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1
Introduction
In this contribution we discuss details of sensing for V2V using sidelink. We present some simulation results and make proposals for system level design. The contribution is organized as follows:

· Section 2 discusses details of sensing for Mode 2 resource selection
· Section 3 discusses robustness of sensing to more realistic CAM traffic model
· Section 4 concludes the contribution

2
Details of Sensing
During RAN1#84 the following agreement was achieved on sensing. 
Agreements:
· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources
For further consideration the following issues were listed.

Observations:

· The following issues can be considered for resource allocation for V2V mode 2. It does not mean that each issue requires a solution.

· Issue 1: SA resource selection

· Sensing is used if SA and the associated data are transmitted in the same subframe

· FFS between random and sensing if not

· Issue 2: How can a UE obtain information for identification of the resources that will be occupied and/or collided by the other UEs? 

· Based on energy sensing, SA decoding, data decoding, assistance from eNB, or a combination. 

· Issue 3: What does the UE do with this information?

· Based on energy sensing: 

· Option 1: Resources with relatively low energy can be selected. Resources with relatively high energy are not selected.

· Option 2: To select resources that lead to FDM with resources on which high energy is observed.

· Based on SA decoding: UE avoids resources indicated by the decoded SA.

· Issue 4: Reselection

· Reselection may be triggered if UE recognizes a problem in its resource selection. FFS the definition of this problem (e.g., resource collision).

· Reselection may be triggered periodically, randomly, or in a combination of the two.

· Reselection may be triggered by eNB instruction or geo-information.

· Reselection may be triggered if traffic characteristics is changed.

· Issue 5: Signaling to aid sensing

· E.g., reservation

· Issue 6: Priority

· Issue 7: Coexistence of mode 1 and 2
· Issue 8: How to determine the amount of resources to use
In this contribution we make the following proposal on these issues.
Since the packets being generated for V2V are not of fixed size the phy/mac layer may not know the size of transmission resources it should sense for. One simple way to resolve this is to use the application layer telling the phy/mac layer the maximum packet size it expects. The phy/mac layer can then use that size information to decide the amount of resources it should sense for. This intra-UE cross layer interaction does not need to be standardized.

Proposal 1: The application layer can indicate the maximum size of packets it expects for CAM packet. This size can be used by the phy/MAC layer to figure out the size of resources it should sense for. Such intra-UE cross layer interaction does not need to be standardized.
Let N be the number of RBs a UE is trying to reserve in a subframe. (This is based on the maximum packet size indicated by the upper layer.) 
Let us consider selection first. When a packet arrives it needs to be transmitted within a period of 100ms (or lesser). Sensing however requires a vehicle to listen to transmissions before transmitting. Hence it may not be possible to meet the latency requirements for selection. Therefore we propose that for initial selection of resources use random selection.

Proposal 2: For initial resource selection to meet latency requirements use random selection.

For resource reselection we propose that an energy based resource reselection algorithm be used. The idea is to divide time into sensing periods of 100ms. At the start of every sensing period randomly deciding whether to consider reselection or not. If considering reselection then compare the energy on currently selected resources to other resources. If the energy on other resources is lower than that on currently selected resources then reselect to those resources. The details of the reselection algorithm are given below.
Proposal 3: Use the described reselection algorithm.

We simulated the performance of proposed scheme for both the Freeway and Urban cases as agreed to in [2]. The Freeway length was set to 2000m. The metrics plotted are as agreed in [2]. eNodeB is not modelled and the whole spectrum is assumed to be available to V2V. For LTE-V2V each packet was transmitted using a single HARQ transmission. For a packet size of 300 bytes each transmission occupied 20 RB, while for 190 bytes each transmission occupied 14 RBs. SA and Data are transmitted on the same subframe scheme and transmit power was set to 22dBm, i.e., a power backoff of 1dB was applied (see [1] for details). The power per RE (resource element) was set equal for SA and Data. The probability of performing channel sensing for resource reselection is set to p = 0.1, ‘k’ was set to 20, L was set to 1 (i.e., no averaging of energy across sensing periods) and hysteresis threshold M was set to 6dB. 
We also simulated 802.11p based DSRC for comparison purpose. The CSMA/CA protocol was used for channel sensing. The transmit power was set to 20 dBm. We also simulated completely random selection/reselection for comparison purposes. The results are plotted in figures 1 through 5.
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Figure 1: System level performance for Freeway case (140km/hr)
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Figure 2: System level performance for Freeway case (70km/hr) 
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Figure 3: System level performance for Freeway case (140km/hr) – high density (600 cars)
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Figure 4: System level performance for Urban case (60km/hr)
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Figure 5: System level performance for Urban case (15km/hr)
Based on the results we make the following observation. 

Observation 1: Enhanced LTE-V2V with channel sensing outperforms DSRC uniformly in all scenarios.

One of the issue that was discussed in detail during RAN1#84 was the issue of SA decoding versus energy based sensing. We compared these schemes for high density scenarios. For SA decoding based selection the rough idea is that UE decodes the SA and excludes the already occupied resources. Random selection is performed among the remaining resources. The detailed steps are described below.

