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Introduction
RAN1#85 agreed on the following:
Working assumption:
· SCI explicitly includes priority information.
· FFS how this priority information is exactly transmitted in SCI.
· Priority information in a decoded SCI is used in resource (re)selection.
· Priority information in a decoded SCI is not used as a condition to trigger resource reselection 
· Priority information in a decoded SCI is not used as a condition to drop transmission.
· A measurement metric is specified to reflect the congestion level of a PC5 carrier, e.g., similarly to the channel busy ratio defined in ETSI. 
· This measurement is available to higher layers in the UE.
· FFS whether the measurement can be reported to eNB.
· FFS the details of the measurement and the UE behavior, for example:
· The principle to drop PC5 transmissions as a function of this measurement and priority is supported.
· The radio adjusts radio parameters (max tx power, nr of retx restriction, MCS range restriction, nr of PRBs restriction) as a function of priority and this measurement.
· Packets with different priorities are transmitted on the same resource pool
· Revoke the existing working assumption on the resource reselection triggering condition: UE detects resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement) of another UE which potentially overlaps with its current resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement) and the detected situation meets an FFS condition
· different conditions for different priorities are not precluded (if any relevant case happens in priority handling from RAN1 point of view).
· Note that applies to resource reselection triggering only.

In this paper we develop remaining details about the congestion control architecture and protocols. Details about the LTE Channel Busy Ratio (CBR) measurement are provided in a companion contribution [1].
Congestion Control Frameworks at Radio Level and Above Radio
The primary goal of the congestion control framework is to maintain an acceptable local system load and to allow for efficient sidelink operation. For sidelink-based V2V, the congestion control operates by adjusting the transmitter’s configuration in various ways:
Proposals:
· The congestion control framework should be suited to fulfill requirements defined for the Harmonized Standard ETSI EN 302 571 [2].
· The congestion control algorithm operates at the transmitter by controlling the following aspects:
· Dropping/filtering or adjusting packet generation frequency for PC5 transmissions as a function of the type or priority of the individual transmission and the measured CBR value.
· Adjusting or limiting the allowed range for the following radio parameters for each transmission, as a function of the priority of the transmission and the measured CBR value: max tx power, maximum nr of retx, MCS, maximum nr of PRBs.

We observe that some of the above transmission aspects under control of the application or other layers above radio, e.g., adjusting the generation frequency of CAM and/or DENM packets or dropping certain types of messages. Other transmission aspects are within the radio domain, e.g., packet filtering based on PPPP, adjusting tx power, maximum nr of retx, MCS, maximum nr of PRBs. Therefore, congestion control may be implemented in a hybrid fashion combining higher-layers and radio-level adjustments:
Proposals:
· Congestion control is implemented partly above radio and partly at radio-level:
· Packets generation frequency and dropping is implemented by higher layers.
· Packet filtering based on PPPP and the measured CBR value, tx power limitation, maximum nr of retx, MCS, maximum nr of PRBs are implemented at radio-level.

Additionally, the agreement from RAN1#85 allows the use of priorities of detected SCI during the resource (re)selection process. We see this as a complimentary tool for improved resource reselection but not as a primary way to handle congestion control, since packet dropping based on detected SCI is explicitly precluded.
We further observe that all UEs should ideally transmit on a common shared pool. Fragmenting pools based on priorities is an unnecessarily inefficient way of handling priorities differentiation and should be avoided in our opinion.
Proposal:
· Confirm that packets with different priorities are transmitted on the same resource pool.
· It is inefficient to use different pools to differentiateV2V traffic priorities.
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Figure 1: Congestion control framework overview.
Details of Higher Layers Congestion Control
Details about how the higher layers adjust their parameters in order to control congestion are outside 3GPP scope. Nevertheless the radio layers need to make the CBR measurement visible to higher layers as agreed at RAN1#85. It was also agreed that PPPP is used by higher layers to indicate individual packet priority to the 3GPP layers.
For information purpose we mention that in case of Decentralized Congestion Control the higher layers will adjust packet generation parameters and PPPP based on the CBR.
In case of Centralized Congestion Control the higher layers adjust the packet generation parameters in coordination with some congestion management node in the network. Such congestion management node communicates over the top with the higher layers and it is also outside of 3GPP scope.
Observation:
· Both higher layers centralized and distributed congestion control are supported by OTT functionalities for LTE-V2V. Details are out of 3GPP scope.
Details of Radio Level Congestion Control
A framework for controlling transmitter radio parameters was already introduced for limiting the radio operation as function of the synchronization accuracy as well as UE speed [3]. We believe that the same general framework can be easily extended also taking into account congestion control. 
In radio-level congestion control the CBR and PPPP are jointly taken into account by the UE together with synchronization reference and UE speed. The UE uses a default configuration (possibly reconfigured by the eNB) that maps the inputs to the generic “sidelink transmitter control” function to the allowed range of radio parameters.
The CBR may be reported to the eNB (details in companion RAN2 contribution). The eNB may freely reconfigure parameters in the generic “side transmitter control” function.
The details of congestion control algorithm in sidelink transmitter control are up to the UE implementation and the joint effect of the higher layers congestion control and radio level congestion control fulfills the regional regulatory requirements of congestion control, e.g. as specified in [2]. 
Proposals:
· The UE implements a generic “sidelink transmission control” functionality in the radio layers.
· The sidelink transmission control function takes PPPP, CBR, sync reference and UE speed as inputs.
· The sidelink transmission control function provides limitations to MCS, nr of retx, nr of PRBs, tx power and PPPP-based packet dropping.
· The sidelink transmission control function operates based on a RRC re-configurable default configuration.
· Reporting of CBR by the UE to the eNB is supported, details up to RAN2.
· The details of congestion control algorithm in sidelink transmitter control are up to the UE implementation and the joint effect of the higher layers congestion control and radio level congestion control shall fulfill the regional regulatory requirements of congestion control.

Conclusion 
In this contribution we discussed congestion control in LTE V2V sidelink.
Proposals:
· The congestion control framework should be suited to fulfill requirements defined for the Harmonized Standard ETSI EN 302 571 [2].
· The congestion control algorithm operates at the transmitter by controlling the following aspects:
· Dropping/filtering or adjusting packet generation frequency for PC5 transmissions as a function of the type or priority of the individual transmission.
· Adjusting or limiting the allowed range for the following radio parameters for each transmission, as a function of the priority of the transmission: max tx power, maximum nr of retx, MCS, maximum nr of PRBs.
· Congestion control is implemented partly above radio and partly at radio-level:
· Packets generation frequency and dropping is implemented by higher layers.
· Packet filtering based on PPPP, tx power limitation, maximum nr of retx, MCS, maximum nr of PRBs are implemented at radio-level.
· Confirm that packets with different priorities are transmitted on the same resource pool.
· It is inefficient to use different pools to differentiateV2V traffic priorities.
Observation:
· Both higher layers centralized and distributed congestion control are supported by OTT functionalities for LTE-V2V. Details are out of 3GPP scope.
Proposals:
· The UE implements a generic “sidelink transmission control” functionality in the radio layers.
· The sidelink transmission control function takes PPPP, CBR, sync reference and UE speed as inputs.
· The sidelink transmission control function provides limitations to MCS, nr of retx, nr of PRBs, tx power and PPPP-based packet dropping.
· The The sidelink transmission control function operates based on a RRC re-configurable default configuration.
· Reporting of CBR by the UE to the eNB is supported, details up to.
· The details of congestion control algorithm in sidelink transmitter control are up to the UE implementation and the joint effect of the higher layers congestion control and radio level congestion control shall fulfill the regional regulatory requirements of congestion control.
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