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Introduction
In RAN1 #85 meeting, the following agreements were achieved [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, the detailed measurement metric is presented to reflect the congestion level of LTE V2X. 
Discussion
1. 
2. 
2.1. Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In SAE J2945.1 [2], the following measurement metric for congestion control is proposed. As defined in 802.11, the channel is considered busy when either UE is transmitting or CCA (Clear Channel Assessment) indicates that the channel is busy. Both carrier sensing and energy detection of CCA are utilized, but virtual channel busy time based on the NAV (Network Allocation Vector) is not included. Default measurement interval (vCBPMeasInt) is suggested to be 100ms. Raw Channel Busy Percentage (RawCBP) and Smooth Channel Busy Percentage (CBP) are calculated at the end of the kth instance of vCBPMeasInt. RawCBP is the percentage of time the channel was busy during a given instance of vCBPMeasInt. RawCBP(k) is calculated by following equation:

                                                  Eq. 1
The Smooth CBP in the kth instance is calculated based on the smoothing of RawCBP(k) and CBP(k-1), and the smoothing operation can reduce the impacts due to measurement noise. The equation is defined as following:

                           Eq. 2
Based on the CBP(k), the transmit power can be updated for congestion control.
In ETSI DCC mechanism [3][4], the similar measurement metric for congestion control is also proposed. The channel is indicated as busy if a detected packet has a higher signal level than NDL_defDccSensitivity or the received signal level is higher than NDL_defCarrierSense. The measuring interval Tm is 100ms, and Np probes of the receive signal are taken uniformly distributed within the measuring interval Tm, where the probing interval Tp is 8us. The channel busy time is given by following equation:

                                  Eq. 3
Based on the estimation of channel load, different congestion levels are configured accordingly.
Observation 1: For CSMA/CA based system, CBR measurement is only in time-domain.
2.2. Measurement metric for the congestion level in LTE V2X
1. 
2. 
2.1. 
2.2. 
[bookmark: _Ref457984035]Measurement object
In RAN1 #86 meeting [5], the resource pool is (pre)configured such that a UE can transmit SA and data in adjacent or non-adjacent RBs in the same subframe. The PSSCH or PSCCH resource pool consists of one or multiple sub-channels in frequency domain. The CBR related measurement of resource occupancy level in CSMA/CA based system in time domain should be extended to both time- and frequency-resources for LTE V2X. 
When SA and its associated data are transmitted in same subframe, the measurement on DMRS of PSSCH (PSSCH Reference Signal Received Power (PSSCH-RSRP)) is defined as the linear average power contribution of resource elements (RE). If SA and data are transmitted in adjacent RBs in the same subframe, the sub-channel contains both SA and Data. If SA and data are transmitted in non-adjacent RBs in the same subframe, the SA and Data are separated with different sub-channels. 
RAN1#86 agreed on the following [5]:
· Energy measurement of each resource is the average of the energy measured in each constituent sub-channel.
The energy measurement of resources is also called sidelink receiving signal strength indication (S-RSSI). S-RSSI of the sub-channel of SA and data in adjacent RBs is for both SA and Data, and S-RSSI of the sub-channel of SA and data in non-adjacent RBs is only for Data. Because the measurement for congestion control focuses on the data resources to reflect the real system load, the difference between the two kinds of resource pool configuration should be considered carefully.
Observation 2: Because of the different resource pool configurations of SA and data transmitting in adjacent or non-adjacent RBs in the same subframe, S-RSSI of the sub-channel of SA and data in adjacent RBs is for both SA and Data, and S-RSSI of the sub-channel of SA and data in non-adjacent RBs is only for Data.
According to the agreements in RAN1 #86 meeting, in step 2, a resource is excluded from the transmission resource (re)selection if it is indicated or reserved by a decoded SA and PSSCH-RSRP in the associated data resource is above a threshold. The threshold is a (pre)configurable function of the priority information. If the sub-channel cannot be excluded from step 2, S-RSSI of sub-channel is utilized to rank the remaining PSSCH resources in step 3. Though the sub-channel can be labeled as occupied if it is excluded from step 2, because S-RSSI is only the energy measurement of the resources, whether the sub-channel is occupied cannot be determined with the strength of S-RSSI directly. Thus, the configurations of S-RSSI threshold should be provided from higher layer to determine the occupied state of sub-channel with S-RSSI, and the detailed configurations of S-RSSI for SA and data in adjacent or non-adjacent RBs in same subframe need be FFS, such as whether the threshold should be different for SA and data in adjacent or non-adjacent RBs in same subframe.
Proposal 1: With configurable S-RSSI threshold, S-RSSI of sub-channel can be used to determine the occupied state of sub-channel. RAN2 is kindly asked to configure S-RSSI threshold. The detailed configurations should be FFS.
The resource pools may be separated by the following conditions:
· The resource pools are separated by UE type: V2V/P2V;
· The resource pools are separated by different zones;
Because the resource pools may be separated in the above scenarios, the measurement results related to the pools should be separated. Otherwise, the measurement results can be calculated on average across the pools.
Proposal 2: If the resource pools are separated for UE type or zones, the measurement results related to the pools should be separated. Otherwise, the measurement results can be calculated on average across the pools.

