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1 Introduction
In this contribution, we consider resource allocation aspects for PC5 that are relevant within the V2x framework. In particular, we analyse distributed resource allocation techniques (as ProSe mode 1), and the centralized resource allocations (as in ProSe mode 2).
Related to the PC5, there are obviously some similarities with the resource allocation mechanisms specified in Rel-12 for ProSe. However, in V2X the mobility of UEs as well as the higher load foreseen might call for enhanced resource allocation schemes. To this end, also sidelink performances at handover might need to be improved. 
Resource allocation enhancements can also be envisaged for the Uu, as we describe in [1] in the context of latency reduction tools for V2X.  

2 Discussion
We believe that both distributed (mode-2 like) and centralized (mode-1 like) resource allocation strategies should be supported for V2x as in ProSe communication, however, enhancements have to be considered to support the increased traffic load of V2x. In particular, ProSe communication was designed to operate with few UEs per cell transmitting VoIP messages, while V2X should be designed to support hundreds of vehicles per cell with different traffic types (e.g. CAM/DENM) and QoS requirements. Additionally, V2X performances might be further challenged by mobility.

In this paper we focus on resource allocation schemes for sidelink and taking ProSe communications as a benchmark we propose some possible enhancements in the following areas:

· Distributed resource allocation (mode 2 -like)
· Centralized resource (mode 1-like)

· Resource allocation at handover

Regardless of the specific resource allocation technique used, we believe that other nodes than the eNB should not have any role in determining resource allocation of other UEs. The reason is that they might be subject to single point of failure issues as well as security and interference issues.

Proposal 1 Only the eNB can control sidelink resources.
2.1 Distributed resource allocation

Distributed resource allocation in Rel-12 ProSe communication is realized with the mode-2 type resource allocation in which the UE randomly selects transmitting resources from a pool of resources that is provided by the eNB in SIB18. With regards to V2x, we believe that such mode-2 type resource allocation might not be suitable because of the much higher system load compared with Rel-12 ProSe scenarios, and the much more stringent QoS requirements. Therefore all the typical problems of a D2D network, such as the interference due to the utilization of the resources by other UEs, the interference due to in-band emissions, the packet lost due to half duplex constraints, are exacerbated in V2X.
Observation 1 Enhancements to ProSe mode-2 resource allocation are needed because of the higher system load, new interference scenarios and QoS requirements. 
Proposal 2 Random resource selection is not supported in V2X.
One important aspect to be discussed is which transmitting pools should be considered for V2X. According to TR 22.885 [4], the following V2X services are considered:

V2I Service: a type of V2X Service, where one party is a UE and the other party is an RSU both using V2I application.
V2N Service: a type of V2X Service, where one party is a UE and the other party is a serving entity, both supporting V2N applications and communicating with each other via LTE network entities.
V2P Service: a type of V2X Service, where both parties of the communication are UEs using V2P application.
V2V Service: a type of V2X Service, where both parties of the communication are UEs using V2V application

Among the above services, V2I, V2V, V2P can be used over PC5 while V2N is operated over Uu. Focusing on PC5-related services, a question that arises is whether different V2X sidelink users (i.e. vehicles, UE-type RSUs, pedestrians) should use the same set of time-frequency transmitting resources or not. We identify 3 sets of possible transmitting resource pools:

· I2X: Transmitting resource pool to be used by UE-type RSUs. 

· V2X: Transmitting resource pool to be used by vehicles. 

· P2X: Transmitting resources pool to be used by pedestrians.

From TR22.885, V2V and V2I requirements are quite similar therefore I2X and V2X might overlap. However, to limit the interference on the vehicle-to-vehicle communication layer, it can be worth configuring a separate I2X pool. Also for P2X it is recommended to have a separate pool since pedestrian devices might be subject to battery constraint. Therefore we propose the following.  

Proposal 3 For sidelink operations, introduce the following V2X transmitting pools:
a. I2X: Transmitting resource pool to be used by UE-type RSUs.
b. V2X: Transmitting resource pool to be used by vehicles to transmit to vehicles.
c. P2X: Transmitting resources pool to be used by pedestrians.

The access to such pools depends on the specific UE subscription which may include the classification of the traffic type being generated by the user. To realize this we propose the following:


Proposal 4 Usage of a certain V2X transmitting pool depends on the specific UE subscription.

Proposal 5 Send an LS to SA2 to include the classification of the traffic type in the subscriber information.
Regarding the actual selection of the transmitting resources from the transmitting resources pool, we argue that rather than randomly selecting time-frequency resources as in Prose mode-2, a UE should take into account the sensed radio environment in the SA. For example, the UE can re-trigger resource selection whenever collision with another UE is detected in the SA, or the UE can simply select resources that appear from the SA to be not used. More specifically, two types of sensing can be considered:
· Sensing based on received power. A UE measures the received energy on specific radio resources:
· For example, based on these measurements, the UE decides whether the radio resources are considered to be in use by some other UE (i.e., ‘busy’) or not (i.e., ‘idle’). 

