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1. Introduction
In RAN#71, the V2X SID was revised to add the following requirement [1] 

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). 

Also, the WID for V2V was updated to add the following text [2]: 
To specify a solution/requirement for coexistence of PC5-based V2V operation and DSRC/IEEE 802.11p on adjacent carrier frequencies within the 5.9GHz ITS spectrum. [RAN4] 
In a previous contribution [3], we proposed LTE V2V receiver co-existence mechanism where LTE V2V defers to DSRC on detection, when possible. In this contribution, we focus on transmission mechanisms for co-existence based on interlaced transmissions similar to LAA. The approach presented in this document for the co-existence of LTE V2V and DSRC is to establish a strong commonality of co-existence design with LAA to minimize impact on implementation and specification. 

2. Discussion
2.1 V2V transmission behaviour for co-existence with DSRC
In order for V2V transmissions to co-exist with DSRC, it is important to develop schemes that do not require any changes to existing DSRC solutions. Since the DSRC standard has already been completed and several products are already being introduced in vehicles, it is important that 3GPP develops procedures that can support legacy DSRC implementations for co-existence. 

There can be multiple approaches to enable detection of V2V transmissions by DSRC. Two options are considered and contrasted in this contribution. 

Option 1: Transmission of a periodic preamble that can be detected by DSRC receivers
Figure 1 shows an example periodic preamble that can be transmitted by V2V in order to facilitate detection by DSRC receivers. Features such as full bandwidth transmissions for preamble and low cross-correlation with IEEE 802.11p preamble can be provided in the design. While different UEs may use different resources for PSCCH and PSSCH, they use the same resource for the preamble. The preamble is SFN accumulated, assuming all UEs transmit the same preamble.
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Figure 1: LTE V2V signal transmission behaviour by a UE for DSRC co-existence (Option 1)
Option 2: Wideband transmissions enabling CS/CCA at DSRC receivers

Figure 2 shows an option using wideband transmissions to enable carrier sense/clear channel assessment (CS/CCA) at DSRC receivers. In this scheme, a multi-cluster transmission with a fixed interlace pattern is used for PSSCH and PSCCH transmissions. This allows the transmitter to meet bandwidth occupancy requirements (and higher transmit power in certain regulations) and supports multiplexing of UEs in the bandwidth with frequency diversity across the band. In this case, DSRC receivers may not be able to distinguish LTE V2V vs. another DSRC transmission purely based on CS/CCA but may be able to differentiate based on DSRC preamble detection. The interlace design could be based on existing agreements for LAA in 3GPP. 
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Figure 2: LTE V2V signal transmission behaviour by a UE for DSRC co-existence (Option 2)
The tradeoffs between the two schemes are summarized in Table 1.
TABLE 1

	Feature
	Preamble
	Wideband transmissions

	Modification to legacy DSRC
	Minor (possibly software depending on implementation)
	None (assuming CCA is supported)

	Requirement for sub-frame alignment to DSRC transmissions
	If DSRC receiver is not aligned to the preamble transmission, it may miss the preamble and collide if it decides to transmit
	No requirement since based on CCA

	Regulatory requirements
	Not clear if preamble change only can meet bandwidth occupancy requirements
	Can meet bandwidth occupancy requirements. Higher power is possible but power back-off may needed for interlaced transmissions.

	AGC impact
	Preamble transmission may impact AGC
	No change

	Sensing impact
	Energy sensing procedure needs to avoid the symbol containing preamble in order to ensure proper energy sensing
	Benefits energy sensing since interlace pattern can be easily detected and frequency diversity can be obtained to help sensing.

	Detection of LTE V2V by DSRC
	Can identify LTE V2V transmissions by (new LTE) preamble detection based on SFN accumulation among UEs. Possible preamble collision issue if multiple LTE preambles are in use simultaneously.
	Cannot identify purely by CCA – however, DSRC can use DSRC preamble detection failure to identify LTE V2V. However, not sure such identification is needed by DSRC and action taken by DSRC in this case.

	Specification impact for LTE
	Addition of new preamble(s). Change to first symbol transmission.
	Support for interlaced multi-cluster transmissions (which could be based on agreed principles for LAA). More compliant for future evolution for true short term co-existence.

