As can be observed from Figure 3, BLER performance is almost the same as an ideal system when the SQNR is above 31.1dB.  Based on this observation and cross-referencing Figure 3, the corresponding backoff value is -70 dB.
Proposal 2: ADC backoff is set as -70 dB.
2.4 Clipping threshold
The next modelling parameter to decide is the clipping threshold. The value of this parameter is related to the ADC backoff value: the larger the backoff value, the lesser the need for clipping.
Observation : The larger the ADC backoff is selected, the lesser the need for clipping.
Based on selected ADC backoff value -70dB and 16-bit ADC precision, the nonlinear distortion effects in time domain as well as frequency domain are evaluated in Figure 3. 
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Figure 4
SQNR performance in time and frequency domain for different clipping thresholds
As can be observed from Figure 4, the clipping threshold corresponding to -70dB backoff is 56dB. 
Proposal 3: For short TTI V2V sidelink evaluations, clipping effects are modelled as:
· For a demodulation symbol with received power Pr
· If (Pr < ADC backoff), only quantization noise is added;
· If ADC backoff < Pr < (ADC backoff +Threshold), both quantization and clipping noise are added

· If (Pr > ADC backoff +Threshold), the packet reception is declared as failure
· Threshold = 56 dB 

3 Conclusions
In this contribution, the remaining details for sTTI evaluation methodology are discussed. The following observations and proposals are made:
Proposal 1: Use the SQNR curve corresponding to 16-bit ADC precision for sTTI system level evaluations.
Proposal 2: ADC backoff is set as -70 dB.
Proposal 3: For short TTI V2V sidelink evaluations, clipping effects are modelled as:
· For a demodulation symbol with received power Pr
· If (Pr < ADC backoff), only quantization noise is added;
· If ADC backoff < Pr < (ADC backoff +Threshold), both quantization and clipping noise are added

· If (Pr > ADC backoff +Threshold), the packet reception is declared as failure
· Threshold = 56 dB 
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