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Introduction
In RAN1 #85 meeting, 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 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 TS 102 687 [3], 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 shall be as long as the maximum packet length (~1 s), and Np probes of the receive signal are taken uniformly distributed within the measuring interval Tm,, where the probing interval Tp should be as small as the minimum packet length (~10us). The channel busy time is given by following equation:

                                  Eq. 3
Based on the estimation of channel load, different congestion levels are configured accordingly.
2.2. Measurement metric for the congestion level in LTE V2X
1. 
2. 
2.1. 
2.2. 
[bookmark: _Ref457984035]Measurement object:
In the companion contribution [4], frequency resources are suggested to be divided into subband for the following benefits:
· Lower times of blind detection: Decrease the candidate SA numbers from 49 to N (number of subband)； 
· Lower overhead of SA content: The bits of frequency position of SA decreases with increasing granularity from PRB to subband.
· Less resource fragments: Because the minimum granularity of resources is changed from PRB to subband, the resource fragments in subband could be mitigated mostly. If the resources are allocated in PRB and the position of SA and data is arbitrary, the resource fragments are inevitable to decrease the resource utilization efficiency.
It is proposed that the frequency resource is divided in subband and SA is located at fixed position within a subband. Then the measurement object should be subband which is the minimum granularity of resources. 
According to the agreements in RAN1 #85 meeting, in step 2 that a resource is excluded from the transmission resource (re)selection if the it is indicated or reserved by a decoded SA and the power or energy in the associated data resource is above a threshold. Therefore, we think that the subband is labeled as occupied if it is excluded from step 2. 

Proposal 1: The measurement object should be subband which is the minimum granularity of resources. 
Proposal 2: A subband can be labeled as occupied if it is excluded from step 2.

[bookmark: _Ref457984038]Measurement interval (MeasInt):
Because measurement interval influences the convergence time of congestion control scheme, 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. Considering that the service period is multiple of 100ms, then the measurement interval is N*100ms. Because trade-off has to be balanced between the variance of probability distribution and the reaction time to the congestion, the measurement interval is 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.

Measurement metric:


[bookmark: _Ref457985600]Figure 1 measurement metric for V2X
As in Figure 1, at the end of the kth measurement interval, Resource Occupied Ratio (ROR(k)) and Smooth Resource Occupied Ratio (SROR(k)) are calculated.
Resource Occupied Ratio is the ratio of the occupied subbands to the total subbands in the given measurement interval. The occupied subbands and the measurement interval are proposed in 2.2.1 and 2.2.2.
ROR(k) is calculated as follows:

                                                                  Eq. 4
In order to reduce the impacts due to measurement noise, the current measurement result ROR(k) has to be smoothed based on the previous smoothed calculation result SROR(k-1), as follows: 

	              Eq. 5
Proposal 4: With Eq.5, smooth measurement results can be utilized for the congestion control in LTE V2X.
Based on the above analysis, whether the resource is occupied is related to step 2 of UE autonomous resource (re)selection procedure, RAN 1 will down select the suitable option of step 2. Then the measurement results of occupied resources will be reported from physical layer to higher layer. The measurement interval may be configured or pre-configured to calculate the resource occupied ratio (ROR), then smooth the ROR as SROR to report to eNB for central congestion control. Except the measurement results of resource occupied state, RAN2 is kindly to be asked to complete the future standardization of the remaining measurement metric for congestion level of LTE V2X. 
[bookmark: OLE_LINK3]Proposal 5: Except the measurement results of resource occupied state, RAN2 is kindly to be asked to complete the future standardization of the remaining measurement metric for congestion level of LTE V2X. 

1. 
2. 
1.1. 
Conclusion
In this contribution, the measurement metric for the congestion level in LTE V2X are discussed. The following proposals are suggested: 
Proposal 1: The measurement object should be subband which is the minimum granularity of resources. 
Proposal 2: A subband can be labeled as occupied if it is excluded from step 2.
Proposal 3: The measurement interval is N*100ms and the detailed measurement interval value needs FFS.
Proposal 4: With Eq.5, smooth measurement results can be utilized for the congestion control in LTE V2X.
Proposal 5: Except the measurement results of resource occupied state, RAN2 is kindly to be asked to complete the future standardization of the remaining measurement metric for congestion level of LTE V2X. 
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