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1 Introduction

The RAN1 WG was tasked by RAN WG to discuss long-term basis co-channel coexistence between DSRC/IEEE 802.11p and LTE PC5 for V2V operating over the same frequency channels. According to the guidance from RAN WG, solution(s) to be specified should avoid negative impact on the performance of LTE-V2V.
The following potential solutions were identified during the study item phase [1]:

· Geo-location and database;
· Time sharing between systems based on GNSS timing;
· Sensing-based vacate/switching approaches with or without transmission of a predetermined signal(s).
In this contribution, we provide our views on LTE-V2V coexistence options with DSRC-V2V following the agreements made at the previous RAN1 WG meeting 86bis.
Agreements:
	RAN1#86bis
· The following two aspects need to be discussed with regard to the usefulness of an detection option

· Usefulness when IEEE802.11p detects LTE

· Usefulness when LTE detects IEEE802.11p
· Study until the next meeting on the usefulness of the following options

· Option 1: Detecting the pattern of LTE CP

· Option 2: Detecting a sequence of LTE transmitted within the last symbol of a subframe

· Option 3: Detecting periodically transmitted LTE signal (e.g., SLSS)

· Option 4: Measuring energy


Our views on other aspects of LTE V2V/V2X communication are provided in [2]-[11].
2 Discussion on Candidate Coexistence Options
This section briefly discusses the identified candidate options for LTE-V2V coexistence with DSRC:
· Option 1. Geo-location and database. This approach assumes that different technologies are used in different geographical regions. Vehicles apply the LTE-V2V technology based on their geo-location information and only if it is allowed based on information from database that can be pre-installed in vehicle or provided by the network. This solution can be used in practice, however in our understanding it has limited impact on RAN1 and can be implemented based on the decision of ITS service provider using upper layers.
· Option 2. Time sharing between systems based on GNSS. The GNSS based time sharing is also a valid option and should be considered by 3GPP for LTE-V2V coexistence solutions with other technologies supporting GNSS. In case if UE has stable GNSS timing, it can always apply the time sharing approach with other technologies in the same frequency channel. As a fallback in case if there is no accurate GNSS timing (direct or derived), the LTE-V2V can evacuate to frequency channel where LTE-V2V is supposed to operate according to the LTE-V2V synchronization procedures. If DSRC technology is mandated to use GNSS then the solution can be easily applied to share the time resources of frequency channel without coexistence problems with LTE-V2V.
· Option 3. Sensing based vacate/switching. This approach assumes that each RAT can detect sharing of the same frequency channel by other RATs. Two general principles of operation are possible: technology agnostic or technology dependent detection. In case of technology agnostic approach, the detection of RAT type is not required and only presence of other RAT needs to be determined. In case of technology dependent approach, each technology is expected to be able to identify the type of another RAT sharing the channel. This can be done by analysis of the RAT specific physical layer signals. It should be noted that detection of technology type may be impossible for future technologies given that their physical structure is not determined yet and thus this solution cannot be forward compatible.
All of the considered above options can be applicable for LTE-V2V coexistence with DSRC or other technologies. 

Observation 1
· From LTE-V2V perspective, the identified above options are applicable for coexistence with other V2V technologies.
· Option 1 can be enabled without any additional RAN1 WG scope (e.g. by ITS service provider at application layer).
· Option 2 may not work with technologies that do not support GNSS timing. If DSRC supports GNSS timing, the time sharing principles may be discussed by RAN1 WG similar to channel switching in Option 3.
· Option 3 may or may not require modification to DSRC depending on the design principle and requires additional RAN1 WG considerations to discuss principles of sensing and channel switching.
3 Multi-Channel Considerations

The operation of LTE-V2V and DSRC in a single frequency channel is likely to degrade performance of both technologies due to different assumption on sensing behavior. The efficient coexistence with DSRC will require introduction of LBT like procedure for LTE-V2V design and all future technologies sharing the same frequency channel with DSRC. 

If ITS spectrum has multiple channels, then in general LTE-V2V and DSRC technologies may be assigned to use different frequency channels. This is clearly preferable scenario from coexistence perspective. If ITS channels are shared between technologies then it is desirable to have a primary and secondary channels associated with each technology. In that case, the proper channel selection can be done by technologies, in case if presence of other technologies is detected.

Observation 2
· Efficient co-channel coexistence with DSRC technology in a single frequency channel require introduction of LBT procedure for LTE-V2V and all future ITS technologies, unless GNSS based time sharing or geo-database solutions are supported. 
· For multi-channel operation, the introduction of primary and secondary frequency channel for LTE-V2V and DSRC technologies can simplify operation and reduce coexistence issues.
Proposal 1
· Enable design options to reduce coexistence problems for multi-channel operation.

· Further discuss the need for coexistence solution for the single channel operation.

