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1 Introduction

One of the objectives of the Rel-13 ProSe WI is “Priority of different groups support”. The RAN1 WG discussed solution of associating Mode 2 control and data resource pools to application/group/user priorities in [1]. However, the details of priority definition and requirements that may drive the overall QoS/Priority solution were further debated in RAN2 WG [2], which is asked for the input and clarifications from the SA WGs, finally provided in [3].

At the RAN1 WG #81 meeting, it was requested that

· For RAN1#82, companies are encouraged to identify the requirements for preemption, and if these have impact on RAN1, possible solutions.

In this contribution, we provide our views on priority support for Rel.13 ProSe WI. In section 2, we review reply from SA2 WG providing clarification on priority support for sidelink communication. In section 3, we discuss preemption requirements and open issues that may needs to be addressed for priority support to enhance D2D communication in LTE Rel.13. Finally, sections 4-6 provide our views on the main preemption design principles.
2 Priority Operation Principles

Based on the feedback from the SA2 WG the following priority operation principles need to be considered on PC5 link [3]:

· A single UE shall be able to transmit packets of different priorities on PC5. The support of eight priority levels for the mapping of application level priorities is deemed to be sufficient (subject to confirmation from other WGs).

· Upper layers provide to the access stratum a ProSe Per-Packet Priority from a range of possible values.

· The ProSe Per-Packet Priority is used to prioritize intra- and inter-UE transmissions.

· The use of the ProSe Per-Packet Priority is neutral to whether the UE is accessing the medium in scheduled or non-scheduled transmission mode.

· The way the medium is accessed is in the scope of the RAN WGs.
· The ProSe Per-Packet Priority is the only information provided to lower layers (no notion of bearers within the higher layers).
· The ProSe Per-Packet Priority is independent of L2 destination.

· The ProSe Per-Packet Priority mechanism is applied between a Remote UE and a Relay UE or between two UEs as a part of one-to-one communication.
3 Considerations for Priority Handling
Analyzing the feedback from the SA WG, the following major design aspects may be highlighted and need to be discussed in order to enable priority support for sidelink communication in LTE Rel.13:
· Intra and inter-UE priority handling. The support of inter-UE prioritization is the most challenging and requires additional consideration of several aspects, including:

· Medium access and resource sharing mechanism;

· Collision avoidance in case of different or same priority level;

· Fair share of sidelink spectrum resources among UEs/packets having the same priority level.

· Time scale for priority handling/preemption procedure (e.g. within SCI period or within multiple SCI periods);

· Within SCI period (i.e. within 40ms);

· Within multiple SCI periods (e.g. within 160/320ms).
For inter-UE prioritization, two cases need to be separately analyzed:
· Case 1 - UEs have the same priority level. In general, this case is not a prioritization problem given that priority level is the same across multiple UEs. Oppositely this case may be considered as a collision or resource access problem, and therefore it is not the primary design goal of the LTE Rel.13.

· Case 2 - UEs have different transmission priority levels. This case is a priority/preemption problem, since transmissions with higher priority are expected to have preferential access to sidelink resources.

In the next sections of this document, we mainly focus on approaches to support the inter-UE prioritization in case of different priority levels (Case 2), while for the case with the same priority levels, we assume that Rel.12 UE behavior and mechanism are reused.
4 Inter-UE Prioritization

There are three main approaches that can be considered to enable preemption support for sidelink communication:
· Resource partitioning. This method assumes that sidelink spectrum resources are partitioned and associated with the transmission priority level. The association and configuration of resources can be done through eNB signaling.
· Probabilistic. In this method, the higher priority transmissions may have higher transmission probabilities. The transmission probability value may be varied over time based on sidelink channel utilization by different transmission priorities or amount of traffic transmitted.
· Monitoring/sensing method. The monitoring method assumes that terminals monitor ongoing sidelink transmissions and their priority levels and follow the predefined preemption procedure in order to access or release resources. This method may require indication of the priority information by the sidelink transmitters.
These methods have pros and cons and may require different level of RAN1 and RAN2 specification efforts if supported in LTE Rel.13 timeframe.

