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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved. One of the objectives is to study feasibility and gain of PC5 operation with short TTI [1]:
	· Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2]


In order to analyze performance of short TTI operation, at the RAN1#88bis meeting, evaluation assumptions to study sidelink V2V communication with short TTI were discussed. The evaluation scenario and simulation assumptions for short TTI evaluations were agreed, except two remaining opens that were left unresolved / FFS.

	· FFS how to model time-selective interference and AGC impact.


In this contribution, we discuss remaining FFS aspects for evaluations of sidelink V2V communication with short TTI transmission including impact of time-selective interference and AGC/ADC operations, following the RAN1 WG conclusion based on discussion of [2].

	· 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.


Our views on other V2V PC5 enhancements are provided in companion contributions [3]-[10].
2 AGC Impact

2.1 Near-Far Problem

The multiplexing of short TTI (S-TTI) and legacy/long TTI (L-TTI) transmissions in the same subframe can have significant impact on R14 demodulation performance. For instance, when R14 UEs receive data from the distant R14 transmitters and nearby R15 UEs trigger transmission in the middle of subframe, the significant near-far issue may happen for R14 UE receiver, which is not expected to adjust AGC at the rate of S-TTI granularity in time. This issue may lead to significant non-linear distortion and should be carefully studied.

Observation 1
· Significant near-far problem can be observed by R14 UEs if legacy TTI and short TTI transmissions coexist in the same subframes.

One of the options to avoid dynamic range issue for R14 UEs, is to force R15 UEs to always transmit in the 1st symbol of subframe (e.g. use AGC training symbol), so that R14 UEs correctly settle their AGC according to the max level of received power range within a subframe. This approach was discussed in [11] and can be used for simplified evaluation of AGC impact on R14 V2V receivers. In addition it can reduce, the AGC overhead issue, if all UEs that occupy any S-TTI portion of subframe transmit signal for AGC settling at the beginning of subframe (e.g. first symbol of subframe is a AGC training symbol). This approach can help to operate AGC at the subframe rate, reduce the AGC implementation overhead, and avoid saturation problem in R14 UEs.
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Figure 1: Potential mechanisms to address near-far problem in case of S-TTI transmission.

Proposal 1
· Impact of S-TTI transmission on L-TTI reception is taken into account when S-TTI and L-TTI share the same set of subframes.

· Consider simplified mechanism of shared AGC symbol for system level evaluation of S-TTI performance.

2.2 AGC Implementation Overhead

On AGC implementation overhead

Based on feedback from RAN4 WG R14 UEs assume one symbol for AGC settling time. In case of S-TTI, depending on the number of S-TTIs within subframes, the AGC implementation overhead may grow linearly. For R14 UEs, AGC implementation overhead is 1 symbol per subframe. For R15 UEs, it will grow up to the amount of S-TTIs per subframe. 

Proposal 2
· For R14 UEs, AGC settling rate is fixed to 1ms.

· OFDM symbol used for AGC settling is assumed punctured at the receiver and not used for demodulation.

2.3 AGC Impact Emulation

In case if simplified approaches above are not agreeable by the RAN1 group, then more sophisticated procedure like the one discussed in [2] should be considered. In particular, the AGC impact can be emulated as an additional noise due to improper signal scaling before ADC. The ADC operation is characterized by signal to quantization and clipping noise ratio (SQNR = < | (s - sq) |2 > / < |s|2 >; where sq – is quantized by ADC signal). The value of SQNR depends on the signal scaling within ADC dynamic range. The SQNR behavior for different number of ADC bits and signal backoff with respect to ADC scale is shown in Figure 2, where backoff is defined as the ratio of average signal power to ADC scale ( σs2 / |A|2 ). It should be noted that SQNR for OFDMA and SC-FDMA waveforms is different. However after signal propagation through multipath channels there is no noticeable difference between SC-FDMA and OFDMA waveforms [2].
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Figure 2: SQNR vs ADC backoff for different number of ADC bits 8-12.

As it can be seen from Figure 2, the SQNR vs BO curve has a peak value and two regions characterized by different dominant noise sources. The region on the left side from the peak is determined mainly by quantization noise while the region on the right side is determined by the clipping (i.e. clipping noise). The clipping and quantization noise have different nature. The clipping is a result of signal saturation due to limited ADC dynamic range. The clipping noise is in general more dangerous due to strong non-linear signal distortion. Therefore typically large ADC backoff (< -13dB for OFDM) is used to avoid probability of signal clipping and operate under quantization noise conditions. It should be noted that further backoff increase also increases the quantization noise power and reduces SQNR. Therefore, the reasonable backoff value should be selected to ensure proper SQNR value for reliable reception.
Figure 3 illustrates quantization and clipping noise effects, for different backoff settings from different sides of SQNR peak:
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Figure 3: Quantization and clipping noise for 8bit ADC
Left side – quantization region: BO = -18dB (5 dB offset to the left from SQNR peak)
Right side – clipping region: BO = -8dB (5 dB offset to the right from SQNR peak).
It is clear that SQNR is very sensitive to the BO offset from the value that maximizes SQNR (BOmax ≈ -13dB) towards clipping region. In other words even small BO offset relative to the peak results in significant SQNR degradation.

