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1
Introduction
During RAN#71 co-channel coexistence between DSRC and V2V was discussed. The V2X SID [1] was modified to add the following objective.

4) Identify high level coexistence approaches (long-term basis) between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel and provide input to RAN [RAN1] (to be completed by RAN#72).
This objective is important to enable deployment of LTE-V2V solution where DSRC is already deployed on a channel. In this contribution we discuss this. The contribution is organized as follows:

· Section 2 discusses co-channel coexistence between V2V and DSRC
· Section 3 concludes the contribution
2
Co-Channel Coexistence
DSRC is a mature technology that has been developed over 15 years ago. LTE V2V is still in the process of getting developed. Therefore in some areas such as US it is likely that DSRC will get deployed before LTE V2V. However, given the advantages of LTE V2V over DSRC, (as demonstrated in [2]) LTE V2V can replace DSRC in the future. In some areas such as China and Europe it is may be the case that DSRC and LTE V2V get deployed together. 

Observation 1: In some areas it is likely that DSRC will get deployed before LTE V2V. Whereas in some areas LTE V2V and DSRC can get deployed at the same time.
Since the primary application of V2V is safety it is important that DSRC and LTE V2V enabled vehicles are able to detect the presence of each other.  Given the D2D nature of communication this is a challenging requirement.
Proposal 1: Since the primary application of V2V is safety it is important that DSRC and LTE vehicles can detect the presence of each other. 
This requirement can lead to additional requirements for both LTE V2V and DSRC vehicles. They can be one of the following:

1) Both LTE V2V and DSRC vehicles are able to decode messages from both technologies but transmit only using their respective technology. This can be the case where both technologies are deployed together.
2) LTE V2V vehicles are able to both transmit and receive DSRC messages. This can be the case where DSRC is deployed before LTE V2V and legacy DSRC devices cannot be changed.

3) DSRC vehicles are able to both transmit and receive LTE V2V messages. This can be the case where LTE V2V is deployed before DSRC and legacy LTE V2V devices cannot be changed. This is very unlikely to happen and does not need to be studied.

Based on this we propose that the co-channel design should support cases 1 and 2. 
Proposal 2: Co-channel design between LTE and DSRC should support the following cases:

1) Both LTE V2V and DSRC vehicles are able to decode messages from both technologies but transmit only using their respective technology.

2) LTE V2V vehicles are able to both transmit and receive DSRC messages.

We note that case 1 is better from spectral utilization perspective because LTE V2V vehicles do not need to transmit the same information twice.

Observation 2: The case where both LTE V2V and DSRC vehicles are able to decode messages from both technologies is more spectrally efficient than the case where LTE V2V vehicles are able to both transmit and receive DSRC messages.
We note that both the cases can be supported with minimal changes to current LTE V2V design when DSRC and LTE V2V are not co-channel and there is a dedicated channel for each technology. For the first case LTE V2V and DSRC can transmit on their own respective channels and receive on both. For the second case LTE V2V vehicle can transmit on both channels using their respective technologies. 
Observation 3: Dedicated channel for LTE V2V and DSRC respectively is preferred due to minimal changes needed to current LTE V2V design.
For case 1 a design for interference management between DSRC and LTE V2V is needed. Since any vehicle can receive on both technologies a solution where a vehicle switches its transmission technology based on the technology being locally used is not needed or feasible. However a TTI level co-channel coexistence design is needed. 

Observation 4: If both LTE V2V and DSRC vehicles are able to decode messages from both technologies but can transmit only using their respective technology then a TTI level co-channel coexistence design is needed. A solution where a vehicle senses locally the technology being used and switches to that technology is neither feasible nor needed.

For case 2 also a design for interference management between DSRC and LTE V2V is needed. Here two solutions are possible. Either a LTE vehicle senses the technology being used locally and switches to it. The other option is that a vehicle transmits using both LTE V2V and DSRC. Both these solutions require TTI level co-channel coexistence between DSRC and LTE V2V. 
Observation 5: If LTE V2V vehicles are able to both transmit and decode DSRC messages two solutions are possible. Either a LTE vehicle senses the technology being used locally and switches to it or a vehicle transmits using both LTE V2V and DSRC technologies. Both these solutions require TTI level co-channel coexistence between DSRC and LTE V2V.