	Specification impact for DSRC
	Support detection of new preambles
	No change


Based on the above comparisons, it is proposed that wideband transmissions using multi-cluster transmissions with interlacing be used as a mechanism for DSRC to co-exist with LTE V2V
Observation 1: Wideband LTE V2V transmissions using multi-cluster transmissions with interlacing, based on agreed LAA mechanisms in 3GPP, can be considered as a mechanism for DSRC to co-exist with LTE V2V.

2.2 V2V reception behaviour to co-exist with DSRC
Listen-before-talk (LBT) based approaches, defined for LAA in 3GPP, can be used for V2V reception behaviour to co-exist with DSRC. V2V devices can first perform an energy scan over the entire shared channel bandwidth before transmitting. A CS/CCA procedure with parameters defined to meet regulatory constraints for shared channel operation to support co-existence can be adopted. DSRC signals can be differentiated with LTE V2V signals based on SA and energy sensing features agreed for LTE V2V.  When a DSRC signal is detected, V2V devices may stop V2V transmissions and report the detection of a DSRC transmission to the eNB at the earliest available opportunity. The eNB may then take the necessary action, such as evaluating a different channel for V2V transmissions. It is also possible for the eNB to perform the sensing as well. Figure 3 shows that the V2V receiver can distinguish between a DSRC transmission and a LTE V2V transmission. A DSRC transmission is full bandwidth and cannot be decoded by the V2V receiver. In this case, the LTE receiver assumes that this is a DSRC transmission and takes the necessary action.  On the other hand, a V2V transmission is interlaced in frequency and the control (SA) can be detected by the V2V receiver to identify it is a LTE V2V transmission and hence, no action needs to be taken regarding co-existence.
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Figure 3: LTE V2V reception behavior by a UE for DSRC detection
Observation 2: CS/CCA procedures, based on agreed LAA mechanisms in 3GPP, can be considered as a mechanism for LTE V2V to co-exist with DSRC,
3. Conclusion
The approach presented for the co-existence of LTE V2V and DSRC is to establish a strong commonality of co-existence design with LAA to minimize impact on implementation and specification. The following observations and proposals are made to provide input to RAN on DSRC co-existence support:
 Observation 1: Wideband LTE V2V transmissions using multi-cluster transmissions with interlacing, based on agreed LAA mechanisms in 3GPP, can be considered as a mechanism for DSRC to co-exist with LTE V2V. 

Observation 2: CS/CCA procedures, based on agreed LAA mechanisms in 3GPP, can be considered as a mechanism for LTE V2V to co-exist with DSRC,
Proposal 1: The following text is adopted as RAN1 input to RAN#72 for high level coexistence approaches (long-term basis) between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel:

“RAN1 has identified the following schemes to enable co-existence between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel:
1. V2V transmission behaviour for co-existence: When operating in a regulatory domain requiring co-existence with DSRC on a shared channel, V2V devices will meet the minimum transmission time and occupied bandwidth requirements defined to meet regulatory constraints, enabling DSRC devices to perform CS/CCA before their transmissions. A multi-cluster interlaced waveform transmission can be considered for support in RAN1 for this purpose. Note that such a transmission scheme is already adopted for LAA transmissions in 3GPP and can be considered as a baseline for V2V co-existence with DSRC in the WI phase.
2. V2V reception behaviour for co-existence: When operating in a regulatory domain requiring co-existence with DSRC on a shared channel, V2V devices can first perform an energy scan over the entire shared channel bandwidth before transmitting. RAN 1 can consider use of a CS/CCA procedure with parameters defined to meet regulatory constraints for shared channel operation to support co-existence. Note that such a CCA feature has already been adopted for LAA transmissions in 3GPP and can be considered as a baseline for supporting V2V co-existence with DSRC in the WI phase. DSRC signals can be differentiated with LTE V2V signals based on SA and energy sensing features agreed for LTE V2V.  When a DSRC signal is detected, V2V devices may stop V2V transmissions and report the detection of a DSRC transmission to the eNB at the earliest available opportunity. The eNB may then take the necessary action, such as evaluating a different channel for V2V transmissions. 
RAN1 respectfully requests RAN to take these potential schemes into consideration for DSRC co-existence support.”
Proposal 2:  RAN1 should receive feedback from RAN on the proposed co-existence schemes before further consideration of DSRC support for Rel-14. 
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5. Appendix