4 Discussion on RAT Detection
The sensing can be used to detect the RAT presence or its type. The possibility to determine RAT type is in general a more flexible solution that may enable different coexistence behavior depending on the type of RAT detected. However, existing technologies may not be able to detect future RATs due to causality problem (i.e. only LTE-V2V technology may be able to detect DSRC technology, unless additional specification work is carried out and new functionality is integrated into DSRC equipment). Assuming that DSRC technology will not be able to detect the presence of LTE-V2V, it needs to be analyzed whether there is any mutual benefit if only the LTE-V2V is capable to detect DSRC technology and utilize this knowledge in radio-layer behavior. Under assumption that DSRC radio-layer behavior does not change, it is difficult to see how LTE-V2V technology can utilize the capability to recognize the presence of DSRC technology type and adjust its own radio-layer behavior to extract mutual benefits for both technologies. Therefore the solution that does not assume technology differentiation may be a more preferable approach. Even if it can be assumed that DSRC may detect the presence of LTE-V2V RAT type, it is not clear how this can benefit both technologies. One of the possible approaches to share the same channel is to utilize different time instances for transmission. However, given that DSRC is not mandated to utilize GNSS timing and may not receive eNB timing, it is not clear how to partition and share resources in time in order to coexist in the same channel without significant modification in DSRC radio-layer behavior. The similar observation is valid for LTE-V2V if it can detect and differentiate the presence of DSRC. Assuming that DSRC radio-layer behavior does not change, the benefits for LTE-V2V to detect the presence of DSRC seems somewhat limited if any.
Observation 3
· Possibility to detect presence of the specific RAT type may be beneficial if both RATs can adjust their radio-layer behavior to enable more efficient coexistence mechanism. Otherwise, the knowledge of RAT type may not give additional advantage.
· Detection of the specific RAT type by LTE-V2V and DSRC require substantial modification of radio-layers.

· Detection of RAT type is not sufficient to enable fair and efficient co-existence in the same frequency channel. The latter requires modification of radio-layer behavior and joint work of multiple standardization bodies.
4.1 DSRC Detection
The presence of DSRC technology can be detected using different approaches:

· Option 1. DSRC preamble processing (short and long preamble). The DSRC preamble has predefined structure that can be used as a DSRC specific signature and detected using auto- or cross-correlation approaches. This solution may require modification of LTE-V2V receiver behavior in terms of AGC operation which may need to be updated not at the time aligned subframe boundaries but at the arbitrary time instance intervals when transmission of DSRC technology is triggered. 
· Option 2. Energy monitoring in LTE-V2V blank resources.
· Option 2A. Energy measurement at the last symbol of LTE-V2V subframe. The LTE-V2V physical structure assumes puncturing of the last symbol of each subframe. Therefore all vehicles having common timing notion do not transmit for the whole symbol duration at the end of each subframe (~71us). Given that there is no LTE-V2V transmissions at theses intervals, the probability to access the channel by DSRC at these intervals is higher and thus LTE-V2V devices may measure received power at these time instances to detect the presence of DSRC technology (see Figure 1).
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Figure 1: RX power probe measurement at the last symbol of LTE-V2V subframes
· Option 2B. Energy measurement in non-allocated V2V resources (subframes and sub-channels). The LTE-V2V solution is very flexible in terms of V2V resource pool configuration and therefore some of the subframes may be intentionally left as a blank subframes, so that LTE-V2V devices do not transmit on those resources. The measurement of received power in these blank resources can be used as an indication of the presence of DSRC technology. For instance, the reserved subframes that are not allocated to V2V resources because of the SFN wrap around issue can be utilized for that purpose [10].
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Figure 2: RX power probe measurement at blank LTE-V2V subframes

· Option 3. DSRC cyclic prefix detection. The DSRC signal can be also detected by cyclic prefix (CP) detection technique. However, the performance of this solution may suffer in case of LTE-V2V interference presence given that DSRC symbol duration is limited to 8us where CP is 1.6 us.
Observation 4
· Energy monitoring in LTE-V2V blank resources can be used to detect presence of DSRC (non-LTE-V2V) technology.

· Option 2B may require more time to detect the presence of DSRC (non-LTE-V2V) technology. Reserved subframes can be utilized to enable Option 2B for DSRC detection..

Option 2A can be used to estimate channel busy ratio for DSRC technology (assuming that there is no LTE-V2V transmission in punctured symbol). At least 100 probes can be done within 100ms in terms of received power measurements. The estimated channel busy ratio can be used to decide on channel switching (selection) for LTE-V2V transmission. 
Observation 5
· Possibility to detect the presence of the specific RAT type may be beneficial assuming that both RATs can adjust their radio-layer behavior to enable more efficient coexistence mechanism.
· Otherwise, the knowledge of RAT type may not give any additional advantage.