Note that for TTI level co-channel coexistence one main issue is that LTE V2V is a synchronous technology while DSRC is an asynchronous technology. Therefore a solution similar to LAA and WiFi coexistence is needed. 

Observation 6: TTI level co-channel coexistence design between LTE V2V and DSRC can be similar to LAA and WiFi coexistence.
It may be challenging to design a switching solution for safety purposes. A LTE V2V vehicle needs to sense the locally used technology and transmit using that technology. If the vehicles senses that the locally used technology is DSRC then transmit using DSRC else transmit using LTE V2V. If a LTE V2V vehicle performs misdetection and transmits LTE V2V signal then DSRC vehicles will not be able to decode the LTE V2V signals. Furthermore switching can lead to additional latency because it requires a LTE V2V device to transmit DSRC only after detecting DSRC signals in proximity. This will make meeting latency requirements more challenging. One final issue is that switching may lead to tight timeline requirements on the modem. A vehicle may need to receive LTE V2V or DSRC to make a decision on which technology to transmit on within a few microseconds.
Observation 7: A solution based on switching where a LTE V2V vehicle detects the local technology and switches to it has several challenges:
· It needs to be studied whether the solution will be robust enough for safety purposes. Misdetection of technology can cause loss in performance.
· It needs to be studied whether the solution will be able to meet the latency requirements because sensing the technology being used locally will require additional latency.
· The impact of switching on the timeline requirements of modem needs to be studied.
We note that if a co-channel coexistence is developed then the inter-operability with currently being developed V2V sidelink solution needs to be considered. Given the current time line this inter-operatibility issue may need to be addressed with high priority.
Observation 8: The inter-operability with currently being developed V2V sidelink solution needs to be considered. Given the current time line this inter-operability issue may need to be addressed with high priority.

3
Conclusion

In this contribution we made the following proposals and observations on co-channel coexistence between LTE V2V and DSRC.
Observation 1: In some areas it is likely that DSRC will get deployed before LTE V2V. Whereas in some areas LTE V2V and DSRC can get deployed at the same time.
Proposal 1: Since the primary application of V2V is safety it is important that DSRC and LTE vehicles can detect the presence of each other. 
Proposal 2: Co-channel design between LTE and DSRC should support the following cases:

3) Both LTE V2V and DSRC vehicles are able to decode messages from both technologies but transmit only using their respective technology.

4) LTE V2V vehicles are able to both transmit and receive DSRC messages.

Observation 2: The case where both LTE V2V and DSRC vehicles are able to decode messages from both technologies is more spectrally efficient than the case where LTE V2V vehicles are able to both transmit and receive DSRC messages.
Observation 3: Dedicated channel for LTE V2V and DSRC respectively is preferred due to minimal changes needed to current LTE V2V design.
Observation 4: If both LTE V2V and DSRC vehicles are able to decode messages from both technologies but can transmit only using their respective technology then a TTI level co-channel coexistence design is needed. A solution where a vehicle senses locally the technology being used and switches to that technology is neither feasible nor needed.

Observation 5: If LTE V2V vehicles are able to both transmit and decode DSRC messages two solutions are possible. Either a LTE vehicle senses the technology being used locally and switches to it or a vehicle transmits using both LTE V2V and DSRC technologies. Both these solutions require TTI level co-channel coexistence between DSRC and LTE V2V.

Observation 6: TTI level co-channel coexistence design between LTE V2V and DSRC can be similar to LAA and WiFi coexistence.
Observation 7: A solution based on switching where a LTE V2V vehicle detects the local technology and switches to it has several challenges:

· It needs to be studied whether the solution will be robust enough for safety purposes. Misdetection of technology can cause loss in performance.

· It needs to be studied whether the solution will be able to meet the latency requirements because sensing the technology being used locally will require additional latency.

· The impact of switching on the timeline requirements of modem needs to be studied.
Observation 8: The inter-operability with currently being developed V2V sidelink solution needs to be considered. Given the current time line this inter-operability issue may need to be addressed with high priority.
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