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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).
On this objective, RAN1#84bis reached the following conclusion:

Conclusion:

· The LS reply from RAN1 to RAN for LTE/DSRC coexistence includes in principle the points:

· 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.

· FFS in terms of providing example(s)

· FFS other aspects

This contribution discusses the remaining issues related to this objective. 
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 larget than hundreds of milliseconds. 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]. Though the access mechanism of TV white space has a strict priority across different technologies, these options can be applied to multiple technologies at the same priority, i.e., in a technology neutral way. In case of geo-location-based solution, all the technologies can be required to access the database. In case of sensing-based solution, the principle of first-come first-serve can be used. Thus, long-term coexistence of LTE PC5 and IEEE 802.11p can consider the two approaches which are summarized as follows:

· Option 1 (Geo-location-based solution): Each device accesses the database which lists the 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 (Sensing-based solution): A device does not transmit RAT A signal if it senses the presence of RAT B.

· Option 2-1: Energy sensing is used and a silence period specific for a RAT is introduced. All the devices stop transmitting RAT A in the silence period for RAT A and it is assumed that another RAT is present if the measured energy during the period is above a threshold.

· Option 2-2: Signal detection is used. A device does not transmit RAT A if it detects a signal of RAT B.

Proposal 1: RAN1 reports the geo-location and database solution and the sensing based solution as the options to enable long-term coexistence of LTE PC5 and IEEE 802.11p on the same carrier.

As captured in the conclusion, RAN1 can assume that details of the coexistence rules are discussed in relevant SDOs. This would imply that the selection between the two long-term coexistence approaches is up to the regulation. Also, in case of sensing-based approach, the regulation will decide which sub-option is used and which technology is of higher priority in which carrier.

One aspect that can be discussed in RAN1 is, when Option 2-2 is used, how a device can detect the existence of LTE PC5 when it intends to use a carrier where LTE PC5 can appear possibly with a higher priority. It was discussed in RAN1#84bis whether SLSS can be used for that purpose. If a device detecting LTE PC5 is aware of the SLSS sequence, then it can directly correlate the SLSS sequence with the received signal. However, Rel-12 D2D defined 336 different SLSS sequences and it could be difficult to assume that a device not capable of LTE PC5 can detect any of these sequences. One way to resolve this problem is to take advantage of the unique repetition pattern of SLSS sequences in the time domain. In case of normal CP, SLSS subframe contains PSSS repeated in symbols #1 and #2, and SSSS repeated in symbols #11 and #12. So a devices will see a 71.4 us length unknown sequence repeated twice and another 71.4 us length unknown sequence repeated twice 714.4 us later. The device can detect this repetition pattern by first correlating the received signal with those received 71.4 us before and then adding the correlation separated by 714.4 us. Figure 1 illustrates this operation.
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Figure 1. An illustration of detecting time repetition pattern of SLSS.

A similar operation can be done for DM RS of PSCCH/PSSCH if a common OCC is applied to all UEs in a subframe. It is noted that, as this time repetition is independent of the DM RS sequence detail, a device can perform the time domain processing over the system bandwidth even when multiple different RS sequences are FDMed. If the comb-type RS is adopted for PSCCH/PSSCH, two RS sequences repeated within an RS symbol can be used for such detection. Figure 2 illustrates such operation.
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Figure 2. An illustration of detecting time repetition pattern of DM RS of PSCCH/PSSCH.

If the above detection methods are deemed infeasible, e.g., due to fast channel variation across symbols, RAN1 can consider defining a new signal, e.g., in the first symbol which is typically assumed unused due to AGC but a part of it can still be used for some signal transmission/reception. If such “preamble” needs to be supported, turning off the preamble transmission should be considered as well because the preamble transmission is not likely to be required in all the regions.
Proposal 2: The following two methods can be considered for devices to detect the presence of LTE PC5:

· Detection of time repetition pattern of SLSS or DM RS whose sequence is unknown to the detector
· Detection of new preamble of LTE PC5
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: RAN1 reports the geo-location and database solution and the sensing based solution as the options to enable long-term coexistence of LTE PC5 and IEEE 802.11p on the same carrier.

· Option 1 (Geo-location-based solution): Each device accesses the database which lists the 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 (Sensing-based solution): A device does not transmit RAT A signal if it senses the presence of RAT B.

· Option 2-1: Energy sensing is used and a silence period specific for a RAT is introduced. All the devices stop transmitting RAT A in the silence period for RAT A and it is assumed that another RAT is present if the measured energy during the period is above a threshold.

· Option 2-2: Signal detection is used. A device does not transmit RAT A if it detects a signal of RAT B.

Proposal 2: The following two methods can be considered for devices to detect the presence of LTE PC5:

· Detection of time repetition pattern of SLSS or DM RS whose sequence is unknown to the detector
· Detection of new preamble of LTE PC5
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