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1. Introduction
The WI for LTE-based V2X Services [1] has an objective of specifying solutions facilitating co-channel coexistence between IEEE 802.11p and LTE PC5 V2V:
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.
On this aspect, the following agreement was made during the SI phase:

•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: 

o Geo-location and database. 

o Time sharing between systems based on GNSS timing; this would require some modifications to DSRC.

o Sensing-based vacate/switching approaches with or without transmission of a predetermined signal(s) (e.g. LTE-ITS preamble, SLSS)

o Sensing with a predetermined signal(s) would require some modifications to DSRC.

o RAN1 has not conducted any system-level evaluations for these solutions, although some link-level results have been provided for some solutions.
This contribution discusses possible solutions for long-term basis co-channel coexistence of multiple RATs for V2X. 
2. Discussions 
Though the WID objective mentions coexistence of LTE PC5 V2V and DSRC, it would be desirable to consider the coexistence with NR-based V2X operations as well in order to ensure efficient coexistence/interworking in the future. It is noteworthy that interworking between LTE V2X and NR V2X was agreed as a requirement in the last RAN plenary meeting [2]:

	9
Supplementary-Service related requirements
9.x
V2X communication
The RAN design for NR V2X shall provide communication via infrastructure, including MBMS support, for V2X services (such as found in [TS22.185]) and advanced V2X services (such as found in the outcome of the SA1 study [TS22.886]).
NR V2X shall provide communication via sidelink for V2X services (such as found in [TS22.185]) and advanced V2X services (such as found in the outcome of the SA1 study [TS22.886]).
10.3
Co-existence and interworking with legacy RATs
10.3.x
V2X communication
It is not intended for NR V2X to replace the services offered by LTE V2X. Instead, the NR V2X shall complement LTE V2X for advanced V2X services and support interworking with LTE V2X.



Proposal 1: LTE SL V2V design for the coexistence with DSRC should consider the extension for the coexistence with NR V2X.
In the following subsections, we provide discussions on the possible solutions identified in the SI phase, and then specification support for the solution based on sensing-based vacate/switching. Lastly, some discussion is provided for the V2P cases.
2.1. Discussions on the possible solutions identified in the SI phase

We can categorize the possible solutions identified in the SI phase for the convenience of the discussion:

· Option 1: Geo-location and database
· Each device accesses the database which lists the geographical 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: Time sharing between systems based on GNSS timing
· The whole time resources are divided into multiple subsets using GNSS timing and RAT A is allowed only in the subset of time resources that is associated with it.

· Option 3: Sensing-based vacate/switching approaches
· When RAT A senses the presence of RAT B, RAT A stops its transmission in that resource for some time duration. At the same time, RAT A operation may be moved to another vacant resource. Depending on how to sense the presence of another RAT, two sub-options can be considered

· Option 3-1: A predetermined signal is used (e.g., LTE-ITS preamble or SLSS for IEEE 802.11p to detect LTE PC5 V2V, and IEEE 802.11p preamble, vice versa)

· Option 3-2: No predetermined signal is used. For example, RAT A can detect the presence of another RAT when the channel energy measured during a time window where RAT A is silent exceeds a certain threshold.
Option 1 and 2 do not seem to require specification support in 3GPP at least in the physical layer aspect because they can be largely implemented by regulation and the corresponding application. Moreover, V2V WI specified the resource pool selection based on the UE location and GNSS can be the timing reference. Thus these two options can be supported using what was standardized in the V2V WI. So, except for the possible communication with other organizations on the solutions identified 3GPP RAN, discussions on this objective can focus on the specification support for Option 3.
Proposal 2: It is concluded that no RAN1 specification support is needed for the options of “Geo-location and database” and “Time sharing between systems based on GNSS timing.” 
Operating option 3 may or may not require modifications to IEEE 802.11p devices. If only the LTE UEs perform the sensing-based vacate/switching operation, no change will be necessary to IEEE 802.11p devices. So the first discussion for option 3 can be focused on the detection-and-vacation operation of LTE devices. On top of this discussion, it can be discussed whether a solution defined for the operation of LTE devices also can be used for other RAN devices.

In order to support option 3, solutions for the following issues need to be found:

· When an LTE UE can use the resource that can be potentially shared by other RAT.
· How an LTE UE detects the presence of other RAT.

The following two subsections discuss each of the above issues, respectively.

