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1. Introduction
In RAN#71, a new objective was added to the updated SID in [1]:

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 contribution discusses potential solutions to fulfill this objective. We will focus on UE autonomous resource allocation as eNB will be in charge of enabling/disabling PC5 operation for V2V if it schedules individual UE transmission.

2. Discussions 
As clarified in the updated SID, the co-channel coexistence with IEEE 802.11p targets long-term basis solutions which in our view means that on/off of LTE PC5 and IEEE 802.11p alternates with the time scale of several seconds or longer. For studying such long-term coexistence, solutions for TV white space can be good references as a secondary system device accesses the TV white space spectrum if it identifies that the spectrum is currently not used by any primary system devices in a long-term basis. There are basically two ways of enabling this primary system usage identification in TV white space operations; one is based on the geo-location and database [2], and the other is based on sensing [3]. In the geo-location based solution, a secondary system device first identifies its geo-location and accesses the database to verify that its channel access is currently allowed at its location. In sensing based solution, a secondary system device first tries to detect any primary system on the channel and uses the channel if nothing is detected. It needs to be noted that the possibility of a sensing-based WLAN operation on a DSRC carrier was discussed [4].
It firstly needs to be decided which system is the primary system in accessing a certain spectrum. If LTE PC5-V2V is designated as the primary system in a country or region by the regulation, LTE V2V does not have to take any actions to protect 802.11p against potential coexistence problem. In relation to Option 1 discussed below, UE may identify the primary system designation after accessing database. UE operating LTE PC5-V2V has to take action as the secondary user if an IEEE 802.11p incorporated vehicle is already allowed as the primary user in a certain spectrum in a certain country/region and an LTE V2V incorporated vehicle intends to additionally utilize the spectrum. For such actions LTE UE will take as a secondary user, we can consider the following details:
If we apply the geo-location-based solution, it can be related to the resource allocation based on geo-information which was agreed in RAN1#84. Also we can observe some relation to the objective “To develop a mechanism to prevent V2V from using spectrum that V2V is not authorized to use” in [5]. In this option, the following two sub-options can be considered depending on which entity is responsible in obtaining the information on the time and location where LTE PC5-V2V is allowed:
· Option 1 (Geo-location-based solution): UE does not transmit LTE PC5-V2V in a channel if it is at the location where LTE PC5-V2V in that channel is not allowed. For the other cases, UE is allowed to transmit on the channel.
· Option 1-1: UE has the responsibility in obtaining the information on the location where LTE PC5-V2V is allowed. For example, UE needs to directly access the database and acquire the information.

· Option 1-2: A network entity has the responsibility in obtaining the information on the location where LTE PC5-V2V is allowed. Then, it configures the resource pool such that no transmission resource is associated with the location where LTE PC5-V2V is not allowed. 
The sensing-based solution can be considered as well. This option can be divided into two sub-options depending what is sensed by the UE:
· Option 2 (Sensing-based solution): UE does not transmit LTE PC5-V2V if it senses the presence of IEEE 802.11p.

· Option 2-1: Energy sensing is used and UE-common silence period is introduced. All the synchronized UEs stop transmitting in the silence period and it is assumed that IEEE 802.11p is present if the measured energy during the period is above a threshold.

· Option 2-2: Preamble detection is used. UE does not transmit LTE PC5-V2V if it detects the preamble of IEEE 802.11p. The silence period may be used to simplify UE implementation, i.e., no simultaneous reception/detection of LTE PC5-V2V and IEEE 802.11p is required in the same carrier.

Comparing Option 1 and Option 2, Option 1 has the advantage that less specification effort is necessary. In case of Option 1-2, no additional specification support is needed from the UE perspective other than the agreed geo-information-based resource selection. Furthermore, Option 1 can be a means to fulfill the objective of preventing V2V transmissions when not authorized. Option 2 has the benefit that more dynamic resource sharing is possible between LTE PC5-V2V and IEEE 802.11p, but this comes at the cost of the probability that LTE PC5-V2V interferes with IEEE 802.11p when a UE fails to detect its presence. Option 2-1 is simpler in implementing UE not equipped with IEEE 802.11p functionality but has the drawback that LTE PC5-V2V will not be activated if any other system is operating in the same channel.
A hybrid of the two options is also possible. For example, LTE PC5-V2V is strictly prohibited in some locations but is allowed in some other locations subject to the absence of IEEE 802.11p. This may alleviate the hidden node problem to the transmission from RSU based on IEEE 802.11p. For example, LTE PC5-V2V can be strictly prohibited in the two hop range from a RSU based on IEEE 802.11p so that vehicles receiving transmissions from the RSU is free from interference caused by LTE PC5-V2V which cannot detect that RSU. In some other locations, LTE PC5-V2V may be allowed without requiring any options for sensing IEEE 802.11p.
If some options are supported to enable the coexistence, the related UE behavior needs to be considered as well. First, UE reporting to eNB on the availability of LTE PC5-V2V can be considered. If a UE configured with LTE PC5-V2V finds out that the configured transmission is not allowed by Option 1-1 or Option 2, it can report the situation such that eNB can trigger some other way of V2V transmissions including switching to Uu interface. Second, a channel switching mechanism can be considered. If LTE PC5-V2V transmission is prohibited in a channel, it is desirable to continue the transmission in another vacant channel. Here, the service may not be continued if UEs communicating in a channel move to different channels, so a method to align the channel selection needs to be considered. For example, the channels can be ordered in advance, and all the UEs can move to the one having the highest order among the available ones. The problem can be mitigated if each UE is capable of monitoring multiple carriers in parallel at the same time.
3. Conclusion
This contribution discussed potential solutions for co-channel coexistence of LTE PC5-V2V and IEEE 802.11p. The discussion can be summarized as follows:
Proposal 1: The following options (with the possibility of a hybrid of the two options) are considered for potential solutions for operating LTE PC5-V2V as a secondary user in a spectrum where IEEE 802.11p exists as the primary user:
· Option 1 (Geo-location-based solution): UE does not transmit LTE PC5-V2V if it is at the location where LTE PC5-V2V is not allowed.

· Option 1-1: UE has the responsibility in obtaining the information on the location where LTE PC5-V2V is allowed. For example, UE needs to access the data base and acquires the information.

· Option 1-2: A network entity has the responsibility in obtaining the information on the location where LTE PC5-V2V is allowed. For example, the resource pool can be configured such that no transmission resource is associated with the location where LTE PC5-V2V is not allowed. 

· Option 2 (Sensing-based solution): UE does not transmit LTE PC5-V2V if it senses IEEE 802.11p.

· Option 2-1: Energy sensing is used and UE-common silence period is introduced. All the synchronized UEs stop transmitting in the silence period and it is assumed that IEEE 802.11p is present if the measured energy during the period is above a threshold.

· Option 2-2: Preamble detection is used. UE does not transmit LTE PC5-V2V if it detects the preamble of IEEE 802.11p. The silence period may be used to simplify UE implementation, i.e., no simultaneous reception/detection of LTE PC5-V2V and IEEE 802.11p in the same carrier.

Proposal 2: If one of the above co-channel coexistence solution is introduced, further study is needed on the following aspects:

· UE reporting mechanism and the resource/interface switching; RAN2 needs to be involved in this study.

· Method to align the channel switching among UEs when the operating channel becomes unavailable for LTE PC5-V2V.
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