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1. Introduction
The sensing and zoning mechanism are both introduced for V2V with mode2.They intend to improve the performance of UE autonomous resource selection. The procedure of resource selection based on sensing is given in RAN1#85 as follow:
	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, 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).
· FFS how to select resources for a wideband transmission based on the energy/power measurement above.


In this contribution, we will discuss the coexistence of zoning with sensing for UE autonomous resource selection and their performance.
2. Discussion
2.1 Coexistence of zoning and sensing
Since zoning operation is designed for the resource allocation for V2V with mode-2, it would have some impact on the UE autonomous resource selection. In RAN1, the UE autonomous resource selection is based on the sensing mechanism. In addition, as a common understanding in 3GPP, sensing has a higher priority than zoning. Therefore, the coexistence of zoning with sensing should be considered, from RAN2 perspective. In following part, the simulation evaluation will show performance of sensing based resource selection and the influence application of zoning operation.
2.2 Simulation Evaluation of Impact of Zoning Operation
For the resource selection procedure mentioned previously, the resources has been occupied will be excluded firstly based on sensing. Then how to perform selection on the remaining PSSCH resources will be down selected from 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 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).


Option 3-1 is a slight enhancement of option 3-2 and the performance of them is similar. For option 3-3, it intends to minimize the frequency resource fragmentation, which can be also realized by option 3-4. Therefore, simulation evaluation of option 3-2 and 3-4 is sufficient to study the performance of sensing based resource selection (Simulation assumptions are provided in Appendix A). 
The resource configuration for zoning operation in highway is shown as Figure 1, where the odd subframes belong to zone 0, and even subframes belong to zone 1.  
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Figure 1: Resource configuration for zoning in Highway
In addition, in order to further verify the impact of resource reselection caused by zone changing, the following two types of zoning operation have been evaluated:
· Type 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.
· Type 2: Regardless of the change of zone, resource reselection is triggered only when the resource reservation counter is expired.
The evaluation results about the impact of zoning operation on resource selection based on sensing is given in Figure 2 to Figure 9. Figure 2provides the result for option 3-2 with zoning operation type 1. Obviously, the performance of autonomous UE resource selection degrades severely when zoning operation is applied. Figure 3 shows the result for option 3-2 with zoning operation type 2. Accordingly, the performance of zoning type 2 is better than that of type1, because fewer resource reselections are triggered at change of zone. Even so, the benefit of zoning operation is still not distinct. For option 3-4, the similar results are witnessed in Figure 4 and Figure 5.
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(a) Highway, 140km/h                                                           (b) Highway, 70km/h
Figure 2: Comparison of Option 3-2 with and without zoning operation (type1). 
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(a) Highway, 140km/h                                                           (b) Highway, 70km/h
Figure 3: Comparison of Option 3-2 with and without zoning operation (type2).
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(a) Highway, 140km/h                                                           (b) Highway, 70km/h
Figure 4: Comparison of Option 3-4 with and without zoning operation (type1).
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(a) Highway, 140km/h                                                           (b) Highway, 70km/h
Figure 5: Comparison of Option 3-4 with and without zoning operation (type2).
Obviously, zoning operation has little improvement to the performance of resource selection based on sensing. In addition, it will bring extra complexity to the specification. In our opinion, the application of zoning operation should be further studied in RAN2. Moreover, it has been proved that the resource reselection due to change of zone should be minimized. Therefore, for a transmitting UE whose zone is changed, the type 2 zoning operation should be applied.
Proposal 1: The zoning operation should be further evaluated in RAN2 since it has little benefit on resource selection based on sensing and it brings extra spec. complexity.
Proposal 2: If the zoning operation is applied, a transmitting UE would reselect resource when the resource reservation counter is expired after its zone is changed.
2.3 Preferred Resource Selection Option
The resource selection based on sensing will at last impact the MAC specification. From RAN2’s perspective, the option with better performance is preferred. Figure 6 to Figure 7 shows a comparison between option 3-2 and option 3-4. Obviously, option 3-4 is better because the distance where PRR maintains above 90% is longer. In addition, the drawback of option 3-1 is the high complexity. Option 3-3 is not a detailed approach. Therefore, option 3-4 is preferred among the four options. 
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Figure 6: Performance of option 3-2 and option 3-4 without zoning (Highway, 140km/h).
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Figure 7: Performance of option 3-2 and option 3-4 without zoning (Highway, 70km/h).
Proposal 3: The “max-min” option (option 3-4) used for resource selection based on sensing is preferred, from RAN2’s perspective.
3. Conclusion 
In this contribution, we analyze the zoning and sensing mechanisms used for UE autonomous resource selection. The following proposals are given:
Proposal 1: The zoning operation should be further evaluated in RAN2 since it has little benefit on resource selection based on sensing and it brings extra spec. complexity.
Proposal 2: If the zoning operation is applied, a transmitting UE would reselect resource when the resource reservation counter is expired after its zone is changed.
Proposal 3: The “max-min” option (option 3-4) used for resource selection based on sensing is preferred, from RAN2’s perspective.
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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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