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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At the TSG RAN #71 meeting, an objective was added in the LTE-V2X SI to
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).
In this contribution, we discuss three candidate coexistence approaches for PC5 V2V and 802.11p. A text proposal is provided for TR 36.885.
Discussions on candidate coexistence options
Option 1: Long-term channel splitting 


Figure 1	Long term channel splitting for 802.11p and LTE-V2X
An ideal co-existence scenario for PC5-based LTE-V2V and 802.11p is when both radio technologies operate on different frequency channels, as depicted in Figure 1. Effectively, in this case, the issue of co-channel interference arising from simultaneous occupancy of the same frequency resource does not exist. Instead, the only issue that may be of relevance is adjacent channel co-existence should LTE-V2V and 802.11p operate on frequency channels that are close to each other. 
It is important to note that channel splitting based coexistence requires additional regulatory efforts relating to spectrum allocation for LTE-V2V, either in the form of licensed ITS spectrum for LTE-V2V, or an unlicensed ITS spectrum policy that enforces channel splitting between different ITS safety technologies while not requiring the purchase of a license by users of the spectrum. However in the latter case it is unclear whether other unlicensed technologies would also be allowed to use the spectrum.
In this context, it is essential that regulatory community focuses on identifying and allocating new licensed ITS spectrum for LTE-V2V. This is because, unlike conventional MBB services, ITS safety applications are life-critical in nature and thus require always-on service availability with stringent QoS (e.g., high reliability and low latency). This means that (1) transmission opportunities need to be provisioned for LTE-V2V powered vehicles that have safety-related messages to transmit and (2) the messages have to be delivered to the corresponding recipients meeting the required stringent QoS. It is clear that the required level of service availability and QoS cannot be guaranteed when LTE-V2V operates on an unlicensed spectrum if that spectrum is also shared with other radio technologies. 
Observation 1: Only adjacent channel coexistence is relevant when PC5-based LTE-V2V and 802.11p co-exist based on channel splitting. 
Observation 2: Regulatory efforts in the direction of licensed ITS spectrum for LTE-V2V are essential in supporting ITS safety applications. 
Option 2: Detect-and-vacate based on mutual detectability
We discuss in option 2 an approach of spectrum sharing based on detect and vacate, a mechanism that allows devices from a secondary system to share frequency bands already allocated to other systems, without causing interference to the incumbent systems. An underlying requirement for detect-and-vacate is the technologies sharing the spectrum should be mutually detectable (e.g., with preamble detection). 
One such example is the coexistence between unlicensed devices and radar systems in the 5 GHz band [2]. Basically, to share the 5 GHz band with radar system, the unlicensed devices shall first monitor a channel for at least 60 seconds for the presence of radar prior to initiating communications. Once a channel is occupied by the device, the unlicensed device still has to continuously monitor the presence of radars on the channel they are using, and shall vacate the channel within 10 second after detecting a radar, select an alternate channel, and cannot use the vacated channel for 30 minutes. The rationale of coexistence with radar systems is that radar systems are incumbent systems and with the highest priority for spectrum usage. 
Another example is the coexistence between RLAN and ITS safety services, currently being discussed in ETSI BRAN (Broadband Radio Access Networks) [3]. Similar concept of service prioritization is considered such that ITS safety service should have priority to use the spectrum allocated to their usage and be protected from undue interference when shared with other services. In particular, upon detection of safety ITS operation, RLAN shall quickly vacate the occupied channel (e.g., in the order of milliseconds), refrain from using it for a period of time (e.g., in the order of seconds), and switch to an alternate channel if available. 
RAN1 can consider the following aspects for the coexistence between LTE-V2V and 802.11p in the context of detect-and-vacate:
1. LTE-V2V and 802.11p have equal priority: while secondary devices are considered having a lower priority when sharing with incumbent systems, both LTE-V2V and 802.11p are to support ITS safety applications and therefore should have the same level of priority for spectrum usage. In this sense, regulatory efforts are expected in terms of specifying channel usage rules, i.e., the time duration to exclusively use the channel for each system.
2. Mutual delectability between LTE-V2V and 802.11p: The effectiveness of detect-and-vacate relies on the success of mutual detection of the candidate technologies that are allowed for spectrum sharing. This means that LTE-V2V and 802.11p have to support mutual detection (through e.g., energy detection and/or preamble detection) to ensure fair coexistence, which can have standardization impacts in RAN1/RAN4 and IEEE 802.11.
Observation 3: Both LTE-V2V and 802.11p are ITS safety technologies and thus should have equal priority in terms of spectrum usage.
Observation 4: Mutual detection between LTE-V2V and 802.11p can have standardization impacts in RAN1/RAN4 and IEEE 802.11.
Option 3: Listen-before-talk (LBT) based coexistence
Coexistence on a long-term basis can also be ensured by coexisting on a short-term basis, where the general concept of listen-before-talk (LBT) stands as an option for LTE-V2V and 802.11p. In fact, LBT has been extensively discussed in the licensed-assisted access (LAA) study in a similar context (LAA and Wi-Fi coexistence) [1]. An important observation made in the LAA study is that fairness is ensured when LAA devices adopt a similar medium access mechanism as that of Wi-Fi. 
802.11p system basically operates under LBT category 3 as defined in the LAA study [1], where the back-off mechanism with fixed contention window size is assumed. This is mainly due to the fact that 802.11p is tailored to work in ad-hoc broadcast mode without acknowledgements (ACKs) signaling from the recipients for correct packet reception. Thus, if LTE-V2V uses LBT, a scheme similar to LBT category 3 would likely to ensure fair coexistence with 802.11p. 
Observation 5: If LTE-V2V uses LBT, a scheme similar to LBT category 3 would likely to ensure fair coexistence with 802.11p.
Consideration on regional solution
Different countries or regions may have different regulatory requirements in spectrum allocation and spectrum usage rules for road safety services. A V2X communication system is comprised of vehicles that seldom cross continents as well as pedestrians who are likely to travel between regions. Nevertheless, regional solutions are still a valid option, in the sense that one device may have to support all regional solutions and adapt its protocol based on its location. Hence, solutions specific to each regulatory region are a valid option for ensuring coexistence between 802.11p and LTE-V2V for road safety applications. For example, dedicating licensed ITS spectrum can be option for LTE-V2V in some region.
Proposal 1: Solutions specific to each regulatory region are a valid option for ensuring coexistence between 802.11p and LTE-V2V for road safety applications, for example by dedicating licensed ITS spectrum for LTE-V2V.

