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1 Introduction

In this contribution we discuss different strategies for resource selection and V2x.
2 Discussion on Rel-12 D2D Resource Allocation
D2D resource allocation was amply discussed during Rel-12, leading to somewhat different resource patterns and allocation strategies for discovery, SA and data. We identify some constraints and limitations in the Rel-12 approach that should in our opinion be resolved for V2V over D2D:
· Traffic and resource flexibility: we foresee a mixture of traffic with different packet sizes, service/radio requirements and periodicities (including event triggered traffic). Rel-12 discovery assumes a single periodicity and transmission format per carrier. Rel-12 communication is more flexible at the cost of degrading half-duplex properties. We believe that the V2V interface should be able to accommodate different traffic patterns within the same data pool and without sacrificing performance and without excessive complexity.

· System capacity: Rel-12 communication was optimized for connectivity. On the other hand, V2V should support traffic that is orders of magnitude denser than for typical PS services. 
· Mobility: Rel-12 D2D was designed with low mobility as a baseline. Such assumption is clearly not valid anymore for V2V.

In this paper we discuss ways to tackle the above limitations.
3 Discussion on IEEE 802.11p and Comparison to LTE-PC5
IEEE 802.11p/DSRC implements a TDM resource allocation approach based on CCA (clear channel assessment) over a 10MHz bandwidth. We believe that LTE V2X should overcome the technical limitations of DSRC by enabling increased system capacity, longer range and higher reliability. At the same time, some of the good design principles of DSRC/WAVE could be considered also for LTE V2X, possibly adapted to the LTE specific frame structure.
· A first area where LTE can provide superior performance is link level. This is partly due to the advanced coding schemes used in LTE, but also to the stringent sensitivity requirements on the device. We believe however that significant redesign of the D2D DMRS mapping is needed to improve performance at high Doppler. We also notice that the narrower subcarrier spacing in LTE imposes more stringen synchronization requirements than in DSRC. Detailed discussion about L1 enhancements is provided in [1][2].
· Another area is system level performance and resource allocation. Here, we believe that LTE may provide large gains over DSRC by use of FDMA and multiplexing multiple users within each TTI. Obsviously the L1 design must be efficient enough to support FDMA, as discussed in [1][2]. Another area of improvement is resource allocation where LTE can benefit from enhancements in both UE-controlled and eNB-controlled resource allocation strategies. Sensing-based methods that are adapted to a slotted access system are suggested for further investigation. The presence of a wide-area NW infrastructure is also able to supplement PC5 both by optimizing the transmission parameters and by routing parts of the traffic via the NW infrastructure.

Observation:

· LTE-V2X has the potential to outperform DSRC/WAVE in terms of link performance and system capacity. However, important optimizations are necessary at least in the areas of L1 transmission formats, eNB/UE-controlled resource allocation as well as hybrid direct/cellular traffic routing.

4 Discussion on V2X Resource Allocation

We believe that both eNB-controlled and UE-controlled schemes should be supported for V2X. We provide more details in the following.
4.1 eNB-Controlled Resource Allocation

Centralized resource allocation is controlled by the eNB, which is the only trusted control node in the network. UE-type RSUs should not have any role in determining resource allocation of other UEs because this would create a hierarchy among UEs. Similar issues were discussed in Rel-12 in the context of “cluster heads” controlling other devices, but these hierarchical solutions were excluded because subject to single point of failure issues and also because they are prone to security issues. There is indeed no existing mechanism to verify authenticity and reliability of control information by a UE to another UE.
Observations:

· There is no existing solution for verifying authenticity/reliability of control information exchanged between devices.

· The hierarchical control plane topology where UE-type RSUs control other UEs is prone to single point of failure and security threats.

Proposal:

· In case of centralized resource allocation, radio resources can be controlled by the eNB only.
Different levels of eNB control can be envisioned and should be supported for flexible deployment and implementation flexibility. We list some variations of eNB radio control with increasing level of centralization:

1. The eNB (pre)configures some radio parameters to be used by a UE while performing V2X.

2. The eNB dynamically controls some of the transmission prameters in the UE (e.g., transmission format limitations, traffic control/management rules, etc.)

