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[bookmark: _Ref129681832]At RAN1 #86bis meeting, the following agreements were reached on coexistence between LTE-V and 802.11p [1]: 
Agreements:
· The following two aspects need to be discussed with regard to the usefulness of an detection option
· Usefulness when IEEE802.11p detects LTE
· Usefulness when LTE detects IEEE802.11p
· Study until the next meeting on the usefulness of the following options
· Option 1: Detecting the pattern of LTE CP
· Option 2: Detecting a sequence of LTE transmitted within the last symbol of a subframe
· Option 3: Detecting periodically transmitted LTE signal (e.g., SLSS)
· Option 4: Measuring energy
In this contribution, we evaluate the detection options with corresponding simulation results. 
Detection signal design for PC5 V2V
The design principles for detection signal design for PC5 V2V are as follows:
· Sidelink transmitter is used for signal generation
· The specification impact is minimized
· The detection performance is high enough to provide good reliability
Based on these principles, the following detention sequence designs are discussed in sequel: existing LTE-V cyclic prefix, special signal transmitted within the last symbol of a subframe, SLSS, and finally energy-based detection. 
Comparison of option 1 and option 2
With cyclic prefix option, the first 144 Ts samples of an OFDM symbol are the same as the last 144 Ts. The repetition characteristic can be used for DSRC receiver to detect LTE-V signal by delay correlation.  
For option 2, we simulate the following: a special signal is added at the end of each subframe, which is composed of 10 repetitions of 32 Ts samples.
The sampling frequency of DSRC receiver is usually 10MHz, which is different with LTE-V. We do not assume that there is sampling rate conversion before delay correlation in DSRC receiver. Therefore the delay value in the detection process is set as 667 samples. 
We simulated the detection probability performance in UMi channel with the vehicle speed of 500km/h. For both options, the detection is based on delay correlation, in which the correlation values are normalized by received power and compared with a given threshold. 
The simulation results in Figure 1 show that LTE CP-based detection in Option 1 outperforms the one based on special signal in Option 2 in terms of detection probability. The main reason is that there are 12 CP-based detection opportunities (excluding the first and Gap symbol) in one subframe for detection, while only 1 detection attempt for special signal-based method. Another major benefit is that CP-based detection requires no additional change to the LTE-V frame structure. 

[image: C:\Users\l00385439\AppData\Roaming\eSpace_Desktop\UserData\l00385439\imagefiles\2EB9302D-0446-4D07-8A10-9D46D1DCB834.png]
[bookmark: _Ref466012405]Figure 1: Detection Probability (500km/h)
Observation 1: The performance of detection based on cyclic prefix outperforms that of preamble-based detection.
The impact of detection process on DSRC receiver depends on the implementation of DSRC SoC. If the DSRS SoC is based on hard logic, the detection logic is used to detect DSRC signal. The delay value is fixed as 16 samples and changing the delay value may require re-designing the DSRC SoC. On the other hand, if the DRSC SoC is based on SDR (Software Defined Radio), may be possible to change the delay value from 16 to 667 samples to detect LTE-V signal based on CP pattern. 
Option 2 has some additional drawbacks. For instance, the new signal at the first symbol will have impact on the AGC processing. Furthermore, it requires more standardization effort for something that may not even be needed (e.g., if 802.11p and LTE-V are not deployed on the same carrier) 
Observation 2: Introduction of new signal for detection needs more standardization work which may or may not be adopted by 802.11p to detect the presence of LTE-V. 
Option 3: SLSS-based detection
There are two repeated PSSS symbols and two repeated SSSS symbols in the time domain in each sidelink synchronization subframe. A receiver can determine the existence of a LTE-V system by detecting PSSS (or SSSS) using autocorrelation operations. Since the periodicity of PSSS/SSSS is 160ms, during that time, LTE-V and DSRC may interfere with each other. However, if the regulation authority deems a 160ms detection time acceptable, detecting SLSS is a simple solution.
Observation 3: SLSS can be a candidate signal to be used for LTE-V detection if 160ms detection delay is acceptable. 
Option 4: Energy-based detection
One other method for DSRC to detect other LTE-V is to use energy detection, which is already part of the 802.11p standard. DSRC devices shall consider the channel busy if the received power is larger than -65dBm. On the other hand, if DSRC devices detect a 802.11p signal (using short preamble), the channel is consider busy if the receiver power is larger than -85dBm. 
One problem for the energy detection is that LTE-V transmission is treated unfairly. DSRC devices will have more transmission resources due to the higher CCA busy threshold for LTE-V signal. A DSRC device will not start transmission if there is another DSRC device is sending data which is 200 meters away. However, it will start transmission even if a nearby (say 50 meters away) LTE-V device is already transmitting. Under this scenario, there will be mutual interference which causes performance loss for both systems.
Observation 4: The 802.11p energy detection mechanism uses different receiver power thresholds when detecting 802.11p system and other systems. This creates unfairness for co-channel co-existence between LTE-V and 802.11p and could cause harmful mutual interference between both systems.
Therefore, we propose the following:
Proposal 1: Use the cyclic prefix to detect LTE-V signal.
Proposal 2: Send an LS to RAN that should the regulator request a detection mechanism, RAN1 concluded to use CP as the signature signal of LTE-V.  
Conclusions
In this contribution, we discussed the signal and methods which can be used for DSRC receiver to detect LTE-V signals. We made the following observations and proposals.
Observation 1: The performance of detection based on cyclic prefix outperforms that of preamble-based detection.
Observation 2: Introduction of new signal for detection needs more standardization work which may or may not be adopted by 802.11p to detect the presence of LTE-V. 
Observation 3: SLSS can be a candidate signal to be used for LTE-V detection if 160ms detection delay is acceptable. 
Observation 4: The 802.11p energy detection mechanism uses different receiver power thresholds when detecting 802.11p system and other systems. This creates unfairness for co-channel co-existence between LTE-V and 802.11p and could cause harmful mutual interference between both systems.

Proposal 1: Use the cyclic prefix to detect LTE-V signal.
Proposal 2: Send an LS to RAN that should the regulator request a detection mechanism, RAN1 concluded to use CP as the signature signal of LTE-V.  
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