· For example, the UE may use the measurements to estimate whether the transmitter is far away (e.g., if the signal is weak) or nearby (e.g., if the signal is strong).

· Sensing based on packet contents. A UE receives a packet and decodes it. Based on the information extracted from the packet, the UE may obtain some knowledge about the utilization of radio resources: 

· For example, by reading an SA packet a UE may know in which radio resources to expect data transmissions.

· For example, by reading a data packet a UE may know the position of the transmitter, the ID of transmitter, the type of transmitter, etc.

Proposal 6 Distributed resource allocation for V2x uses the sensed radio environment conditions over SA/data.
2.2 Centralized resource allocation

Due to the nature of V2x traffic, also enhancements to centralized resource allocation should be considered in order to reduce the signalling overhead and more in general to improve the quality of centralized resource allocation compared with mode-1 ProSe. For example, the scheduler should have the possibility to take different scheduling decisions for CAM messages (that are periodically generated) and DENM messages (that are event-triggered).
Observation 2 Enhancements to ProSe mode-1 resource allocation are needed because of  the higher system load, and QoS requirements. 
In the following, we provide some examples of different possible scheduling strategies that RAN2 could consider for PC5:
· Dynamic resource allocation as in legacy ProSe mode 1 mechanism.
· A V2x grant provided by the eNB is valid for a single V2x transmission in the next SC period.

· This strategy has the drawback of generating some signalling overhead due to SR, SL BSR and PDCCH grant on DCI5 potentially for every SC periodic. However it can be beneficial for event-triggered messages (e.g. DENM) that are subject to strict latency requirements. 

· SPS-like resource allocation 

· A V2x grant is valid until further notice for multiple transmission occasions possibly spanning multiple SC periods.
· This strategy might imply some extra latency since in general it is difficult to align SPS with the actual transmission periodicity. Additionally, it might imply some resource wastage in case the UE has no data to transmit over PC5. However, it can be beneficial for periodic messages (e.g. CAM).

Among the above options, we believe that both resource allocation strategies should be considered to allow flexibility between signalling overhead and the corresponding latency depending on the type of traffic.

Proposal 7 For centralized sidelink resource allocation, both dynamic and static resource allocation over multiple communication periods should be considered.  
Centralized resource allocation mechanisms can be enforced by some form of UE feedback that is provided to the eNB. The eNB can use such information to refine resource allocation for UEs that experienced poor sidelink performances and to increase the channel utilization e.g. by properly distributing available resources in the cell.

Proposal 8 Introduce UE feedbacks for V2X resource allocation.

In particular, we have identified two possible UE feedbacks that the eNB can exploit.

· Geographical feedbacks

· Interference Measurements feedbacks

2.2.1 Geographical feedback

Many V2X applications are based on the possibility to retrieve the geographical position of UEs. UEs can provide such information from GPS measurements or by using reference signals from the network. As such, we observe that most ITS applications are useful for UEs as long as the UEs know their positions or have network coverage. Hence, it is clear that each UE can report its own geographical location to the network. 

However, geographical location can be also important for other scopes. For instance, this information would be useful for the eNB to figure out inter-UE distances (i.e. which UEs are close to which UEs) so the eNB can assign resources that allow the UEs to detect each other. This would be particularly important when there is resource shortage as in case of network overload, since the eNB can increase channel utilization without necessarily increasing the interference over the sidelink, e.g. by allocating in the same cell same resources to UEs that are far enough from each other.
Such reports can be periodic as per network configuration or triggered by the network itself. To reduce the potential overhead of such type of feedbacks, such message should be properly simplified.
Proposal 9 The eNB can use UE-reported geographical position to improve V2X resource allocation.
Proposal 10 Optimizations of the UE reporting procedure for geographical coordinates should be specified, with the goal of minimizing the reports payload.
2.2.2 Interference Measurements feedback
The geographical location only, however, does not reflect the real channel gains between UEs. Therefore, a separate feedback should be used to report the quality of the sidelink channel. A possible approach is that the UE reports a metric of the interference perceived from sensing different time-frequency resources over the sidelink. Upon receiving the feedback from the UE, the eNB can also gather such information from different UEs and provide an appropriate resource allocation decision.

