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1 Introduction

At the TSG RAN1 WG Meeting#85, the metric for V2V communication congestion control was discussed and the following agreements were made by RAN1 WG:

· 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 provide our views on measurements and metric for V2V communication congestion control. In section 2, we review congestion control mechanism defined in [1]. In section 3 potential approaches for congestion control implementation are discussed. The measurements and metrics for congestion control are analyzed in section 4. Section 5 discusses parameters that can be controlled by the congestion control loops. Finally, we discuss multi-channel load balancing problem in section 6. Our views on other LTE PC5 V2V communication aspects are provided in our companion contributions [2]-[8].
2 ITS Congestion Control Mechanisms
Congestion control is one of the challenges in V2V communication scenarios since the medium can get congested in different geographical regions depending on amount of allocated spectrum resources and density of the vehicles. In dense scenarios several methods can be applied to reduce congestion. The common idea behind all these techniques is to change transmission parameters in order to reduce congestion. In [1], the following congestion control mechanisms are defined that may be of relevance for sidelink LTE-V2V communication:
· Transmit power control (TPC). This mechanism keeps the transmission power within predefined limits and power settings are dependent on priority.
· Transmit rate control (TRC). This mechanism adapts the packet transmission rate including packet transmission duration.
· Transmit data rate control (TDC). This mechanism adapts the data rate of transmission.
· Transmit access control (TAC). This mechanism controls the access of packets with a given priority to a transmit queue.
The decentralized congestion control mechanism operates at upper layers, however, its operation requires measurements characterizing the loading of the channel. In [1], the channel load channelLoad(Sthr) metric is specified as the fraction of time that the received signal level is above Sthr threshold. The estimated channel load depends on the selected threshold Sthr. The following channel probing mechanism is defined to estimate channel load:

· Np probes of the receive signal are uniformly distributed within the measuring interval Tm.
· For all channel probes (each of Tp duration) the average signal level S is determined.

· Then the channel load is measured for the receive signal level threshold Sthr is given as:
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In addition, the following metrics are also introduced: load arrival rate, load average duration, receive packet arrival rate, receive packet average duration packet occupancy, and channel busy time. Many of these metrics are dependent on received signal power measurements.
3 Congestion Control Types
For LTE-V2V communication a few types of congestion control can be considered:

· Option 1. eNB controlled. This type of congestion control operation assumes that UE which perform measurements of defined congestion metric, reports it towards eNB. The eNB by collecting these measurements from multiple UEs can configure UE radio layer parameters to be used for sidelink V2V communication. The benefit of this approach is centralized control of radio layer parameters in a given geographical area and time interval. 
· Option 2. UE autonomous upper layer controlled (i.e. not radio layer). This type of congestion control operation assumes that UE will perform measurement of congestion metrics, share it with upper layers (e.g. ITS application layer) and provide information to control UE radio layer parameters to be used for V2V communication. The main benefit of this option is that it can provide more flexibility in implementation of congestion control loops that can better fit various radio-environments. This option allows to tune the congestion control loops based on field trial results and in general can provide more flexibility for V2V communication without significant impact to radio-layers.
· Option 3. UE autonomous radio layer controlled. This type of congestion control assumes that UE will perform measurement of defined congestion metrics and take congestion control actions at radio layers. This means that all procedures and methods need to be specified within 3GPP based on the analysis of the selected scenarios that may not be a representative set of all vehicular environments. In addition, once it is defined it can be very difficult to tune it, given that it may require additional standardization efforts and changes in radio-layer behavior of UEs.
Based on the analysis, we think that Option 1 and Option 2 should be allowed by 3GPP. Further discussion is needed on the necessity to introduce Option 3 and on the corresponding radio-layer behavior and performance evaluation aspects in case if Option 3 is considered. 

Proposal 1
· Support eNB and upper layer congestion control mechanisms for LTE-V2V communication.

· Further study the need and benefits of UE-autonomous radio-layer congestion control mechanisms. 

