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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved. One of the main RAN1 WG objectives is to study feasibility and gain of PC5 operation with short TTI [1]:

	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 this contribution, we continue system level study of short TTI based sidelink V2V communication. The presented analysis is compliant with the evaluation methodology developed for short TTI evaluations at the previous RAN1 WG meetings.

Our views on other LTE R15 V2V PC5 enhancements are provided in companion contributions [2]-[11].
2 Sidelink Short TTI Deployment Scenarios
In order to get insights and analyze pros and cons of short TTI based LTE-V2V communication, we separately considered the following three deployment scenarios:
· Scenario 1. R14 UEs only (L-TTI only)

· This scenario is considered as a reference one relative to which the PRR performance benefits are analyzed. The UE behavior follow the LTE R14 sidelink sensing and resource selection procedures.

· Scenario 2. Mix of R14 and R15 UEs (S-TTI and L-TTI)

· This is the main target deployment scenario for system level analysis according to the WID [1] that should be used to draw conclusions of S-TTI evaluation phase. Given that this scenario is characterized by significant coexistence challenges, we separately analyze two sub-scenarios with shared AGC symbol at each subframe and w/o shared AGC symbol. These two options have different impact on R14 UEs in terms of ADC quantization/clipping impacts and RF saturation [13] while the similar overhead is considered for both two options. 
· Scenario 2a. Shared AGC symbol. In this case, UEs assigned for transmission on a given subframe always transmit at the 1st symbol of subframe in order to settle AGC by R14 and R15 UEs. This option reduces the problem of clipping noise and RF saturation. This design option could be implemented with reduced implementation overhead (DMRS, AGC symbol, TX/RX gap) [8].
· Scenario 2b. W/o shared AGC symbol. In this case, R15 UEs settle AGC at the first symbol of S-TTI, while R14 UEs settle AGC at the first symbol of subframe and do not adjust AGC until the next subframe. This UE behavior results in extra quantization & clipping noise as well as RF saturation problem for R14 UEs. R15 UEs have additional implementation overhead on AGC and TX/RX gap.
· Scenario 3. R15 UEs only (S-TTI only)

· This additional scenario analyzes potential benefits of S-TTI based LTE V2V communication in a green field, i.e. without R14 UEs and thus w/o corresponding coexistence issues. Note that this scenario is not the main objective of the study phase, however it can provide additional insights into system performance / tradeoffs.
3 Analysed Sidelink Short-TTI Physical Structures

S-TTI physical structures with various implementation overhead can be used in different scenarios. In general, design options with shared AGC symbols have lower implementation overhead [8]. For comparative analysis of scenarios with and without shared AGC symbol, we have considered S-TTI physical structures with the same implementation overhead as shown in Figure 1. It should be noted that only slot-based S-TTI were considered given that implementation overhead in sub-slot level S-TTIs is very high [8], especially if there is no dedicated/shared symbol used for AGC settling time.
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Figure 1: Slot based S-TTI physical structures: a) w/o shared AGC symbol
(AGC symbol – 1st symbol of slot); b) Shared AGC symbol
(AGC symbol – 1st symbol of subframe)

4 System Level Evaluation Results
4.1 Scenario 2 – Mix of R14 and R15 UEs

According to the RAN1 WG discussion, the major technical challenges for Scenario 2 are time-selective interference and AGC operation that can lead to ADC quantization/clipping noise and RF saturation effects [13]. In addition, transient period of TX-RX switching was discussed and agreed to be considered in evaluations [14]. In the next two subsections, we separately analyse the first two factors contributing to co-existence challenges of R14 and R15 UEs. In this contribution, the transient time modelling aspect is automatically handled by the short-TTI physical structure used in evaluations where gaps are added after TX-RX switching.
4.1.1 Impact of Time Selective Interference

The S-TTI transmissions occupy only part of subframe (e.g. one slot) that results in time selective interference towards R14 receivers. The time selective interference is not expected by R14 UEs. For instance, R14 UEs may assume (based on certain implementation) that interference covariance matrix can be estimated across resources elements of PRBs on DMRS positions. Therefore in case of slot based S-TTI structure the interference covariance matrix can be averaged across slots. This can lead to mismatched R14 receiver problem that may degrade sidelink V2V demodulation performance. In this section, we analyse V2V performance of R14 receivers in the presence of S-TTI interference and consider two cases:

1)  Interference covariance matrix is estimated with subframe granularity in time;

2)  Interference covariance matrix is estimated with slot granularity in time.
Results of system level evaluations are shown in Figure 2. Note that in this section there is no effect of quantization and clipping noise considered.
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Figure 2: Impact of time selective S-TTI interference on R14 UE reception.