· Divide time into sensing periods of 100ms.

· At the start of each sensing period each vehicle randomly tosses a coin to decide whether to consider reselection with probability p.
· If no reselection is needed, then the user will transmit any available data on the currently selected resources.

· If the user chooses to do resource reselection, then no packet will be transmitted in the current sensing period and the vehicle will monitor the resource usage by decoding SA sent by other UEs.

· If any of the currently selected RBs has been used by other UEs, the user will randomly reselect to one of the free RB sets in the candidate set.

· For reselection of RBs the vehicle will randomly select the set of N consecutive RBs which have not been used based on the knowledge collected from the decoded SA. (Here N is the number of RBs needed for the packet with the maximum size as indicated by the upper layer.) 
We simulated the proposed scheme and compared with energy sensing schemes for high density cases. Results are plotted in Figures 6 and 7. We note that LTE-V2V with decoding-based channel sensing is much worse than DSRC especially at small distances. Decoding-based sensing is not able to effectively avoid collision and the performance is thus poor.

Observation 2: LTE-V2V with SA decoding-based channel sensing is not effective in countering collision and can lead to worse performance than DSRC.
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           Figure 6: System level performance for Freeway case (140km/hr) – high density (600 cars)
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Figure 7: System level performance for Urban case (15km/hr)
3 CAM traffic model

In this subsection, we focus on the CAM traffic model. It has been pointed out in [3] that CAM packets may not be completely periodic. To test the robustness of the proposed scheme we simulated more realistic traffic models where packets are generated for roughly change of 4m in position of a vehicle. More specifically the packets are generated as a function of speed. Table 1 summarizes the periodicity of packet generation for different scenarios.
	Scenario
	Freeway 140km/hr
	Freeway 70km/hr
	Urban 60km/hr
	Urban 15 km/hr

	CAM Generation Periodicity (ms)
	100
	200
	250
	1000


Table 1: Periodicity of CAM messages
We simulated the proposed scheme in Section 2 with the above described periodicity. Like before the probability of performing channel sensing for resource reselection is set to p = 0.1, ‘k’ was set to 20, hysteresis threshold M was set to 6dB. However L was set to 4 (i.e., do averaging of energy across 4 sensing periods). Note that the algorithm parameters are same for all scenarios independent of CAM generation periodicity. Other simulation parameters are same as earlier.
The results are plotted in Figures 8 through 12. We also plot results for DSRC and pure random selection for comparison.
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Figure 8: System level performance for Freeway case (140km/hr)
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Figure 9: System level performance for Freeway case (70km/hr) 
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Figure 10: System level performance for Freeway case (140km/hr) – high density (600 cars)  [image: image21.emf]0 50 100 150 200 250 300
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Figure 11: System level performance for Urban case (60km/hr)
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Figure 12: System level performance for Urban case (15km/hr)

We note that our proposed sensing still out performs DSRC and completely random selection. Based on the results we make the following observation.

Observation 3: Enhanced LTE-V2V with channel sensing outperforms DSRC uniformly in almost all scenarios even with CAM traffic arrival at different periodicities. 
3
Conclusion

In this contribution we discussed details of sensing with semi-persistent transmission. We made the following observations and proposals.
Proposal 1: The application layer can indicate the maximum size of packets it expects for CAM packet. This size can be used by the phy/MAC layer to figure out the size of resources it should sense for. Such intra-UE cross layer interaction does not need to be standardized.
Proposal 2: For initial resource selection to meet latency requirements use random selection.

Proposal 3: Use the described reselection algorithm.
Observation 1: Enhanced LTE-V2V with channel sensing outperforms DSRC uniformly in all scenarios.

Observation 2: LTE-V2V with SA decoding-based channel sensing is not effective in countering collision and can lead to worse performance than DSRC.

Observation 3: Enhanced LTE-V2V with channel sensing outperforms DSRC uniformly in almost all scenarios even with CAM traffic arrival at different periodicities. 
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Reselection Algorithm


Divide time into sensing periods of 100ms. 


At the start of every sensing period toss a coin with probability p to decide whether to consider reselection or not.


If considering reselection then perform the following steps:


Do not transmit on currently selected resources, instead measure received energy on those resources and other resources on that subframe.


Measure energy on other resources within the sensing period also. Average the energy on those resources over L sensing periods.


For each subframe other than the subframe to which the currently selected resources belong find the set of N contiguous RBs that have the lowest average received energy.


Rank subframes according to the average energy of their lowest energy N contiguous RBs.


Select the k subframes with the lowest average energy.


Compare the average energy of currently selected resources with the energy of these k subframes.


If average energy of currently selected resources is M dB more than the energy on any one of the k subframes then randomly select a subframe among the k subframes and change the resources used for selection to the N contiguous RBs with the lowest energy in that subframe, i.e., the RBs that were used for ranking the subframe.


Else stick to the currently selected resources and use these resources for future transmissions.


Else if there is data available to transmit, then transmit using the currently selected resources in the current sensing period.








