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1 Introduction

At the TSG RAN1 Meeting #84, the resource control and selection mechanism for V2V communication were discussed and the following agreements were made by RAN1 WG:
· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources

In this contribution, we analyze combination of sensing and geo-based transmission and analyze it performance in case of autonomous resource selection by UE. Our views on other V2V communication aspects are provided in our companion contributions [5]-[13].
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 [1]. 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.
The detailed analysis of geo-based transmission schemes in combination with randomization techniques was provided in [3]. In this contribution, we analyze combination of sensing and geo-based transmission.
3 On Combination of Sensing and Geo-based Transmission
The coarse geo knowledge can be utilized in combination with sensing for resource selection. A vehicle that roughly knows its location is capable to determine it is located inside of a large-size geo-area (e.g. up to 150 m). This geo-area may be associated with certain set of spectrum resources (e.g. periodical pools or periodical time intervals for transmission). The association of geo-areas with spectrum resources 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, 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 [5].
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Figure 1. Geo-based transmission.
If geo-partitioning of spectrum resources is available (e.g. provided by eNB or application layer), the UE may need to perform sensing only in the relevant subset of spectrum resources (according to its current geo-location). It is clear that UE sensing and resource selection problem may be simplified in this case since it may be relatively easy to detect occupied resources from nearby transmitters and therefore some of the technical challenges like hidden node or in-band emission may be simplified. In this case, sensing based on simplified SCI processing may provide good system performance.
In this section, we analyzed combination of sensing and geo-based transmission for two resource allocation options described in [5]:

· Option 1: TDM of PSCCH and PSSCH resources;

· Option 2: Frequency division multiplexing (from UE perspective) with non-adjacent transmission of control (PSCCH SCI) and data (PSSCH) signaling in the same subframe.
The system level simulation results for Freeway deployment scenario are shown in Figure 3. The following set of system level parameters was used for evaluation (for additional details please refer to 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.
· SCI transmission occurs once per SPS period.
· 2 TTIs are used per PSSCH transport block.
· Sensing is based on SCI detection according to option 3 described in [6].
· Frequency allocation settings:
· TDM: 10 PRB for PSSCH and 1 PRB for PSCCH.
· FDM in same subframe: 10 PRB for PSSCH and 1 PRB for PSCCH.

· Resource pool configuration:
· TDM: 4 subframes for PSCCH + 16 subframes for PSSCH, spectrum resources associated with different geo-areas are consecutively allocated in time (see Figure 2).
· SSF: 20 subframes for control and data transmission in the same subframe associated with spectrum resources of different geo-areas that are consecutively allocated in time (see Figure 2). Note that additional MPR value that may be required for the case of the same subframe transmission is not taken into account and may degrade performance if it is considered [5].

[image: image2.emf]Geo-area ID1 Geo-area ID3 Geo-area ID2

Geo-area ID4

150 m 4ms 16ms

20ms

TDM

20ms

. . .

SSF-NA

PSCCH PSSCH

PSCCH

PSSCH

. . .

PSCCH


Figure 2. Resource allocation options for combination of sensing and geo-based transmission.
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Figure 3. System level performance of the geo-based transmission with coarse geo-knowledge and sensing.
Observation 2
· The combination of sensing and geo-based transmission techniques provides the best V2V performance independently of the used resource allocation option.
· The sensing only approach shows slightly worse performance than combination of geo-based transmission with random resource selection.

· Substantial average PRR performance improvement can be achieved relative to the random resource selection if combination of geo-based transmission and sensing is utilized.
The benefits of geo-based transmission in the Urban scenario with coarse knowledge of location information were evaluated in [4] showing improved performance due to the reduced in-band emission problem in the intersection region.
4 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 coarse geo-location information. Therefore, we propose to analyze necessary specification changes to support combination of 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 combination of sensing and geo-based transmission techniques utilizing the coarse knowledge of vehicle location.

On association of geo-information with spectrum resources
According to the agreements made at the previous RAN1 WG meeting, the geo-location information can be available within access stratum and reported to eNB. In case of eNB controlled resource allocation mode, this information can be used to schedule PC5 transmissions. For autonomous resource selection, the eNB can provide assistance signaling to indicate association of geo-graphical area with PC5 spectrum resources for autonomous resource selection. The signaling details can be left up to RAN2 WG. From RAN1 perspective, the same information can be utilized for UE sensing behavior. For instance, UE can perform sensing procedure on spectrum resources according its geo-location information. The eNB signaling may directly indicate resources that should be used by UE or provide assistance signaling indicating partitioning of geo-areas and association of spectrum resources.

Similar type of signaling may be also provided by UE upper layers (e.g. V2X application). Our analysis shows that if upper layers can indicate the resource pool or time transmission interval based on geo-information then improved PRR performance can be achieved in autonomous mode. Therefore, we propose to clarify this assumption with RAN2 WG.
Proposal 2
· Ask RAN2 if RAN1 WG can assume that UE upper layers may indicate transmission resources based on geo-information (e.g. indication of resource pool for vehicular transmission based on geo-information).

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.
5 Conclusions
In this contribution, we analyzed benefits of sensing with 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:
· Discuss and introduce resource allocation enhancements to support combination of sensing and geo-based transmission techniques utilizing the coarse knowledge of vehicle location.

· Ask RAN2 if RAN1 WG can assume that UE upper layers may indicate transmission resources based on geo-information (e.g. indication of resource pool for vehicular transmission based on geo-information).
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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 70 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: 10 PRBs (code rate ~ 0.8 per TTI), TBS 1544, MCS 9
· SSF: 9 PRBs (code rate ~ 0.89 per TTI), TBS 1544, MCS 10
· Packet size - 300 bytes

· TDM: 10 PRBs (code rate ~ 0.66 per TTI) , TBS 2536, MCS 14
· SSF: 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
	2 TTIs 

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

	Mobility
	Enabled
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