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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. Hence, a congestion control mechanism is needed to make the system work in such scenarios.
In the RAN1 contribution [1] we provide a proposal on and simulations of a congestion control mechanism for LTE, channel busy ratio (CBR) measurement, that can be utilized by the NW and UE as described in [2].
In this contribution we provide the key points from [1] with respect to foreseen activities for RAN4. CBR is defined, and simulation results reported that justify that CBR shall be based on measurements where the band of interest is partitioned into several subbands. 
Measurements for congestion control
Channel busy ratio (CBR)
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 or the eNB. In any case the measurements by individual UEs are crucial, and therefore need to be specified by RAN.
Observation 1: 
· 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 [3][4] a measure called Channel Busy Ratio (CBR) has been defined and is 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 [3] 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 we have appropriate design of the method to determine S (sensing) and of parameters .
Observation 2:
· The CBR defined in [3][4] 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 [3][4] 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. Consequently, the sensing method in LTE needs to take this aspect into account.
Observation 3:
· When designing the method for CBR measurement for LTE-based ITS, one needs to consider that a transmission can use only part of the system bandwidth.
In general, the congestion problem happens when traffic demands from different UEs exceed the amount of shared radio resources. Therefore, the CBR measurement shall be performed over all radio resources shared among UEs. In [1] it is therefore proposed that sensing for CBR is performed on all system time/frequency resources shared by UEs.
In RAN1#86 it was agreed to divide the resource blocks used for data into several subbands in frequency domain. This division will lead to more efficient use of system resources and simplify the sensing process for resource selection and reselection. Similar idea can be used to facilitate the sensing for CBR. Thus in [1] the following is proposed:
· The sensing for determining CBR for LTE ITS is performed over a measuring interval of all V2V subframes within the previous Tm as follows:
· The data system resources are divided into CBR probe subbands 
· FFS the bandwidth of each CBR probe subband.
· Each probe consists of measuring the received average signal Power Spectral Density (PSD) S over a single subband over a probe period Tp. Preferably, Tp takes the subframe length.  
· The probe is declared busy if S exceeds a pre-defined PSD threshold 
·  

The following important aspects in designing the parameters are emphasized:
· The number of samples taken in each probe should be large enough to result in 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.

Proposal 1:
· RAN4 shall investigate the required number of samples taken for a probe for reliable statistics to be acquired
· RAN4 shall determine a threshold  that provides a good balance between false alarm and missed alarm given the effective noise power on the probed subband
	

Simulations
Simulation assumptions
Simulations have been conducted in order to justify the proposal in [1] on that 3GPP shall specify frequency-selective CBR measurements, i.e. measurements where the band is divided into subbands.

Table 1: Simulation assumptions
	Parameter
	Scenario
	Comment

	
	Tx.Alt.1
	Tx.Alt.2
	

	System bandwidth
	10 MHz
	

	UE utilization of sidelink
	62%
	

	Transmitted 802.11 signal
	802.11p frames
	0.4 ms for 300B transmission at 6Mbps

	Transmitted LTE signal
	LTE SL V2V subframes
	1ms length, SA adjacent to data

	LTE signal bandwidth
	50 PRBs
	25 PRBs
	

	Propagation condition
	V2V NLoS fading channel, 70km/h
	



Two kinds of CBR detectors are investigated:
· The 802.11p CBR detector samples the signal at 10MHz and compares the power of 8 us time-domain probes with the threshold -85dBm. 
· The LTE detector operates in frequency domain after sampling the signal at 15.36MHz. We consider two versions:
· Rx.Alt.1: a single wideband probe is considered spanning 600 subcarriers;
· Rx.Alt.2: 5 narrowband probes are independently evaluated per symbol, spanning 125 subcarriers each;
The probes are compared with a -85dBm/10MHz threshold to estimate CBR.
To enable a fair comparison of OFDMA and TDMA transmissions the received signal PSD is shown on the x-axis. Ideally a TDMA system such as 802.11p should estimate the “TDMA” CBR, while an OFDMA system such as LTE should estimate the “FDMA” CBR.


Wideband LTE transmission
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Figure 1: 	Wideband LTE transmission (Tx.Alt.1) with (Left) wideband LTE CBR detector (Rx.Alt.1), and (Right) Wideband LTE transmission (Tx.Alt.1) with frequency-selective LTE CBR detector (Rx.Alt.2).

Observation 4:
· For wideband LTE transmission the following is observed:
· Asymptotically for high received PSD, the 802.11p CBR detector slightly underestimates LTE-load due to the GP.
· Asymptotically for high received PSD, the LTE CBR detector slightly overestimates 802.11p-load due to edge effects.
· The LTE frequency-selective CBR detector is slightly less sensitive than the wideband CBR detector. This might be due to effect of fading on the signal.


Half-band LTE transmission
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Figure 2: 	Half-band LTE transmission (Tx.Alt.2) with (left) wideband LTE CBR detector (Rx.Alt.1), and (right) frequency-selective LTE CBR detector (Rx.Alt.2).

Observation 5:
· For half-band LTE transmission the following is observed: 
· As expected the 802.11p CBR detector is less sensitive to LTE OFDMA signals compared to TDMA signals. 
· The LTE frequency-selective CBR detector correctly estimates the system load for the LTE OFDMA system.

Summary
In this contribution we have highlighted relevant RAN4 parts of a companion RAN1 contribution [1]. The proposed definition of Channel Busy Ratio for purpose of Decentralized Congestion Control has been provided. The foreseen outcome from RAN1 is that frequency-selective CBR will be selected, as justified by the presented simulations.
The following observations were made:
Observation 1: 
· The channel occupancy level is crucial for the congestion control algorithms. 
Observation 2:
· The CBR defined in [3][4] can be considered as the channel occupancy level for congestion control in LTE-based ITS, under appropriate design of the sensing method. 
Observation 3:
· When designing the method for CBR measurement for LTE-based ITS, one needs to consider that a transmission can use only part of the system bandwidth.
Observation 4:
· For wideband LTE transmission the following is observed:
· Asymptotically for high received PSD, the 802.11p CBR detector slightly underestimates LTE-load due to the GP.
· Asymptotically for high received PSD, the LTE CBR detector slightly overestimates 802.11p-load due to edge effects.
· The LTE frequency-selective CBR detector is slightly less sensitive than the wideband CBR detector. This might be due to effect of fading on the signal.

[bookmark: _GoBack]Observation 5:
· For half-band LTE transmission the following is observed: 
· As expected the 802.11p CBR detector is less sensitive to LTE OFDMA signals compared to TDMA signals. 
· The LTE frequency-selective CBR detector correctly estimates the system load for the LTE OFDMA system.

The following is proposed, conditioned on the outcome in RAN1:
Proposal 1:
· RAN4 shall investigate the required number of samples taken for a probe for reliable statistics to be acquired
· RAN4 shall determine a threshold  that provides a good balance between false alarm and missed alarm given the effective noise power on the probed subband.
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