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Introduction
In RAN1 #85 meeting, the UE autonomous resource allocation was discussed with following agreements [1]:
Agreement:
· For PSSCH resource (re)selection when all the PSCCH/PSSCH transmissions have the same priority (FFS whether the initial resource selection needs to be designed differently from the procedure below)
· Step 1: All the resources are considered available.
· Step 2: UE excludes resources at least based on SA decoding and additional conditions. Down select one between the following options.
· Option 2-1: A resource is excluded if it is indicated or reserved by a decoded SA and the received DM RS power in the associated data resource is above a threshold.
· Option 2-2: A resource is excluded if it is indicated or reserved by a decoded SA and the energy in the associated data resource estimated from the measurement in the SA resource is above a threshold. Additional estimation of energy caused by in-band emission is not precluded.
· FFS the estimation of the energy in the associated data resource.
· Measuring energy of SA transmitted from a particular UE may not be accurate enough.
· The precise definition of “if it is indicated or reserved by a decoded SA” to be discussed later.
· FFS the details of the thresholds above
· Step 3: UE selects its transmission resource from the resources not excluded by (Down select one among the following options)
· Option 3-1:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE compares the energy on the currently selected resource with the energy of the resources the subset. If the energy of the current resource is a threshold above the energy of all the resources in the subset, then UE selects one among the subset of resources.
· A semi-persistent period before reselection is triggered, UE transmits PSSCH on another resource in the subset identified in step 3-1 and measures the energy of the currently selected resource for step 3-2.
· Step 3-3: UE randomly selects one resource from the subset
· Option 3-2:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE randomly selects one resource from the subset
· Option 3-3:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE selects the resource that minimizes the frequency resource fragmentation from the subset.
· Option 3-4:
· Step 3-1: UE measures RX power of PSSCH resource indicated in the decoded SA, sums them as the total RX power of a subframe, and sorts the subframes according to the total RX power.
· Step 3-2: A set of available subframes consists of X subframes with the highest total RX power and Y subframes of the lowest total RX power. UE randomly selects transmission subframe(s) from this set.
· Step 3-3: UE randomly selects frequency from transmission subframe(s).
· FFS how to select resources for a wideband transmission based on the energy/power measurement above.
In this contribution, we will further discuss and evaluate the options in the step 2 and step 3 for data resource (re)selection, and provide our preferable options in step 2 and step 3. 
Step 2: UE determines the excluded resources based on SA decoding and power measurement
According to the agreements in RAN1 #85 meeting, two options in step2 are left for further down selection to determine the excluded resource.
· Option 2-1: A resource is excluded if it is indicated or reserved by a decoded SA and the received DMRS power in the associated data resource is above a threshold.
· Option 2-2: A resource is excluded if it is indicated or reserved by a decoded SA and the energy in the associated data resource estimated from the measurement in the SA resource is above a threshold. Additional estimation of energy caused by in-band emission is not precluded.
In above both options, a power or energy threshold is employed to determine whether the resource is excluded if it is indicated or reserved by a decoded SA. The difference between the above two options is how to obtain the power or energy in the associated data resource based on the decoded SA. The two options are analyzed as following table.
	
	Pros
	Cons

	Option 2-1
	Better measurement accuracy since many PRBs used for data transmission.
	It can only be used for SA and its associated data transmission in same subframe.

	Option 2-2
	It can be used for both SA and its associated data transmission in same and different subframe.
	Lower measurement accuracy since only 2 PRB used for SA transmission.


 
Based on the above comparison, we have following proposal.
Proposal 1: If only one option will be down selected for step 2, option 2-2 is preferable. 
 Otherwise,
· Option 2-1 is preferable when  SA and its associated data are transmitted in same subframe
· Option 2-2 is preferable when SA and its associated data are transmitted in different subfame.
Furthermore, when SA and its associated data are transmitted in different subframe, the power level in the related data resource is derived through power measurement result of the decoded SA, and the details are shown in following:
· Assumptions: 
· Power imbalance factor between SA and Data transmission: α,  i.e. α* P_sa_tx = P_data_tx
· Number of  PRBs used for SA transmission: 2 
· Number of  PRBs used for data transmission: M
· Receiving power of SA: P_SA
· The predicted power level per PRB: Power_level_PRB =α* P_SA/M 
Step 3:  UE selects transmission resource from the resources not excluded by step 2
According to the agreements in RAN1 #85 meeting, four options in step 3 are left for further down selection to determine the transmission resource in the remaining resources:
	· Option 3-1:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE compares the energy on the currently selected resource with the energy of the resources the subset. If the energy of the current resource is a threshold above the energy of all the resources in the subset, then UE selects one among the subset of resources.
· A semi-persistent period before reselection is triggered, UE transmits PSSCH on another resource in the subset identified in step 3-1 and measures the energy of the currently selected resource for step 3-2.
· Step 3-3: UE randomly selects one resource from the subset
· Option 3-2:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE randomly selects one resource from the subset
· Option 3-3:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE selects the resource that minimizes the frequency resource fragmentation from the subset.
· Option 3-4:
· Step 3-1: UE measures RX powers of PSSCH resources indicated in the decoded SAs, sum them as the total RX power of a subframe, and sorts the subframes according to the total RX power.
· Step 3-2: A set of available subframes consists of X subframes with the highest total RX power and Y subframes of the lowest total RX power. UE randomly selects transmission subframe(s) from this set.
· Step 3-3: UE randomly selects frequency from transmission subframe(s).