Proposal 2
· For coexistence with DSRC focus on solutions that do not require RAT type detection.
· Further discuss if RAT type detection should be considered for LTE-V2V coexistence with future technologies.
4.2 LTE-V2V Detection

In case if DSRC radio-layer behavior may be changed depending on the presence of LTE-V2V RAT or in order to simplify coexistence with future ITS communication technologies, the following options of detecting LTE-V2V signals can be considered and were identified at the previous RAN1 WG meeting:
· Option 1: Detecting the pattern of LTE CP. Given that only Normal CP type is supported for LTE-V2V communication it may be possible to detect it. The potential drawback of this approach is long LTE-V2V symbol duration that may require additional buffer at the receiver.
· Option 2: Detecting a sequence of LTE transmitted within the last symbol of a subframe. As an enhancement, the LTE-V2V specific signal (LTE-V2V signature) can be added at the last symbol of PSCCH/PSSCH subframes so that all UEs transmitting in a given subframe add LTE-V2V signature signal at the last (punctured) symbol of subframe. This signal may occupy only part of the legacy symbol duration (e.g. ½ of legacy symbol duration) and transmitted by all UEs at the same set of physical resources.
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Figure 3: Detection of LTE-V2V signature.
· Option 3: Detecting periodically transmitted LTE signal (e.g., SLSS). The detection of LTE-V2V RAT can be done by detecting LTE-V2V SLSS transmission signal. However, this approach may require rather long time (>160ms periodicity of SLSS transmission) for detection. In addition, detection of LTE-V2V SLSS signals does not provide much information on intensity of LTE-V2V transmissions. The PSSS signal can be used for that purpose.
· Option 4: Measuring energy. Another approach is to use periodical received power measurement triggered when received signal power above certain threshold is detected. The period of power measurements can be set equal to LTE-V2V OFDM symbol duration. Given that LTE-V2V subframe has fixed duration and the last symbol is not transmitted it is possible to detect the significant drop of received power at the end of LTE-V2V subframe. The benefit of this approach is that it does not require definition of any additional LTE-V2V signal and may require simplified implementation at the DSRC receiver side.
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Figure 4: Detection of LTE-V2V punctured symbol (time between power ramp and power drop).
In case if LTE-V2V detection is required, the approaches that do not require introduction of new LTE physical structure and signals and receiver hardware changes should be given a higher priority.
5 LTE-V2V Channel Switching Behavior

In this section, we discuss channel switching behavior of LTE-V2V terminal in different scenarios.

· Scenario 1. Single frequency channel is allocated to LTE-V2V and DSRC. 

· Scenario 2. Multiple frequency channels are allocated to LTE-V2V and DSRC. 

· Scenario 3. Multiple frequency channels with RAT specific priorities are allocated to LTE-V2V and DSRC.
5.1 Single Channel (Scenario 1)

As it was reported in [12], for deployment of PC5-based LTE-V2V and 802.11p in the same geographical area, the ideal option is when technologies use different frequency channels. Note that co-deployment of both technologies is not likely to happen in all regions. The coexistence solution for fair sharing of resources in this case will require implementation of LBT-like solution which is not consistent with current LTE-V2V sensing and resource selection procedure. Therefore we propose to focus on multi-channel scenarios. At the same time, assuming that there is no LBT procedure defined for single channel operation, the only way to provide coexistence is to yield transmissions which is not fair approach for resource sharing.
5.2 Multiple Channels (Scenario 2)

In this section we discuss scenario, when multiple channels are allocated for all technologies with equal priority. In this case, the channel switching procedure should take into account two factors:
1) RAT specific channel loading - LRAT (e.g. LLTE-V2V, LDSRC). This metric is technology specific in a sense that each technology can measure channel loading produced by this technology according to technology specific metric.
2) Overall channel loading by multiple RATs - LCH. This metric is RAT independent and characterizes the channel loading occupation by multiple RATs.
Assuming that multiple channels can be used by both technologies with the same level of access priority, it is desirable to concentrate LTE-V2V transmissions in the channel, where LTE-V2V transmissions are dominant assuming that channel is not overloaded. Therefore, the following channel selection logic described with the example of the two channels (Channel A and B) allocation could be used by both technologies. The proposed channel selection algorithm differentiate the cases when both frequency channels are overloaded (i.e. LCH-i > LTHR), non-overloaded (LCH-i < LTHR) and only one of them is overloaded (e.g. LCH-A > LTHR and LCH-B < LTHR) and operates as follows: 
If(LCH-A > LTHR and LCH-B > LTHR)    // both channels are overloaded
Select channel with higher RAT-specific metric