Conclusions
In this contribution, the potential coexistence approaches are discussed for PC5 V2V and 802.11p. According to the analysis, some proposals and observations can be obtained:
Observation 1: Only adjacent channel coexistence is relevant when PC5-based LTE-V2V and 802.11p co-exist based on channel splitting. 
Observation 2: Regulatory effort in the direction of licensed ITS spectrum for LTE-V2V is essential in supporting ITS safety applications. 
Observation 3: Both LTE-V2V and 802.11p are ITS safety technologies and thus should have equal priority in terms of spectrum usage.
Observation 4: Mutual detection between LTE-V2V and 802.11p can have standardization impacts in RAN1/RAN4 and IEEE 802.11.
Observation 5: If LTE-V2V uses LBT, a scheme similar to  LBT category 3 would likely to ensure fair coexistence with 802.11p.
Proposal 1: Solutions specific to each regulatory region are a valid option for ensuring coexistence between 802.11p and LTE-V2V for road safety applications, for example by dedicating licensed ITS spectrum for LTE-V2V.
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Text Proposal 
--------------------------< Start of text proposal for TR36.885 >--------------------------
X. Coexistence approaches for PC5 V2V and DSRC/802.11p
	
	Description
	Pros
	Cons

	Option 1: Long-term channel splitting
	PC5 V2V and 802.11p effectively operate on different frequency bands.
	Less standardization impacts (e.g., on adjacent channel coexistence). 
	Regulatory challenges in spectrum allocation for PC5 V2V.

	Option 2: Detect-and-vacate based on mutual detectability
	Upon detection the presence of one system in one channel, the other system shall vacate the channel and refrain from using that channel for a relatively long time period. 
	Lower regulatory barrier (e.g., in specifying corresponding channel usage rules for exclusive channel access)
	Additional standardization impacts on mutual detectability both inside and outside 3GPP

	Option 3: Listen-before-talk (LBT) based coexistence
	TTI-level coexistence based on LBT
	Higher transmission opportunity availability due to dynamic TTI-level spectrum sharing
	Large standardization impacts with technical challenges similar to LAA



Solutions specific to each regulatory region are a valid option for ensuring coexistence between 802.11p and LTE-V2V for road safety applications, for example by dedicating licensed ITS spectrum for LTE-V2V.
--------------------------< End of text proposal for TR36.885 >--------------------------
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