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Introduction
In RAN#73 the WID of LTE-based V2X Services was updated to include the following objective [1]: 
“6)	 To specify other enhancements to PC5/Uu for V2X on the following aspects:
…
d)	Congestion control for PC5-based V2X including load balancing across multiple carriers [RAN1, RAN2, RAN4]
…”
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.
RAN1#86bis agreed on the following:
· Channel busy ratio (CBR) is defined for the congestion measurement over PC5 in V-UEs
· CBR is the portion of sub-channels whose S-RSSI exceed a (pre-)configured threshold observed during (working assumption: 100 ms).
· Only the sub-channels included in the resource pool are used for the measurement.
· FFS whether additional separated measurement is needed for SA pool.
· For a UE in Mode 3, the eNB indicates a set of resources on which the UE perform this measurement
· For a UE in Mode 4, the measurement is pool-specific.
· A UE measures at least on its current TX pool(s).
· FFS whether a UE measures on a pool which is not its current transmission pool.
· RAN1 will not optimize this measurement to address the case of multiple TX pools
· UE Reporting of CBR to eNB is supported
· Details up to RAN2 including any possible additional averaging at higher layer
· Send LS to RAN2/4 to inform this agreement.

In this paper we develop remaining details about the congestion control architecture and protocols, and discuss the relation between multi-channel operation of LTE-V2X sidelink and congestion control. Remaining details about CBR measurement over PC5 in V-UEs are discussed in a companion contribution [2]. 
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. In the latest draft of European harmonized standard for 5.9GHz ITS band [3], technical requirements of congestion control are only specified for IEEE 802.11 based technologies. It is also required in [3] that other technologies have congestion control functionality to operate at this band. 
Observation:
· In the latest draft of European harmonized standard EN 302 571 [3] for 5.9GHz ITS band, technical requirements of congestion control are only specified for IEEE 802.11 based technologies. But other technologies are required in [3] to have congestion control functionality for operating at the 5.9GHz ITS band. 
For sidelink-based V2V, the congestion control operates by adjusting the transmitter’s configuration in various ways:
Proposals:
· 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, as shown in Figure 1:
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.
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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 of UEs 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 agreed in RAN1#85 [4] for limiting the radio operation as function of the synchronization accuracy as well as UE speed. 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 pre-configured parameters of the sidelink transmitter control  It is up to RAN4 to develop the related congestion control procedure, i.e. how UE maps the CBR and PPPP inputs to the allowed range of radio parameters.
As agreed in RAN1#86bis, the CBR may be reported to the eNB (details in companion RAN2 contribution [5]). The eNB may freely reconfigure parameters in the generic “sidelink transmitter control” function.
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.
· It is up to RAN4 to determine the proper default parameter values of the re-configurable configuration for the sidelink transmission control function.
Discussion on Congestion Control and Multi-channel Operation
In Europe, the spectrum 5855-5925 MHz (or 5.9 GHz band) has been identified for ITS. The spectrum usage conditions are set out in ECC Decision (08)01 [9] for the frequency range 5 875 MHz to 5 925 MHz (with 5 905 MHz to 5 925 MHz considered as a future ITS extension) and in ECC Recommendation (08)01 [10] for the frequency range 5 855 MHz to 5 875 MHz, both with 10 MHz channel spacing. 
Observation:
· The European 5.9GHz ITS spectrum consists of multiple frequency channels. 
· According to the principle of technology neutrality, LTE-V2X has equal chance as other ITS technologies, e.g. ITS-G5/IEEE802.11p, to access the 5.9GHz ITS band, though the detailed in-band coexistence solution of multiple ITS technologies still needs to be developed by the regional standardization body.
ETSI has developed a framework in ETSI TS 102 724 [6] for multi-channel operation at 5.9GHz ITS band under the control of decentralized congestion control (DCC). Although the multi-channel operation solution in [6] is based on the ITS-G5/IEEE802.11p technology and a specific DCC algorithm defined in [7], the general idea of switching channel according to the current channel occupancy level and the priority of messages is also applicable to LTE-V2X sidelink. Particularly, ETSI TC ITS WG2 recently started a new work item (ETSI TR 103 439) in April 2016 to develop a technical report providing an overview of requirements and the possible solutions for multi-channel operation to support ITS use cases and to provide recommendations on the changes to the current existing standards and potential future standards needs on multi-channel operation. [8] 
Observation:
· ETSI TC ITS has developed a framework in TS 102 724 [6] for multi-channel operation in 5.9GHz band based on decentralized congestion control in ITS-G5/IEEE802.11p.
· The general idea of switching channel according to the current channel occupancy level and the priority of message in ETSI TS 102 724 is also applicable to LTE-V2X sidelink. 
· ETSI TC ITS is still working on the multi-channel solution for 5.9GHz band and aims to update the current standard of multi-channel operation.
Proposals:
· Multi-channel operation of LTE-V2X sidelink in the European 5.9GHz ITS band can follow the framework developed in ETSI and may be developed in the current work item in ETSI TC ITS WG2 on TR 103 439.
Conclusion 
In this contribution we discussed congestion control in LTE V2V sidelink.
Observation:
· In the latest draft of European harmonized standard EN 302 571 [3] for 5.9GHz ITS band, technical requirements of congestion control are only specified for IEEE 802.11 based technologies. But other technologies are required in [3] to have congestion control functionality for operating at the 5.9GHz ITS band. 
Proposals:
· 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.
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.
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 sidelink transmission control function operates based on a RRC re-configurable default configuration.
· It is up to RAN4 to determine the proper default parameter values of the re-configurable configuration for the sidelink transmission control function.
Observation:
· The European 5.9GHz ITS spectrum consists of multiple frequency channels. 
· According to the principle of technology neutrality, LTE-V2X has equal chance as other ITS technologies, e.g. ITS-G5/IEEE802.11p, to access the 5.9GHz ITS band, though the detailed in-band coexistence solution of multiple ITS technologies still needs to be developed by the regional standardization body.
Observation:
· ETSI TC ITS has developed a framework in TS 102 724 [6] for multi-channel operation in 5.9GHz band based on decentralized congestion control in ITS-G5/IEEE802.11p.
· The general idea of switching channel according to the current channel occupancy level and the priority of message in ETSI TS 102 724 is also applicable to LTE-V2X sidelink. 
· ETSI TC ITS is still working on the multi-channel solution for 5.9GHz band and aims to update the current standard of multi-channel operation.
Proposals:
· Multi-channel operation of LTE-V2X sidelink in the European 5.9GHz ITS band can follow the framework developed in ETSI and may be developed in the current work item in ETSI TC ITS WG2 on TR 103 439.
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