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1 Introduction

At the TSG RAN1 WG Meeting #84bis, the resource control and selection mechanism for V2V communication were discussed and the following agreements were made by RAN1 WG with respect to priority support for V2V communication:

· Priority handling is supported over PC5 for eNB-scheduled and UE-autonomous V2V communication

· The priority information is taken into account in the resource (re)selection for UE-autonomous mode

· Further details are FFS

· Down-select between two alternatives at RAN1#85 meeting

· Alt.1 Priority information is signaled in SCI

· Alt.2 Priority information is not signaled in SCI
In this contribution, we discuss mechanism to support priority handling for PC5 V2V communication considering eNB controlled and UE autonomous modes of operation. In particular, we discuss priority signaling details, how to take into account the priority information in resource reselection procedure and UE transmitter behavior. Our views on other PC5 V2V communication aspects are provided in our companion contributions [1]-[12].
2 On LTE Rel.12 Priority Handling

The priority handling mechanisms for PC5 communication were discussed in LTE Rel.12 in the context of public safety communication. For UE autonomous mode, the agreed solution assumes association of priority levels with semi-statically configured resource pools. In case of eNB controlled operation, the priority support is handled by eNB implementation.
For V2V communication, the association of priority levels with semi-statically configured resource pools may not be sufficient given that V2V communication scenarios are significantly different from public safety in terms of UE density and mobility. In addition, it may be very difficult to predetermine the amount of resources that may need to be allocated for different priority levels. Therefore more dynamic mechanism of handling priority needs to be introduced for proper support of V2V communication.
3 Priority Support for eNB-Controlled V2V Communication
In case of eNB controlled V2V communication, the priority handling mechanism may be left up to eNB implementation, so that eNB can handle the intra and inter UE prioritization in terms of different priority levels. The only aspect that needs to be considered is how to ensure priority handling in inter-cell V2V communication scenarios. The main issue in inter-cell scenarios is that cells may not be aware about priority of the scheduled transmission in neighboring cells and therefore it may happen that two vehicles from different cells with the different priority level collide on the same set of resources and thus the better radio quality of the higher priority transmission may not be guaranteed. In order to address this problem some mechanisms need to be considered for V2V communication. There are two main approaches that may be considered:
· Approach 1. Inter-cell coordination. In this approach cells can coordinate over backhaul link about the set of resources that are allocated and currently utilized for each priority level, so that neighboring cells can take this information into account when perform scheduling of PC5 V2V transmissions and try to avoid scheduling users with different priorities on the same set of resources.
· Approach 2. UE reporting based priority handling. According to this approach, a UE may report to serving eNB the set of resources that utilized by higher priority UEs. This reporting may be triggered in case the collision is detected or by request from eNB.
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Figure 1: Scheduling of UEs with different priorities on the same set of resources in inter-cell scenarios

In general both approaches need to be supported. The second approach may be needed in partial/out-of-coverage scenarios, when out-of-coverage UE transmits with higher priority in the proximity of network, while the first option may be implemented only for in-coverage scenarios.

3.1 Inter-cell Coordination for Priority Handling

The principle of inter-cell coordination may be similar to ICIC mechanisms already applied in LTE such as overload indication (OI) or high interference indication (HII). In case of UL Interference Overload Indication, eNB informs neighboring cells about interference level on the set of PRBs, while in case of UL High Interference Indication, eNB informs neighboring cells about resources where strong interference can be expected e.g. due to scheduling of cell edge user that may transmit with a high power.
Similar mechanisms can be applied for inter-cell priority handling issues. The eNB may inform neighboring cells about resources used to serve vehicular transmissions with different priority levels, so that neighboring cells can take this into account.

Proposal 1
· eNBs exchange information about resources utilized for different priority levels over X2AP

· FFS exact content of information to be exchanged between cells

· Send LS to RAN3 to inform about RAN1 decision

3.2 Priority Handling Based on UE Reporting

The UE reporting based approach may be another option to support priority in case of eNB controlled V2V communication. The UE is supposed to monitor V2V transmissions from all proximate UEs and therefore can detect priority levels of different transmission. The UE may report this information to serving eNB, so that it can adjust its resource allocation decision and scheduling of other UEs. In order to enable UE based reporting of priority information signaled by other UEs, the reporting UE may need to identify which cell schedules the higher priority transmissions and inform its own cells. In this case some cell-specific information should be associated with sidelink transmissions. Alternatively, UE may just report information about resources that are utilized for transmission for given priority level. The triggering of such reporting may be autonomous based on eNB preconfigured conditions defined for each priority level, e.g. received power level exceeds certain threshold or by request from eNB for the requested set of priorities.
Proposal 2
· UE reporting of priority and resource allocation information utilized by other UEs is supported
· FFS exact content and protocol (triggering conditions) of UE reporting

· Send LS to RAN2 to inform about RAN1 decision

4 Priority Support for UE-Autonomous V2V Communication
In order to support inter-UE priority in UE-autonomous resource selection mode, the priority information needs to be exchanged between UEs. For support of different levels of radio-quality for different priorities, the priority information should be used as a part of the resource reselection procedure.

