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1 Introduction

At the last RAN2 meeting it was agreed to support geographical location reporting at AS layer:
Agreements:

· Geographical location reporting at AS layer will be introduced.  Layer 1 reporting mechanism is not needed.  FFS if RRC signalling and/or MAC CE is used.  Details of what is contained in the location reporting is FFS.   

· It is up to the eNB implementation when and how to use the geo-location.  The eNB can configure the UE to report.  

· Mode 2 operation should be designed to work without the need for UE dedicated reporting.  

· eNB provides configuration for reporting.  RAN2 will consider both periodical reporting, event trigger and one-shot reporting.  FFS how this is implemented.

· Mapping of geographical location and resources can be done on a zone concept.  How the zones are defined is FFS.   FFS if this mapping can be used for UL geo reporting to optimize the signalling (if needed).  
· FFS if the same mechanism is adopted for OOC or no such optimizations are applied for OOC.  
In this contribution, we discuss the type of geographical location or “zones” being used for resource partitioning.
2 Discussion

During the RAN1 V2V studies, it was concluded that significant improvements can be obtained by assigning radio resources based on UE location.  More specifically, by assigning a geographical region or a “zone” to a specific set of resources, this approach helps reduce the effect of the hidden node problem and the near-far effect caused by in-band emissions.  There are many possible approaches to partition the geo-graphical locations into zones.  
Geo-based resource partitioning can be used in Mode 1 or Mode 2 operations.  In Mode 1, the UE could be configured with a set of indexed geographical zones; the UE could report the zone index to the network which would then schedule the UE with the appropriate radio resources.  Alternatively, the UE could report its exact position, or its relative position w.r.t. to a reference point.  In any case, some sort of geographical zones or grids need to be defined in order to simplify reporting.

In Mode 2, the UE would also be configured with a set of geographical zones with each associated with a resource pool.

In the following sections, two different approaches for defining geographical zones are described, namely, position-based and heading-based.
2.1 Position-Based Geographical Partitioning
The motivation of position-based geographical partitioning is to support the spectrum resource reuse within different geographical zones. The performance of a position-based resource allocation scheme relies on having precise location information of each UE and an appropriate partitioning of the zones based on UE distributions.  Indeed, such position-based scheme requires partitioning a geographical region into a set of zones/grids, which for better resource usage consists of defining a regular set of zones of predetermined dimensions.  This geographical partitioning mechanism is illustrated in Fig. 1.
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Figure 1: Illustration of constructing a map of zones

It can be observed that a set of zones can be defined using a rectangular grid parameterized using the following elements:
· A reference point with known coordinates (x0, y0)

· An offset angle with respect to a reference direction

· The set of indices mapping zones to subsets of time-frequency resources

· The dimensions of zones, i.e., length L(m) and width W(m) of each zone

· The dimension of the local geographical area, i.e., the number of zones in each direction, M×N.
We note that the above information could result in a relatively large amount of signalling between eNBs and UEs. Once a UE leaves the area which is covered by one set of zones, a new set of zones has to be configured. If the UE fails to receive the message, the UE may be unable to transmit, or may end up transmitting using wrong set of resources. In addition, from a network design perspective, the above parameters including the number of zones and their corresponding dimensions need to be appropriately provisioned by taking into consideration the balance between the amount of resources within each subset and average density of UEs within each zone.

For these reasons, the position-based zoning mechanism in general works well in highway scenarios, where the layout is relatively simple to design and assign grids/zones. However, a significant amount of provisioning work has to be done to optimize zones for complex (i.e. non-uniform) urban areas.
2.2 Heading-Based Geographical Partitioning

An alternative approach to position-based partitioning consists of using UE headings (moving directions) as a means to define zones.  As shown in Fig. 2, in most of the urban scenarios, only two zones are required, where each of them corresponds to one direction, i.e., north/south or east/west directions. This heading-based method is in general effective for V2V operations in urban areas that are largely defined by rectangular blocks. For more complex urban scenarios, more zones can be defined by more heading directions, e.g., the directions located halfway between the cardinal directions.

The performance of the heading-based resource allocation is analysed via system-level simulations for urban sparse scenario. The detailed simulation assumptions, parameters and results are shown in the Appendix.  Both our simulation results and those in prior contributions [3] show that a significant performance gain can be achieved by using the heading-based resource allocation scheme as compared to the random resource allocation.  Furthermore, the use of heading information can also be useful in combination with sensing-based collision avoidance mechanism for additional performance gains (see also the results in the Appendix). 
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Figure 2: Geographical region partitioning based on UE headings
In our view, the heading-based geo partitioning is beneficial as a complement to the position-based geo-partitioning as it has the potential to significantly simplify provisioning and also the signalling.   Based on the above analysis and the supporting system-level simulation results provided in the Appendix, we propose the following:
Proposal: 
Zones may also be defined in terms of headings or in terms of zones parameterized by a regular geographical grid.
3 Conclusion

In this contribution we discuss possible approaches to define geographical zones to which radio resources could be associated.  We observe that in some V2V environments, such as dense urban, it may be simpler to define zones in terms of headings.  The following proposal is made:
Proposal: 
Zones may also be defined in terms of headings or in terms of zones parameterized by a regular geographical grid.
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5 Appendix – Simulation Results

In this appendix, we evaluate the performance of the proposed UE heading-based resource allocation scheme via system-level simulations. To verify the performance improvement of the proposed scheme, we compare the performance of the following schemes:
1. Fully random resource allocation;

2. UE heading-based resource allocation without sensing

3. Sensing only 

4. UE heading-based resource allocation with sensing
The detailed simulation assumptions and parameters are listed in Table I. The results of system-level simulations are shown in Figure 3 in terms of the cumulative distribution function (CDF) of the packet reception ratio (PRR) and the average PRR, respectively, as defined in [4].
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Figure 3: Performance comparison of different V2V resource allocation schemes

We summarize our observations in the system-level simulations below:
Observation 1: It is observed from Fig. 3 that using the proposed heading-based geo portioning and resource allocation scheme, a significant performance gain over the random resource allocation scheme is obtained. 
 Observation 2: By only using sensing-based scheme, the performance improvement is only marginal as compared to the random resource allocation scheme. By exploiting the sensing capability together with the geo-based scheme, a further performance improvement is achieved, which is evident especially for the CDF of PRR. 
Table I Simulation parameters

	Parameter
	Value

	Deployment Scenario 
	Urban Sparse: 

· Vehicle speed 60 km/h

· Average inter-vehicle distance 2.5 secs × vehicle speed

    (approximately 24 vehicles per km)

	Traffic Model
	Periodic traffic model with random initial packet arrival time [REF]

· 190 bytes every 100 ms (four consecutive packets)

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

	Channel Model
	Pathloss, shadowing and fast fading as defined in [REF]

	Bandwidth
	10 MHz / 50 PRBs

	Modulation/

Transport Block Size
	· Modulation: QPSK

· Packet size – 190 bytes

· 10 PRBs (code rate ~ 0.8 per TTI), TBS 1544, MCS 9

· Packet size – 300 bytes

· 10 PRBs (code rate ~ 0.66 per TTI), TBS 2536, MCS 14

	Interference
	Co-channel interference and in-band emission [REF]

	Number TTI per PDU
	4 TTIs (subframes)

	DMRS
	15 kHz (1ms TTI); 4 DMRSs (improved demodulation)

	Resource Pool
	· Scheduling period: 50 ms 

· PSCCH 10 ms/ PSSCH 40 ms
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