Observation 1
· Effect of time selective interference caused by S-TTI transmissions has significant impact on R14 reception performance by R14 UEs.
4.1.2 Impact of ADC Noise / RF Saturation
S-TTI transmissions can result in significant variation of total received power within subframe. Significant RX power variation within subframe is not expected by R14 receivers. Given that AGC is settled only at the first symbol of subframe based on total RX power, the signal back-off with respect to ADC scale may be invalid in different time portions of subframe. The improper signal scaling within ADC range increases quantization / clipping noise and may cause RF saturation in case of significant received power increase [13]. This effect may significantly degrade LTE R14 V2V PRR performance.
Results of system level evaluations are shown in Figure 3. Note that in this section the interference covariance matrix is estimated with slot level granularity (i.e. there is no degradation due to presence of time-selective interference).
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Figure 3: Impact of S-TTI transmission on R14 UE reception – ADC quantization and RF saturation impacts.
Observation 2
· S-TTI transmissions have significant impact on R14 reception performance by R14 UEs due to finite dynamic range and near-far problems resulting in additional quantization or clipping noise as well as RF saturation issue.
4.2 Comparative Analysis of V2V Performance
In this subsection, we provide comparative analysis of PRR performance for R14 and R15 UEs taking all effects into account. We separately analyse reception for R14 (legacy TTI) and R15 (short TTI) transmissions by different UEs. In addition, we compare performance in all considered scenarios. For Scenario 2, three curves are presented: 1) R14 reception by R14 UEs; 2) R14 reception by R15 UEs; 3) R15 reception by R15 UEs for the case with and without shared AGC symbol. Results of system level evaluations are shown in Figure 4. The following traffic scenario is analysed:

· Rel-14: 4 x 190 bytes + 1 x 300 bytes; 100 ms period; 100 ms latency;
· Rel-15: 4 x 190 bytes + 1 x 300 bytes; 100 ms period; 20 ms latency.
Evaluation results for another traffic scenario are provided in Figure 5 (see Annex B):
· Rel-14: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency;
· Rel-15: 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency.
	Shared symbol AGC (AGC rate 1 ms)
	Slot AGC (AGC rate 0.5 ms)
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Figure 4: Comparative PRR performance analysis in various deployment scenarios.

Based on analysis of system level evaluation results, we have following observations:
Observation 3
· For coexistence scenario (Scenario 2), the following observations can be made:
· Performance of legacy TTI reception by R15 UEs is better comparing to R14 UEs due to assumption that R15 UEs can adjust AGC and properly handle time selective interference caused by short TTI.

· Performance of legacy TTI reception by R14 UEs improves, if shared AGC symbol is used, otherwise the problem of finite dynamic range and deviation of RX power within subframe leads to additional degradation of legacy TTI reception by R14 UEs.
· Performance of short-TTI reception by R15 UEs is worse comparing to legacy sidelink TTI structure, which can be explained by several factors: 1) reduced link budget of short-TTI structure; 2) higher impact from R14 transmissions; 3) higher implementation overhead of short-TTI sidelink physical structure.
· Performance of short-TTI reception by R15 UEs in coexistence Scenario 2 is worse than short-TTI reception in green field Scenario 3, which indicates significant impact from legacy TTI transmissions on short TTI reception.

· Performance of legacy-TTI reception by R15 UEs in coexistence Scenario 2 is slightly better than legacy-TTI reception in Scenario 1, if impact from AGC and time-selective interference is properly handled by R15 UEs.

· Scenario 3(green field) shows similar or slightly better PRR performance comparing to Scenario 1 (legacy) for the case of high vehicle density, while opposite behaviour is observed for low/medium density scenarios.

5 Summary

In this contribution, we provided system level analysis to study performance of short TTI for V2V sidelink communication in various deployment scenarios following the agreed evaluation assumptions. Our results show significant coexistence challenges when legacy TTI and short TTI transmissions share the same resource pool. The proposed and evaluated solutions reduce coexistence problem, however the overall system performance in coexistence scenario is still worse comparing to the system operation using only short TTI or legacy TTI for sidelink V2V communication.
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7 Annex A – System Level Evaluation Assumptions

The following simulation assumptions and parameters were agreed at the RAN1#88-bis and RAN1#89 to be used for sTTI evaluation in the framework of the R15 LTE V2V communication work item:
Table 1: Evaluation methodology for short TTI LTE V2V communication.
	Parameter
	Value

	Deployment scenario
	Same as Rel-14 deployment scenario.

	Proportion of Rel-14 and Rel-15 UEs 
	(Rel-14 UE, Rel-15 UE) = {(50, 50)}. Other options not precluded. Two cases are evaluated for each proportion of UE combination;
· Case 1: Rel-15 UEs use 1ms TTI (SA and data)
· Case 2: Rel-15 UEs use short TTI (Companies to provide the detailed TTI structure)

	Traffic model
	Periodic broadcast traffic
Mixed scenario 1:
· Rel-14: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency
· Rel-15: 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency

Mixed scenario 2:
· Rel-14: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency
· Rel-15: 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency

Companies can bring results for other traffic models and latency.