4.1 Resource Partitioning

The principle of the resource partitioning method is to associate sidelink transmission resources with different transmission priority levels. The resource assignment and association with priority levels may be configured by eNB or pre-configured in out of coverage case. The resource partitioning is one of the simplest ways to enable preemption in LTE Rel.13 and may be done through association of resource pools (PSSCH/PSCCH), transmission patterns (ITRP) and/or PSCCH resource indexes (nPSCCH) with the different transmission priority levels. In general, the same sidelink spectrum resources may be shared for transmission with different priority levels or exclusively assigned to different priorities. 

One of the potential drawbacks of resource partitioning approach is that there may be inefficient resource utilization if there is no traffic of given priority and exclusive spectrum resources are allocated for sidelink transmission of that priority. At the same time there may be a lot of traffic of a higher priority resulting in collisions within resources that are exclusively allocated for sidelink transmissions of that priority. This problem may be addressed to some extent by allowing traffic of higher priority to also have access to the resources allocated to the lower priority traffic, although without knowledge of the current traffic level in each set of resources it is difficult for the UE with higher traffic to make an appropriate decision about which set of resources to use.

The potential drawbacks as described above can be controlled to some extent by careful dimensioning of the resource partitions to match the anticipated level of sidelink traffic of each priority. This is comparable with what is required in release 12 in that the resources need to be matched to the anticipated level of sidelink traffic.
It should be also noted that the resource partitioning mechanism does not address the problem of collision and fair resource sharing among UE transmissions with the same priority, however these design challenges are considered to be in the scope of priority handling mechanisms defined in LTE Rel.13. 
4.2 Probabilistic Priority Handling
The principle of probabilistic priority handling is to assign different transmission probabilities to different priority levels and thus ensure the preferential access to resources for higher priority transmissions. Although this enables preferential access for higher priority traffic, with static transmission probabilities the performance of low priority traffic would be degraded even in situations whether current utilization of the resource is low. The probabilistic preemption control can be further enhanced, if the value of the transmission probability is adjusted based on the information about amount of active transmissions with higher priority. In order to adjust the probability level based on priority, the information about transmission priority may be signaled by the other sidelink transmitters. This enhancement effectively creates a hybrid with the pure probabilistic approach and a monitoring/sensing approach

The hybrid approach may address the collision and resource fairness issues at least, at some extent, even in the case when UEs have the same transmission priority level.

4.3 Monitoring/Sensing Approach
The main principle of monitoring is that sidelink transmitters implicitly or explicitly exchange information about the ongoing transmissions and their transmission priority. This information is utilized to make a decision according to the predefined preemption procedure with configured criteria to access and release the sidelink spectrum resources. This method requires monitoring of PSCCH pools, which is anyway required for sidelink reception, in order to determine the current utilization of the resources. If priority of a transmission could also be indicated within SCI on PSCCH then the UE could determine the level of activity of each different transmission priority. 
Observation 1
· Dynamic indication of priority level is needed within SCI on PSCCH to enable pre-emption in case of shared sidelink resources.

4.4 Summary on Inter-UE Prioritization Approaches
In our view, the resource partitioning and probabilistic methods can be relatively easily supported in LTE Rel.13, while the monitoring approach may require design of sophisticated preemption procedures in RAN2 WG, especially if the fair resource sharing and collision issues for UEs having the same transmission priority needs to be addressed in LTE Rel.13.
5 Timescale of Preemption Procedure
In case of shared resource allocation, for different transmission priorities, it needs to be clarified what is the target preemption timescale. The preemption timescale is effectively the length of time that it takes for the preemption mechanism to reach to the start of a new high priority transmission, by reducing the load caused by lower priority transmissions (in the case that the sidelink resources are heavily utilized). The ProSe per packet priority is the priority assigned by application layers to the upper layer packets. Depending on the application and generated traffic pattern, it may be required to enable preemption at the timescale within SCI period (fast preemption) or in the order of multiple of SCI periods (mid-fast preemption).