4.1 On Priority Indication

At the last RAN1 WG meeting, it was agreed that both SCI decoding and energy measurements are supported for sensing and UE autonomous resource selection. The support of SCI decoding for sensing and resource selection may be utilized for delivery of priority information. There are several benefits of using SCI to indicate priority. First of all, SCI reception is expected to be more robust than data channel and moreover, the SCI has a larger communication range which is important for priority handling to ensure certain radio quality. Instead of explicit signaling in SCI, it may be possible to associate some of the SCI resources with priority levels. However in this case, the amount of SCI resources for each priority level may be reduced and moreover it is unclear how many SCI resources may need to be allocated for each priority level. Therefore the explicit signaling mechanism seems more reasonable approach.
Proposal 3
· Explicit signaling mechanism is used to indicate the priority information.

· Priority information is signaled in SCI (e.g. 2bits to indicate 4 priority levels) and is taken into account in resource reselection procedure.

4.2 On Number of Priority Levels
RAN1 WG needs to discuss how many priority levels need to be supported. In order to keep sensing and resource selection procedure manageable in terms of complexity, the number of priority levels needs to be limited. In our view, four priority levels may be sufficient for V2V communication. Given that RAN1 has not agreed yet on resource allocation and pool related aspects for V2V communication we propose that up to 4 priority levels are supported within shared set of resources.
Proposal 4
· Up to four priority levels are supported within shared set of resources.

4.3 Priority and Sensing

In general case, the UE sensing procedure should not depend on priority in a sense that independently of the priority a UE is expected to perform the same sensing procedure. However, the conditions for resource selection may be different for different priority levels and configured by higher layers. As an exceptional case it may be also allowed to access the medium irrespective of the resource selection conditions pre-configured for each priority levels (e.g. crash situation and immediate access to resources is desirable). This exceptional UE behavior may be considered for high priority transmissions and under additional exceptional triggering.
Proposal 5
· Sensing procedure and parameters do not depend on priority (e.g. sensing window duration is independent of priority).

· Higher layer conditions for resource selection are independently configured for different priority levels.
· FFS if resource selection conditions for selected priority levels can be ignored in exceptional cases so that UE can access medium without sensing.

4.4 Priority and Resource Reselection

The higher priority transmissions may require, the better radio-quality conditions in terms of transmission range, interference protection and prioritized access to the medium. Below we formulate main principles of taking into account priority in resource selection procedure for V2V communication.
Main principles of taking into account priority in resource reselection:

· Priority specific candidate resource set is constructed based on priority specific conditions
· Priority specific conditions to construct candidate resource set are configured by higher layers
· Conditions (metrics and thresholds) to exclude/include resources occupied by higher priority transmissions from/to candidate resource set.
· Conditions (metrics and thresholds) to exclude/include resources occupied by lower priority transmissions from/to candidate resource set.
· Resource selection from the priority specific candidate resource set is randomized [5]
· Detection of resource collision with higher priority transmission triggers resource reselection.
Priority specific candidate resource set

In our companion contribution [5], we described procedure to construct candidate resource set for selection without priority considerations. The similar procedure can be applied to construct the candidate resources set but taking into account priority specific conditions configured by higher layers.
Resource selection

Resource selection within priority specific candidate resource set may be randomized or may take into account priority information of other transmitters that occupy resources within identified priority specific candidate resource set. For instance resources occupied by lower priority transmissions may be selected with higher probability while the resource occupied by higher priority transmission are selected with lower probability.
Priority specific reselection triggers
Detection of higher priority transmission on overlapped set of resources should trigger resource reselection procedure, so that UEs transmitting with lower priority do not overlap with resources pre-allocated for higher priority transmissions. The UE should trigger resource reselection procedure if it detects collision in its resource allocation with higher priority transmission. It may be further discussed whether reselection should be triggered, if collision in time only (i.e. collide on same subframe) or in time and frequency (i.e. collide on particular time-frequency allocation) is detected. Another open question is whether UE should drop all transmissions in pre-allocated semi-persistent transmission windows or only those that collide.
Notification of high priority transmission for selected priority levels
The higher priority transmissions may require higher reliability in terms of reception. In order to improve reliability of high priority transmissions in UE autonomous resource selection mode, UEs can perform notification about detected transmissions of higher priority UEs. The simple notification mechanism is to indicate the resources utilized by higher priority transmissions, so that radio-environment on this resources becomes less congested due to reselection procedure. In this case, proximate UEs performing reselection procedure in the neighborhood, will try to avoid selection of the resources utilized by higher priority transmissions and thus reduce interference problem and increase the coverage range of high priority transmissions in interference limited scenarios.
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Figure 2: Notification of higher priority transmissions.
Proposal 6
· Consider to support detection and notification of high priority transmission by UEs in order to increase reliability of higher priority transmissions, so that UEs with lower priority take it into account in resource selection procedure.