	Resource (re-)selection for Rel-15
	Rel-14 resource (re-)selection is used as baseline. Any change to the baseline should focus on incorporating sTTI in resource (re)selection and resource allocation.
Companies to provide simulation parameters at least including T1/T2.

	Number of transmission(s)
	Up to companies with limitation to 2.

	TTI Structure
	· Subframe TTI granularity (LTE R14 legacy TTI structure)

· Slot TTI granularity

· Sub-slot TTI granularity (optional)

	Frequency allocation
	· Subframe TTI granularity: 2 PRB SCI format 1
Companies provide details of PRB allocation for PSCCH for sTTI

	AGC settling time
	Same as R14

	Time for Tx/Rx switching
	Same as R14

	Interference model
	Time-varying interference and noise within subframe

	Transient period
	Transient period of short TTI (sTTI) should be taken into account

	Interference Estimation
	R14 UE: No time selective interference expectation, averaged across slots

R15 UE: Per slot estimation

	ADC and RF parameters
	10 Bit ADC; Backoff = -18 dB

Clipping threshold = 10 dB

	ADC and RF impairments modeling 
	RF saturation modeling and SQNR vs. Backoff curve as in [13]

	Performance metric used for comparison
	· The PRR performance of V2V communication among R15 UEs

· The PRR performance of V2V communication from R14 UE to both R14 and R15
· Other metrics not precluded


In Table 2, we provide additional system level evaluation assumptions that were used in this contribution following the agreed evaluation methodology for short TTI LTE-V2V evaluations.
Table 2: System level evaluation assumptions

	Parameter
	Value

	Deployment scenario
	LTE R14 V2V methodology

· Freeway Dense, MTAD = 2.5s, Vehicle speed = 70 km/h
· Freeway Ultra Dense, MTAD = 1.25s, Vehicle speed = 70 km/h
· Urban Sparse, MTAD = 2.5s, Vehicle speed = 60 km/h
· Urban Dense, MTAD = 2.5s, Vehicle speed = 15 km/h

	Traffic model
	Legacy Deployment (Scenario 1):
· 50% R14 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency

· 50% R14 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency
· 50% R14 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency

· 50% R14 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency
Mixed deployment (Scenario 2):
Mixed transmission scenario 1

· R14 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency

· R15 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency

Mixed transmission scenario 2:

· R14 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency

· R15 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency
Greenfield Deployment (Scenario 3):

· 50% R15 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency

· 50% R15 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency
· 50% R15 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency

· 50% R15 UEs Traffic: 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency


	Resource selection
	Follow LTE R14 resource selection/reselection procedure with the following parameters:

· 1s sensing window duration

· 20% remaining resources ratio

· 16 ms selection window duration

	Number of packet TTIs
	2

	TTI structure
	Subframe TTI granularity

· LTE Rel-14 legacy TTI structure

Slot TTI granularity

· Option 1 (0.5 ms AGC Rate): 1 AGC symbol; 2 DMRS; 3 Data, 1 GAP (Figure 1-a)

· Option 2 (1 ms AGC Rate with GAPs): Even slot: 1 AGC; 1GAP; 2 DMRS; 3 Data; Odd slot: 2 DMRS; 3 Data, 2 GAP (Figure 1b)

	Frequency resource allocation
	Adjacent SCI and Data transmission

· Subframe TTI: 10 PRB Data + 2 PRB SCI Format 1

· Slot TTI: 20 PRB Data + 4 PRB SCI

	Packet TX parameters
	Subframe TTI granularity

· 190 byte packet: QPSK, TBS = 1544 (CRTTI = 0.8)

· 300 byte packet: QAM-16, TBS = 2536 (CRTTI = 0.66)

Slot TTI granularity

Option 1 (0.5 ms AGC Rate):

· 190 byte packet: 16-QAM, TBS = 1544 (CRTTI = 0.53)

· 300 byte packet: 16-QAM, TBS = 2536 (CRTTI = 0.88)

Option 2 (1 ms AGC Rate with GAPs):

· 190 byte packet: 16-QAM, TBS = 1544 (CRTTI = 0.53)

· 300 byte packet: 16-QAM, TBS = 2536 (CRTTI = 0.88)

	Simulated impairments
	· RF Saturation

· Quantization and clipping noise 

· Time-selective interference and noise modeling 


8 Annex B – System Level Evaluation Results for Traffic Mixed Scenario 2
In Figure 5, system-level evaluation results for the traffic scenario 2 (with 20ms transmission period for 50% of UEs) are presented. The PRR performance for the R15 and R14 UEs in Scenario 2a and Scenario 2b is compared with Scenario 1 and Scenario 3, where all UEs belong to the same release but 50% of UEs have traffic with 100 ms packet arrival period and 100 ms latency and other 50% UEs have traffic with 20 ms period and 20 ms latency.

	Shared symbol AGC (AGC rate 1 ms)
	Slot AGC (AGC rate 0.5 ms)
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Figure 5: Comparative PRR performance analysis in various deployment scenarios 
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