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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #85 meeting, the following agreement was reached: [1].
· 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
In this contribution, we propose a measurement metric which reflects the congestion level of a PC5 carrier, and also discuss how to adjust the radio parameters based on the measurement. 
Necessity of congestion control for V2V
For V2V communication, it is possible that there are many vehicles within a limit range, such as road intersection or traffic jam. According to evaluation results of PC5-based V2V (Table 9.1-1 in [4]), congestion will cause performance degradation. The larger the vehicle density is, the shorter the communication range is. For example, for simulation scenarios #1 (Freeway 140km/h) and #2 (Freeway 70km/h), the basic difference is the density of vehicles which corresponding to different number of packets. Scenario #2 has worse performance than scenario #1. 
Congestion control is an efficient scheme to improve performance for high traffic load scenarios, as illustrated by the performance of Scenario #4 and #5 (Table 9.1-1 in [4]). Compared to scenario #4, scenario #5 has larger packet periodicity, which can alleviate the congestion level of the system and accordingly the performance is improved. DCC (Decentralized congestion control) is used in DSRC [2]. A similar mechanism of congestion control needs to be studied in LTE-V.
Observation 1: Congestion control can improve system performance and a congestion control mechanism needs to be studied in LTE-V.
Measurement metric
The channel load of DSRC, defined in ETSI [2], is used to reflect channel congestion level. ETSI uses it to define DCC for DSRC in order to enable congestion control.
In order to perform congestion control for LTE-V, a somewhat similar measurement needs to be defined: with the current sensing procedure, the energy threshold for resource (re)selection is increased with 3dB steps until 20% of the total resources are available for candidate resource selection. This can cause strong interference to other terminals and significant performance degradation. Thus, more congestion control mechanisms and their associated measurement metrics need to be defined. 
The subchannel concept was introduced at the last RAN1 meeting [3]. Sensing and energy measurement are based on the subchannel. Thus, it is reasonable to define channel busy ratio (CBR) metrics based on subchannels: 
· Channel Busy Ratio per subchannel
· Energy threshold: 
· Sensing window: [n-b, n-a), such as a-b=100ms
· Within the sensing window, UE calculates the average energy per sub-channel  by averaging the energy of PRBs of the subchannel. 
· If  it can be seen as busy, otherwise, it is idle. 
· Calculate channel busy ratio on the V2V subframes only (excluding the SLSS subframes)
· /, where  is the number of subchannels per subframe.
Whether the channel is congested is related to the value of , which can be preconfigured, semi-persistent or dynamically configured by eNB. The energy threshold can be determined by receiver sensitivity and required SINR based on a specific MCS level. 
Proposal 1: Channel busy ratio per sub-channel can be used for V2V, which is defined as the measurement metric specified to reflect the congestion level of a PC5 carrier on the V2V subframes (excluding SLSS subframes).
eNB assisted congestion control
The congestion level measurement is performed by the UE. There are two methods for congestion control. For OOC scenario, there is no central coordinator. UE can autonomously adjust transmission parameters with (pre)configured principle to alleviate congestion level. For example, based on the congestion level, UE can adjust the transmission power, number of transmissions per packets, periodicity of packets, MCS level and so on. 
While the drawback of previous method is each UE may have different behavior. For example, some UEs may reduce number of transmissions, whereas some UEs may increase their transmission periodicity or MCS level. Having the eNB acting as a central coordinator can improve congestion control by ensuring that all UEs adapt their behavior in the same way. The measurement of congestion level can be reported to the eNB to assist the eNB adjustment. Note that the additional overhead is small: the report could be triggered only if the congestion level is higher than a threshold. The report frequency and number of reporting UE can be configured by eNB.
Proposal 2: Channel busy ratio can be reported to eNB to assist the eNB scheduling or transmission parameter adjustment.
Radio parameter adjustment
Transmission power adjustment
In a dense deployment scenario, the system capacity may be limited by the amount of available transmission resources. This may cause transmission delay, increased interference, and will degrade the overall system performance. Lower transmission power by a vehicle can reduce its transmission range while another vehicle outside the communication range can reuse the same resource. This can alleviate congestion level and improve resource efficiency.
Observation 2: Reducing transmission power can alleviate congestion level and improve resource efficiency
A V2X traffic model was agreed in [4]. For periodic traffic, the working assumption for the message size is one 300-byte message followed by four 190-byte messages. The larger packet can include the full certificate while the smaller packet can only include the certificate signature or digest [5]. If the receiver does not have the full certificate, it cannot process the received packet correctly at the application layer. Thus, it is reasonable to have the larger packet with higher priority.
V2X supports both periodic and aperiodic traffic. Each type of traffic may have a different level of requirements. Aperiodic traffic may need high reliability and may have higher priority than periodic traffic. For example, emergency messages are typically aperiodic and unpredictable. Thus, aperiodic traffic should have higher priority.
In case of congestion, the transmission power of packets with lower priority can be reduced to alleviate congestion level.   
Proposal 3: The transmission power of packets with lower priority can be reduced in case of congestion
Furthermore, in case of congestion, some packets with low priority can be dropped (or muted, an extreme form of power control) to alleviate congestion. Both SA and data are not transmitted. This scheme has the following advantages:
· Reduces the overall system load
· Potential collision detection: the UE not transmitting can listen on the resources it would normally occupy, thus detect if another UE is also transmitting on the same resources. 
· Alleviation of the half-duplex issue: A muting UE can detect whether there is another UE transmitting in the same subframe. 
Proposal 4: Muting can be used to alleviate congestion and detect potential transmission collision.
Transmission parameters adjustment 
The number of retransmissions per packet can be preconfigured or configured by eNB. Retransmissions can be used to improve reliability and alleviate half-duplex issue. Different number of retransmissions can be configured to packets with different priority levels. In case of congestion, the number of retransmissions for some packets can be reduced based on the priority level and/or congestion level. 
In case of congestion, the number of PRBs per packet can be reduced to alleviate congestion level. Reducing the number of PRBs is equivalent to increasing the MCS level. 
In case of congestion, the transmission periodicity of some packets with lower priority, such as CAM message, can be increased to alleviate congestion level. For example, the periodicity can be adjusted from 100ms to 500ms, the resource usage can be reduced by 4/5, while without losing the packets with full security certification.  
Proposal 5: The number of PRB, number of retransmissions and periodicity per packet is adjusted based on congestion level and priority level

Congestion alleviation through Uu transport
When in-coverage, a V2V message can be transmitted either through Uu link or PC5 link. There are some advantages for Uu transport, such as higher reliability and larger coverage. If there is congestion on the PC5 link, the eNB can configure some V2V messages such as DENM messages to be transmitted on the Uu link. 
Proposal 6: Uu–based V2V can be used to alleviate congestion on PC5 link.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, measurement metric of congestion level is proposed. Furthermore, the radio parameter adjustment based on congestion level and priority is discussed. The follow observations and proposals are given. 
Observation 1: Congestion control can improve system performance and a congestion control mechanism needs to be studied in LTE-V.
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