2.2. Discussions on using resources potentially shared with other RAT
The detect-and-vacate operation implicitly assumes prioritized access to the resources. In other words, one RAT is prioritized so that other RATs vacate in the resources if the prioritized RAT is detected. Thus a UE behavior may need to be defined to decide when a UE can transmit in a resource that can be potentially used by other RAT with a higher priority. It can be discussed further whether two RATs can be at the same priority, e.g., the principle of “first-come first-use” can be adopted.
Proposal 3: In the detect-and-vacate operation, it is assumed that different RATs have different priority in a given set of resources.
It is apparent that a low priority RAT, RAT A, stops transmitting if it detects a high priority RAT, RAT B, in a certain resource set X in which RAT B has high priority. A related question is which resource will be used for the transmission of RAT A especially when this transmission also requires a certain level of latency and reliability requirement. As it is not reasonable to drop the transmission in such a case, it can be the baseline assumption that there is another resource set Y in which RAT A has high priority. Thus, from RAT A viewpoint, resource set Y is used as the basic resource which can be used at any time and resource set X is a kind of supplementary resource which is opportunistically used for offloading. With this understanding, RAT A should consider using resource set X only when such offloading is needed; otherwise, it will cause interference to RAT B as the inter-RAT detection cannot be perfect anyway. Also, unnecessary multi-carrier operation needs to be prevented as much as possible considering the limitation in the number of operation carriers of each UE and the overhead/latency in switching and aligning the operation carriers across UEs. This means that a UE shall not use a resource set where its RAT has low priority if the resource set where its RAT is of high priority has no congestion problem.
Proposal 4: In the detect-and-vacate operation, it is assumed that each RAT has a resource set where it has the highest priority. A UE considers using another resource set only when congestion is detected in the set where its RAT is the highest priority.
It may be possible that the resource sets where LTE SL V2V has low priority are configured in multiple carriers. In this case, receiver UE needs to know which carrier is used for the offloading purpose at the transmitter UE. To support this operation, a UE can broadcast information on its transmission carrier to the UEs in its proximity. To assist the alignment of used carriers across UEs, the carriers can be ordered such that the carrier with the first order is considered firstly for the transmission carrier. 
If no time is allowed for a UE to fully monitor the carrier which the UE switched to, the random resource selection or the limited resource sensing discussed for V2P might be considered as the fallback operation. On the other hand, such a fallback operation is not needed if each UE is equipped with multi-carrier reception functionality and already monitors the candidate carriers. So the assumed multi-carrier capacity needs to be discussed firstly.
Proposal 5: If the detect-and-vacate is operated over multiple carriers, RAN1 needs to discuss how to align the transmission carrier among UEs.
2.3. Discussions on detection of other RAT
As also identified during the SI phase, detection of other RAT can be done by using either a pre-determined signal or by not using such signal. Use of IEEE 802.11p preamble can be one way but it has a limitation that future extension (e.g., detecting the presence of NR V2X) cannot be supported. As an alternative, an LTE UE can identify the presence of other RAT if a high energy is observed in a resource but no LTE transmission happens in the resource. To be specific, this can be enabled by the following two ways:

· A set of resources can be configured as “silent resources” so that no LTE SL transmissions take place in the resource set. An LTE UE can assume the presence of other RAT if it observes high power within the silent resources. It can be discussed further whether the silent resources should be explicitly indicated or some resources outside V2V resource pool can be implicitly used as the silent resources.

· An LTE UE can attempt detection of LTE transmissions by using a predetermined signal. If the UE observes high power in a resource where no LTE signal is detected, it can assume the presence of other RAT. We note that this predetermined signal may be used by devices using other RAT in order to detect the presence of LTE SL V2V.

It needs to be noted that IEEE 802.11p is based on CSMA/CA and the devices will not attempt transmissions if the channel is already busy by excessive LTE transmissions. So, in any case, the solution should ensure the transmission opportunity of IEEE 802.11p even when many LTE UEs attempts transmissions.
Proposal 6: An LTE UE can detect the presence of other RAT when high energy is observed in a resource where no LTE transmission took place. Such “resources with no LTE transmission” can be those configured as silent resources or those where no LTE signal is detected.

Proposal 7: A solution is needed to ensure the transmission opportunity of IEEE 802.11p even when the load for LTE SL V2V is high.
For the detection signal transmitted from LTE UEs, it seems difficult to reuse the existing signals for this purpose. A UE does not know the number of sub-channels of each PSSCH, so DM RS of PSSCH cannot be used. DM RS of PSCCH may be used but it reflects only partial power of LTE SL transmissions, so the detection performance may not be sufficient. SLSS and PSBCH have a relatively long period of 160 ms, so the detection latency may be a problem, especially when an LTE UE should quickly vacate after detecting the presence of other RAT. Moreover, it may be useful if SLSS and PSBCH of LTE are also shared by NR SL operations, e.g., for synchronization of time and frequency in order to support TDM/FDM of resource pools in the same carrier. Therefore, a new detection signal is needed if a predetermined signal is to be used for the coexistence of multiple RATs.

