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1. Introduction
The WI for LTE-based V2X Services [1] has an objective of specifying solutions facilitating co-channel coexistence between IEEE 802.11p and LTE PC5 V2V:
4)
To specify solution(s) facilitating long-term basis co-channel coexistence between DSRC/IEEE 802.11p and LTE PC5 for V2V operating over the same frequency channels [RAN1]

a)
This objective starts from RAN#73 and target is to complete this by RAN#74. Solution(s) to be specified should avoid negative impact on the performance of LTE PC5.
On this aspect, the following agreement was made during the SI phase:

•RAN1 has discussed co-existence between DSRC and LTE-based ITS (sidelink) for safety ITS. RAN1 believes that ITS systems are important and should protect each other and in particular safety ITS.

•Technology neutrality is essential in order to enable choice of most suitable radio technology for each ITS service as well as to enable a technology phasing in the future (e.g., towards 5G)

•RAN1 believes that technology neutrality is enabled by describing common coexistence rules that are followed by all potential ITS technologies. Such rules may be specific for a certain region. RAN1 believes that the details of the common coexistence rules are out of RAN1 scope and should be discussed in relevant SDOs in each region.

•For deployment of PC5-based LTE-V2V and 802.11p in the same geographical area, the ideal option is when they use different frequency channels. Note that co-deployment of both technologies is not likely to happen in all regions.

•RAN1 believes that other radio access technologies and LTE-based ITS transmissions on sidelink can co-exist; some standardization and/or regulatory actions need to be taken in other bodies in order to enable this.

•The possible solutions identified by RAN1 for high level coexistence approaches (long-term basis) between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel are as follows: 

o Geo-location and database. 

o Time sharing between systems based on GNSS timing; this would require some modifications to DSRC.

o Sensing-based vacate/switching approaches with or without transmission of a predetermined signal(s) (e.g. LTE-ITS preamble, SLSS)

o Sensing with a predetermined signal(s) would require some modifications to DSRC.

o RAN1 has not conducted any system-level evaluations for these solutions, although some link-level results have been provided for some solutions.
This contribution provides an initial discussion on how to make progress on this topic. 
2. Discussions 
We can categorize the possible solutions identified in the SI phase for the convenience of the discussion:

· Option 1: Geo-location and database
· Each device accesses the database which lists the geographical location where RAT A transmission is allowed. Each device does not transmit RAT A signal if it is at the location where RAT A in that carrier is not allowed.
· Option 2: Time sharing between systems based on GNSS timing
· The whole time resources are divided into multiple subsets using GNSS timing and RAT A is allowed only in the subset of time resources that is associated with it.

· Option 3: Sensing-based vacate/switching approaches
· When RAT A senses the presence of RAT B, RAT A stops its transmission in that carrier for some time duration. At the same time, RAT A operation may be moved to another vacant carrier. Depending on how to sense the presence of another RAT, two sub-options can be considered

· Option 3-1: A predetermined signal is used (e.g., LTE-ITS preamble or SLSS for IEEE 802.11p to detect LTE PC5 V2V, and IEEE 802.11p preamble, vice versa)

· Option 3-2: No predetermined signal is used. For example, RAT A can detect the presence of another RAT when the channel energy measured during a time window where RAT A is silent exceeds a certain threshold.
As captured in the agreement in the previous section, some options require modifications to IEEE 802.11p devices, which cannot be assumed in 3GPP without any input. So it would be natural to start WG level specification work for those options after receiving input from RAN desirably based on communication with relevant organizations. Options not requiring such modifications can be started without further input.
Some implementations of Option 3 may be able to avoid modifications to IEEE 802.11p. To be specific, if only the LTE UEs perform the sensing-based vacate/switching operation, no change will be necessary to IEEE 802.11p devices. Detailed rules for this operation may be specified in the relevant regulations, but some RAN-level consideration seems needed to facilitate the vacation/switching operation including those in the following:

· When an LTE V2V UE senses IEEE 802.11p, it can switch to another vacant carrier but there is no guarantee that the other UEs in its communication range also successfully sense the same situation. If the sensing result is different in different UEs in the communication range and the operating carrier becomes different as a result, V2V communication may be interrupted. Thus, it needs to be studied how to continue communication among UEs in the transmission carrier switching situation.

· When a UE switches to another carrier, no sensing result is available on the new carrier unless the UE also has performed sensing operation on it. It needs to consider whether this situation has considerable impact in the sensing-based resource allocation operation, and if so, which solution can be used.

It can be noted that reception over multiple PC5 carriers is in general helpful in the above issues, so it is recommended to consider the multi-carrier PC5-V2V design from this angle as well.
Option 1 seems to require no change to the radio level operation of IEEE 802.11p or LTE as far as the detailed operation is performed in the application. Carrier switching, if supported, can also be used in combination with option 1 in the sense that LTE PC5 V2V can switch from a prohibited carrier to an allowed carrier at a given location. In this case, the same issues discussed above can be considered as well.
3. Conclusion
This contribution discussed initial issues in supporting co-channel coexistence of LTE PC5-V2V and IEEE 802.11p. The discussion can be summarized as follows:

Proposal 1: WG level specification work on an option requiring modifications to IEEE 802.11p devices can start after RAN plenary provides relevant input.

Proposal 2: RAN1 needs to consider how to determine TX/RX carrier(s) and how to perform resource selection in switching the PC5 transmission carrier of each UE.
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