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1
Introduction
In this contribution we discuss system level design for V2V using LTE-D2D communication. We present some simulation results and make proposals for system level design. The contribution is organized as follows:

· Section 2 discusses enhancements to LTE-D2D using sensing and same subframe SA and Data transmission

· Section 3 presents some simulation results which includes comparison with DSRC

· Section 4 concludes the contribution

· Appendix contains results for randomization and location based transmission
2
Enhancements to LTE-D2D for V2V

LTE-D2D communication is implicitly being used as the baseline for PC5 based V2V communication. Although some enhancements are needed for supporting V2V traffic with high performance. 
2.1 Same Subframe SA and Data transmission

One of the enhancements being considered is transmission of SA and Data on the same subframe. During RAN1#83 the following agreement was achieved on the issue.

If SA and the associated data from a single transmitter are transmitted in the same subframe:

· FFS whether it is possible to support the case where data transmission in a subframe occurs without associated SA transmitted in the same subframe

· Alt 1: SA and Data are transmitted on separate physical channels (i.e., separated DFT precoding for SA and data):

· RAN1 assumes that RAN4 will study the proper transmission characteristics (e.g, MPR) to support this.

· FFS whether SA and data transmissions in the same subframe are always adjacent in the frequency domain.

· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.

· Alt 2: A single DFT precoding applies to SA and data transmitted in the same subframe.

· The whole bandwidth is divided into one or multiple sub-channels. 

· The transmission bandwidth of SA/data is fixed to the bandwidth of a single sub-channel.

· Alt 3: SA and data are TDMed within one subframe.

· The transmission bandwidth of SA is fixed.
In this contribution we consider the case where SA and Data are transmitted using Alt. 1, i.e., multi-cluster SC-FDMA transmission on the same subframe. (The discussion between different alternatives is discussed in our companion contribution [2].) We consider a modification where SA and Data are transmitted together on all data transmissions. A SA will point to Data transmission on the same subframe and the subsequent subframe. This is illustrated in Figure 1 below where SA0 points to Data transmissions numbers 0 through 3. SA1 points to Data transmission numbers 1 through 3 and so on.




Figure 1. Example of SA and Data transmitted in the same subframe.

Transmitting SA and Data on the same subframe has several advantages

· Like FDM of SA and Data there is no latency related to waiting for SA arrival.

· It reduces the number of transmissions by a UE leading to lower inband emissions. This leads to better near far performance.

· SA transmissions can be randomized avoiding persistent collisions of SAs by UEs that have selected the same SA resource (as is defined for Release 12). 

· SA and Data are transmitted together this leads to higher correlation between SA and Data performance. If SA is decoded then the likelihood of Data being also decoded is higher.

· If the first or some of the initial SA transmissions are missed on a data transmission due to half duplex or other issues a UE can still decode subsequent SAs and therefore decode the Data.

There are some issues with same subframe SA and Data subframe transmission. 
· To enable SA and Data transmission on the same subframe a receiving UE either needs to perform blind decoding of all possible RB combinations for SA. This will lead to much more complexity at a receiving UE.

· Or, transmission of SA and Data has to be performed using multi-cluster SC-FDMA where SA and Data are transmitted using different individual SC-FDMA clusters. Multi-cluster SC-FDMA requires a backoff compared to single cluster SC-FDMA which will lead to lower link budget.

· Another issue is that if SA transmissions occur randomly then HARQ combining of SA is no longer feasible. 

Observation 1: Transmitting SA and Data together on all subframes where SA indicates the location of data transmission on the same and subsequent subframes has several advantages and disadvantages. The main disadvantage being additional UE receiver complexity.
2.2 Sensing

During RAN1#83 following agreement was achieved for Mode 2 resource selection. 
For enhancement to UE autonomous resource selection, collision avoidance based on sensing (P1), enhanced random resource selection (P2), and location-based resource selection (P3) are shown to provide gain when each of them is evaluated individually.

· Further discussion is needed to identify whether operating a combination of the principles provides more gain than operating an individual principle.

· It is understood that a combination of P1 and P2 is possible at least in the following example:

· In resource selection, a UE by sensing excludes the resources that will be occupied by other UEs, and the enhanced random selection applies to the remaining resources.

· It is understood that a combination of P1 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P1 in the subset which is associated with its current location.

· It is understood that a combination of P2 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P2 in the subset which is associated with its current location.

