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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. 

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

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. 
One important aspect to be discussed is which transmitting pools should be considered for V2X. According to TR 22.885 [1], 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 1 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. The specific UE authorization (V2X, P2X, I2X) is signalled from the MME to the eNB. To realize this we propose the following:


Proposal 2 Usage of a certain V2X transmitting pool depends on the specific UE subscription.

Proposal 3 Send an LS to SA2 to include the classification of the traffic type in the subscriber information.
The 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. 

Proposal 4 The UE can request V2X resources to the eNB on the basis of its subscription.

2.1.1 P2X
As previously mentioned among the above pools, the P2X pool should be properly designed in order to account for the UE battery consumption. However, optimization of the V2P pool does not seem to provide clear gains. V2X services over sidelink (e.g. V2V) are broadcast and should take into account the stringent V2X requirements in terms of latency and load. Therefore, any restrictions due to battery saving techniques (e.g. DRX) at receiver should be considered. Considering the UE complexity, it does not seem critical to require sidelink reception capabilities for pedestrians, i.e. pedestrians can monitor the Uu multicast channel to receive vehicles presence warnings.

Proposal 5 The P2X pool should take into account UE energy consumption.

Proposal 6 No sidelink reception capabilities are required for pedestrians, i.e. avoid optimizations of V2P transmission pool.

2.1.2 Resource sensing

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, the UE can simply select resources that appear from sensing the SA and data 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.

The above sensing mechanisms have been already captured in some RAN1 observations for further study [1]. 

Proposal 7 Random resource selection is not supported in V2X.

Proposal 8 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 implies semi-static allocation of resources which can be beneficial for periodic messages (e.g. CAM). However, it might imply some resource wastage in case the UE has no data to transmit over PC5. .

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. RAN1 has also agreed to support semi-persistent scheduling for mode-1 operations [1].

Observation 3 RAN1 has agreed that for sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported.

A form of semi-persistent scheduling is not entirely new in the ProSe context. In type 2B discovery, resources are semi-statically assigned by the eNB via RRC signalling which is fundamentally different from the legacy SPS scheduler used in Uu. However, unlike discovery, V2X scenarios seem to require a more efficient way of realizing semi-persistent scheduling to cope with the new traffic patterns, load, mobility and new interference scenarios. Therefore an SPS mechanism similar to what used in Uu seems to be more appealing.

The eNB can provide an SPS-RNTI to the UE and then configure the UE with a dedicated SPS sidelink configuration. Certainly a sidelink SPS should coexist with a legacy UL/DL SPS, i.e. a UE can be configured with both sidelink SPS and UL/DL SPS. In order to do that, the eNB can activate/re-activate/release SPS by scrambling DCI5 with SPS-RNTI. 

In order to ensure prompt reuse of SPS resources that are not used, the UE should inform the eNB if a configured grant will not be used. 
Proposal 9 SPS configuration for sidelink takes UL/DL SPS configuration as baseline.
Proposal 10 To limit resource wastage, the UE should inform the network when SPS resources are not used.

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 at handover command releases source cell resources and before using again PC5 it needs to wait for the target cell sending dedicated signalling (if in connected mode) indicating mode 1 and mode 2 resource allocation respectively, or a dedicated PDCCH SL grant for mode 1. Therefore there is an handover interruption that in worst case can be long as T304, i.e. max 2000ms. 
Observation 4 The handover procedure interrupts side-link operations. In worst case the interruption can be up to T304.
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. Alternatively, the UE can keep using source resource until reception of grant from target cell. However in this latter approach, resources of source cell would be used even though the UE has already received HO command from source cell, thereby potentially causing interference to target cell. 
Observation 5 Using the resources of old cell may lead to interference to LTE traffic in new cell.

Proposal 11 The target eNB should send to source eNB the appropriate sidelink resource configuration (including synchronization configuration) for the vehicle UE in the target-to-source transparent container in the HANDOVER REQUEST ACKNOWLEDGE message to the source eNB, in order to minimize V2V service disruption and avoid introducing interference in the target cell.
Proposal 12 UE starts using sidelink resources of target cell after reception of handover command and stops at T304 expiry.
2.4 Sidelink enhancements at cell re-selection
Also related to cell (re)-selection there is clearly an interruption that could affect mode-2 UEs. According to 36.133, the general requirement for cell (re)-interruption is that the interruption time shall not exceed TSI-EUTRA + 50 ms, where TSI-EUTRA is the time required for receiving all the relevant system information data [2].
Two possible alternatives can be considered:

1. UE continues using resources of old cell before it obtaining resource pool from new cell.
2. UE should obtain the V2X resource pool of new cell prior to selecting new cell, e.g. from the cell where the UE is currently camping.

In alternative 1, it is possible that the V2X resource pool configuration between old cell and new cell are different. The V2X resources in old cell may be used for LTE traffic in new cell. If UE continue using the resources of old cell, it may cause interference to LTE traffic in new cell similarly to what observed in Observation 5.

In alternative 2, the UE acquires resource to be used in the target cell from its serving cell. This would limit the interruption, but of course it would increase the signalling overhead, since in principle each cell should provide resource pool information for all its neighbouring cell. 
Proposal 13 RAN2 should evaluate the complexity of introducing any optimization mechanism to reduce sidelink interruption due to cell (re)-selection.

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.
Observation 3
RAN1 has agreed that for sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported.
Observation 4
The handover procedure interrupts side-link operations. In worst case the interruption can be up to T304.
Observation 5
Using the resources of old cell may lead to interference to LTE traffic in new cell.


Based on the discussion in section 2 we propose the following:
Proposal 1
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 2
Usage of a certain V2X transmitting pool depends on the specific UE subscription.
Proposal 3
Send an LS to SA2 to include the classification of the traffic type in the subscriber information.
Proposal 4
The UE can request V2X resources to the eNB on the basis of its subscription.
Proposal 5
The P2X pool should take into account UE energy consumption.
Proposal 6
No sidelink reception capabilities are required for pedestrians, i.e. avoid optimizations of V2P transmission pool.
Proposal 7
Random resource selection is not supported in V2X.
Proposal 8
Distributed resource allocation for V2x uses the sensed radio environment conditions over SA/data.
Proposal 9
SPS configuration for sidelink takes UL/DL SPS configuration as baseline.
Proposal 10
To limit resource wastage, the UE should inform the network when SPS resources are not used.
Proposal 11
The target eNB should send to source eNB the appropriate sidelink resource configuration (including synchronization configuration) for the vehicle UE in the target-to-source transparent container in the HANDOVER REQUEST ACKNOWLEDGE message to the source eNB, in order to minimize V2V service disruption and avoid introducing interference in the target cell.
Proposal 12
UE starts using sidelink resources of target cell after reception of handover command and stops at T304 expiry.
Proposal 13
RAN2 should evaluate the complexity of introducing any optimization mechanism to reduce sidelink interruption due to cell (re)-selection.
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