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Introduction
In RAN1#85 meeting, an agreement for high level coexistence approaches between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel was made:
	· 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: 
· Geo-location and database. 
· Time sharing between systems based on GNSS timing; this would require some modifications to DSRC.
· Sensing-based vacate/switching approaches with or without transmission of a predetermined signal(s) (e.g. LTE-ITS preamble, SLSS)
· Sensing with a predetermined signal(s) would require some modifications to DSRC.
· RAN1 has not conducted any system-level evaluations for these solutions, although some link-level results have been provided for some solutions.
RAN1 respectfully asks RAN to provide RAN1 findings to other relevant bodies.



On investigating the DSRC multichannel operation, it can be obtained that there are pros and cons per possible solutions according to the possible DSRC modifications. Moreover, hidden node problem might happen when adopting sensing-based vacate/switching approach as a solution. Therefore, we revisit the approved solutions and discuss on the possibility of each solution.
DSRC multiple channel operation
DSRC is using a 75 MHz wide spectrum band at 5.9 GHz allocated for ITS services. The allocated band is globally common with some regional modifications. PHY and MAC layer stack of DSRC are known as IEEE 802.11p, and it has the multiple channel operation which is specified in IEEE 1609.4 standard. Control channel and other application specific channels are TDMed in IEEE 1609.4. All DSRC terminals are synchronized to a common UTC timing, and follow this TDM operation between CCH interval and SCH interval. According to the configuration, this CCH interval and SCH interval might be variable with the restriction that sum of CCH interval and SCH interval will be a multiple of synchronization interval (currently specified as 100 ms) [1]. In Figure 1, time slot 0 and time slot 1 makes one sync interval. CCH carries high priority safety service data and the information on the following SCH. Other DSRC terminals monitor the CCH and possibly switch to the interested SCH to receive the data. 
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Figure 1 DSRC multiple channel access: a) continuous, b) alternating, c) immediate
As shown in the Figure 1, DSRC has three kinds of multiple channel access methods. a) Continuous method is to use CCH or specific SCH for whole time. b) Alternating method is to use one CCH for one time slot and arbitrary SCH for the other time slot. C) Immediate method is to use CCH for some duration and after that arbitrary SCH is immediately used. It seems that LTE-V2X UE needs sensing mechanism to check the occupancy of DSRC signal if a) Continuous or c) Immediate method is used by DSRC. On the contrary, sensing mechanism is not needed for LTE-V2X UE in case of b) alternating method, since the CCH occupancy time is determined and LTE-V2X UE can use the CCH channel band/ SCH band during its empty time. 

As shown in Figure 2, if all DSRC using “b) alternating channel access” with slot time of 50 ms, then LTE-V2X can always use frequency resources assigned for CH 172,174,176, 180, 182, 184 during every CCH interval without any interruption from DSRC. In this case, time sharing between systems based on GNSS timing can be a coexistence solution between LTE-V2X and DSRC. 
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Figure 2 DSRC channel deployment with alternating channel access method with 50 ms of CCH, SCH interval
Observation 1. Time sharing method is applicable for DSRC/IEEE802.11p and LTE-V2X coexistence when DSRC multiple channel operation is alternating method. 

However, “c) immediate channel access and a) continuous channel access” make difficult to find static pattern to use the empty channel. If we have to accept the current DSRC standard without modification, Sensing-based vacate/switching approaches looks appropriate. 
Observation 2. If current DSRC multiple channel operation is not modified or restricted to use only alternating method, sensing-based vacate/switching approaches looks appropriate. 
 

Hidden node problem on sensing-based switch/vacate approach
If we consider the sensing-based switch/vacate approach for coexistence solution, there might be hidden node problem. Since SCH is assigned to DSRC terminal according to its service type, different SCH can be used for different DSRC terminals. In this case, if LTE-V2X UE transmits on one channel not used by DSRC, it is still possible that one receiving LTE-V2X UE tens or hundreds meters away can detect DSRC on the channel. Then the receiving LTE-V2X UE can be interfered by DSRC. If there is no hidden node problem, then sensing-based switch/vacate solution has no problem with the assumption that LTE-V2X UE should at least support the same number of RX chain as ITS channels for cross-channel monitoring. However, the hidden node problem exists irrespective of cross-channel monitoring capacity, and there would be interference from DSRC on the channel at receiving LTE-V2X UE side. Therefore, we had better consider this situation on adopting sensing-based switch/vacate approach. 
One straightforward solution for this problem is informing of sensing result for channel negotiation. The way of indication can be either A) over Uu interface or B) PC-5 interface. In the example depicted in figure 3, LTE-V2X car 1 and car 2 sense DSRC signals on different channels. When LTE-V2X car 1 senses that SCH1 is occupied by DSRC, it sends its sensing information using Uu to eNB or using PC-5. According to the sending method, its subsequent procedure such as channel negotiation or confirmation can be developed further. Anyway, to solve this hidden node problem needs RAN2 signaling operation.



Figure 3 Sensing report as a solution for the hidden node problem

Observation 3: If sensing-based switch/vacate approach is used, hidden node problem might happen.
Observation 4: To solve hidden node problem, indication of sensing information to the other LTE-V2X UE is necessary.

Based on the above observations, we propose the followings.
Proposal 1: In case of sensing-based switch/vacate approach is adopted, the resulted hidden node problem should be further studied.
Proposal 2: RAN2 is asked to discuss on the solution of this problem and determine to adopt informing sensing result over Uu interface and/or over PC-5 interface.  


Conclusion  
Consequently, we have the following observations and proposal.
Observation 1. Time sharing method is applicable for DSRC/IEEE802.11p and LTE-V2X coexistence when DSRC multiple channel operation is alternating method. 
Observation 2. If current DSRC multiple channel operation is not modified or restricted to use only alternating method, sensing-based vacate/switching approaches looks appropriate. 
Observation 3: If sensing-based switch/vacate approach is used, hidden node problem might happen.
Observation 4: To solve hidden node problem, indication of sensing information to the other LTE-V2X UE is necessary.

Proposal 1: In case of sensing-based switch/vacate approach is adopted, the resulted hidden node problem should be further studied.
Proposal 2: RAN2 is asked to discuss on the solution of this problem and determine to adopt informing sensing result over Uu interface and/or over PC-5 interface.  
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