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1 Introduction

At the TSG RAN1 Meeting #83, the resource control and selection mechanism for V2V communication were discussed and the following observations were made by RAN1 WG and captured in the TR [4]:

· For enhancement to UE autonomous resource selection, collision avoidance based on sensing (P1), enhanced random resource selection (P2), and location-based resource selection (P3) are shown to provide gain when each of them is evaluated individually.

· Further discussion is needed to identify whether operating a combination of the principles provides more gain than operating an individual principle.

· It is understood that a combination of P1 and P2 is possible at least in the following example:

· In resource selection, a UE by sensing excludes the resources that will be occupied by other UEs, and the enhanced random selection applies to the remaining resources.

· It is understood that a combination of P1 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P1 in the subset which is associated with its current location.

· It is understood that a combination of P2 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P2 in the subset which is associated with its current location.

· Details FFS

In this contribution, we discuss geo-based transmission (location based resource selection schemes) and analyze their performance. Our views on other resource control and selection mechanisms are provided in our companion contributions [5]-[9].
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 may improve packet reception performance by reducing the impact from in-band emission and near-far problem and co-channel interference. 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. In addition, the geo-based transmission can be utilized to substantially reduce the co-channel collision problem so that vehicles transmit on orthogonal resources improving  interference conditions in certain range.
For V2V communication, the implementation of geo-based transmission requires synchronous operation and mechanism of mapping/association of spectrum resources with certain geographical regions/areas. The LTE based design for V2V communication assumes synchronous operation and the vehicle location information is expected to be known and broadcasted in V2X messages according to [3]. Assuming that common timing and location information is available, it is possible to associate geographical position with a 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.
Observation 1
· Geo-based transmission for V2V communication is beneficial to reduce the impact from near-far problem, in-band emission and co-channel interference.

· Geo-based transmission requires cross-layer interaction so that proper spectrum resources for vehicle transmissions are selected based on vehicle geo-position. Upper layers can control the resources for vehicle transmission.

3 Potential Geo-Based Transmission Schemes
In this section, we provide description of potential geo-based resource allocation schemes. A few options of geo-based transmission may be considered (see Figure 1). In the first option, the orthogonal in time spectrum resources are associated with different geo regions (areas). In the second option, the time-frequency spectrum resources are associated with vehicle geo position and velocity-vector. In this case, vehicles moving in opposite directions are expected to use different spectrum resources, e.g. different resource 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 are considered. In addition, cars moving in opposite directions have larger Doppler spreads/shifts. This may be taken into account for receiver processing if spectrum resources are properly configured.
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Figure 1: Geo-based transmission.
Any of the described options requires analysis of the optimal geo-area dimensions to improve reliability of packet reception from the distant vehicles. In general, the geo-based transmission may be used to ensure interference-free environment within target V2V communication range. For instance, if the geo-area length is small and the spectrum reuse factor is large then it is possible to utilize geo-based transmission principle to ensure interference free transmission within target V2V communication range (see Figure 2 and Figure 3).
Let us consider the Freeway deployment scenario as an example without loss of generality. In the Freeway scenario, the V2V target communication range is 320 m (RT). Therefore, in order to ensure sufficient spatial isolation the nearest geo-area that utilizes the same spectrum resources should be separated by the V2V spatial isolation range (RSI - range between two geo-areas utilizing the same set of spectrum resources for transmission).

For the fixed V2V target communication range, the spatial isolation range should be at least two times larger than target communication range, i.e. RSI ≥ 2RT (to avoid half-duplex problem at target V2V communication range and reduce co-channel interference). In order to further reduce co-channel interference between geo-areas (reusing the same set of spectrum resources), the even larger spatial isolation range may be considered. It should be noticed, that spatial isolation range and the amount and size of geo-areas, that utilize different spectrum resources are essential parameters for V2V system performance and should be properly selected. For a given spatial isolation range, it is in general possible to orthogonalize transmissions of all vehicles within target communication range by increasing the spatial reuse factor (i.e. increasing the number of geo-areas and reducing their size). In order to make it happen, the sufficient amount and granularity of time and frequency resources as well as accurate knowledge of the vehicle geo-coordinates should be available. It should be noticed, that even if the accurate knowledge of coordinate is not known the geo-based transmission may still be applied and bring performance benefits.
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Figure 2: Geo-based transmission.


[image: image3.emf]Geo-area ID3

Geo-area 

ID2

Geo-area ID1

Geo-area 

ID2

V2V Target Communication Range (R

T

)

V2V Target Communication Range  (R

T

)

Spatial Isolation Range (R

SI

) 

(To reduce co-channel interference impact for reception at V2V target communication range)


Figure 3: On relationship of spatial isolation range and communication range.