3. The eNB schedules UE transmissions similarly to Rel-12 mode-1.

4. The eNB commands UEs to route at least part of the traffic over Uu and possibly redistributes such traffic appropriately.
Centralized resource allocation is based on the principle that the eNB learns information about the traffic and radio environment and allocates resources accordingly. Such learning may be aided by signalling from the devices, which is mostly within RAN2 scope. However, RAN1 is relevant in defining how a UE may acquire radio information about other UEs, in case such type of solutions is to be specified. In general, we see that a UE may detect SAs (and data transmissions) from other UEs in proximity and report aggregated information obtained from such info. This seems like a convenient implementation for the device since SAs need anyway to be detected by the UE. We do not see either RAN1 impact besides what is already needed for normal SA detection.
On the other hand we regard measurement-type of solutions as less promising because they require additional implementation in the UEs (new measurements need to be defined) and because it is unclear what kind of information would be obtained that cannot be obtained from detecting SAs.
Proposal:

· Signaling from the UEs to the eNB regarding the radio environment can be based on detected SAs and possibly other radio measurements.
· Details about the content of the signalling over Uu are up to RAN2. 
4.2 UE-Controlled Resource Allocation
The Rel-12 mode-2 resource allocation assumes random resource allocation. We are however skeptical about suitability of such a solution for V2X because of the much higher system load compared to Rel-12 D2D scenarios. 

For V2X distributed resource allocation we assume that the UE obtains information about the radio environment and uses it in its resource selection. The eNB has a role even in distributed resource allocation by e.g., (pre)configuring some radio parameters that affect the resource allocation and the allowed transmission formats. It is thus useful that the distributed resource allocation algorithm is specified.

Proposal:

· Specify a V2X resource allocation algorithm based on detection of the radio environment.

· The eNB can control parameters affecting the resource allocation.

We suggest considering simple distributed schemes for V2X where UEs detect SA of other devices and adapt their transmission parameters accordingly. We are skeptical with respect to energy-based sensing also considering potential inter-band coexistence issues with other RATs with loose RF coexistence requirements compared to LTE.
Observation:

· SA-based detection is robust against out of band emissions, including other technologies.

The resource allocation scheme should in our opinion have the following properties:
· Interference should be minimized to meet the range requirements;
· The resource selection should be as stable as possible even in high mobility scenarios with varying topology;

· Hidden node issues should be minimized.

We suggest the following simple solution as a basic resource allocation scheme for further investigation:

1. Devices sense continuously the environment by detecting at least SAs transmitted by other devices.

2. When starting a new transmission (it could be the first of a periodic transmission or an event-triggered transmission) the device selects one of the “unused” patterns in the scheduling period. Note that the pattern may include multiple transmissions and retransmissions [3]. 
3. In case of periodic traffic during the next scheduling period the device reselects the same pattern with probability p and it changes pattern with probability 1-p. In case of change of pattern, the procedure repeats from point 2 (i.e., the devices selects one of the “unused” patterns).
4. Optimizations may also be considered and evaluated. E.g., a pattern reselection may be triggered whenever the UE detects another UE using a colliding pattern.

5 Resource Allocation for SA and Data

Assuming that SA is going to be used in V2X PC5, a UE needs to solve a double resource allocation for both SA and data. Considering that each SA schedules a data pattern, assuming independent resource allocation algorithms for SA and data respectively is inefficient from computational and performance perspectives.
We observe that from a receiver perspective and for a given SA and data error probabilities interference is minimized when the correlation between error probability for SA and data is maximized. In other words, there is no point in receiving an SA if data is collided, and vice-versa. This observation can be used to motivate that a single resource allocation is performed for SA and data, and SA and data patterns are linked to each other with a mapping. Details of such mapping should be discussed further.

Proposal:

· Resource pattern selection for SA and data are not independent, but they are linked by some mapping.

· The mapping should aim at maximizing error correlation between SA and associated data from a receiver perspective.
6 Conclusions

In this contribution we discuss resource selection for V2x on PC5.
Observations:

· LTE-V2X has the potential to outperform DSRC/WAVE in terms of link performance and system capacity. However, important optimizations are necessary at least in the areas of L1 transmission formats, eNB/UE-controlled resource allocation as well as hybrid direct/cellular traffic routing.

· There is no existing solution for verifying authenticity/reliability of control information exchanged between devices.

· The hierarchical control plane topology where UE-type RSUs control other UEs is prone to single point of failure and security threats.

Proposals:

· In case of centralized resource allocation, radio resources can be controlled by the eNB only.
· Signaling from the UEs to the eNB regarding the radio environment can be based on detected SAs and possibly other radio measurements.
· Details about the content of the signalling over Uu are up to RAN2. 
· Specify a V2X resource allocation algorithm based on detection of the radio environment.

· The eNB can control parameters affecting the resource allocation.

Observation:

· SA-based detection is robust against out of band emissions, including other technologies.

Proposal:

· Resource pattern selection for SA and data are not independent, but they are linked by some mapping.

· The mapping should aim at maximizing error correlation between SA and associated data from a receiver perspective.
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