4 Measurements for Congestion Control
For V2V communication, the sensing based resource selection procedure was agreed. According to this procedure, UE always monitors transmission on the resources in sensing window of the one second duration. The following measurements are being discussed in the context of resource (re)selection procedure:

· S-RSSI – total received power measurements on sidelink resources;
· PSSCH-RSRP – measurement over PSSCH channel transmissions conducted over DMRS signals (UE-specific).
Among these measurements, the most appropriate metric to characterize channel load is S-RSSI. Given that LTE PC5 V2V communication assumes the time and frequency division multiplexing within a subframe, the S-RSSI measurement should be time and frequency selective. In particular design case, the measurement granularity in time should be fixed to one subframe. The measurement granularity in frequency should be fixed to the scheduling granularity (i.e. frequency sub-channel).
The congestion metric measurement can be conducted over the PSSCH resources only or over PSCCH and PSSCH resources separately. In general, the measurement over PSSCH resources should be sufficient since those resources represent the actual channel load which depends on the transmission bandwidth and amount of TTIs used for transmission by each UE. The additional measurement over PSCCH resources seems not needed for the purpose of congestion control. 

Proposal 2
· S-RSSI measurements are used for congestion control purpose.
· S-RSSI measurements are conducted over PSSCH resources over sensing window time interval.
· Time granularity of S-RSSI measurements is one subframe;
· Frequency granularity of S-RSSI measurements is equal to preconfigured minimum scheduling granularity (sub-channel).
· FFS if separate S-RSSI measurements over PSCCH channel resources are needed for congestion control.
The channel load characteristic defined in [1], can be a good metric to characterize channel loading conditions. In application to LTE-PC5 communication it needs to be defined according to the minimum scheduling/measurement granularity.
Proposal 3
· Channel load metric adopted in ETSI is reused for LTE PC5 V2V communication
· Single channel probe is done within allocated PSSCH resources with preconfigured minimum scheduling granularity (i.e. subchannel per subframe).

· S-RSSI thresholds for channel probing to estimate channel load metric are preconfigured or signaled by eNB. Multiple thresholds can be configured to better characterize channel loading.
In sensing procedure S-RSSI measurements are supposed to be conducted by UE for each subframe that is allocated for PSSCH transmission. Therefore in general the amount of probes can be equal to the amount of time frequency resources within sensing window. However, given that geo-location based transmission techniques are agreed it may be also desirable to perform channel probing over preconfigured subsets of resources (or pools), so that eNB can indicate which resources are used to perform S-RSSI measurements for estimation of channel load. These measurement can be reported to network in order to control sidelink operation settings. 
Proposal 4
· eNB configures multiple resource sets, thresholds and time intervals for S-RSSI measurements to estimate channel load.
· Channel load metric is reported per each set of resources configured by eNB. 

· Signaling details are discussed in RAN2 WG.

The channel load metric can be used to set priority specific transmit power settings, resource allocation granularity and inter-packet transmission period (e.g. SPS process periodicity that can be used by UE). 

5 Congestion Control Parameters
The congestion control metric can be used to control radio-layer transmission parameters. In our view, the control of the following parameters is beneficial for LTE-V2V communication:
· Maximum number of TTIs (retransmissions) used per transport block (TB). 

· Maximum number of sub-channels that can be utilized per TB.

· Range of effective code rates per TB transmission.

· Minimum inter-TB transmission interval.
These settings (limits) should be a function of PC5 congestion control metrics measured by UE, so that eNB or upper layers can provide these settings to be used for sidelink V2V transmissions. These parameters should be defined per resource pool and for each TX priority level.
The described above parameters provide rather coarse granularity for congestion control. In particular, if inter-TB transmission interval is controlled, it may happen that system loading can be reduced in two or more times. However if the more fine tuning is needed it may be desirable to control loading with a more fine granularity. For instance, drop one out of N subsequent TBs or drop M out of N subsequent TBs subject to the minimum distance Dmin between dropped packets. In this case, each UE can randomly select one of the transmission patterns that satisfy the Dmin condition on inter-TB transmission. This approach can be also implemented in a probabilistic way by configuring TB transmission drop probability Pdrop and ensuring that at least Dmin TBs are transmitted before the next upcoming TB can be dropped.

