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1. Introduction
In RAN1#84bis, the following working assumption was made with respect to the requirement to support 500 km/h relative speed for V2V [1]:
· Alt 1: 

· “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)

· In order to support 500 km/h relative speed case,  lowering the coding rate can be used
· FFS how to adapt MCS, RB size, and/or number of transmission subframes depending on the situation

· This may or may not have any specification impact

· Confirm the working assumption: 

· 15 kHz subcarrier spacing with 1 msec TTI length

· Supported by:

· LG Electronics, Huawei, HiSilicon, Samsung, CATT, ZTE, Nokia, ASB, OPPO (9)

· Objected by: 

· E///, QC

· Alt 4: Alt 2 + Alt 3 (with 30kzh tone spacing)

· Supported by: Intel, Ericsson, Qualcomm, ITRI (4)
· Alt 5: Alt 1 + adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g, GNSS or eNB)

· FFS: One or more PSCCH format(s) need to be supported
· Supported by: Ericsson, Huawei, HiSi, LGE, ZTE, CATT, Nokia net., Vodafone, CATR, Samsung, Sharp, Sony, ASB, Lenovo, OPPO, Xinwei (16)

Working assumption:
· Alt. 5

In this contribution, we will discuss how to support the relative speed requirement of 500 km/h in V2V communication.
2. Discussion
Multiple companies have investigated PSCCH, PSSCH and PSBCH transmissions with support for 500 km/h relative speed in Busan meeting. One concern that has been raised is possible performance flooring using the existing agreement on the 4V structure. 

Some proposals have proposed adding more receive antennas (e.g. 4 Rx antennas) and/or lower MCS to eliminate the flooring. While such solutions are acceptable to provide the necessary performance improvement, we need to make sure that the typical transmission case for lower speeds or at lower frequencies is not impacted by increased overhead in these cases.  
2.1 Increased repetitions for SA and data
One solution we would like to propose is increased repetitions for SA and data to support 500 km/h case, based on a configuration from the eNB. Let us assume the error floor is around 30% for supporting V2V with 4V structure using 1 PRB at 500 km/h (See Figure 1), with 2 repetitions of SA and data, it can be less than 10% and with 4 repetitions, it can be less than 1%. Note that multiple repetitions will be needed anyway to support half-duplex transmissions.  Also, at such high relative speeds, there will be time diversity available to exploit due to the high Doppler. For data, it is also possible to further improve the packet reception ratio if the receiver can successfully decode the associated SA, if soft-combining gain can be exploited.
The eNB can configure the number of repetitions for SA and data transmissions to support 500 km/h requirements. By making this configurable, the overhead to support 500 km/h speed can be minimized. This configuration can be done via RRC, for example, in a certain geo location. 

The number of repetitions can also be increased to provide higher reliability to support high priority traffic such as emergency messages. The number of repetitions could also be dependent on the carrier frequency. 

Proposal 1: Option 1: The eNB can configure the number of repetitions for SA and data transmissions to support 500 km/h relative speed requirements 
 2.2 Increased resource size for SA
Another option for supporting 500 km/h requirement for V2V is to increase the resource size for SA. The resources for SA and associated data can be selected flexibly and the resources for each transmission of a given SA need not be fixed. Even the contents of each repeated SA can also change because of the dynamic gap between SA and associated data. So it is not possible to use soft-combining to improve the performance of SA i.e., soft combining should not be supported for SA.
We simulated the performance of SA in different speeds with different number of PRB size assuming a SA size of 51 bits (including CRC). The results are shown in Figure 1. It can be observed that, compared to the low speed case (absolute speed of 60km/h), high speed (maximum absolute speed of 200km/h and 250km/h) can introduce 5~6dB performance loss. If using 1 PRB for SA, the BLER of SA in 250km/h and 200km/h relative speed cannot reach 10-2 even at 6dB BLER. However, by increasing the number of PRBs for an SA, significant performance gain can be obtained. If more resources are used for SA in 200km/h and 250km/h absolute speed, similar or even better performance as low speed case can be achieved.
To guarantee the SA performance in high speed while not introducing significant resource overhead, as another alternative, we propose to use multiple levels of SA resource size. For example, one SA could occupy 2 PRBs in case of low speed vehicle, and 4 PRBs or 8PRBs if the speed of a vehicle is high. The threshold for low speed and high speed can be left for network implementation.
Proposal 2: Option 2: The eNB can configure multiple levels of SA resource sizes to support 500 km/h relative speed requirements 
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Figure 1 The performance of SA with different speeds and with different number of PRBs
3. Conclusion
The following proposals are made to support 500 km/h relative speed requirement for V2V communicaiton. 
Proposal 1: Option 1: The eNB can configure the number of repetitions for SA and data transmissions to support 500 km/h relative speed requirements 

Proposal 2: Option 2: The eNB can configure multiple levels of SA resource sizes to support 500 km/h relative speed requirements 
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