[bookmark: _Ref457984038]Measurement interval (MeasInt):
Because measurement interval influences the convergence time of congestion control mechanism, length of interval should be minimized. Meanwhile, due to fading, the variance of probability distribution with the measurements is inversely proportional to the measurement interval. For LTE V2X UE, maximum frequency of 10 messages per second is supported [6]. The transmitting UEs may have different message frequency, and the proportion of message frequency of transmitting UEs may be different in regions. 
Considering of the above issues, the measurement interval should be configurable. Because trade-off has to be balanced between the variance of probability distribution and the reaction time to the congestion, considering of 100ms service period, the measurement interval is suggested to be N*100ms and the detailed measurement interval value needs FFS.
Proposal 3: The measurement interval is N*100ms and the detailed measurement interval value needs FFS. RAN2 is kindly asked to configure the measurement interval.

Measurement metric:
In the LTE V2X receiving subframe, the occupied states of sub-channels can be updated with the judgment between the measurement result of PSSCH-RSRP/S-RSSI and the according thresholds in the receiving subframes, and all the sub-channels of transmitting subframes are considered as occupied. 
Proposal 4: The occupied states of sub-channels can be judged with PSSCH-RSRP or S-RSSI thresholds in the receiving subframes, and all the sub-channels of transmitting subframes are considered as occupied.
For LTE V2X, the services may be triggered by critical event, and the concurrent burst services may cause the system load instable. Meanwhile, the topology may change rapidly in vehicular environment. Because of the rapid change of services and topology, only one snapshot measurement in the measurement interval may be not suitable for congestion control. The probe of measuring in the measurement interval is utilized and the probe interval can be configurable. If the change of services and topology is dramatic, the probe interval should be set relatively small (even as one subframe) to be able to record the realistic system load. Otherwise, the probe interval can be set relatively large (even as the measurement interval which means one snapshot in the measurement interval).
Proposal 5: The probe of measuring in the measurement interval is utilized and the probe interval can be configurable. 
In order to illustrate the measurement metric more clearly, the process in the measurement interval k is shown in Figure 1.


[bookmark: _Ref457985600]Figure 1 proposed measurement metric for LTE V2X
In Figure 1, the probe times in the measurement interval k is assumed as Np(k). If the timing is arriving at the probe subframe n, Raw CBR (Channel Busy Ratio) for LTE V2X of the current subframe is calculated as the ratio of the occupied sub-channels to the total sub-channels in the sensing window. 
RawCBRLTE_V2X(n) is defined as follows:

			              Eq. 4
During the measurement interval k, the RawCBRLTE_V2X(n) in every probe subframe are calculated and recorded. At the end of the measurement interval k, CBR of measurement interval k is calculated as the following steps:
Step 1: Calculate AverageCBRLTE_V2X (k) as linear average of all of RawCBRLTE_V2X(n) in the measurement interval k:

 		              	             Eq. 5
Step 2: Calculate the smoothed CBRLTE_V2X (k) based on the previous result CBRLTE_V2X (k-1) and step 1 result AverageCBRLTE_V2X (k) to reduce the impacts due to the measurement noise: 