In our view, the fast preemption (within SCI period) is more challenging to achieve and requires more changes in PSCCH and PSSCH design. The mid-fast preemption (of the order of multiple SCI periods) may be more easily integrated within the current sidelink LTE design framework.

Observation 2
· In case of shared resources, the pre-emption timescale needs to be discussed.

Proposal 1
· RAN1 to discuss pre-emption timescale that needs to be supported for sidelink communication.

6 Impact of Preemption Procedure on RAN1 / RAN2 WGs
The following impact can be identified depending on the preemption mechanism for sidelink communication:
Table 1: Impact on RAN1 / RAN2 WGs to enable different pre-emption procedures for sidelink communication
	Preemption Approach
	RAN1 Impact
	RAN2 Impact

	Resource Partitioning
	Define resource partitioning method:
· PSSCH/PSCCH pools (minimal RAN1 impact);
· T-RPT patterns;
· PSCCH resource indexes;
· Resource grant size.
	· Define association between resource partitions and priorities. Association may be exclusive or shared.
· Define signaling to enable resource partitioning method.
· Define UE behavior for selection of resource partition based on priority.
·  Details TBD in RAN2 WG.

	Probabilistic Preemption
	Minimal RAN1 impact (in case or pure probabilistic approach)

· Define PSCCH monitoring/sensing procedure (in case of enhanced hybrid approach)
· Define control signaling for priority indication in PSCCH (in case of enhanced hybrid approach)
	· Define transmission probability as a function of priority level (and possible current resource utilization in case of enhanced hybrid approach), 
· Define associated configuration signaling.

· Define UE transmission behavior based on transmission probability.

	Monitoring
	· Define control signaling for priority indication in PSCCH.
· Define PSCCH monitoring/sensing procedure.
	· Define UE transmission behavior based on information obtained from PSCCH monitoring/sensing and priority level.

· Define associated configuration signaling.


A monitoring/sensing approach or an enhanced hybrid of the probabilistic approach are the most promising in terms of performance. The resource partitioning approach has some drawbacks but, with careful dimensioning of the sidelink resources, may be adequate for Release 13. However, the standardisation effort required by monitoring/sensing approach or an enhanced hybrid of the probabilistic approach, particularly within RAN1 where there is very little time allocated, leads us to the conclusion that the resource partitioning approach should be chosen for Release 13. The other approaches require additional system level analysis and definition of performance metrics for evaluation.
Proposal 2
· Support resource partitioning for priority handling in Release 13.
When defining the resource partitioning approach, careful consideration should be given to forward compatibility to enable a more sophisticated approach to be added in a future release. An aspect that should be considered by RAN1 is whether to introduce the priority indication in the SCI in PSCCH already in Release 13. This would enable UEs of a future release to be aware of the priority of a transmission performed by a UE if Release 13, and hence take it into account in their prioritisation procedure. However, considering that the definition of signalling may itself be a time consuming aspect, and that there will anyway be Release 12 UEs that do not indicate the priority of their transmissions, it may not be justified.
In terms of resource partitioning, we believe it is worthwhile to enable association of pools and T-RPT patterns with different priority levels. In addition, the restrictions on PSSCH frequency allocation may be considered jointly with the association of PSCCH resources with priority levels.
7 Conclusions
In this contribution, we provided our views on priority handling mechanisms for sidelink communication. In our view, at least resource partitioning method needs to be enabled in LTE Rel.13. Based on discussion we have the following proposal:
Proposal

· Support resource partitioning approach for priority support in LTE Rel.13 (e.g. association of pools, T-RPT patterns with priority levels).

· Further discuss the need for priority indication within SCI on PSCCH resources and pre-emption timescale. Inform RAN2 WG with respect to made decisions.
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