· FFS protocol to trigger UE notification and associated signaling details.

5 Transmission Parameters Associated with Priority
There are many L1 parameters that may be associated and configured by higher layers for different priority levels to provide preferential conditions. For instance the following parameters may be considered: transmission power, thresholds for resource (re)-selections, range of transmission and SPS allocation windows, resource allocation size or support of priority notification mechanism.
6 Conclusions
In this contribution, we discussed priority support for V2V communication. We observe that additional mechanism based on inter-cell coordination and UE reporting of scheduled priority needs to be supported. In summary we have the following list of proposals:
Proposal 1
· eNBs exchange information about resources utilized for different priority levels over X2AP

· FFS exact content of information to be exchanged between cells

· Send LS to RAN3 to inform about RAN1 decision
Proposal 2

· UE reporting of priority and resource allocation information utilized by other UEs is supported

· FFS exact content and protocol (triggering conditions) of UE reporting

· Send LS to RAN2 to inform about RAN1 decision
Proposal 3

· Explicit signaling mechanism is used to indicate the priority information.

· Priority information is signaled in SCI (e.g. 2bits to indicate 4 priority levels) and is taken into account in resource reselection procedure.
Proposal 4

· Up to four priority levels are supported within shared set of resources.
Proposal 5

· Sensing procedure and parameters do not depend on priority (e.g. sensing window duration is independent of priority).

· Higher layer conditions for resource selection are independently configured for different priority levels.

· FFS if resource selection conditions for selected priority levels can be ignored in exceptional cases so that UE can access medium without sensing.
Proposal 6
· Consider to support detection and notification of high priority transmission by UEs in order to increase reliability of higher priority transmissions, so that UEs with lower priority take it into account in resource selection procedure.

· FFS protocol to trigger UE notification and associated signaling details.
7 References
[1] R1-165072, “Enhancements of sidelink physical layer structure for PC5 V2V communication”, Intel Corporation, Nanjing, China, May 2016

[2] R1-164134, “On DMRS physical structure enhancements for PSCCH and PSSCH”, Intel Corporation, Nanjing, China, May 2016

[3] R1-164135, “On DMRS physical structure enhancements for PSBCH”, Intel Corporation, Nanjing, China, May 2016

[4] R1-165073, “Discussion on sensing aspects to support V2V communication with different transmission periodicity”, Intel Corporation, Nanjing, China, May 2016

[5] R1-164136, “Utilization of PSCCH decoding and energy measurements for sensing based V2V communication”, Intel Corporation, Nanjing, China, May 2016

[6] R1-164137, “Transmitter behavior for sidelink resource re-selection”, Intel Corporation, Nanjing, China, May 2016

[7] R1-164138, “Discussion on resource reselection triggers for V2V communication”, Intel Corporation, Nanjing, China, May 2016

[8] R1-164140, “Details of resource pool design for sidelink V2V communication”, Intel Corporation, Nanjing, China, May 2016

[9] R1-164141, “Scheduling assignment for sidelink V2V communication”, Intel Corporation, Nanjing, China, May 2016

[10] R1-165074, “Priority order of synchronization references for sidelink V2V communication”, Intel Corporation, Nanjing, China, May 2016

[11] R1-164158, “Performance analysis of Uu broadcast transmission schemes for V2V communication”, Intel Corporation, Nanjing, China, May 2016

[12] R1-164159, “Discussion on multi-cell multicast/broadcast enhancements for V2V communication”, Intel Corporation, Nanjing, China, May 2016

[13] R1-162363, “On sensing design details for sidelink V2V communication”, Intel Corporation, Busan, Korea, April 2016
PAGE  
6/6







DL




UL
Cell-2
Vehicle A  – Served by Cell-1  has higher priority level 
(e.g. Priority 1)
Vehicle B  – Served by Cell-2 has lower priority level (e.g. Priority 2)

Cell-1
Scheduled on the same set of resources









Vehicle A – High Priority
(e.g. Priority 0)
Out of Vehicle C range
Vehicle B – Low Priority
(e.g. Priority 3)
Out of Vehicle A range


Vehicle C – Low Priority  (e.g. Priority 3)
Sends notification signal indicating high priority transmission of Vehicle A