In general, with the consideration of the high load in V2V, it is essential to reduce the impacts due to in-band emission and improve the resource utilization. In order to further investigate the resource selection mechanism, the following resource selection methods are evaluated (Simulation assumptions are provided in Appendix A):
· Baseline: UE randomly selects the transmission resource in the remaining PSSCH resources.
· Option 3-2:  UE measures and ranks the remaining PSSCH resources based on total received energy, and selects Z minimum energy resources as the subset. UE randomly selects the transmission resource from the subset.
· Option 3-4:  UE selects a subset which is composed by X subframes with highest total Rx power and Y subframes with lowest Rx power based on power measurement results in step 2. UE randomly selects the transmission resource from the subset, where the transmission resource is not excluded by step 2. 
The above three options are further evaluated in both with zoning operation and without zoning operation.
Evaluation results without zoning operation
The evaluation results without zoning operation are shown in Figure 1 and Figure 2, it can be observed that option 3-4 with X=5 and Y = 5 provides the best PRR performance, it is primary due to the fact that this option can ensure that most frequency resources are used and the IBE generated by different users can harmonize with each other’s transmissions. The baseline option is the second one, it is primary due to the fact that baseline option can select some resource which can be FDMed with other Tx UE in a random manner, this operation can obtain some gain similar as option 3-4 with X=5 and Y=5. Option 3-4 with X=0 and Y=10 has similar performance as option 3-2 with Z=30, and both options are worse than baseline option and option 3-4 with X=5 and Y=5 especially in medium load scenario (highway, 70km/h), it is because that the two options always selects the similar resource, which cannot harmonize the in-band emission. Option 3-4 with X=10 and Y=0 has the worst PRR performance, even the in-band emission can be harmonized in this option, but the resource utilization and half duplex issue will be more severely.
Observation 1: It is essential to harmonize the impacts due to in-band emission and improve resource utilization in V2V distributed resource selection mechanism.
Observation 2: Option 3-4 with X=5 and Y=5 has the best PRR performance without zoning operation.
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Figure 1: Highway, 140km/h, without zoning operation
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Figure 2: Highway, 70km/h, without zoning operation

Evaluation results with zoning operation
The above three resource selection methods are further evaluated with zoning operation. The resource configuration for zoning operation in highway is shown as Figure 3, where the odd subframes belong to zone 0, and even subframes belong to zone 1.  


Figure 3: Resource configuration for zoning in Highway
In addition of the resource selection mechanisms, there are two alternatives for resource reselection trigger with zoning operation:
· Alt 1: Resource reselection is triggered either when the resource reservation counter is expired or when the UE entry into another zone with different resource configuration.
· Alt 2: Regardless of the change of zone, resource reselection is triggered only when the resource reservation counter is expired.
In alt 1, the resource reselection will be more frequently than alt2, which has negative impacts on the resource sensing, especially for resource selection methods based on the remaining PSSCH resource measurement.  The evaluation results with zoning operation are shown in Figure 4 to Figure 7. Figure 4 and Figure 5 provide the results when the resource reselection is triggered by alt 1. It can be observed that the option 3-2 with Z=30 has the worst performance, and others has the similar performance. Figure 6 and Figure 7 provide the results when the resource reselection is triggered by alt 2. It can be observed that the option 3-4 with X=5 and Y=5 has the best PRR performance which is similar as the results without zoning operation.
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Figure 4: Highway, 140km/h, zone range 300m, Alt 1 reselection trigger
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Figure 5: Highway, 70km/h, zone range 300m, Alt 1 reselection trigger
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Figure 6: Highway, 140km/h, zone range 300m, Alt 2 reselection trigger
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Figure 7: Highway, 70km/h, zone range 300m, Alt 2 reselection trigger