However, as for the geographical position feedback, the size of such report should be minimized in order to reduce the overhead. For instance, the interference measurement report can be limited to a set of sub-bands (configured by the network). The UE should measure the interference level in each sub-band and reports a possibly quantized version of the measurements to the eNB. The information about the source of the interference (if detectable) should also be reported. 
Proposal 11 The eNB can use sidelink interference measurements reported by the UE to improve sidelink resource allocation. 
Apart from reporting the information discussed so far, a UE can send request for its desired resources depending on its subscription, e.g. vehicles can request V2X resources, RSU can request I2X resources, and pedestrians can request P2X resources. This request could indicate specific resources or more generally imply resources with certain properties. It is up to the eNB to grant the requested resources. The eNB could base its decision on the UE’s priority and the priority of the requested resources.

Proposal 12 The UE can request V2X resources to the eNB on the basis of its subscription.
2.3 Sidelink enhancements at handover
Similar to Uu, also UEs engaged in PC5 communications are subject to latency when performing the handover. Looking at ProSe, a UE before continuing an ongoing PC5 session after handover command needs to wait for the target cell sending a D2D grant on PDCCH or dedicated signalling (if in connected mode) indicating mode 1 and mode 2 resource allocation respectively. 

To reduce this PC5 service interruption issue some alternatives are possible. One possibility is that for UEs in connected mode, target cell PC5 resources as well as information about synchronization configuration in the target cell can be transferred via handover command. For example if the target cell uses GNSS-based synchronization for sidelink the UE may continue PC5 operations virtually without any interruption during the handover operation.
Proposal 13 PC5 resources of target cell as well as PC5 synchronization configuration can be signalled to the UE via the handover command.

3 Conclusion

In section 2 we made the following observations:
Observation 1
Enhancements to ProSe mode-2 resource allocation are needed because of the higher system load, new interference scenarios and QoS requirements.
Observation 2
Enhancements to ProSe mode-1 resource allocation are needed because of  the higher system load, and QoS requirements.


Based on the discussion in section 2 we propose the following:
Proposal 1
Only the eNB can control sidelink resources.
Proposal 2
Random resource selection is not supported in V2X.
Proposal 3
For sidelink operations, introduce the following V2X transmitting pools:
a.
I2X: Transmitting resource pool to be used by UE-type RSUs.
b.
V2X: Transmitting resource pool to be used by vehicles to transmit to vehicles.
c.
P2X: Transmitting resources pool to be used by pedestrians.
Proposal 4
Usage of a certain V2X transmitting pool depends on the specific UE subscription.
Proposal 5
Send an LS to SA2 to include the classification of the traffic type in the subscriber information.
Proposal 6
Distributed resource allocation for V2x uses the sensed radio environment conditions over SA/data.
Proposal 7
For centralized sidelink resource allocation, both dynamic and static resource allocation over multiple communication periods should be considered.
Proposal 8
Introduce UE feedbacks for V2X resource allocation.
Proposal 9
The eNB can use UE-reported geographical position to improve V2X resource allocation.
Proposal 10
Optimizations of the UE reporting procedure for geographical coordinates should be specified, with the goal of minimizing the reports payload.
Proposal 11
The eNB can use sidelink interference measurements reported by the UE to improve sidelink resource allocation.
Proposal 12
The UE can request V2X resources to the eNB on the basis of its subscription.
Proposal 13
PC5 resources of target cell as well as PC5 synchronization configuration can be signalled to the UE via the handover command.
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5 Annex A – Text proposal
We propose to capture the following in the TR.

5
Technical support for V2V
5.1.1
Resource allocation
It is observed that Rel-13 sidelink resource allocation is not sufficient for some of the scenarios for PC5-based V2V. Enhancements to Rel-13 sidelink resource allocation are necessary for PC5-based V2V.

Only the eNB can control sidelink resources
5.1.1.1
Resource pool
The resource allocation principles listed below should be studied for PC5-based V2V (note that other schemes are not precluded):
· Resource pool

· The concept of resource pool is introduced at least for the purpose of study.

· Resource pool is a set of time/frequency resources where PC5 transmission may occur. Note that Rel-12 D2D communication mode 1 uses all the time/frequency resources as data pool. 

· FFS whether Rel-12 resource pool configuration is reused for PC5-based V2V.

· FFS the number of resource pools configured for a UE

· The need for defining multiple resource pools should be justified.

· FFS whether the number of SA pools can be different from the number of data pools and, if can, FFS whether multiple SA pools can be associated with the same data pool.
· For sidelink operations, introduce the following V2X transmitting pools:
· I2X: Transmitting resource pool to be used by UE-type RSUs.
· V2X: Transmitting resource pool to be used by vehicles to transmit to vehicles.
· P2X: Transmitting resources pool to be used by pedestrians
· Usage of a certain V2X transmitting pool depends on the specific UE subscription
The following resource allocation principles are deemed necessary for PC5-based V2V:

· Scheduling assignment

· Each data transmission is scheduled by an SA. A UE knows at least time and frequency location of data transmission(s) after decoding the associated SA.