In order to ensure the detectability, it should be the baseline that a UE transmits the detection signal whenever it transmits PSCCH/PSSCH in a subframe. One simple way is to use the first and/or last symbol, including the possibility of using a part of these symbols, within the frequency resource of the corresponding PSCCH/PSSCH. However, such a design should ensure the operations performed in these symbols; AGC in the first symbol, and TX/RX switching and absorbing timing advance of UL TX in the last symbol. We explain two options of the detection signal of LTE SL V2V.

The first option is depicted in Figure 1. In this option, a short sequence is repeated in time domain within the first and/or last symbol. The intended detecting device behavior is to use so called “delayed correlation” of received signal where the time domain received signal is delayed by the detection sequence length and correlated with the incoming received signal. In this operation, the device does not detect the sequence itself but identifies a specific repetition pattern of the signal in the time domain. Thus, the device does not need to know the exact sequence used by the transmitter, and this may be a merit for the detectors using other RAT.
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Figure 1. An option of LTE SL V2V detection signal using time repetition of short sequences.
The second option is depicted in Figure 2. In this option, the detecting device matches each sequence on each frequency resource. As the transmission bandwidth of PSSCH may not be known to the detecting device, the RB size of the detection signal should be fixed, e.g., to one sub-channel size, in order to use a common sequence in all the UEs while keeping the single carrier property. In order to keep the same coverage level and support AGC in the first symbol, the PSD needs to be boosted in the detection signal transmissions that use a part of PSSCH transmission bandwidth.
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Figure 2. An option of LTE SL V2V detection signal using sequence matching in the frequency domain.
Proposal 8: If a predetermined signal is used for inter-RAT detection, a new LTE SL signal needs to be transmitted in the first and/or last symbol of every subframe in which the UE transmits PSCCH/PSSCH. The design should ensure operations such as AGC in the first symbol, and TX/RX switching and absorbing timing advance of UL TX in the last symbol.
2.4. Discussions on inter-RAT coexistence in V2P cases
For the V2P cases, the scenario of P-UE transmission and V-UE reception was prioritized during the SI phase. However, detection-based inter-RAT coexistence needs to consider the limited P-UE reception capability if such coexistence mechanism is used for V2P cases as well. One possibility is to enforce each P-UE to sense other RAT before transmissions, but this will require more battery consumption and also the RX functionality in the PC5 carrier. Even the partial sensing operation has the limitation that the P-UE is not able to detect the presence of other RAT in the subframes where it does not perform monitoring.
To address this issue, we can consider assistance from eNB. Each V-UE can report to eNB the detection of other RAT together with its location information. Then, eNB can forward this information to the P-UE and the P-UE can determine its transmission by taking the part relevant to its location from the forwarded information. Alternatively, eNB can activate/deactivate the resource pool for P-UEs in a region based on the report from V-UEs.
Proposal 9: If the detect-and-vacate is operated for V2P cases, a solution is needed for the P-UE to recognize the presence of other RAT. V-UE reporting and eNB forwarding can be considered.
3. Conclusion
This contribution discussed the long-term basis co-channel coexistence of multiple RATs for V2X. The discussion can be summarized as follows:

Proposal 1: LTE SL V2V design for the coexistence with DSRC should consider the extension for the coexistence with NR V2X.
Proposal 2: It is concluded that no RAN1 specification support is needed for the options of “Geo-location and database” and “Time sharing between systems based on GNSS timing.” 
Proposal 3: In the detect-and-vacate operation, it is assumed that different RATs have different priority in a given set of resources.

Proposal 4: In the detect-and-vacate operation, it is assumed that each RAT has a resource set where it has the highest priority. A UE considers using another resource set only when congestion is detected in the set where its RAT is the highest priority.

Proposal 5: If the detect-and-vacate is operated over multiple carriers, RAN1 needs to discuss how to align the transmission carrier among UEs.
Proposal 6: An LTE UE can detect the presence of other RAT when high energy is observed in a resource where no LTE transmission took place. Such “resources with no LTE transmission” can be those configured as silent resources or those where no LTE signal is detected.

Proposal 7: A solution is needed to ensure the transmission opportunity of IEEE 802.11p even when the load for LTE SL V2V is high.
Proposal 8: If a predetermined signal is used for inter-RAT detection, a new LTE SL signal needs to be transmitted in the first and/or last symbol of every subframe in which the UE transmits PSCCH/PSSCH. The design should ensure operations such as AGC in the first symbol, and TX/RX switching and absorbing timing advance of UL TX in the last symbol.
Proposal 9: If the detect-and-vacate is operated for V2P cases, a solution is needed for the P-UE to recognize the presence of other RAT. V-UE reporting and eNB forwarding can be considered.
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