    Eq. 6
Proposal 6: The smoothed measurement results CBRLTE_V2X (k) of measurement interval k can be calculated as following:
· At every probe subframe, RawCBRLTE_V2X(n) is defined as the ratio of the occupied sub-channels to the total sub-channels. During the measurement interval, the RawCBRLTE_V2X(n) in every probe subframe are calculated and recorded. 
· At the end of the measurement interval, calculate AverageCBRLTE_V2X (k) as linear average of all of RawCBRLTE_V2X(n) in the measurement interval:
· Calculate the smoothed CBRLTE_V2X (k) based on the previous result CBRLTE_V2X (k-1) and AverageCBRLTE_V2X (k) to reduce the impacts due to the measurement noise
2.3. [bookmark: OLE_LINK3]Congestion control based on the measurement metric in LTE V2X
The measurement results CBRLTE_V2X (k) of measurement interval k can be reported from physical layer to higher layer, then in order to central congestion control conveniently, the UE location information should be reported to eNB with the measurement results CBRLTE_V2X (k) of measurement interval k. The periodic report can be the baseline mechanism, and the report can also triggered by critical event with thresholds. The detailed procedure can be designed in RAN2.
Proposal 7: UE can report the measurement results CBRLTE_V2X (k) of measurement interval k with UE location information to eNB to central congestion control. Both the periodic and event triggered report are supported, and the detailed procedure can be designed in RAN2.
With the measurement results of CBRLTE_V2X, the distributed and central congestion control can be realized. 
The message frequency and transmitting power can be adjusted by the measurement results of CBRLTE_V2X, and the resource pool can be reconfigured to adapt the congestion level. Because the resource pool reconfiguration is related to RAN2 study, RAN2 is kindly asked to standardize the detailed mechanism.
Proposal 8: The message frequency and transmitting power can be adjusted by the measurement results of CBRLTE_V2X, and the resource pool can be reconfigured. RAN2 is kindly asked to standardize the detailed mechanism of resource pool reconfiguration.
Because the message frequency is determined above the radio layer, once the message is generated in the upper layer, the radio layer should guarantee latency requirements of the transmission. The packet dropping should be determined by the upper layer, and the radio layer should not drop the packet with probability and PPPP. Only in the abnormal cases, such as when the timer expires, the packet may be discarded in the radio layer and the abnormal condition should be reported to the upper layer.
Proposal 9: The packet generation and dropping should be determined by the upper layer, and the radio layer should not drop the packet with probability and PPPP. Only in the abnormal cases, the packet may be discarded in the radio layer and the abnormal condition should be reported to the upper layer. 

1. 
2. 
1.1. 
Conclusion
In this contribution, the measurement metric was designed and the congestion control based on the measurement metric was proposed. The following proposals were made:
Observation 1: For CSMA/CA based system, CBR measurement is only in time-domain.
Observation 2: Because of the different resource pool configurations of SA and data transmitting in adjacent or non-adjacent RBs in the same subframe, S-RSSI of the sub-channel of SA and data in adjacent RBs is for both SA and Data, and S-RSSI of the sub-channel of SA and data in non-adjacent RBs is only for Data.
Proposal 1: With configurable S-RSSI threshold, S-RSSI of sub-channel can be used to determine the occupied state of sub-channel. RAN2 is kindly asked to configure S-RSSI threshold. The detailed configurations should be FFS.
Proposal 2: If the resource pools are separated for UE type or zones, the measurement results related to the pools should be separated. Otherwise, the measurement results can be calculated on average across the pools.
Proposal 3: The measurement interval is N*100ms and the detailed measurement interval value needs FFS. RAN2 is kindly asked to configure the measurement interval.
Proposal 4: The occupied states of sub-channels can be judged with PSSCH-RSRP or S-RSSI thresholds, and all the sub-channels of transmitting subframes are considered as occupied.
Proposal 5: The probe of measuring in the measurement interval is utilized and the probe interval can be configurable. 
Proposal 6: The smoothed measurement results CBRLTE_V2X (k) of measurement interval k can be calculated as following:
· At every probe subframe, RawCBRLTE_V2X(n) is defined as the ratio of the occupied sub-channels to the total sub-channels. During the measurement interval, the RawCBRLTE_V2X(n) in every probe subframe are calculated and recorded. 
· At the end of the measurement interval, calculate AverageCBRLTE_V2X (k) as linear average of all of RawCBRLTE_V2X(n) in the measurement interval:
· Calculate the smoothed CBRLTE_V2X (k) based on the previous result CBRLTE_V2X (k-1) and AverageCBRLTE_V2X (k) to reduce the impacts due to the measurement noise
Proposal 7: UE can report the measurement results CBRLTE_V2X (k) of measurement interval k with UE location information to eNB to central congestion control. Both the periodic and event triggered report are supported, and the detailed procedure can be designed in RAN2.
Proposal 8: The message frequency and transmitting power can be adjusted by the measurement results of CBRLTE_V2X, and the resource pool can be reconfigured. RAN2 is kindly asked to standardize the detailed mechanism of resource pool reconfiguration.
Proposal 9: The packet generation and dropping should be determined by the upper layer, and the radio layer should not drop the packet with probability and PPPP. Only in the abnormal cases, the packet may be discarded in the radio layer and the abnormal condition should be reported to the upper layer. 
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