The geo-based resource selection may assume either coarse geo information, i.e. a vehicle can detect that it is inside of a geographical area of more than 150 m length, or the fine geo information with very accurate location. For these two different scenarios, the different geo-based resource selection schemes may be considered. The both scenarios are analyzed in the next sections.
4 Coarse Geo Knowledge

In case of coarse geo knowledge, a vehicle roughly knows its location and capable to determine whether it is inside of a large-size geo-area, (e.g. more or equal to 150 m) associated with the certain set of spectrum resources. For such coarse geo-knowledge, several geo areas (3-4) can provide good radio isolation range between groups of geographically separated vehicles in each geo-area. Under this assumption, the number of spatially isolated geo-areas may be rather small, however, each area may be associated with a relatively large set of spectrum resources. Therefore, in this case the existing sidelink resource pool configuration concept may be applied including the resource allocation options based on TDM between PSCCH and PSSCH as well as FDM between PSCCH and PSSCH in the same subframe [6].
In this section, we analyzed two resource allocation options described in [6]:

· Option 1: TDM-CD – Time division multiplexing between control (PSCCH SCI) and data (PSSCH) signaling;

· Option 2: SSF-CD – Frequency division multiplexing with same subframe transmission of control (PSCCH SCI) and data (PSSCH) signaling.

The system level simulation results for Freeway deployment scenario are shown in Figure 5. The following parameters were used for evaluation (the remaining details may be found in Appendix A):
· Spatial isolation range is 600 m: 4 geo areas, 150 m length of each geo-area.
· SCI transmission schedules semi-persistent allocation over 500 ms [6].

· 4 TTIs per transport block.
· Frequency allocation:
· TDM-CD: 10 PRB for PSSCH.
· SSF-CD: 9 PRB for PSSCH and 1 PRB for PSCCH.

· Full T-RPT set with random start time.
· Random selection of T-RPT and frequency resource.
· Resource pool configuration:
· TDM-CD: 4 subframes for PSCCH + 16 subframes for PSSCH, spectrum resources associated with different geo-areas are consecutively allocated in time (see Figure 4).
· SSF-CD: 20 subframes for control and data transmission in same subframes associated with spectrum resources of different geo-areas that are consecutively allocated in time (see Figure 4).
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Figure 4. Resource configuration in case of coarse geo-knowledge for collision avoidance.
The described geo-based transmission schemes are compared with legacy random resource selection without geo grouping. The system level simulation results are shown in Figure 5.
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Figure 5. System level performance of the geo-based transmission with coarse geo-knowledge in Freeway.
Observation 2
· The usage of geo-based transmission schemes with coarse knowledge of geographical location provides significant performance gains in both dense and sparse deployment scenarios independently of resource allocation option for control and data multiplexing.
The benefits of geo-based transmission in the Urban scenario with coarse knowledge of location information were evaluated in [10] showing improved performance due to reduced in-band emission problem in the intersection region.
5 Fine Geo Knowledge

The fine geo-knowledge assumes accurate knowledge of geo-coordinates (e.g., a vehicle can detect road lane or geo-coordinate with ~10m accuracy). Accurate knowledge of location information is utilized for resource selection. 
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Figure 6: Resource configuration in case of fine geo-knowledge for collision avoidance.
The accurate knowledge of own coordinates and coordinates of neighborhood vehicles can be applied for more intelligent quasi-orthogonal resource selection. In theory, the ideal geographical packing can be applied for resource-selection in case of sufficient amount of spectrum resources. The principle of ideal geo-packing is to associate the time-frequency resources of small granularity with small geo-areas. The explicit association of vehicle position with resources (or vice-versa) may be done either by distributed or by network/eNB-controlled approach. These techniques may provide robust operation ensuring the large spatial isolation range.
The system level analysis of geo-based transmission utilizing accurate geo-knowledge is shown in Figure 8 and compared with the schemes based on coarse geo-information and the pure random resource selection. The following main parameters were used for evaluation in the Freeway deployment scenario:
· Spatial isolation range is 600 m: 10 geo-areas, 60 m length of each geo-area.

· SCI transmission schedules semi-persistent allocation over 500 ms [6].
· One TTI per transport block.

· Frequency allocation is SSF-CD: 9 PRB for PSSCH and 1 PRB for PSCCH.

· Ideal geo packing into time-frequency resources inside a geo-area: A UE obtains a unique identity inside a geo-area according to its unique location, and then the identity is mapped into the randomly permuted time-frequency resources associated with this geo-area (25 resources for current configuration).
· Resource pool: SSF-CD: 5CD, different geo-areas are consecutively allocated in time (see Figure 7).
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Figure 7: Resource configuration for fine geo-knowledge collision avoidance.
The described transmission based on precise geo-information is compared with legacy random resource selection without geo grouping. The results are shown in Figure 8.
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Figure 8. System level performance of fine geo-knowledge based collision avoidance.
Observation 3
· In case of single TTI transmission, the performance of geo-based transmission utilizing accurate geo-information exceeds performance of random resource selection and resource selection based on coarse geo-information.
· In considered scenarios, the analyzed resource allocation scheme based on fine geo-information with single TTI slightly outperforms geo-based transmission relying on coarse location knowledge with 4 TTIs.
6 Specification Support
Our analysis has shown that geo-based transmission principles for resource selection can provide significant performance improvement for V2V communication comparing to the random resource selection and may utilize either coarse or fine knowledge of geo-location information. However, given that very accurate location information may not be available or the amount of spectrum resources may be limited the schemes based on partial or coarse geo-information may be more practical and therefore we propose to analyze necessary specification changes to support geo-based resource allocation techniques focusing on assumption of relatively coarse knowledge of geo-information.

