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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 2), and the centralized resource allocations (as in ProSe mode 1) with emphasis on the new sidelink SPS protocol that has been agreed by RAN1.

2 Discussion
In this paper we focus on resource allocation schemes for sidelink and taking ProSe communications as a benchmark we discuss the following areas:

· Distributed resource allocation (mode 2 -like)

· Centralized resource (mode 1-like)

· In particular in this paper we focus on the sidelink SPS protocol

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.

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 V2X, I2X, P2X transmitting pools depends on the specific UE subscription.

Regarding this issue, RAN2 has received an LS from SA2 on 

· Whether it is required to have an indication to differentiate between a UE and an RSU implemented as a UE (i.e. UE-type RSU) from the PC5 radio resource allocation perspective
· Whether it is required to have separate indications for different UE types/roles (i.e. Vehicle UE and Pedestrian UE) from the PC5 radio resource allocation perspective
Given the above discussion, we propose to send an LS reply to SA2, indicating that it is beneficial from a radio resource allocation perspective to differentiate the UE type/roles
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. As agreed during RAN2#93-bis meeting, any optimization of the V2P pool to take into consideration battery limitation at the receiver (i.e. the pedestrians) does not seem to be needed. The pedestrian UE can monitor the Uu multicast channel to receive vehicles presence warnings and if capable it can also monitor the sidelink channel.

However, considering the UE complexity, it does not seem critical to require sidelink reception capabilities for pedestrians.

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

Proposal 6 No sidelink reception capabilities are required for pedestrians.

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 
One enhancement to the mode-1 operation is the agreed geo report from UEs. On the basis of such geo-report, the eNB can refine the mode-1 allocation and take into account the UE proximity. 

RAN1 has also agreed that along with mode-1 dynamic grants, also sidelink SPS scheduling should be supported. In this section, we dig into the details of such new sidelink SPS protocol.
2.2.1 Sidelink SPS

During last RAN1#84-bis meeting, RAN1 has agreed the following [2] 
Agreement:
· For SPS of V2V traffic for mode-1 SPS on PC5:

· The eNB may configure multiple SPS configurations for a given UE

· At least SPS-configuration-specific MCS (if MCS is part of the SPS-configuration) and SPS-configuration-specific periodicity can be configured

· FFS if/which other SPS parameters can differ across the SPS-configurations

· The eNB can dynamically trigger/release the different SPS-configurations by use of (E)PDCCH

· Details of the trigger/release are FFS

· Working assumption: The UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration

· FFS any details of the signaling protocol

· FFS whether eNB acknowledgment of the UE indication is needed
Observation 2 RAN1 has agreed that for sidelink V2V communication mode-1, multiple sidelink SPS configuration for a given UE may be configured.

Observation 3 RAN1 working assumption is that the UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration.
Given the above, it seems natural to assume that the SPS mechanism used for UL operation is the baseline when designing the sidelink SPS.
For example, the eNB should configure via RRC each of the multiple possible sidelink SPS configurations for a given UE, indicating at least the SPS C-RNTI, the SPS scheduling interval (i.e. the SPS periodicity), and the index of the SPS configuration. Whether additional L1 parameters (e.g. MCS, transmitting power etc.) should be included in the SPS configuration is up to RAN1 discussion. However, in our opinion, the MCS corresponding to a certain SPS configuration should be given via PDCCH (as in legacy Uu operations) 

Proposal 9 Each sidelink SPS configuration for a given UE is provided via RRC and should at least indicate the SPS C-RNTI, the SPS periodicity and the index of this SPS configuration.

As for the legacy Uu SPS, it shall be possible for the eNB to activate/reactivate each of the configured SPS configurations via PDCCH by scrambling DCI5 with the SPS C-RNTI. The DCI5 should also contain the index of the specific SPS configuration to which this DCI5 relates to.

Proposal 10 Each sidelink SPS configuration for a given UE can be (re)activated by the eNB by scrambling PDCCH DCI5 with SPS C-RNTI
Proposal 11 To address each SPS configuration, DCI5 should also indicate the index of the specific SPS process to which this DCI5 relates to.

Since in any case separate DCIs are used to grant Uu SPS and sidelink SPS, we believe that we do not need to define a separate sidelink SPS C-RNTI space.

Proposal 12  Defining a new sidelink SPS C-RNTI space is not needed.
As observed in Observation 3, RAN1 working assumption is that 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. Such information can be carried in dedicated PUCCH control signalling resources that can be allocated by the eNB together with the SPS configuration. 
Proposal 13 To limit resource wastage, the UE should inform the network when SPS resources of a certain SPS configuration are not used, e.g. via control signalling.

Proposal 14 Such control signalling resources associated to a given SPS configuration are indicated by the eNB to the UE in the SPS configuration itself.

Similar to legacy Uu, the eNB may consider that the sidelink SPS has to be released, if the UE indicates no use of SPS resources for a consecutive number of times. Accordingly, the UE may also consider implicit release of sidelink SPS. This functionality, can be particularly useful for even-triggered messages, e.g. DENM, that can be suddenly terminated.

Proposal 15 Similar to Uu, implicit release of sidelink SPS can be configured. 

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
RAN1 has agreed that for sidelink V2V communication mode-1, multiple sidelink SPS configuration for a given UE may be configured.
Observation 3
RAN1 working assumption is that the UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration.


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.
c.
P2X: Transmitting resources pool to be used by pedestrians.
Proposal 2
Usage of V2X, I2X, P2X transmitting pools 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.
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
Each sidelink SPS configuration for a given UE is provided via RRC and should at least indicate the SPS C-RNTI, the SPS periodicity and the index of this SPS configuration.
Proposal 10
Each sidelink SPS configuration for a given UE can be (re)activated by the eNB by scrambling PDCCH DCI5 with SPS C-RNTI
Proposal 11
To address each SPS configuration, DCI5 should also indicate the index of the specific SPS process to which this DCI5 relates to.
Proposal 12
Defining a new sidelink SPS C-RNTI space is not needed.
Proposal 13
To limit resource wastage, the UE should inform the network when SPS resources of a certain SPS configuration are not used, e.g. via control signalling.
Proposal 14
Such control signalling resources associated to a given SPS configuration are indicated by the eNB to the UE in the SPS configuration itself.
Proposal 15
Similar to Uu, implicit release of sidelink SPS can be configured.
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