Some relevant text from IEEE 802.11 specifications (also applicable for IEEE 802.11p) [4]:

Section 4.3.9.3 Contention-Based Protocol (CBP) in nonexclusively licensed bands

The granting of licenses on a nonexclusive, uncoordinated basis in the same area leads to the possibility of overlapping networks. When overlapping networks cause co-channel interference, regulations, such as those governing the 3650 MHz band in the United States, require the use of a CBP “by which a transmitter provides reasonable opportunities for other transmitters to operate.” IEEE 802.11 carrier sense multiple access with collision avoidance (CSMA/CA) is suitable for this purpose in most situations.
Section 9.2.2 DCF

The fundamental access method of the IEEE 802.11 MAC is a DCF known as carrier sense multiple access with collision avoidance (CSMA/CA). The DCF shall be implemented in all STAs. For a STA to transmit, it shall sense the medium to determine if another STA is transmitting. If the medium is not determined to be busy (see 9.3.2.1), the transmission may proceed. The CSMA/CA distributed algorithm mandates that a gap of a minimum specified duration exists between contiguous frame sequences. A transmitting STA shall verify that the medium is idle for this required duration before attempting to transmit. If the medium is determined to be busy, the STA shall defer until the end of the current transmission. After deferral, or prior to attempting to transmit again immediately after a successful transmission, the STA shall select a random backoff interval and shall decrement the backoff interval counter while the medium is idle. A transmission is successful either when an ACK frame is received from the STA addressed by the RA field of the transmitted frame or when a frame with a group address in the RA field is transmitted completely. A refinement of the method may be used under various circumstances to further minimize collisions—here the transmitting and receiving STA exchange short control frames (RTS and CTS frames) after determining that the medium is idle and after any deferrals or backoffs, prior to data transmission. The details of CSMA/CA, deferrals, and backoffs are described in 9.3. RTS/CTS exchanges are also presented in 9.3.
Section 18.3.10.6 CCA requirements

CCA shall detect a medium busy condition when the carrier sense/clear channel assessment (CS/CCA) mechanism detects a channel busy condition. For the operating classes requiring CCA-Energy Detect (CCAED), CCA shall also detect a medium busy condition when CCA-ED detects a channel busy condition. The start of a valid OFDM transmission at a receive level equal to or greater than the minimum modulation and coding rate sensitivity (–82 dBm for 20 MHz channel spacing, –85 dBm for 10 MHz channel spacing, and –88 dBm for 5 MHz channel spacing) shall cause CS/CCA to indicate busy with a probability > 90% within 4 us for 20 MHz channel spacing, 8 us for 10 MHz channel spacing, and 16 us for 5 MHz channel spacing. If the preamble portion was missed, the receiver shall hold the CCA signal busy for any signal 20 dB above the minimum modulation and coding rate sensitivity (–62 dBm for 20 MHz channel spacing, –65 dBm for 10 MHz channel spacing, and –68 dBm for 5 MHz channel spacing).

NOTE—CS/CCA detect time is based on finding the short sequences in the preamble, so when TSYM doubles, so does CS/CCA detect time.

For improved spectrum sharing, CCA-ED is required in some bands. The behavior class indicating CCA-ED is given in Table D-2. The operating classes requiring the corresponding CCA-ED behavior class are given in E.1. A STA that is operating within an operating class that requires CCA-ED shall operate with CCA-ED. The CCA-ED shall not be required for license-exempt operation in any band. CCA-ED shall indicate a channel busy condition when the received signal strength exceeds the CCA-ED threshold as given by dot11OFDMEDThreshold. The CCA-ED thresholds for the operating classes requiring CCA-ED are subject to the criteria in D.2.5.

NOTE—The requirement to hold the CCA signal busy for any signal 20dB above the minimum modulation and coding rate sensitivity (–62 dBm for 20 MHz channel spacing, –65 dBm for 10 MHz channel spacing, and –68 dBm for 5 MHz channel spacing) is a mandatory energy detect requirement on all Clause 18 receivers. Support for CCA-ED is an additional requirement that relates specifically to the sensitivities described in D.2.5.[image: image4.png]
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