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1 Introduction

At the TSG RAN1 Meeting #82, the study on LTE based V2X services [1] was started. The system level evaluation assumptions were agreed and captured in [2]. In this contribution, we continue analysis of geo-based transmission for vehicular services that were initially presented in [4]-[5] and captured in the TR [6] as a design principle aiming to enhance resource selection/structure:
· Resource selection based on transmitter-specific information

· Example 1: Resource allocation based on the location, velocity, and/or direction of the transmitter and/or distance between vehicles.

· Example 2: A UE reports its observation on the radio environment to help eNB scheduling

Our views on other aspects of vehicular communication are provided in our companion contributions [7]-[15].
2 Motivation for Geo-Based Transmission
The principle of geo-based transmission is similar to the spectrum sharing, i.e. reuse of spectrum resources at different geographical locations. In application to V2V communication, the geo-based transmission principle can be used to further optimize packet reception performance by reducing the impact from in-band emission and near-far problem. The in-band emission effect is one of the main limiting factors in vehicular deployments and thus it is desirable to utilize system level approaches to reduce its negative impact. The benefit of mitigating the in-band emission by associating the spectrum resources with distant synchronization sources was evaluated in [15]. The basic principle in [15] is to control radio-distance between synchronization sources associated with predefined orthogonal in time spectrum resources. The control of radio-distance was used to ensure spatially separated synchronization sources, so that UEs in different geographical areas (“synchronization source areas”) utilize time orthogonal resources effectively reducing the impact from in-band emission.
In V2X systems, the implementation of geo-based transmission will require synchronous operation and mechanism of mapping/association of spectrum resources with certain geographical regions/areas. The LTE based design for V2X communication assumes synchronous operation and the vehicle location information is expected to be broadcasted in V2X messages according to [3]. Assuming that common timing and location information are available, it can be used for V2V communication based on association of geo position with subset of spectrum resources, e.g. different time intervals, time orthogonal transmission patterns or pools. The implementation of this principle may require some degree of cross-layer interaction, so that transmitter can select transmission resources according to the instructions from higher layers.
3 Potential Geo-Based Transmission Schemes
In this section, we provide description of potential geo-based resource allocation schemes for Freeway and Urban scenarios.
In the Freeway scenario, a few options of geo-based transmission may be considered (see Figure 1). In the first option, the spectrum resources can be associated with geo regions so that the in-band emission impact may be reduced due to reduced probability of near-far problem. This option may require analysis of the optimal region dimensions and may improve reception from the distant vehicles in statistical sense. In another option, the spectrum resources may be partitioned based on velocity-vector. In this case, vehicles moving in opposite directions are expected to use different spectrum resources, e.g. different pools. The utilization of different pools for opposite vehicle directions may result in more stationary interference environment within resource pool and thus may be beneficial, if sensing based resource allocation options with collision avoidance are considered. In addition, cars moving in opposite directions have larger Doppler spreads/shift. This may be taken into account for receiver processing if spectrum resources are properly configured/utilized.
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Figure 1: Geo-based transmission in Freeway scenario.
In Urban scenario, the severe in-band emission problem exists in the intersection region due to signal blockage by a building block. The sensitivity to in-band emission may be reduced if vehicles approaching the intersection from different 90⁰-degree angles use orthogonal in time spectrum resources. Figure 2 shows an example of spectrum resource allocation when different time intervals are used for transmission by vehicles located on different streets.
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	Figure 2: Geo-based transmission in Urban scenario.


4 System Level Evaluation
In this section, we provide analysis of geo-based resource allocation for the Urban scenario and compare the incremental performance improvement relative to the Rel.12 sidelink design as described in [7]. In particular, we analyze the following configurations in terms of geo-based resource allocation:
· PSCCH/PSSCH 8/32; T-RPT (N = 32, k = 2, 4); 15 kHz; 1 ms; QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 4 TTIs, random start time (multiple of 4). Spatial reuse over even/odd PSCCH/PSSCH period.

· PSCCH/PSSCH 8/32; T-RPT (N = 32, k = 2, 4); 15 kHz; 1 ms; 16QAM; 6 PRBs (190 bytes) / 12 PRBs (300 bytes); 4 TTIs, random start time (multiple of 4). Spatial reuse over even/odd PSCCH/PSSCH period.

· PSCCH/PSSCH 16/64; T-RPT (N = 32, k = 2, 4); 30 kHz; 0.5 ms; QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 4 TTIs, random start time (multiple of 4). Spatial reuse over even/odd PSCCH/PSSCH period.

· PSCCH/PSSCH 16/64; T-RPT (N = 32, k = 2, 4); 30 kHz; 0.5 ms; 16QAM; 6 PRBs (190 bytes) / 12 PRBs (300 bytes); 4 TTIs, random start time (multiple of 4). Spatial reuse over even/odd PSCCH/PSSCH period.

The results of system level analysis are shown in Figure 3 and Figure 4 for PRR CDF and average PRR respectively.
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Urban, 15 km/h – dense scenario
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Urban, 60 km/h – sparse scenario 

	Figure 3: Analysis of geo-based resource allocation in Urban scenario (PRR CDF)
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Urban, 15 km/h – dense scenario 
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Urban, 60 km/h – sparse scenario

	Figure 4: Average PRR analysis of geo-based resource allocation in Urban scenario


Based on the presented system level analysis, we have the following observations and proposals:
Observation 1
· The geo-based resource allocation principle provides improved PRR performance in the Urban intersection scenario due to reduced probability of the in-band emission and near-far problem.

Proposal 1
· Inform RAN2 and SA WGs that geo-based resource allocation principle may provide PRR performance improvement and may be considered in future work for Mode-2 resource selection.

· Capture the presented system level evaluation results in 3GPP TR [6].
5 Conclusions
In this contribution, we discussed potential benefits of geo-based transmission and analyzed its performance in the Urban scenario. Based on discussion and analysis we propose to capture the presented results in the 3GPP TR and continue analysis of different geo-based transmission options in selected scenarios.
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7 Appendix A: Summary of Evaluation Assumptions
In this section, we provide summary of system level simulation assumptions used for V2V evaluation in this contribution.

Table 1: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Freeway road:

Dense: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 70km/h

Sparse: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 140 km/h

Urban:

Dense: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 15kmph

Sparse: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 60 km/h

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

	Traffic model
	Periodic traffic model according to [2] with randomized initial arrival time

· 190 bytes every 100ms (four consecutive packets)

· 300 bytes every 500ms (every 5th packet)

	Bandwidth
	10 MHz / 50 PRBs for PSCCH and PSSCH

	Modulation and Transport Block Size


	· Packet size - 190 bytes

· QPSK: 12 PRBs (code rate ~ 0.58 per TTI), TBS 1672, MCS 8

· 16QAM: 6 PRBs (code rate ~ 0.54 per TTI), TBS 1544, MCS 14

· Packet size - 300 bytes

· QPSK: 24 PRBs (code rate ~ 0.43 per TTI) , TBS 2472, MCS 6

· 16QAM: 12 PRBs (code rate ~ 0.42 per TTI), TBS 2408, MCS 12

	Evaluation modes
	Co-channel interference + in-band emission + half-duplex are taken into account

PSCCH & PSSCH

	Number of TTI per PDU
	4 TTIs (baseline)

	# DMRSs per subframe
	15 kHz (1ms TTI): 4 DMRSs (for improved demodulation)

30 kHz (0.5 ms TTI): 2 DMRSs 

	Phy Abstraction
	TBCC for PSCCH and CTC for PSSCH

	Frequency hopping
	Enabled
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