Proposal 1
· Discuss and introduce resource allocation enhancements to support geo-based transmission techniques based on the coarse knowledge of vehicle location.

In general, it needs to be discussed whether geo-information can be available within access stratum or only at the application layer so that proper resource selection mechanisms are defined. However, this aspect is out of RAN1 WG scope and needs to be concluded by other WGs (e.g. RAN2). Independently of this aspect, from the physical layer perspective, several enhancements can be beneficial for practical implementation of resource selection schemes utilizing geo-information.
In this section, we discuss specification changes to efficiently support the geo-based transmission schemes.
Enhancements to resource pool configuration:

For PC5-based V2V communication, utilizing geo-information it is desirable to provide more flexibility in terms of resource allocation and efficient resource configuration mechanisms to orthogonalize resources in time and frequency. One of the options here is to introduce additional values of SCI periodicity e.g. 5, 10, 20, 25 and 50 ms. This enhancement is needed to provide more flexible resource allocation options and more frequent access to spectrum resources in order to meet latency requirements while preserving orthogonal in time transmission in different geo-areas.
Proposal 2
· Introduce additional values for SCI periods (e.g. 5, 10, 20, 25, 50 ms) for resource pool configuration with corresponding changes to subframe bitmap configurations.

The legacy configuration of sidelink resource pools assumes periodical and consecutive in time allocation of resource pools. For geo-based transmission, it is desirable to introduce smaller pools that may or may not overlap with other pools. In order to enable time orthogonal transmission, the additional signaling that defines which periods are available for transmission can be enabled. In particular, the bitmap pattern over SCI periods may be introduced in order to indicate which particular SCI periods are available for transmission in a given resource pool configuration.

[image: image11.emf]Rel12

SCI period (PSCCH/PSSCH)

Rel14 SCI period (PSCCH/PSSCH)

Continuous allocation

Discontinuous allocation (time ,T

SCI

)


Proposal 3
· Introduce additional signaling to support more flexible resource allocation in time (e.g. SCI allocation period and number of subframe bitmap repetitions or SCI allocation pattern).
According to the LTE Rel.12 specification, in case of autonomous resource selection, the UE can randomly access any of the configured sidelink resource pools and randomly select resource for transmission within configured resource pool. The support of geo-based transmission in terms of resource selection requires some control from upper layers. Our analysis has shown that if upper layers can control the resource pool selection or time transmission interval based on geo-information the improved PRR performance can be achieved.
Proposal 4
· Inform RAN2 WG that resource selection based on geo-information provides improved PRR performance and ask if RAN1 WG can assume that geo-location information is available at the AS or upper layer mechanisms can be used to control selection of transmission resources based on geo-information (e.g. control of resource pool for vehicular transmission).

For support of geo-based transmission techniques relying on accurate location information, the resource allocation option where data and control are multiplexed in the same subframe is beneficial to meet latency requirements and reduce amount of transmission instances from single UE perspective. Although, for geo-based transmission relying on coarse geo-knowledge this type of resource allocation provides some performance improvement, the existing TDM resource allocation shows quite similar performance. Further considerations on these two resource allocation options are provided in our companion contribution [6].
7 Conclusions
In this contribution, we analyzed benefits of geo-based transmission schemes and provided our views on additional specification changes to support resource selection based on geo-information. Based on discussion and analysis we have following proposals:
Proposal 1

· Discuss and introduce resource allocation enhancements to support geo-based transmission techniques based on the coarse knowledge of vehicle location.
Proposal 2

· Introduce additional values for SCI periods (e.g. 5, 10, 20, 25, 50 ms) for resource pool configuration with corresponding changes to subframe bitmap configurations.
Proposal 3

· Introduce additional signaling to support more flexible resource allocation in time (e.g. SCI allocation period and number of subframe bitmap repetitions or SCI allocation pattern).
Proposal 4

· Inform RAN2 WG that resource selection based on geo-information provides improved PRR performance and ask if RAN1 WG can assume that geo-location information is available at the AS or upper layer mechanisms can be used to control selection of transmission resources based on geo-information (e.g. control of resource pool for vehicular transmission).
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9 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 70 km/h

Sparse: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 140 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

· TDM-CD: 10 PRBs (code rate ~ 0.8 per TTI), TBS 1544, MCS 9
· SSF-CD: 9 PRBs (code rate ~ 0.89 per TTI), TBS 1544, MCS 10
· Packet size - 300 bytes

· TDM-CD: 10 PRBs (code rate ~ 0.66 per TTI) , TBS 2536, MCS 14
· SSF-CD: 9 PRBs (code rate ~ 0.75 per TTI), TBS 2600, MCS 15

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

PSCCH & PSSCH

	Number of TTI per PDU
	1, 4 TTIs 

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

	Frequency hopping
	Enabled

	Mobility
	Enabled
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