In order to understand how it affects the BLER, we plotted BLER vs BO for code-rates 1/2, 3/4 using 16QAM modulation. For analysis, we assumed ideal channel knowledge at the receiver side and considered only effect from quantization and clipping noise. The link level evaluation results are show in Figure 4.
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Figure 4: BLER vs ADC BO (8 bits - ADC)
In case of S-TTI and L-TTI coexistence in the same subframe, the AGC impact on R14 UEs may be viewed as an improper ADC signal scaling. There may be two cases:
1) Received power is increased with respect to the received power measured at the 1st symbol of subframe. This situation will effectively results in a lower effective BO and thus will cause SQNR degradation due to increased clipping noise.

2) Received power is decreased with respect to the received power measured at the 1st symbol of subframe. This situation will effectively results in a higher effective BO and thus will cause SQNR degradation due to increased quantization noise.

Non-ideal ADC settings for S-TTI signal differently influence on signal properties in frequency domain for case 1 and case 2. Figure 5 illustrates power spectral density of S-TTI signal after ADC and ADC noise provided by quantization and clipping error:
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Figure 5: PSD of Signal after ADC and ADC Error for 8bit ADC
Left side – for case 1. BO = -18dB (5 dB offset to the left from SQNR peak).
Right side – for case 2. BO = -8dB (5 dB offset to the right from SQNR peak). 
It should be noted that actual SINR for L-TTI signals should be re-calculated even if received power is increased on other frequency resources i.e. not the ones where demodulation is performed. The reason for this is that the quantization and clipping noise of S-TTI signal provide additional in-band interference to L-TTI signal due to spectrum leakage when signal is quantized or clipped.

Figure 6 illustrates link-level evaluation results when UE tries to receive L-TTI signal (which is properly scaled to ADC range (PL-TTI)) in the presence of the second signal with higher TX power PS-TTI which power contribution was not taken into account for ADC backoff. The BLER of L-TTI signal vs power difference of two signals is shown below.
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Figure 6: BLER vs power difference between L-TTI and S-TTI signals in case of the same subframe
It is clearly seen that in case if there is a power difference of more than 10dB the probability to receive weak signal is very small due to leakage caused by ADC clipping (saturation). Therefore based on the analysis we propose to consider this effect when S-TTI and L-TTI are transmitted in the same resource pool.
Proposal 3
· Assume 8 bits for ADC
· Reproduce SQNR curve for agreed number of bits and use it for system level evaluations
· Set ADC backoff to [-18dB]
· For R14 UEs backoff is evaluated with respect to received power at the 1st symbol of subframe
· For R15 UEs, 
· Option 1: Backoff is set with respect to the 1st symbol of subframe. In this case AGC implementation overhead is 1 symbol. 
· Option 2: Backoff is set with respect to the 1st symbol of short TTI. AGC implementation overhead is equal to N symbols per subframe, where N – is the number of short TTIs per subframe.
· For short TTI V2V sidelink evaluations,
· UE calculates the power level used for AGC settling (P1 – power received and used for AGC setting)
· UE calculates the received power in demodulation symbol (P2)
· The P2 and P1 are used to determine the SNR per symbol taking into account SQNR curve. The spectrally flat noise can be assumed in frequency domain for simplicity.
· Note
· If (P2 < P1) then only quantization noise is added
· If P1 < P2 < (P1 +Threshold), then both quantization and clipping noise are added
· If (P2 > P1+Threshold), reception is declared as failed
· Threshold = [10 dB]
3 Impact of Time Selective Interference

In case of S-TTI and L-TTI coexistence in the same set of resources, the interference from S-TTI transmission will vary within subframe, which was not the case for R14 UEs. In addition, transmission using S-TTI format is likely to be more wideband comparing to the transmissions using legacy L-TTI format. Therefore S-TTI transmissions are likely to affect multiple UEs using L-TTI.
The time-selective nature of S-TTI interference may have negative effect on R14 receivers. In particular, R14 UEs assume that set of interferers does not change within 1ms timescale. The change of interference sets with S-TTI granularity may have negative impact on R14 demodulation, leading to the potential problem of mismatched receivers. The mismatched receiver problem may depend on the signal processing applied in R14 receivers. 
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Figure 7: Wideband S-TTI transmissions overlapping with narrowband L-TTI transmissions 
(Time selective interference - Multiple sets of interference within subframe).

In particular, the performance loss may depend on the type of receiver used and implemented RX processing, especially interference handling. For instance, if UE receiver average interference covariance matrix across four DMRSs within subframes, then receiver will have a sub-optimal interference covariance matrix. The problem may be even more serious if UE estimates covariance matrix only using two DMRSs but uses it estimate for all symbols within subframes. In this case depending on S-TTI transmission region the problem for R14 demodulation may be even more serious.
Proposal 4
· RAN1 to conduct at least link level analysis in order to analyze impact of S-TTI interference on R14 UE demodulation;

· RAN1 to discuss assumptions for evaluation of S-TTI interference impact on R14 UE demodulation, including:

· S-TTI interference profile (INR, SIR values);
· S-TTI distribution within L-TTI (probability of S-TTI);

· Set of R14 receiver models to be used as a baseline for analysis (receiver type, interference estimation assumptions).

4 Summary

In this contribution, we provided our views on remaining details of evaluation assumptions for analysis of short TTI based sidelink V2V communication. In particular, we provided our views on remaining FFS aspects how to evaluate AGC impact on R14 UE demodulation in the presence of S-TTI type of interference. We also proposed to conduct study to analyze “mismatched receiver” problem from time-selective interference due to S-TTI transmissions for different R14 receiver types / implementation options.
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