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1 Introduction
Congestion control prevents the radio channel from being congested by too many transmissions within a certain geographical area. This is achieved by placing limits on several transmitter parameters based on the current channel occupancy level, which is measured using Channel Busy Ratio (CBR).

In this paper we discuss the congestion control architecture, protocols for sidelink-based V2V and their impacts to RAN2 specification. Lower layer details about the LTE Channel Busy Ratio (CBR) measurement are provided in a companion contribution [1].
2 Discussion

Congestion control has been discussed in RAN1#85 and following agreements were reached.

	· 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


2.1 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 a companion contribution [2], we present a framework for congestion control for sidelink-based V2V, as shown in Figure 1. We observe that the congestion control can be implemented in a hybrid fashion combining higher-layers and radio-level adjustments. Some of the above transmission aspects are 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. 
Observation 1 Congestion control is implemented partly above radio and partly at radio-level:

a. Packets generation frequency and dropping is implemented by higher layers.
b. 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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Figure 1: Congestion control framework overview.
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 (DCC) the higher layers will adjust packet generation parameters and PPPP based on the CBR.

In case of Centralized Congestion Control (CCC) 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 2 Both higher layers centralized and distributed congestion control are supported by OTT functionalities for LTE-V2V. Details are out of 3GPP scope.
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 details of “sidelink transmitter control” function are up to RAN1. 
Observation 3 The radio layer of the UE should adapt the physical layer parameters such as the maximum number of PRBs used for transmission, the maximum number of physical layer retransmission, the allowed MCS values, according to the input from congestion control functionality.
2.2 RAN2 Impacts of Congestion Control

The sidelink transmission control function can either autonomously work with RRC re-configurable default configuration or work in a centralized manner, where the CBR measurement is reported from the UE to the eNB and the radio level limitations for congestion control are indicated by the eNB based on the reported CBR. In the latter case, better effect of congestion control is expected due to more comprehensive information about the radio occupancy level at the eNB. For both cases, we see the following RAN2 impacts:

The CBR, as described in the companion paper [1], may be reported to the eNB. According to the ETSI specification on Cross Layer DCC Management Entity [3], the reported CBR is expressed in percentage value ranging from 0 to 100, both inclusive. 
Proposal 1 Reporting of CBR by the UE to the eNB is supported. The eNB may configure via RRC the CBR measurement report at UE, where new measurement quantity and measurement event shall be specified for CBR measurements. 
Proposal 2 The CBR measurement reported by UE to eNB shall include the measured CBR value in percentage between 0 and 100 (both inclusive) for the carrier frequency where this CBR is measured.
As observed in Observation 3, depending on RAN1 progress on this topic, the eNB might need to provide some (pre)configuration of radio parameters that the UE should use when measuring certain CBR levels. For example, such pre-configuration could include the maximum transmitting power, restrictions on the maximum number of retransmissions, MCS range, and number of PRBs etc. Which physical layer parameters are deemed essential is left to RAN1 discussion.
Proposal 3 Via pre-configuration, the eNB can signal restrictions on the choice of MCS, RB allocation, number of retransmissions, as well as tx power to the UE for different measured CBR values. Details up to RAN1.
Another aspect related to congestion control is whether priority pools should be supported or not. 
As mentioned above, in RAN1, it is FFS whether “Packets with different priorities are transmitted on the same resource pool”.

In ProSe Rel-13, up to 8 priority pools were defined, in principle one for each of the 8 PPPP values, so that each PPPP has its own communication pool where to transmit. According to TS 36.321, a UE selects a pool of resources from the pools of resources whose associated priority list includes the priority of the highest priority of the sidelink logical channel in the MAC PDU to be transmitted. Therefore, as currently defined, the priority pools might not be necessary useful to reduce congestion, since lower priority PPPPs are in principle allowed to use higher priority pools. 

On the other hand, in V2V there are other tools to prevent the congestion, like the DCC mechanism (which runs over the top), the resource sensing agreed by RAN1, and the possibility to include priority in SCI (also agreed in RAN1#85). For example, the priority information sent in SCI can be used to drop PC5 transmissions of lower priorities. 
Observation 4 In V2X, proper congestion control can be ensured by congestion control mechanism (e.g. DCC), sidelink resource sensing, and by including priorities in the SCI. 

Therefore, in order to limit spectrum fragmentation, the usage of priority pools is not essential to ensure V2V congestion/load control. However, since zoning will be supported, configuring different pools for different zones seems necessary. For this reason we believe that only pools per zones should be defined and the maximum number of V2V pools should be restricted to the maximum number of zones.
Proposal 4 No dedicated V2V pools to handle different priorities should be defined.
Proposal 5 For mode-2, only dedicated V2V pools per zones should be introduced, i.e. the maximum number of V2V pools corresponds to the maximum number of zones.

3 Conclusion

In section 2 we made the following observations:
Observation 1
Congestion control is implemented partly above radio and partly at radio-level:
a.
Packets generation frequency and dropping is implemented by higher layers.
b.
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 2
Both higher layers centralized and distributed congestion control are supported by OTT functionalities for LTE-V2V. Details are out of 3GPP scope.
Observation 3
The radio layer of the UE should adapt the physical layer parameters such as the maximum number of PRBs used for transmission, the maximum number of physical layer retransmission, the allowed MCS values, according to the input from congestion control functionality.
Observation 4
In V2X, proper congestion control can be ensured by congestion control mechanism (e.g. DCC), sidelink resource sensing, and by including priorities in the SCI.


Based on the discussion in section 2 we propose the following:
Proposal 1
Reporting of CBR by the UE to the eNB is supported. The eNB may configure via RRC the CBR measurement report at UE, where new measurement quantity and measurement event shall be specified for CBR measurements.
Proposal 2
The CBR measurement reported by UE to eNB shall include the measured CBR value in percentage between 0 and 100 (both inclusive) for the carrier frequency where this CBR is measured.
Proposal 3
Via pre-configuration, the eNB can signal restrictions on the choice of MCS, RB allocation, number of retransmissions, as well as tx power to the UE for different measured CBR values. Details up to RAN1.
Proposal 4
No dedicated V2V pools to handle different priorities should be defined.
Proposal 5
For mode-2, only dedicated V2V pools per zones should be introduced, i.e. the maximum number of V2V pools corresponds to the maximum number of zones.
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