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Introduction
The work item for NR sidelink evolution was approved in RAN#94e and revised in RAN#97e [1], and the following agreements [2] were made in relation to the co-channel coexistence between LTE and NR sidelink:
	Working assumption
· Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.
Conclusion
· For co-channel coexistence in Rel-18, RAN1 concludes that the TDM-based semi-static resource pool partitioning based on Rel-16/17 specifications is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs.
· Note: The LTE and NR resource pools do not overlap in time with each other in the TDM-based semi-static resource pool partitioning.
· Note 2: Rel-16 in-device coexistence framework can ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe
· FFS: potential enhancements for synchronization can be further investigated
Agreement
· For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
· NR SL resource pool is configured with 15 kHz SCS.
· FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools
· For NR PSFCH (if configured), at least the following alternatives are studied:
· Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· FFS: Avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH.
· Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.



This document focuses on changes required to enable the co-channel coexistence between LTE and NR sidelink, including aspects regarding the device types to be supported and the resource pool configurations to be used. In the discussions that took place in the previous plenary meeting [3], it was decided that high priority would be given to Type A devices, which are UEs that contain both LTE V2X and NR SL modules, and operating combination A, which is a combination of Mode 2 NR and Mode 4 LTE. Bearing this in mind, the following sections primarily deal with dynamic resource pool sharing solutions.
In-Device Coexistence between NR and LTE V2X in Rel-16
Rel-16 specified the support of devices that include both an LTE V2X module and an NR SL module, which can inter-communicate with a gNB and an eNB respectively. This feature enabled an eNB to support NR UEs over the Uu interface to operate in Mode 1 as well as in Mode 2. This involved providing the configurations for configured grants as well as resource pool configurations. Similarly, it also empowered a gNB to provide dynamic and semi-static configurations to LTE UEs operating in Mode 3 and Mode 4 respectively.
This feature enabled UEs to perform sidelink communications with other UEs that have only LTE V2X enabled, and to do so while obtaining assistance from an eNB or a gNB. However, one aspect that was not considered in the specification is the use of shared resources and spectrum for the operation of these UEs. 
Based on the discussions in the previous meeting, the following sections explore the challenges identified for specifying co‑channel coexistence solutions between LTE and NR V2X.

Resource Pool Configurations
In order to support co-channel coexistence between NR and LTE sidelink, the resource pool configurations used have to be further explored. It has to be borne in mind that the LTE V2X resource pool and the NR SL resource pool have inherently very different designs. The resource pool structure in LTE V2X defined the control channel over sub-channels in the frequency domain, and the data was transmitted in similar sub-channels. It also did not support feedback and the PSFCH feedback channel. This is in contrast to NR V2X where each time slot within a sub-channel included the PSCCH, PSSCH and PSFCH. This can be seen in Figure 1.
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Figure 1: Comparison of resource pool structures between NR and LTE V2X

The different configurations that were discussed in the previous meeting were TDM and FDM based resource pool partitioning and dynamic resource pool sharing, which are explored in further detail in the following sections.
Semi-static Resource Pool Partitioning
Semi-static resource pool partitioning between LTE V2X and NR SL would definitely be one of the easier solutions due to the fact that it can be implemented without any or with minimal specification change. This is because the resource pools need to only be configured accordingly in order to be orthogonal to each other in time and/or frequency. While it was argued in the previous meeting that existing and already-deployed LTE UEs can have their resource pool configurations updated to be partitioned from NR SL resource pools, it is seemingly difficult to do so in a timely and flexible manner. However, this is an issue that is out of the scope of RAN1 discussions, as captured in [4].
There are two possible flavors of semi-static resource pool partitioning – TDM-based and FDM-based resource pool partitioning, which are depicted in Figure 2.
[image: ]
Figure 2: TDM-based and FDM-based semi-static resource pool partitioning

TDM-based Resource Pool Partitioning
TDM-based resource pool partitioning is where separate resource pools for LTE V2X and NR SL are configured in orthogonal time slots, but share the same subchannels. The challenge specifically for TDM-based resource pool partitioning is latency delay due to the fact that the UE can transmit a TB only in time slots where the resource pool bitmap indicates that it is allowed to do so. This would result in the UE not being able to transmit in other time slots, leading to a delay that would not enable a UE to transmit a given TB within the remaining PDB. 
While it was concluded in the previous meeting [2] that TDM-based semi-static resource pool partitioning can be one of the possible solutions for co-channel coexistence, it might not be practically feasible. Based on the ETSI ITS specifications [5] for operations of LTE SL in the 5.9 GHz ITS band, by default, an LTE resource pool is configured to occupy contiguous subframes across time based on the bitmap definition by setting all bits of the bitmap for transmit and receive LTE SL resource pools to “1”. This would mean that a TDM-based resource pool partitioning solution for LTE and NR SL coexistence would be challenging to deploy in Europe. Moreover, the SAE J3161/1 standard for LTE SL [6] uses the same bitmap setting, and so the same issue exists in the US as well. Hence, in reality, it might be difficult to use TDM-based resource pool partitioning as a solution for co-channel coexistence.
Observation 1: Based on the ETSI and SAE specifications, LTE SL resource pools having time-continuous bitmap configurations would make it difficult to use TDM-based resource pool partitioning as a solution for co-channel coexistence.

