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Introduction
V2X communications is a type of communications in which a large number of communication entities with high demands for radio resources can concentrate on a limited geographical area, making the network congestion inevitable. As a result, a congestion control mechanism is needed to make the system work in such scenarios.
Additionally, (decentralized) congestion control (CC) is currently part of the ITS technology in the 5.9 GHz band in the EU [1] and 3GPP technology may need to comply with the definition of CBR in the EU harmonized standard EN 302 571 in order to be allowed for operation. We copy here the definition of CBR according to the latest available draft [1]:
The channel busy ratio (CBR) is used for determining the transmission behaviour. CBR is an estimate of how much a single channel is used based on listening on surrounding radio transmitters. The determination of CBR for the equipment shall be performed according to Equation 1. 
 			(1)
Tbusy is the period of time in milliseconds when the signal strength of received signals is ≤ -85 dBm. TCBR is set to 100 milliseconds. 
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.

[bookmark: _GoBack]Details about how the LTE CBR measurement is used by the UE and NW are provided in a companion contribution [3]. In this paper we focus on the definition of CBR for LTE.
Measurements for congestion control
Channel busy ratio (CBR)
Generally speaking, congestion control is a mechanism to adapt the transmit behaviors of a node in the network based on the level of occupancy of the communication medium, also known as congestion level or network load. As such, the congestion control algorithm requires certain measures of the channel occupancy level as input. 
In case of Decentralized congestion control (DCC) and Centralized congestion control (CCC) each individual UE measures the channel occupancy level by itself and passes the measurements to the congestion control functionalities residing inside the UE. In any case the measurements by the individual UEs are crucial, and therefore need to be specified by RAN.
Observation: 
· The channel occupancy level is crucial for the congestion control algorithms. 
The most common way of obtaining channel occupancy level is by measuring the energy level in the radio resources over which the communications takes place. As a baseline, in [1][2] a measure called Channel Busy Ratio (CBR) has been defined and determined as follows:
·  probes of the receive signal are taken uniformly distributed within the measuring interval . 
· For all channel probes (of length) the average signal level S is determined. 
· CBR measured for the receive signal level threshold  is given as:

In [1] the limiting values for the above parameters were indicated as follows: , , , . We observed that the CBR as defined above can be used in 3GPP as the channel occupancy level, provided that we have appropriate design of the method to determine S (sensing) and of parameters .
Observation:
· The CBR defined in [1][2] can be considered as the channel occupancy level for congestion control in LTE-based ITS, under appropriate design of the sensing method. 
Measurement of CBR
The sensing method for determining CBR in [1][2] aligns with the TDMA nature of the ETSI ITS technology that is based on the IEEE 802.11 standard. In contrast, LTE is an OFDMA system, i.e., a UE’s transmission can use part of the system bandwidth. Another aspect of the LTE-based ITS is that a complete transmission consists of an SA transmission and a data transmission. Consequently, the sensing method in LTE needs to take these aspects into account.
Observation:
· LTE-based ITS has the following aspects that need to be taken into consideration when designing sensing method for CBR:
· A transmission can use only part of the system bandwidth
· Separate SA and data transmissions
RAN1#84bis has agreed on having separate SA and data (sub)pools and they are FDMed from system perspective. We believe that CBR measurement should consider only data resources in order to provide meaningful information of the real system load. For similar reasons, SL-SS subframes should be excluded from the measurement. In case the RAN1#84bis agreement is relaxed and overlap between SA and data pools is allowed, we believe that measuring the load on data resources is still sufficiently reliable.
On the other hand we are skeptical to measuring load on SA resources because the SA load does not reflect the average carrier load.
Proposal:
· Sensing for CBR is only performed on system time/frequency resources used for data.
In a companion paper [4] we propose to divide the resource blocks used for data into several subbands. This division will lead to more efficient use of system resources and simplify the sensing process for resource selection and reselection. It also facilitates the sensing for CBR as we proposed in the sequel.
Proposal: 
· The sensing for determining CBR for LTE ITS is performed over a measuring interval of all V2V data subframes within the previous 100ms as follows:
· The data system resources are divided into subbands 
· FFS the number of subbands, preferably aligned with PC5 scheduling granularity in frequency domain.
· Each probe consists of measuring the average signal power S over a single data subband over a single subframe.
· The probe is declared busy if S exceeds a pre-defined power threshold 
·  
We emphasize the following important aspects in designing the parameters:
· The number of samples taken in each probe should be large enough to have reliable statistics, details are up to RAN4.
· The threshold  needs to be sufficiently larger than the effective noise power on the subband to avoid false alarm in declaring a busy probe, details are up to RAN4 
Conclusion 
In this contribution we discussed CBR measurement.
Observation: 
· The channel occupancy level is crucial for the congestion control algorithms. 
Observation:
· The CBR defined in [1][2] can be considered as the channel occupancy level for congestion control in LTE-based ITS, under appropriate design of the sensing method. 
Observation:
· LTE-based ITS has the following aspects that need to be taken into consideration when designing sensing method for CBR:
· A transmission can use only part of the system bandwidth
· Separate SA and data transmissions
Proposal:
· Sensing for CBR is only performed on system time/frequency resources used for data.
Proposal: 
· The sensing for determining CBR for LTE ITS is performed over a measuring interval of all V2V data subframes within the previous 100ms as follows:
· The data system resources are divided into subbands 
· FFS the number of subbands, preferably aligned with PC5 scheduling granularity in frequency domain.
· Each probe consists of measuring the average signal power S over a single data subband over a single subframe.
· The probe is declared busy if S exceeds a pre-defined power threshold 
·  
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