Observation 3: Regardless of change of zone, it will be beneficial for system performance if resource reselection is triggered only when the resource reservation counter is expired. 
Observation 4: Option 3-4 with X=5 and Y=5 has the best PRR performance even with zoning operation.
Furthermore, the resource configuration of zoning operation will be a challenge issue, especially for the out-of-coverage case, the resource pool for a zone shall depend on the density of vehicle in a given range. Therefore, we think that a more robust and effective distributed resource selection method shall be adopted in V2V, which can work effectively even without zoning operation. Figure 8 and Figure 9 provide the further comparison for option 3-4 with or without zoning operation, it can be observed that option 3-4 has the similar performance regardless of zoning operation or not. 
Observation 5: Option 3-4 with X=5 and Y=5 is more robust and effective, which has the similar performance regardless of zoning operation or not.
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Figure 8: Highway, 140km/h, Option 3-4 with X=5 and Y=5
[image: ]
Figure 9: Highway, 70km/h, Option 3-4 with X=5 and Y=5

Proposal 2: The power measurement results in step 2 shall be used for transmission resource selection in step 3. 
Proposal 3: A more robust and effective distributed resource selection method shall be adopted in V2V, which is not relied on zoning operation.
Proposal 4: 
		The transmission resource selection procedure shall be:
· Step 3-1: UE selects a subset which is composed by X subframe with highest total Rx power and Y subframes with lowest Rx power based on power measurement results in step 2. 
· Step 3-2: UE randomly selects the transmission resource from the subset, where the transmission resource is not excluded by step 2.
Conclusion
In this contribution, V2V resource selection mechanisms are discussed and evaluated. Particularly, we have following observations and proposals:
Observation 1: It is essential to harmonize the impacts due to in-band emission and improve resource utilization in V2V distributed resource selection mechanism.
Observation 2: Option 3-4 with X=5 and Y=5 has the best PRR performance without zoning operation.
Observation 3: Regardless of change of zone, it will be beneficial for system performance if resource reselection is triggered only when the resource reservation counter is expired. 
Observation 4: Option 3-4 with X=5 and Y=5 has the best PRR performance even with zoning operation.
Observation 5: Option 3-4 with X=5 and Y=5 is more robust and effective, which has the similar performance regardless of zoning operation or not.

Proposal 1:
 If only one option will be down selected for step 2, option 2-2 is preferable. 
 Otherwise,
· Option 2-1 is preferable when SA and its associated data are transmitted in same subframe.
· Option 2-2 is preferable when SA and its associated data are transmitted in different subfame.
Proposal 2: 
The power measurement results in step 2 shall be used for transmission resource selection in step 3. 
Proposal 3: 
		A more robust and effective distributed resource selection method shall be adopted in V2V, which is not relied on zoning operation.
Proposal 4:  
		The transmission resource selection procedure shall be:
· Step 3-1: UE selects a subset which is composed by X subframe with highest total Rx power and Y subframes with lowest Rx power based on power measurement results in step 2. 
· Step 3-2: UE randomly selects the transmission resource from the subset, where the transmission resource is not excluded by step 2.
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Appendix A: Simulation assumptions
Table 1: Simulation assumptions
	Deployment scenario
	Freeway and urban as defined in [3]

	Carrier frequency
	5.9GHz

	System bandwidth
	10MHz

	Transmission of SA and its associated data
	Same subframe

	Tx Power
	SA and Data share 23dBm with 2dB backoff 

	Antenna gain
	3dBi

	Traffic Model 
	Periodic, message generation period=100ms, one 300-byte message followed by four 190-byte messages.

	Synchronization 
	Ideal

	Carrier Frequency Offset
	0

	Vehicle velocity
	Highway: 140km/h, 70km/h

	Pathloss model
	As defined in [3]

	Shadowing fading 
	As defined in [3]

	Vehicle density
	Spatial Poisson process, average inter-vehicle distance in the same lane is 2.5 sec * absolute vehicle speed

	Resource pools
	System bandwidth is divided into 5 sub-bands, each sub-band is 10 PRBs.
· SA pool is located at the first 2 PRBs within each sub-band.
· Data pool is the remaining PRBs in each sub-band. 

	Transmission number 
	2 for small packet(190B)
4 for big packet(300B)

	Modulation and coding scheme
	SA transmission : QPSK, convolution coding, 2PRB
Data transmission : QPSK, Turbo coding
· Small packet with 8PRB
· Big packet with 8PRB

	In-band emission
	· {W,X,Y,Z}={3,6,3,3}
· SA and data of a UE in the same subframe are considered as two clusters

	Reselection period
	Randomly selected within a range between 5 and 15, and the message period is 100ms.
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