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1 Introduction

In the Rel-13 enhanced D2D WID [1], there is an objective to enhance D2D communication to enable priority of different groups support:
In particular, this work item will cover the following objectives:

2) Define enhancements to D2D communication to enable the following features:

b) Priority of different groups support [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)

In RAN1 #81 meeting [2], it was noted that companies are encouraged to identify the requirements and possible solutions for pre-emption:
For RAN1#82, companies are encouraged to identify the requirements for preemption, and if these have impact on RAN1, possible solutions. 

In RAN2 #90 meeting [3], it was agreed that:
· The AS is provided with the priority of the data packets to be transmitted on PC5 interface. The AS doesn’t need to know how the higher layers have determined the priority (pending final SA2 response).  

· For each logical channel there will be an associated priority.

· The creation of logical channels will be left to UE implementation, similar to Rel-12.  In addition to taking source/destination ID of packets into account when creating a logical channel, the UE will also take into account the priority of packets.
In this contribution, the requirements and possible solutions to support ProSe Priority from RAN1 perspective are discussed. 

2 Discussion
2.1 Requirements 
There was a joint session among SA2, SA6 and RAN2 during last meeting. Several general questions were discussed. A common understanding of relevant requirements to support ProSe priority across different WGs was reached:
· A single UE shall be able to transmit packets of different priorities on PC5.
· The ProSe Per Packet Priority selected by applications is in the scope of the RAN WGs.
· The ProSe Per Packet Priority is the only information provided to the lower layers.
· Support of 8 priority levels for the ProSe Per Packet Priority should be sufficient to support a wide range of applications. 
· ProSe Per Packet Priority applies to all PC5 traffic, including packets exchanged between a Remote UE and a ProSe UE-to-NW relay.
· The ProSe Per Packet Priority also applies to packets exchanged between two UEs as part of one-to-one ProSe Direct Communication (e.g. to support MCPTT Private Calls defined in TS 22.179)
It was identified that the ProSe Priority is the only information provided to the lower layers and applies to all PC5 traffic including group communication, ProSe UE-to-NW relay and one-to-one ProSe Direct Communication e.g. to support MCPTT Private Calls. Requirements from SA to support ProSe Priority are identified while the feasibility and possible solutions to support should depend on RAN WGs. Furthermore, ProSe priority support can be also applied to V2X with many higher priority warning messages. 
From the conclusions of the joint session, it is clear that RAN 2 would provide the access stratum with Per-Packet Priority. The question now is how to support ProSe Priority, and whether RAN1 should be involved. In our opinion, RAN1 can contribute to help with the ProSe priorities: in particular, some form of sensing can be introduced to give priorities to some users.
Observation: There are requirements to support ProSe Priority at physical layer. 
2.2 Possible solutions
First, it is noted that for mode-1 communication, there is really no standard effort needed. The priority of different services can be done at the eNB, and can be fully transparent to the UE. Therefore, in this section, we focus on mode-2 only. For mode-2, due to the absence of sensing, there are collision issues to address, and improvements to the contention process can be made. There can be some possible solutions.
Alternative 1: Different (sub) resource pools for services with different ProSe priorities. 
In Rel-12, up to 4 Mode 2 transmission pools are available at the UE. These pools can be used to enable priority handling for Mode 2: the simplest way is to have different  resource pools for groups with different priorities, i.e. group priority specific resource pool or subset(s) as discussed in [4][5][6]. According to the SA2-RAN2 discussion, up to 8 stratum levels are defined. Thus up to 8*4 pools may be needed, considering normal CP and extended CP, etc. Different services can have different pools, or one service could only use a portion of the resource pool for another service. This is illustrated in Figure 1: as shown in Figure 1(a), there are two different resource pools for different priority services. The orange part is only used for low priority services and the white part is only used for high priority services. As shown in Figure 1(b), the orange part is the subset of the total resource pool (shown in white). The low priority services can only use the resources within the subset while the high priority services can use the whole resource pool (either white or orange).
[image: image1.emf]Occupied

Resource pool for high priority services

Resource pool for low priority services



[image: image2.emf]Occupied Vacant

Resource pool

For low priority services


Figure 1
(a) Different resource pools for different ProSe priorities (b) Subset of resource pools
Such a solution would be suboptimal: it is generally better to have a small number of pools for all UEs to share than multiple pools in order to increase trunking efficiency. In addition, there could be cases where some pools are barely used whereas other pools are overused, thus resulting in high interference of some UEs and waste of resources. Thus, other solutions should be considered.
Alternative 2: Different sensing parameters are (pre)configured for services with different ProSe priorities. 
Some sensing schemes [7] were discussed in Rel-12 to solve the collision issues in resource contention. These sensing mechanisms could be used to provide priority services. In essence, a limited number of pools are used by all UEs, but some UEs are given priority by having more aggressive sensing parameters. To ensure preemption requirements for higher priority services, some simple schemes can be considered. 
With sensing, each transmitter can perform measurements over all the resource units in the resource pool and determine the energy/SNR/SINR on each of them to determine if there is a close-by UE transmitting. Sensing can be performed for certain duration of time to get average statistics. If the interference level is beyond a predefined threshold, then the resource should be considered as occupied otherwise it is available. As shown in Figure 2, the yellow ones are occupied while the white ones are available. Through sensing, UEs can know which resources are already occupied by other transmitters and which resources are available. Only the available resources can be selected for direct transmission. After sensing the UE will randomly selects resource with the available resources and then transmit on the randomly selected resources. In order to further simplify the sensing operation, it can be performed on the SCI pools only.
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Figure 2
Sensing
The parameters used in sensing can be different for ProSe services with different ProSe priorities. For example,
· The duration time of sensing window can be different. For a special case, the time can be 0, i.e. no sensing, which can be used for some extremely high priority services.

· The threshold can be different. E.g. higher priority services may have lower threshold.

· The transmission probability can be different. Higher priority services will have larger transmission probability; in contrast, lower priority services will have smaller transmission probability.
· The resource to perform sensing may be different. For example, the higher priority services can transmit once they find some available resources, while the lower priority services need to sense all the resources

· The back-off time for a transmitter to select resource after sensing can be different. E.g. higher priority services will have shorter back-off time; in contrast, lower priority services will have longer back-off time.

With the different parameters, higher priority services can be easier to obtain available resources than lower priority services. Some solutions, e.g. different sensing parameter setting, can be considered to support ProSe priority. 

Based on the above discussion and analysis, we have the following proposal.

Proposal 1: One of the alternatives can be considered to support ProSe priority. 
· Alternative 1: Different (sub) resource pools for services with different ProSe priorities. 
· Alternative 2: Different sensing parameters are (pre)configured for services with different ProSe priorities. 
· Alternative 2 is preferred since it results in better resource utilization
3 Conclusion

In this contribution, the requirements and possible solutions to support ProSe Priority are discussed. 

Based on the discussion and analysis, we have the following observation and proposal.

Observation: There are requirements to support ProSe Priority at physical layer. 
Proposal 1: One of the alternatives can be considered to support ProSe priority. 
· Alternative 1: Different (sub) resource pools for services with different ProSe priorities. 
· Alternative 2: Different sensing parameters are (pre)configured for services with different ProSe priorities. 
· Alternative 2 is preferred since it results in better resource utilization
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