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1 Introduction

At the previous RAN1 WG meeting, the congestion control for V2V communication was discussed and the following agreements were made:

	· An occupancy ratio metric is defined

· CR is defined as the total number of sub-channels used by the UE for its transmissions divided by the total number of configured sub-channels over a measurement period  of  [1000]ms 

· Working assumption: The set of radio-layer parameters whose allowed values can be restricted by congestion control are the following:

· Maximum transmit power (including zero power transmission); Range on number of retransmissions per TB; Range of PSSCH RB number (according to subchannel size); Range of MCS; Maximum limit on occupancy ratio (CR_limit)

· FFS whether resource reservation interval needs to be included.

· Lookup table links CBR range with values of the transmission parameters for each PPPP

· Can be configured or preconfigured. Details up to RAN2. 

· Up to 16 CBR ranges are supported

· FFS details of UE behavior, e.g.,

· When the UE transmits MAC PDUs with different priorities.

· When and how the UE drops packet transmissions 

· Any possible impact on sensing and resource selection procedure (e.g., caused by CR_limit)

· Remove the bracket of [1000] ms in the occupancy ratio metric definition of CR.

· RAN2 can discuss whether any high layer operation is needed on CR measurement.

· FFS how frequently CR is measured, updated and whether it is further filtered or not. 

· Confirm the working assumption on the set of radio-layer parameters

· FFS whether resource reservation interval needs to be included.


In this contribution, we analyze several congestion control schemes based on transmission rate adaptation mechanisms trying to down-select the appropriate scheme for LTE V2V communication sensing and resource reselection procedure. In our companion contribution, we continue discussion on the remaining details of congestion control for LTE-V2V communication [3]. Our views on other remaining aspect of LTE-V2V communication are provided in [1]-[8].
2 Overview of Analyzed V2V Congestion Control Schemes
The max transmit power, range of retransmissions per TB, range of sub-channels, range of MCSs and maximum limit on occupancy ratio (CR_limit) were agreed as a radio-layer parameters, which values can be restricted by congestion control based on CBR value. Another parameter under consideration is resource reservation period and packet dropping mechanism. The resource reservation period can restrict inter-TB transmission time. The same effect may be achieved by controlling message generation rate at application layer. Given that CBR measurements are shared with upper layer the application layer can adapt message generation rate to control the level of congestion. In case, if application layer congestion control is not enabled, the radio-layer congestion may perform similar function. At radio-layer, there are several options that can control UE transmission rate. Therefore, we analyze the following three options for congestion control mechanisms aiming to reduce amount of transmissions in a given time interval.
2.1 Scheme 1. Reservation period control
In this case, the radio-layer can control the minimum time between inter-TB transmissions. For instance, the transmission rate may be decreased from 100ms to 200ms or 400ms, where all packets that were generated between transmissions and have out of latency budget are dropped by radio-layers. Alternatively, the radio-layer can just provide the value of resource reservation period to upper layers, so that upper layers generate packet with the corresponding transmission rate. The mechanism to control resource reservation period can be aligned with the resource reselection timescale, so that UE performing resource reselection can decide on the proper resource reservation period value for the upcoming reservation cycle. One potential drawback of this method is rather coarse granularity of the transmission rate control and probability that different UEs may end up with different transmission rates, which may result in unfair behavior. In addition, change of the resource reservation period also increases the time between resource (re)-selections according to legacy procedure.
2.2 Scheme 2. Packet drop control
The packet dropping at radio layer assumes that for each packet in radio-layer buffer, UE decides whether to transmit it or not based on instantaneous CBR and CR measurements. This mechanism may result in consecutive drop of the several packets depending on results of actual CBR and CR measurements. The main drawback of this approach is that it is not aligned with LTE sensing and resource selection procedure and therefore may lead to less stable system performance or degraded PRR at the same average congestion level in the system.
2.3 Scheme 3. Packet dropping and reservation period control
This method assumes that both mechanisms are enabled, i.e. reservation period and packet dropping control. This scheme can provide finer granularity of the UE transmission rate and may have reduced impact on sensing and resource selection procedures for given CBR level since the amount of packets that are dropped within resource reservation time is more accurately predicted and can be limited to certain percentage.
3 System Level Analysis of Congestion Control Schemes

3.1 Evaluation Assumptions

For system level evaluations, we have considered Freeway scenario with the increased vehicle density (MTAD = 1.25 & 70 km/h). For evaluations, we used the CBR to CR_Limit table (Table 1) which is aligned with resource allocation configuration, we used for V2V communication, where each V2V TB was transmitted using two TTIs with 10 PRBs PSSCH sub-channel allocated for data transmission and 2 PRB sub-channel allocated for PSCCH transmission (i.e. 4 sub-channels per subframe within 10 MHz system bandwidth). The threshold for CBR calculation was selected to -107dBm per 1 PRB signal bandwidth.
Table 1. CBR range to CR_Limit parameter mapping

