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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. 
Measurement metric
The channel load of DSRC, defined in ETSI [2], is used to reflect channel congestion level. A similar metric can be defined for V2V. Considering that resource allocation granularity of V2V is a PRB, two measurement metrics can be defined for V2V.
· Channel Busy Ratio per TTI
· Energy threshold: 
· Sensing window: [n-b, n-a), such as a-b=1000
· Within the sensing window, UE calculates the average energy  by averaging the energy of all the PRB pairs per TTI. 
· If , the TTI can be seen as busy, otherwise, it is idle. 
· Calculate channel busy ratio
· 
· Channel Busy Ratio per PRB pairs
· Energy threshold: 
· Number of PRB pairs within V2V bandwidth:  
· Sensing window: [n-b, n-a), such as a-b=1000
· Within the sensing window, UE calculates the average energy  by averaging the energy per PRB pairs per TTI. 
· If , the PRB pair can be seen as busy, otherwise, it is idle. 
· Calculate channel busy ratio
· 
Whether the channel is congested is related to the value of  or , 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 TTI or per PRB pairs can be used for V2V, which is defined as the measurement metric specified to reflect the congestion level of a PC5 carrier.
The measurement of congestion level 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, and some UEs may enlarge packet periodicity, and others may increase 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.
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 1: Reducing transmission power can alleviate congestion level and improve resource efficiency
A V2X traffic model was agreed in [3]. 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 full certificate while the smaller packet can include certificate signature or digest [4]. If the receiver does not have the full certificate, it cannot process the received packet correctly using the certificate signature at the application layer. Therefore, it is reasonable that the larger packet has higher priority or requires better performance and corresponds to lower PPPP (ProSe Per Packet Priority) [5].
V2X supports both periodic and aperiodic traffic. Each type of traffic may have different levels 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. Therefore, aperiodic traffic should have lower PPPP.
In case of congestion, the transmission power of packets with higher PPPP can be reduced to alleviate congestion level. While the power of packets with lower PPPP can be kept constant so as not to degrade the performance.  
Proposal 3: The transmission power of packets with higher PPPP 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 if they are in the same subframe. There are some pros for muting.
· Alleviate congestion level: some packets are dropped to reduce resource usage so that the congestion level can be alleviated.
· Potential collision detection: the transmissions from two UEs not colliding at a given time may collide in the future because of mobility. With muting, the UE does not transmit on resources it has reserved for a packet and can perform measurements to see if the resource is also occupied by another UE.
· Alleviate 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.
It is desirable that each UE has a different muting pattern. One muting pattern corresponds to zero transmission power in some specific transmission opportunities. Each UE mutes in different transmission instances so that it can have the opportunity to detect whether there is transmission on the same resource. The muting pattern can be based on eNB configuration or pre-configuration. 
For Mode 1, there is no intra-cell collision, although there is possibility of inter-cell collision for cell-edge UEs. With dynamic scheduling, muting is not needed since the eNB may schedule different resources for different transmission. For SPS scheduling, the eNB can configure a muting pattern based on the UE C-RNTI. For example, if the eNB configures SPS transmission for Ku periods, the UE can mute in the transmission opportunity that corresponds to Lth transmission, where L = mod (C-RNTI, Ku), Ku is the number of periods for SPS transmission. 
For Mode 2, the UE can autonomously select one pattern randomly among a set of pre-defined muting patterns. The number of pre-defined muting patterns can be related to the number of reservation periods. For example, if the UE can reserve resources for Q periods, the number of muting patterns could be equal to Q. A simple muting pattern could be that muting pattern M means that UE mutes on the Mth transmission opportunity. Mode 2 UE will randomly generate an integer L which is between 1 and Q, corresponding to the Lth muting pattern. It will then mute during the Lth transmission opportunity. The muting pattern will be reselected every Q transmissions.
Proposal 5: Different UEs use different muting patterns. The eNB configures muting patterns per UE for Mode 1. For Mode 2, the UE autonomously selects one pattern randomly from predefined muting patterns.
Transmission parameters adjustment 
[bookmark: _GoBack]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. For example, assume  is the channel busy ratio,  the congestion threshold, and N the number of transmissions per packet. The adjusted number of transmission  based on congestion level can be determined by the following equation.
	If 
		(1)
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 increase the MCS level. The number of adjusted PRBs can be determined based on the following equation.
	If 
		(2)
and
	
where  and  are same as for equation (1),  is the current number of PRBs for the packet,  is the adjusted number of PRBs for the packet,  is minimum number of PRBs for the packet. 
If there is 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 6: The number of PRB, number of retransmissions and periodicity per packet is adjusted based on congestion 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 7: Uu transport for 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. 
Proposal 1: Channel busy ratio per TTI or per PRB pairs can be used for V2V, which is defined as the measurement metric specified to reflect the congestion level of a PC5 carrier.
Proposal 2: Channel busy ratio can be reported to eNB to assist the eNB scheduling or transmission parameter adjustment.
Observation 1: Reducing transmission power can alleviate congestion level and improve resource efficiency
Proposal 3: The transmission power of packets with higher PPPP can be reduced in case of congestion
Proposal 4: Muting can be used to alleviate congestion and detect potential transmission collision.
Proposal 5: Different UEs use different muting patterns. The eNB configures muting patterns per UE for Mode 1. For Mode 2, the UE autonomously selects one pattern randomly from predefined muting patterns.
Proposal 6: The number of PRB, number of retransmissions and periodicity per packet is adjusted based on congestion level
Proposal 7: Uu transport for V2V can be used to alleviate congestion on PC5 link.
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