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[bookmark: _Ref298777854]Introduction
[bookmark: _Ref174151459][bookmark: _Ref189809556]In RAN1 #88bis, the following collusion was made: 
Conclusion: 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 remaining details of short TTI evaluation methodology.
Discussion
Evaluation methodology for AGC impact of short TTI
When short TTI (S-TTI) and legacy TTI (L-TTI) coexist in rel. 14 resource pool and rel. 15 UE uses S-TTI for both of SA and data transmission, rel. 14 UE may not be aware of the potential transmissions within a TTI and S-TTI transmissions may lead to additional quantization and clipping noise for R14 receivers. This time varying quantization and clipping noise within a TTI so called time varying near far effect within a TTI is never investigated. 
Observation 1: Rel. 14 UE may not be aware about the potential transmissions and S-TTI transmissions may lead to additional quantization and clipping noise for R14 receivers.
Proposal 1: RAN1 agrees on evaluation methodology for AGC impact of short TTI. 
As a straight way, we can consider the fixed point simulation to investigate ADC impact on system level evaluation, which means receivers directly quantize the received signal based on a certain ADC bit size and proceeds demodulation process, but this method will cause a burden to change the evaluation methodology. Therefore, a simpler evaluation methodology should be considered. 
Due to the limitation of ADC bits, the amplitude above a threshold is clipped after ADC operation. This clipping ratio (the average power to the clipped power) can also be denoted “ADC back off”. The following figures show SQNR (signal to quantization noise ratio) versus ADC back off. 
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Fig. 1 SQNR vs. ADC back off
Based on curves, we have the following observation:
Observation 2: For the simultaneous transmission of PSCCH and PSSCH, SQNR according to RB size, channel status and modulation order has marginal difference. 
If the back off level is high, a clipping distortion decreases while it suffers from the PAPR and quantization noise. This trade-off relationship between the clipping distortion and quantization noise should be taken into consideration in selecting the clipping level and the number of bits for quantization. If ideal AGC and RF circuit are considered, the optimal back off which maximizes SQNR should be assumed, but taking the AGC inaccuracy and practical RF imperfections, back off margin should be taken into account. We propose 18dB back off and 8bits ADC same as proposed in [1]. Note that 35dB SQNR is obtained regardless of channel status, modulation order, and RB size when 18dB backoff and 8bits ADC are considered. 
Based on our analysis, we propose the following evaluation methodology;
Proposal 2: It is assumed that ADC back off is set to X = -18 dB and ADC bits is set to Y = 8 bits.    
Step 1: Rel. 14 UE measures average power for AGC setting at the first symbol of subframe (P1). 
Step 2: Rel. 14 UE measures the received power in demodulation symbol (P2). 
Step 3: If P2<P1, quantization noise is added in the demodulation symbol.
	If P2>P1, quantization noise is added and clipping is applied in the demodulation symbol. 
[bookmark: _GoBack]The clipping level is determined by P1, i.e. clipping level = sqrt(P1*10^(X/10)) and quantization noise has uniform distribution as function of P1, X, Y i.e. quantization noise  [-sqrt(P1*10(X/10))/2^(Y-2), +sqrt(P1*10(X/10))/2^(Y-2)]. Fig. 2 illustrates CDF of quantization error when 8bits ADC and 18dB back off are assumed. Note that a linear function of CDF means that the quantization error has uniform distribution. 
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Fig. 2 CDF of quantization error
 
ICI impact caused by power transient period
If S-TTI coexists with L-TTI within a same subframe, power transient period due to Tx/Rx switching or transmit power change should be taken in account. As discussed in our companion contribution [2], even though the last symbol for each S-TTI is fully punctured for Tx/Rx switching, the power transient period causes inter-carrier interference (ICI) to normal TTI signal reception. Fig. 3 illustrates it. Rel. 15 UE does not use the symbol with power transient period for decoding or power transient modeling is necessary if that symbol is used for decoding.

[image: ]
Fig. 3 ICI caused by power transient

Proposal 3: ICI impact caused by power transient should be taken into account in S-TTI evaluation. For example, rel. 15 UE does not use the symbol with power transient period for decoding or power transient modeling is necessary if that symbol is used for decoding.

Conclusion
This contribution discussed remaining details of short TTI evaluation methodology. Based on the discussions, the following proposals were made: 

Observation 1: Rel. 14 UE may not be aware about the potential transmissions and S-TTI transmissions may lead to additional quantization and clipping noise for R14 receivers.
Proposal 1: RAN1 agrees on evaluation methodology for AGC impact of short TTI. 
Observation 2: For the simultaneous transmission of PSCCH and PSSCH, SQNR according to RB size, channel status and modulation order has marginal difference. 
Proposal 2: It is assumed that ADC back off is set to X = -18 dB and ADC bits is set to Y = 8 bits.    
Step 1: Rel. 14 UE measures average power for AGC setting at the first symbol of subframe (P1). 
Step 2: Rel. 14 UE measures the received power in demodulation symbol (P2). 
Step 3: If P2<P1, quantization noise is added in the demodulation symbol.
	If P2>P1, quantization noise is added and clipping is applied in the demodulation symbol. 
Proposal 3: ICI impact caused by power transient should be taken into account in S-TTI evaluation. For example, rel. 15 UE does not use the symbol with power transient period for decoding or power transient modeling is necessary if that symbol is used for decoding.
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