Else if (LCH-A ≤ LTHR and LCH-B ≤ LTHR)   // both channels are not overloaded

Select channel with higher RAT-specific metric

Else   // one channel is overloaded, another – not

Select non-overloaded channel
End

In case of availability of multiple channels for selection, according to the described above rule, the UE should select the available non-overloaded channel with highest RAT-specific metric (see illustration in Figure 5 for example).
Proposal 3
· In case if multiple channels do not have assigned RAT specific priorities, the following channel selection/switching behavior is used by LTE-V2V devices:
· Channel Overload Indicator > RAT Specific Channel Loading (LRAT) >Overall Channel Loading (LCH)

The selection of the channel with dominant presence of LTE-V2V transmissions will increase the LTE-V2V load of the channel. At the same time it may help to reduce the channel occupation by the DSRC technology.
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Figure 5: Examples of long-term basis LTE-V2V channel selection when channels are shared by different technologies with equal priority
5.3 Multiple Channels with RAT Specific Priorities (Scenario 3)

In case if each ITS channel is assigned technology specific priority, the UE channel selection behavior may be different. In this case, the higher priority should be always given to the channel which is associated with a higher priority for a given technology (e.g. primary channel), even if the overall loading in the lower priority channel (e.g. secondary channel) is much lower (see illustration in Figure 6).
Proposal 4
· In case if multiple channels are assigned RAT specific priorities, the following channel selection/switching behavior is used by LTE-V2V UEs
· RAT Specific Overload Indicator > RAT Specific Priority (PRAT) > RAT Specific Channel Loading (LRAT) > Overall Channel Loading (LCH)
This behavior assumes that unless the loading in higher priority channel is larger than the predefined level for LTE RAT, UE will continue use this channel, otherwise it can switch to channel with lower priority. If several channels have equal RAT specific priority, UE will use the channel with higher RAT specific channel loading, then overall channel loading should be considered.
For fair multi-channel coexistence, the DSRC radio-layer behavior should be similar with LTE-V2V in multi-channel environment and thus association of the channel with RAT specific priority may simplify DSRC and LTE-V2V coexistence in multi-channel operation conditions.
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Figure 6: Examples of long-term basis LTE-V2V channel selection when channels have technology specific priorities
In general case, certain V2X services can have different channel assignment in terms of channel priority (i.e. primary and secondary channels may be defined per service and not per RAT). The service specific priority assignment may complicate the coexistence behavior and thus is not recommended to be considered from coexistence perspective but may be useful technique from the intra-RAT channel loading perspective assuming that single technology can occupy multiple channels.
6 Channel Loading Metrics

RAT specific channel loading metric

In order to estimate technology specific channel load, the LTE specific metric needs to be defined. There are several approaches such as for example RSRP measurements over PSSCH DMRS, amount of decoded SCIs within predefined time interval, number of resources occupied by UEs within predefined time interval. In our view, the most appropriate metric is the amount of decoded SCIs or amount of active UEs (transmitters). This metric can clearly indicate the activity in the channel. As an additional enhancement it can be considered to apply RSRP threshold when amount of decoded SCIs or active transmitters is evaluated. 
RAT independent channel loading metric

As a RAT independent channel loading metric, the SL-RSSI measurement across the whole system bandwidth can be considered. The wideband SL-RSSI measurements can be used to characterize the overall channel loading in this case. The proper metric would be channel busy ratio evaluated over the predefined time interval on predetermined set of resources. 

Proposal 5
· RAT specific channel loading metric is based on the amount of decoded SCI transmissions (or detected transmitters) and percentage of utilized resources.

· RAT independent channel loading metric can be defined based on wideband SL-RSSI measurements and channel busy ratio metric measured at the predetermined set of resources.
7 Conclusions

In this contribution, we provided our views on LTE-V2V and DSRC coexistence. Based on the discussion we have the following set of proposals:
Proposal 1
· Enable design options to reduce coexistence problems for multi-channel operation.

· Further discuss the need for coexistence solution for the single channel operation.

Proposal 2
· For coexistence with DSRC focus on solutions that do not require RAT type detection.

· Further discuss if RAT type detection should be considered for LTE-V2V coexistence with future technologies.
Proposal 3
· In case if multiple channels do not have assigned RAT specific priorities, the following channel selection/switching behavior is used by LTE-V2V devices:

· Channel Overload Indicator > RAT Specific Channel Loading (LRAT) >Overall Channel Loading (LCH)

Proposal 4
· In case if multiple channels are assigned RAT specific priorities, the following channel selection/switching behavior is used by LTE-V2V UEs

· RAT Specific Overload Indicator > RAT Specific Priority (PRAT) > RAT Specific Channel Loading (LRAT) > Overall Channel Loading (LCH)

Proposal 5
· RAT specific channel loading metric is based on the amount of decoded SCI transmissions (or detected transmitters) and percentage of utilized resources.

· RAT independent channel loading metric can be defined based on wideband SL-RSSI measurements and channel busy ratio metric measured at the predetermined set of resources.
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