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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 (S-TTI) assuming that short TTI functionality would co-exist in the same resource pools as Rel-14 functionality [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 and agreed (please refer to Annex A), except two remaining opens that were left unresolved and are further analyzed in our companion contribution [2].

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


In this contribution, we provide system level evaluation for three deployment scenarios, following the short TTI evaluation assumptions agreed at the RAN1#88bis meeting (see Annex A for convenience):

· Scenario 1 - Legacy V2V deployment scenario;
· Scenario 2 - Mixed V2V deployment scenario;
· Scenario 3 - Green field V2V deployment scenario.
Our views on other V2V PC5 enhancements are provided in our companion contributions [3]-[9].
2 System Level Performance Evaluation

Analyzed deployment scenarios:
In order to study performance of benefits of S-TTI based LTE-V2V communication, the following deployment scenarios are evaluated:

· Scenario 1 - Legacy V2V deployment scenario. In this scenario 100% of UEs (50% of R14 and 50% of R15 UEs) operate using legacy 1ms TTI physical structure, sensing and resource selection procedures defined in LTE R14 for V2V communication.
· Scenario 2 - Mixed V2V deployment scenario. In this scenario, 50% of UEs follow LTE-V2V communication procedures defined in LTE R14, while 50% of UEs are R15 UEs operating using short TTI physical structure (slot TTI). The sensing and resource selection procedure for R15 UEs is similar to R14 UEs with change of resource granularity in time to slot rather than subframe, while other details are assumed to be the same. It is also assumed that R15 UEs can decode R14 transmissions.
· Scenario 3 - Green field V2V deployment scenario. In this scenario, all UEs are R15 UEs that use S-TTI physical structure for transmission. The sensing and resource selection procedure is based on R14 sensing and resource selection assuming 0.5 ms resource granularity in time.
Latency requirements:
In all of the above scenarios, it is assumed that X = 50% of UEs and Y = 50% of UEs have 100 ms and 20 ms latency requirements respectively, while the message generation rate is equal to 100ms. In order to reflect this assumption, the resource selection windows [T1, T2] = [0, 100] and [0, 20] were used for system level evaluation accordingly.
Idealistic assumptions:

There are a few technical opens in agreed evaluation methodology for short TTI LTE-V2V study, the technical details how to analyze impact from AGC and take into account time selective interference on R14 demodulation are left FFS. We discuss these aspects in our companion contribution [2]. For our system level analysis in this contribution, we have used the following assumptions:
· AGC impact on R14 receivers in the presence of S-TTI. In order to take into account AGC impact on R14 UEs from S-TTI transmission, we either assume the concept of shared symbol AGC [9] or assume infinite dynamic range for R14 receivers if received power deviates due to S-TTI transmission in the 2nd slot.
· Impact of time selective interference. In current document, we do not consider impact from time selective S-TTI interference and assume that R14 receivers can estimate interference with S-TTI transmission granularity. It should be noted that this is an idealistic assumption that may lead to increased performance of practical R14 receivers.

2.1 Legacy V2V Deployment Scenario

In legacy scenario, both R14 UEs and R15 UEs use the same R14 physical structure and sensing and resource selection procedure parameters. In other words, the legacy system behavior is emulated. In this scenario the TTI physical structure is represented by 1 AGC symbol, 4 DMRS symbols, 8 data/control symbols and 1 gap symbol. It is also assumed that R14 UE can decode R15 transmissions (both SCI and data) and vice versa.
The average PRR performance for legacy V2V deployment scenario is separately shown in Figure 1 for the following cases:
1) R14 TX (latency 100ms), R14 RX;
2) R15 TX (latency 20ms), R15 RX;
3) R14 TX (100ms), R15 RX;
4) R15 TX (latency 20ms), R14 RX.
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Figure 1: LTE V2V performance analysis in legacy deployment scenario (legacy physical structure & UE behavior)

Based on evaluation results for legacy deployment scenario, we draw following observations:

Observation 1
· In considered V2V deployment scenarios, the duration of resource (re)-selection window almost does not affect PRR performance.

2.2 Mixed V2V Deployment Scenario

In mixed scenario, there are 50% of R14 UEs and 50% of R15 UEs. The R14 UEs use legacy TTI physical structure and LTE R14 sensing and resource selection procedure. It is also assumed that R14 UEs cannot decode transmissions of R15 UEs while R15 UEs are backward compatible with R14 and can decode transmissions of R14 UEs. Two sub-scenarios are analyzed in mixed deployment scenario:
Scenario 2A: AGC is adjusted every subframe (shared symbol AGC). It is assumed that AGC is settled at the beginning of subframe, so that all UEs transmit in the 1st symbol of subframe and do not readjust AGC during subframe. In this case, the following two S-TTI physical structures are used for the 1st and 2nd slot of the subframe by R15 UEs:
· S-TTI in slot#1: The 1st symbol is used for AGC settling. The remaining symbols are used as follows: 2 symbols at legacy positions are used for DMRS processing and 4 other symbols for data/control reception.
· S-TTI in slot#2: The last symbol of slot is used for gap, two symbols at legacy positions are used for DMRS and 4 remaining symbols are used for data/control reception.
Given that in Scenario 2A, the shared symbol AGC is used to cope with near-far problem due to S-TTI transmission, both R14 and R15 receivers use shared AGC symbol to settle AGC. This approach helps to avoid near-far problem and reduce AGC implementation overhead in the 2nd slot (i.e. the 1st symbol of the 2nd slot is not punctured by R15 receivers).
Scenario 2B: AGC is adjusted every slot (slot AGC). In this case, it is assumed that R14 UEs use legacy TTI structure. The R15 UEs use the following slot based TTI structure: the 1st symbol of each slot is used for AGC setting; 2 DMRS symbols are at legacy locations for channel estimation; the last symbol of each slot is used for gap; remaining 3 symbols are used for data/control transmission/reception. For R14 UEs, the infinite dynamic range is assumed, so that the 2nd slot is demodulated without considering potential degradations due to clipping and quantization noise [2].
The average PRR performance for mixed V2V deployment scenarios in Freeway and Urban environment is separately shown in Figure 2 for the following cases:

1) R14 TX (latency 100 ms), R14 RX;

2) R15 TX (latency 20ms), R15 RX;
3) R14 TX (latency 100ms), R15 RX
	Shared symbol AGC (AGC rate 1 ms)
	Slot AGC (AGC rate 0.5 ms)
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Figure 2: LTE V2V performance analysis in mixed deployment scenario (mix of short-TTI and legacy TTI).
Based on evaluation results for mixed deployment scenario, we draw the following observations:

Observation 2
· L-TTI (R14) transmissions are equally well received by R14 and R15 UEs and have much better PRR performance than S-TTI (R15) transmissions received by R15 UEs that can be explained by several factors:
· Reduced link budget of S-TTI transmissions

· Higher impact from L-TTI transmission on S-TTI transmissions

· Increased implementation overhead for S-TTI processing
· S-TTI transmissions with shared AGC symbol concept have better performance due to much lower implementation overhead per S-TTI allocation 

· L-TTI reception in mixed deployment scenario has better PRR performance than in legacy deployment scenario that can be explained by lower system level impact of S-TTI transmission on L-TTI reception. 
2.3 Green Field V2V Deployment Scenario
In green field deployment scenario, all UEs operate using short TTI structure. The following two short TTI structures are analysed:
· Scenario 3A - Slot TTI with AGC adjusted every subframe (shared symbol AGC). In this case it is assumed that AGC is settled at the beginning of subframe. The TTI structure is the same as described in Scenario 2A in Section 2.2.
· Scenario 3B – Slot TTI with AGC adjusted every slot. In case of slot TTI, the 1st symbol of each slot is used for AGC settling, 2 DMRS symbols are transmitted at legacy positions, the last symbols is used for gap and remaining 3 symbols are used for actual data/control transmission (1 AGC, 2 DMRS, 3 Data, 1 Gap).
The average PRR performance for green field V2V deployment scenarios (Scenario 3A and Scenario 3B) is separately shown in Figure 3 for the following cases:
1) R15 TX (Shared symbol AGC), R15 RX;

2) R15 TX (Slot AGC), R15 RX;
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Figure 3: LTE V2V performance analysis in green field deployment scenario (short-TTI physical structure).

Based on evaluation results for green field deployment scenario, we draw following observations:
Observation 3
· Short TTI transmission is beneficial in congested scenarios with intensive packet generation (large system loading) due to reduced in-band emission impact.

· Short TTI transmission leads to performance degradation in case of low system loading due to link budget limitations.
· Short TTI transmission with shared AGC symbol per subframe provides superior performance comparing to slot based AGC adaptation rate due to lower implementation overhead.
3 Summary

In this contribution, we provided initial system-level analysis of short TTI transmission support for V2V sidelink communication. We have considered three deployment scenarios and made technical performance observations for each of the considered scenarios. Based on the presented study, we observe that in mixed deployment scenario the S-TTI transmission has much lower performance comparing to the L-TTI. The scenario with S-TTI only transmissions provides worse performance comparing to the legacy scenarios with L-TTI transmissions in medium system loadings. The use of S-TTI may be beneficial in green field dense deployments, where communication range is limited by interference and in-band emission problems, however even in such scenario solutions to reduce AGC implementation overhead are needed to provide performance benefits at system level.
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Annex A – Methodology for Short TTI LTE-V2V Communication
The following simulation assumptions and parameters were agreed 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:

· 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
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)

	AGC settling time
	Same as R14

	Time for Tx/Rx switching
	Same as R14

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

	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


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

· The overall evaluation of sTTI can take into account the complexity of R15 UEs including the complexity of receiving a 1ms TTI and sTTI in the same subframe.

· UE decoding capabilities will be discussed later.
Annex B – Additional System Level Evaluation Assumptions

In this section, we provide additional system level evaluation assumptions (see Table 2) 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 [2]
· 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
	Periodic broadcast traffic:

· 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

	Resource selection
	LTE R14 resource selection:

· 1s sensing window duration

· 20% remaining resources ratio

· T2 is selected to enable min(100, latency) ms selection window duration

	Number of packet TTIs
	2

	TTI structure
	· Subframe TTI: LTE Rel-14 legacy TTI structure (Figure 4-a)
· Slot TTI
· Option 1 (0.5 ms AGC Rate): 1 AGC symbol; 2 DMRS; 3 Data, 1 GAP (Figure 4-b)
· Option 2 (1 ms AGC Rate): Even slot: 1 AGC; 2 DMRS; 4 Data; Odd slot: 2 DMRS; 4 Data, 1 GAP (Figure 4-c)

	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):

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

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


Evaluated TTI structures are illustrated in Figure 4.
	Legacy R14 TTI
	Short TTI, 0.5 ms AGC Rate
	Short TTI, 1 ms AGC Rate
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Figure 4: Legacy and slot based short TTI structures
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