· FFS the indication is implicit, explicit, or both

· If SA and the associated data from a single transmitter is transmitted in different subframes:

· FFS details

· If SA and the associated data from a single transmitter are transmitted in the same subframe:

· FFS whether it is possible to support the case where data transmission in a subframe occurs without associated SA transmitted in the same subframe

· Alt 1: SA and Data are transmitted on separate physical channels (i.e., separated DFT precoding for SA and data):
· RAN1 assumes that RAN4 will study the proper transmission characteristics (e.g, MPR) to support this.

· FFS whether SA and data transmissions in the same subframe are always adjacent in the frequency domain.
· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.
· Alt 2: A single DFT precoding applies to SA and data transmitted in the same subframe.
· The whole bandwidth is divided into one or multiple sub-channels. 

· The transmission bandwidth of SA/data is fixed to the bandwidth of a single sub-channel.

· Alt 3: SA and data are TDMed within one subframe.
· The transmission bandwidth of SA is fixed.

· Study the number of transmissions of a given TB
· Study the number of transmissions of a given SA

· FFS whether a single SA may schedule multiple TBs

· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data

5.1.1.2
Resource control/selection mechanism
The resource allocation principles listed below should be studied for PC5-based V2V (note that other schemes are not precluded):
· Network control aspect

· At least when a UE is inside coverage of an eNB on the carrier where PC5 is performed (i.e., Uu and PC5 share the carrier), the eNB controls at least some parameters that affects UE resource selection.

· When a UE operates PC5 in a carrier where no cell is detected but it is inside coverage of an eNB in another carrier (i.e., different carriers for Uu and PC5), network may control at least some parameters that affects UE resource selection.

· At least when the PC5 and Uu carriers are allocated to the same operator, RAN1 assumes that eNB has at least some controls. FFS for the other cases. 

· UE autonomous resource selection can be configured for a UE inside network coverage.

· eNB control above includes
· Exact resources for transmission or set of resources for UE autonomous selection

· FFS: other parameters
· The UE can request V2X resources to the eNB on the basis of its subscription
· Enhancement to resource selection/structure

· Study which of the following principle(s) is(are) beneficial:

· Collision avoidance

· A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.
· Random resource selection is not supported in V2X.
· FFS

· Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level

· How to select the resources and MCS for transmission

· Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection

· FFS if the initial selection and reselection procedures are the same or not

· Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 

· Whether resource in this context is in the physical domain or the logical domain

· 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
· The eNB can use UE-reported geographical position to improve V2X resource allocation
· Consider ways to optimize the UE reporting procedure for geographical coordinates
· The eNB can use sidelink interference measurements reported by the UE to improve sidelink resource allocation
· Enhanced resource randomization

· Example is increasing the number of time resource patterns.

· Introducing a finer time resource granularity and/or a coarser frequency resource granularity 

· Semi-persistent scheduling from eNB for PC5 transmissions

· Cross-carrier scheduling

· eNB sends control via a carrier to schedule sidelink resource in another carrier not associated with the carrier used for the control transmission.

· FFS in which scenario(s) this principle is beneficial

· Differentiation of radio transmission characteristics based at least on higher layer properties

· FFS which other aspect(s) will also differentiate radio transmission characteristics

· FFS radio transmission characteristics

· Transmission power control and/or setting

· Use different transmission power e.g., depending on scenario

· This includes the possibility of using zero power (i.e., muting)

· Resource allocation robust to temporal interruption due to, e.g., handover, RLF, cell reselection
· PC5 resources of target cell as well as PC5 synchronization configuration can be signalled to the UE via the handover command.
The following observations are made for resource control/selection mechanism:
· 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
· RAN1 observes potential benefit of adapting transmitter behavior from physical layer viewpoint:
· It is noted that RAN1 has not evaluated the feasibility of any adaptation mechanism.
· FFS
· Which specific behavior is adapted
· E.g., Reducing message transmission rate and/or dropping some messages
· What the adaptation is based on
· E.g., when the vehicle density is high
· Whether service requirement can be adapted accordingly in some scenarios
· RAN1 observes potential benefit of UE reporting its observation on the radio environment of PC5 carrier and/or its location to help eNB scheduling. However, the uplink signaling overhead, handover issue, burden caused by the increased number of RRC_Connected UEs have not been evaluated.
RAN1 observes potential benefit of increasing subcarrier spacing. However, the impact of a smaller length of normal CP, ICI to/from legacy channels, AGC, timing advance, potential change in the inband emission have not been evaluated

5/10