	CBR Range
	CR Limit

	0.65 < CBR < 0.675
	2.5e-3

	0.675 < CBR < 0.7
	1.66e-3

	0.7 < CBR < 0.725
	1.25e-3

	0.725 < CBR < 0.75
	1.1e-3

	0.75 < CBR < 0.775
	1.0e-3

	0.775 < CBR < 0.8
	0.8e-3

	0.8 < CBR < 0.825
	0.71e-3

	0.825 < CBR < 0.85
	0.62e-3

	0.85 < CBR < 0.875
	0.56e-3

	CRB < 0.875
	0.5e-3


Scheme 1. - Reservation period control
In this scheme, when resource reselection is triggered, the new reservation period is estimated. Reservation period to use for the upcoming TB transmissions is derived through estimation of instantaneous CBR measurement and its mapping to CR_limit value. The CR_limit value is used to derive new resource reservation period for the transmission cycle before the next reselection. The lowest resource reservation period which provides CR value above the specified CR_limit threshold is selected for packet transmissions. According to this scheme there is no packet drop allowed inside of resource reselection intervals, since it is assumed that message generation rate is aligned with reservation period.

Scheme 2. - Packet drop control

Prior to each packet transmission, the instantaneous channel occupation ratio CR_Inst for one second time interval is evaluated providing the actual percentage of utilized resources. The measured values is compared with CR_limit value, derived from instantaneous CBR metric measurement using the predefined look up table CBR-to-CR_limit. If measured channel occupation ratio CR_Inst exceeds CR_limit value, the packet transmission is dropped, otherwise it is transmitted. The procedure is repeated for all packets incoming to radio layer buffer.
Scheme 3. - Reservation period control with packet drop

In scheme 3, resource reservation period is selected using the maximum value among instantaneous CR and CR_limit, derived from CBR measurement. The reservation period is estimated for each resource reselection. The smallest resource reservation period which results in potential 20% packet drop is selected at each resource reselection interval. The UE continues to monitor CBR and check whether packet is supposed to be dropped for each packet transmitted between resource reselection time instances.
3.2 Comparison of Average CBR

In this section, we analyze instantaneous CBR value measured by UEs, that evolves over the time. The two CBR time diagrams are shown for the case when instantaneous CBR is averaged across 100ms or across 500ms (Figure 1 left side - 100ms CBR average; right side - 500ms CBR average). In addition, we analyze mean CBR value average across multiple UEs for different congestion schemes that is presented in Figure 2 (left side - 100ms CBR average; right side 500ms CBR average).
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Figure 1: CBR time diagram analysis for different congestion control schemes
(CBR averaging time - left figure 0.1s / right figure - 0.5s)
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Figure 2: Mean CBR analysis for different congestion control schemes
(CBR averaging time - left figure 0.1s / right figure - 0.5s)
Based on the analysis of the presented above results we observe that all schemes provide good convergence to target CBR value, which is achieved after some convergence period. The increased CBR averaging interval results in larger convergence time especially for scheme 1 where congestion adaptation time scale is comparable with the average resource reselection time. However, once transition period is over all schemes provide same behavior. The conducted CBR analysis shows some sensitivity to the CBR averaging time, but is not sufficient to conclude on the actual system performance in the steady state congestion state. Therefore in the next section we provide additional data and analyze PRR performance in steady state region (i.e. after transition period).
3.3 Comparison of Average PRR Analysis
In this sub-section, we provide system level analysis for different congestion control schemes and compare performance of the described schemes. In addition we analyze benefits of congestion control by comparing PRR data with LTE-V@V sensing and resource selection without congestion control enabled. Our analysis shows that PRR performance with congestion control is improved substantially. This is explained by the reduced transmission rate in the V2V system. Therefore the congestion control increase PRR performance at the expense of less frequent transmissions by each UE.
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Figure 3: Average PRR analysis for different congestion control schemes
(CBR averaging time - left figure 0.1s / right figure - 0.5s)

The analysis of different congestion control schemes shows PRR performance benefits of scheme #1, where congestion control behaviour is aligned with sensing and resource selection procedure. Given that in scheme # 1 transmission rate is controlled through the resource reservation period adaptation which is updated during the resource reselection it leads to more seamless integration into the LTE-V2V communication system. On the other hand scheme # 2 shows degraded performance since in this case UE behaviour is not matched with sensing and resource selection behaviour defined by LTE system given that UE can drop packet any time if measured congestion level exceeds threshold. For fair comparison and final conclusion on PRR performance of different congestion control schemes it needs to be further analysed whether transmission rate provided by different congestion control schemes is about the same.
Based on the presented results, we draw conclusion that congestion control based on resource reservation period adaptation is a suitable option for LTE V2V communication.
4 Conclusions

In this contribution, we provided system level analysis of different congestion control schemes aiming to control transmission rate of vehicles UEs. Our analysis has shown that adaptation of resource reservation period is a viable option in terms of congestion control operation for LTE V2V communication.
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