· Details FFS
We focus on sensing in this subsection. Results using randomization and location based transmission are discussed in Appendix A.
In this section we focus on sensing with semi-persistent transmissions. Here a UE will measure the power on all resources within a transmission period and select the resources with low received power. As the received power is a good indicator of the congestion level on a resource, the resources that are with relatively lower power are usually less congested and are thus selected with higher priority. However effectiveness depends largely on how accurately the measured power level can reflect the congestion level in the future. This is where semi-persistent transmission is quite useful – it allows for much better prediction of collision. 
Since vehicles can be very much mobile, a low energy resource may not remain low energy resource and a reselection mechanism is very much needed. This can be done by UEs measuring the energy on their selected resources (and not transmitting) once in a few periods. 
Following are the detailed steps to perform channel sensing and resource reselection:

· In each packet transmission period each user randomly tosses a coin to decide whether to consider reselection with probability p.
· If no reselection is needed, then the user will transmit the packet on the currently selected resources.
· If the user chooses to do resource reselection, then no packet will be transmitted in the current transmission period and the user will measure the power level on all resources

· Let N be the maximum number of RBs needed for a packet transmission, the user will pick the set of N consecutive RBs with lowest average power for each subframe. 
· k subframes with the lowest received power will form a candidate set
· If the power on the currently selected resources is above the power of the worst subframe in the candidate set by some hysteresis the user will randomly reselect to the subframes in the candidate set and use the best RBs on those subframes.
· Otherwise, the user will stick to the currently occupied resources for future transmissions
3 Simulation Results

We simulated the performance of proposed enhancements for both the Freeway and Urban cases as agreed to in [3]. The Freeway length was set to 2000m. The metrics plotted are as agreed in [3]. eNodeB is not modelled and the whole spectrum is assumed to be available to V2V.
We simulated baseline LTE- D2D with the number of DMRS symbols set to 4. This resource pool structure is illustrated in Figure 2 below. One bit in T-RPT was set to 1 allowing for 4 transmissions within a data pool. For 300 bytes packet a size of 8 RBs was used and for 190 bytes packets a packet size of 6 RBs was used. 
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Figure 2

For enhanced 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. For SA and Data transmission on the same subframe scheme where each transmission consisted of two transmit power was set to 22dBm, i.e., a power backoff of 1dB was applied (see [3] 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% and hysteresis threshold was set to 4dB. To taking into account the increase in SA bits for sensing [3] we used a total payload of 88 bits (including 16 bits for CRC).
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.
Results for are plotted in Figures 3 through 6. We also plotted high density cases for Freeway case where the average number of vehicles were increased to 600 while speed was kept at 140km/hr. 
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Figure 3: System level performance for Freeway case (140km/hr)
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Figure 4: System level performance for Freeway case (70km/hr) 
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Figure 5: System level performance for Freeway case (140km/hr) – high density
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Figure 6: System level performance for Urban case (60km/hr)
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Figure 7: System level performance for Urban case (15km/hr)

Our first observation is that enhanced LTE V2V out performs DSRC in all scenarios. The gap in performance is especially high for low density scenarios where the link budget advantage of LTE V2V shows up. For higher density DSRC seems to be doing a better job of handling collisions. The gain is lower for Urban scenario because for NLOS channel model the link budget advantage for LTE leads to lower gain in distance compared to LOS channel model. 

Observation 2: Enhanced LTE V2V outperforms DSRC uniformly in all scenarios.
We also note that the enhancements being proposed are necessary compared to baseline LTE-D2D with 4 DMRS. Otherwise DSRC is better than baseline in many regimes – especially at high density cases.

Observation 3: Enhancements to LTE V2V are needed so as to outperform DSRC – especially for high density cases.

Based on this we propose same SA and Data subframe transmission and channel sensing with semi-persistent transmission be used for LTE-V2V. 
Proposal 1: Use two cluster SC-FDMA based same SA and Data subframe transmission with channel sensing and semi-persistent transmission for LTE-V2V. However UE complexity issues should be taken into account.
3
Conclusion

In this contribution we presented some performance results for V2V based. We made the following observations and proposals.
Observation 1: Transmitting SA and Data together on all subframes where SA indicates the location of data transmission on the same and subsequent subframes has several advantages and disadvantages. The main disadvantage being additional UE receiver complexity.

Observation 2: Enhanced LTE V2V outperforms DSRC uniformly in all scenarios.

Observation 3: Enhancements to LTE V2V are needed so as to outperform DSRC – especially for high density cases.

Proposal 1: Use two cluster SC-FDMA based same SA and Data subframe transmission with channel sensing and semi-persistent transmission for LTE-V2V. However UE complexity issues should be taken into account.
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Appendix A
We present some results for enhancements to LTE-D2D based on SA and data transmission on same subframe, randomization and zoning (a.k.a location based transmission) below. The details of randomization and zoning are in [4]. Here baseline LTE-D communication has 4 DMRS symbols.
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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
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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 (60km/hr)[image: image17.png]
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