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1 Introduction

The WID for LTE-based V2X Services [1] includes the following objective:

“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.”
In RAN1#86bis it was also agreed that:

· 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

In this contribution we discuss the coexistence issue between DSRC/IEEE 802.11p and LTE PC5 for V2V operating over the same frequency channels and propose our view on the way forward in RAN1. 
2 Discussion  on Option 2
In RAN1#85, a LS [2] was sent to RAN containing the following information:

“RAN1 has studied the issue and reached the following conclusions:

· 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: 

· 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.” 

In RAN#73 plenary meeting, RAN has received a LS [3] from ETSI TC ERM containing the following information:

“…

We acknowledge that newly proposed 3GPP technologies to be operated in the 5.9 GHz spectrum may also consider support of traffic safety related services.

…

TC ERM will initiate studies on the technology neutral access to the same channel. ETSI will report on the progress of these studies to 3GPP.

In addition, ETSI invites 3GPP to keep us informed on the progress of 3GPPs work on the specification of LTE based ITS systems.

…”
We observe that multiple radio access technologies are expected to be deployed within the ITS Spectrum at 5.9GHz in several regions in the next few years, including DSRC/ITS-G5, LTE-ITS and NR (often referred to as 5G). Such technologies are expected to provide similar safety/non-safety services but also to complement each other for different services. E.g., DSRC is clearly unable to support certain “5G ITS use cases” [4][5].
Some strategical aspects need to be taken into account already at this pre-deployment stage:

· Uncertainties on the market penetration of each technology make it challenging to predict years in advance how to efficiently split the scarce spectrum resources between different technologies;

· The fact that commercially important regions are likely to initially adopt different technologies even for “phase one” ITS safety services increases the chances that a technology reassessment will be considered by administrations in the coming years;

· Due to the dynamic evolution of technology and market it is difficult at this point to predict the deployment schedule and penetration for new advanced services relying on 5G access;
· It is likely that at some point in time a technology migration will happen on certain ITS channels at 5.9GHz, at least in some regions. Such migration may be progressive and will need to cope with in-band coexistence between an obsolete technology and the new access.

The above aspects make it clear that several options should be considered at this stage for technology migration for ITS within the 5.9GHz spectrum. Depending on the specific scenarios in each region, different approaches may be preferred. Therefore, we believe that it is natural that regional SDOs and regulators are responsible for technology migration in their region of competence.
Proposal: 

· Regional SDOs, e.g. ETSI TC ERM in Europe, are responsible for ensuring technology neutral access to ITS channels and regulating coexistence mechanisms between different radio access technologies including LTE-based ITS for ITS services. 
· 3GPP shall develop solution and techniques to facilitate the coexistence mechanisms to be regulated by the regional SDOs for a fair sharing of the radio resource with other radio access technologies.
· We support Option 2.
In such context, we see the proposal of specification of a detection sequence transmitted by LTE-ITS devices [6] as the enabler of one of several possible approaches where LTE-ITS needs to be detected by other technologies. The proposal in itself does not imply if and when such approaches should be specified by the regional SDOs and administrations.
Observation:
· Specification of a detection sequence transmitted by LTE-ITS devices does not imply that regional SDOs and regulators should necessarily focus on “detect and vacate” solutions for facilitating coexistence and technology migration.
3 Discussion on other Options

Here we briefly discuss the other Options identified at RAN1#86bis.

Option 1: Detecting the pattern of LTE CP
This proposal has the merit of not implying additional specification on the LTE side. However, one major issue is that it requires a significant increase in the detector memory compared to existing DSRC implementations. A further issue is that if more than 2 signal replicas need to be combined (in order to accumulate energy) then the memory requirement further scales.
A further issue is related to the fact that the signal is associated to the transmitted bandwidth, which affects the detector sensitivity when the detector and transmitted signals bandwidths do not match.

A further open issue is that there may exist large frequency shifts between different transmitters contributing to the same subframe and the detector’s local oscillator. This result in incoherent combinations of the signals from the different transmitters on the received symbols and on the CP. The impact of such degradation would need to be studied. 
Finally, this solution does not allow for distinction of different services over LTE (e.g., safety vs non-safety).

Option 3: Detecting periodically transmitted LTE signal (e.g., SLSS)
This option is apparently simpler than other options that imply multiplexing of the detection sequence within the transmitted PSSCH/PSCCH subframes. However, the disadvantage of Option 3 in terms of overhead are not to be underestimated. Another issue with Option 3 are the increased detection latency due to the signal periodicity (e.g., 100s of ms).

We further observe that SLSS is not a preferred choice for the detection sequence because its limited bandwidth incurs in a power limitation e.g. in Europe.
Option 4: Measuring energy

The applicability of this Option is not very clear to us. Energy detection is uninformative and it would not provide enough information to the detector in order to distinguish between technologies. It should be noted that inband coexistence between ITS and RLAN and possibly other systems is being discussed in EU and US. It is reasonable to expect that an LTE device would apply different prioritization depending whether the interferer is performing safety ITS, non-safety ITS or MBB. Thus, we are not favourable to support only Option 4.
Observations

· Option 2 may imply excessive changes and computational burden on DSRC UEs. Furthermore, several open issues exist regarding its performance especially in a multiuser scenario.

· Option 3 is not preferred due to its overhead, latency and power limitation.

· Option 4 alone does not provide the functionality required for inter-technology coexistence.

4 Conclusion
In this contribution we discuss coexistence scenarios at a high level and observe and propose the following:

Proposal: 

· Regional SDOs, e.g. ETSI TC ERM in Europe, are responsible for ensuring technology neutral access to ITS channels and regulating coexistence mechanisms between different radio access technologies including LTE-based ITS for ITS services. 

· 3GPP shall develop solution and techniques to facilitate the coexistence mechanisms to be regulated by the regional SDOs for a fair sharing of the radio resource with other radio access technologies.
· We support Option 2.
Observation:

· Specification of a detection sequence transmitted by LTE-ITS devices does not imply that regional SDOs and regulators should necessarily focus on “detect and vacate” solutions for facilitating coexistence and technology migration.
Observations

· Option 2 may imply excessive changes and computational burden on DSRC UEs. Furthermore, several open issues exist regarding its performance especially in a multiuser scenario.

· Option 3 is not preferred due to its overhead, latency and power limitation.

· Option 4 alone does not provide the functionality required for inter-technology coexistence.
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