Proposal 5
· At least the following radio-layer parameters are controlled based on congestion metric:

· Maximum number of TTIs (retransmissions) used per TB. 

· Maximum number of sub-channels utilized per TB.

· Range of effective code rates per TB.

· Minimum inter-TB transmission interval or message generation rate

· The more fine granularity of transmission in time is considered e.g. by allowing dropping M out of N packets subject to the minimum inter-TB distance between dropped packets.

· The described above parameters can be configured per resource pool, TX priority and geographical area. 
6 Multi-Channel Load Balancing 
In general case, multiple frequency channels can be assigned for delivery of V2X services. In this case, we assume that each V2V service may have assigned frequency channels and associated priority level to occupy this channel (e.g. primary or secondary channel) for V2V communication. In other words, there can be indication at upper layers on channel specific priority to utilize the particular channel for given service. 
For instance, the primary and secondary channels can be assigned to each V2V service type. Alternatively, the service specific channel priority levels can be identical. In any of these scenarios, UE can measure the overall channel loading by utilizing congestion metric and select the appropriate frequency channel for communication. However, if service specific priorities are assigned to each channel, the UE can be expected to prioritize the channel that has higher priority for given service delivery unless this channel is overloaded or congested at radio layer. In later case, UE can be expected to select non-overloaded channel that has highest priority for the given V2V service to be delivered.
In case if multiple channels have equal priority for each V2V service, the several strategies can be possible for channel selection from radio-layer perspective:

1) Select less congested channel (channel load balancing) - this strategy does not depend on V2V service distribution across channels and aims to reduce congestion at each channel.
2) Select channel where given V2V service has dominant presence independently of the channel loading (assuming that there is no channel overloading).
In our view, this topic should be discussed across multiple working groups WG and in order to make a decision on radio-layer behavior the consideration from RAN2 and SA WGs should be taken into account to provide aligned system behavior.
7 Conclusions

In this contribution, we provided our views on congestion control type, congestion metric and measurements as well as the congestion control parameters that can be adjusted during V2V communication. In summary, we have the following set of proposals:
Proposal 1
· Support eNB and upper layer congestion control mechanisms for LTE-V2V communication.

· Further study the need and benefits of UE-autonomous radio-layer congestion control mechanisms. 

Proposal 2
· S-RSSI measurements are used for congestion control purpose.

· S-RSSI measurements are conducted over PSSCH resources over sensing window time interval.

· Time granularity of S-RSSI measurements is one subframe;

· Frequency granularity of S-RSSI measurements is equal to preconfigured minimum scheduling granularity (sub-channel).

· FFS if separate S-RSSI measurements over PSCCH channel resources are needed for congestion control.

Proposal 3
· Channel load metric adopted in ETSI is reused for LTE PC5 V2V communication

· Single channel probe is done within allocated PSSCH resources with preconfigured minimum scheduling granularity (i.e. subchannel per subframe).

· S-RSSI thresholds for channel probing to estimate channel load metric are preconfigured or signaled by eNB. Multiple thresholds can be configured to better characterize channel loading.

Proposal 4
· eNB configures multiple resource sets, thresholds and time intervals for S-RSSI measurements to estimate channel load.

· Channel load metric is reported per each set of resources configured by eNB. 

· Signaling details are discussed in RAN2 WG.

Proposal 5
· At least the following radio-layer parameters are controlled based on congestion metric:

· Maximum number of TTIs (retransmissions) used per TB. 

· Maximum number of sub-channels utilized per TB.

· Range of effective code rates per TB.

· Minimum inter-TB transmission interval or message generation rate

· The more fine granularity of transmission in time is considered e.g. by allowing dropping M out of N packets subject to the minimum inter-TB distance between dropped packets.

· The described above parameters can be configured per resource pool, TX priority and geographical area. 
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