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1 Introduction

At the TSG RAN1 Meeting #82, the evaluation assumptions for feasibility study on LTE based V2X services [1] were agreed and captured in [2]. In this contribution, we discuss the baseline settings for V2V performance analysis and provide initial evaluation results based on Rel.12 sidelink design. Our views on other aspects of V2V/V2X communication are provided in our companion contributions [4]-[7]. In addition, we propose to discuss the reference model and resource configuration settings in order to simplify the comparative analysis of different design options relative to the performance that can be provided by the LTE Rel.12 sidelink design.
2 On Factors Impacting V2V Performance

There are many factors that can have significant impact on V2V performance characteristics which may complicate comparative analysis of different design options. In particular, resource allocation (amount of resources and granularity) as well as MCS selection may have significant impact on performance. In addition, for comparative analysis with LTE Rel.12 design it may also make sense to have a common understanding on baseline/reference resource configuration.
For Rel.12 sidelink air-interface, the overall performance should be separately analyzed for PSCCH and PSSCH channels in order to determine the limiting factor/channel in each deployment scenario. In our view, it is also important to discuss as a part of evaluation methodology the baseline setting for Rel.12 sidelink design in order to compare enhanced design options with current design.
3 Resource Configuration for Baseline Analysis
In our view, the 10MHz spectrum with 50 PRBs allocated for PSCCH and PSSCH may be a good baseline option for system level analysis. In addition, the 40ms period with 8 subframes allocated for PSCCH and 32 subframes for PSSCH may be a good reference configuration for system level analysis assuming that single pool is used for inter-vehicular communication. 
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Figure 1: Proposed baseline configuration for V2V legacy sidelink evaluation.

Proposal 1
· RAN1 to discuss configuration of the baseline/reference resource allocation for benchmarking with new V2V design proposals.

4 Performance Evaluation 
As it was reported in [8], the LTE Rel.12 design is not sufficiently optimized in terms of PSSCH T-RPT allocation that may have an impact on low rate periodic traffic, due to inter-SCI period buffering effects. Given the fact that MAC PDU is transmitted over 4 consecutive TTIs within T-RPT subframes, the UE implementation may result in more intensified transmissions at the beginning of the SCI period while keeping PSSCH subframes at the end of the SCI period underutilized. On the other hand, the UE may actually skip some of the transmission opportunities within T-RPT subject to multiple of 4 TTI allocation constraint. In addition, the legacy system supports T-RPT subset restriction, resulting in fixed k out of N transmissions within T-RPT bitmap of size N. In figure below, we provide performance of the discussed above transmission options for freeway and urban scenarios.
· PSCCH/PSSCH 8/32; T-RPT (N = 8, k = 2), QPSK ~1/2, 12 PRBs, 4TTIs
· PSCCH/PSSCH 8/32; T-RPT (N = 8, k = 2), QPSK ~1/2, 12 PRBs, 4TTIs, randomized PSSCH start time
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(N = 8, K = 2), no offset, 100 m

(N = 8, K = 2), random offset, 100 m

Urban

	Figure 2: Rel.12 sidelink evaluation.


Based on the analysis we have the following observations:
Observation 1
· UE transmission strategy has significant impact on performance. The UE that transmits with random offset within T-RPT should be considered as a baseline option.
· The Rel.12 performance is limited by PSSCH channel and not PSCCH.
· The Rel.12 design does not provide sufficient performance for V2V services and needs to be enhanced in terms of resource allocation and selection.

Proposal 2
· The resource allocation option, where UE randomly selects the transmission time within selected T-RPT pattern is considered as a baseline/reference Rel.12 UE behavior.

5 Conclusions

In this contribution, we provided system level studies of V2V performance in dense freeway (70 km/h) and urban (15 km/h) scenarios based on Rel.12 sidelink communication framework. Our analysis shows that current design of Mode-2 resource allocation needs to be enhanced for V2V services. In particular, additional enhancements of resource allocation and resource selection should be further studied. Based on the analysis we have the following proposal.
Proposal
· Discuss baseline/reference configuration for benchmarking with Rel.12 sidelink design.

· Capture presented system level evaluation results, observations and reference configuration for analysis of Rel.12 sidelink V2V performance in the 3GPP TR.
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7 Appendix A: System Level Evaluation Assumptions

In this section, we provide summary of system level simulation assumptions used for V2V evaluation in freeway scenario.

Table 1: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Freeway road:

Dense scenario = 2.5 sec * absolute vehicle speed 70kmph

Urban:

Dense scenario = 2.5 sec * absolute vehicle speed 15kmph

	Channel model
	According to the agreed evaluation methodology in [2]

	Traffic model
	190 bytes every 100ms

	Bandwidth
	10 MHz for both PSCCH and PSSCH amount of allocated PRBs
50 PRBs

	Modulation and Transport Block Size


	· Transport block sizes

· 1520 bits (190 bytes) 

· Packet size 190 bytes

· QPSK: 12 PRBs (code rate ~ 0.59 per TTI)

	Evaluation modes
	Co-channel interference + in-band emission + half-duplex (CI+IBE+HD)
PSCCH & PSSCH

	Number of TTI per PDU
	4 TTIs (baseline)

	Frequency hopping
	Enabled
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