FDM-based Resource Pool Partitioning
FDM-based resource pool partitioning is where the resource pools for LTE V2X and NR SL are defined in the same time slots but across different sub-channels. The challenge specifically for this type of resource pool partitioning is the AGC issue caused due to NR SL transmissions with LTE SL reception, which has been described in detail in [7]. The LTE V2X UE uses the first symbol of each subframe to adjust the AGC gain and prevent saturation at the ADC. This leads to two main issues:
· When an NR SL resource pool, configured with a SCS that is other than 15 kHz, is FDMed with a LTE V2X resource pool, which can be configured with only 15 kHz SCS, it would cause power variations in the LTE UEs AGC setting. One way to solve this AGC issue is to ensure that the NR SL resource pools are restricted to using only 15 kHz SCS.
· Another AGC issue arises when the NR SL resource pool is configured with PSFCH symbols at the end of the time slot. When there is an overlap of LTE V2X subframes with NR SL time slots with PSFCH enabled, it would cause AGC setting issues to the LTE V2X UEs. In order to overcome this issue, it might be required for these NR SL resource pools to have PSFCH not configured. This would mean that transmissions taking place in this resource pool can support only blind retransmissions, and no HARQ based transmissions can be permitted in the resource pool. However, since the PSFCH spans only 2-3 symbols, the impact on the AGC settings due to power variations would not be as problematic as compared to the AGC issue due to different SCSs. 
Proposal 1: For semi-static resource pool partitioning, we propose to support FDM-based resource pool partitioning only if the SCS for NR SL resource pools is restricted to 15 kHz, in order to overcome AGC issues.

Dynamic Resource Pool Sharing
Dynamic resource pool sharing is where both the LTE V2X and NR SL resource pools are configured on overlapping resources in time and frequency. In essence, both LTE V2X and NR SL UEs would be sharing the same resources within configured resource pools, as seen in Figure 3. 
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Figure 3: Dynamic resource pool sharing
However, the AGC issues present in the FDM-based resource pool partitioning solution also exists in dynamic resource pools. It was agreed in the previous meeting [2] that the dynamic resource pools would have to be restricted to a maximum SCS of 15 kHz.

AGC Issue due to PSFCH Transmissions
Regarding the AGC issue caused when the NR SL resource pool is configured with PSFCH symbols that overlap with LTE V2X subframes, two alternatives were discussed and agreed to be studied in the previous meeting [2]. While Alt 1 talks about avoiding PSFCH transmissions in time slots overlapping with the LTE V2X transmissions, in dynamic resource pool sharing, all the resources are shared between LTE V2X and NR SL. In the case of the resource pool being crowded with LTE V2X transmissions, it would effectively switch off HARQ enabled NR SL transmissions, which would cause a negative effect in the performance of the NR SL UEs. 
However, Alt 2 describes the use of periodically repeating PSFCH slots. While PSFCH in time slots have configurable periodicities in Rel-16 NR (every 1, 2 or 4 time slots), it would be possible to ensure that the PSFCH slots are configured to avoid multiples of the periodicities configured for the LTE V2X transmissions. Although this would not guarantee avoiding all collisions, a substantial number of overlaps can be avoided. In the case where the UE detects another LTE V2X transmission in a time slot where PSFCH is enabled, it can choose to avoid the resource in question, similar to what is mentioned in Alt 1. Hence, we support the use of Alt 2 predominantly, and Alt 1 in cases where Alt 2 cannot avoid a resource overlap.
Proposal 2: For dynamic resource pool sharing, we propose to use a periodically repeating set of PSFCH slots (Alt 2) to avoid overlaps with LTE V2X transmissions. 

Obtaining LTE V2X Resource Scheduling Information
Since no changes can be done to the LTE V2X specifications, as agreed in [8], for NR SL UEs to operate in a shared resource pool, it needs to be aware of the LTE V2X resource pool configurations, and the resources that are being used by other LTE V2X UEs. This can be obtained by the NR SL UEs using one of the following possibilities:
· In the case of Type A devices, the NR SL module can obtain information from the LTE V2X module, by providing details about the resources that are being occupied by LTE V2X transmissions. This is possible when the LTE V2X module forwards or sends this information to the NR SL module. The Rel-16 in-device coexistence procedures can be reused for forwarding such information to the NR SL module.
· In the case where the NR SL module does not receive information from the LTE V2X module, it is possible for the NR SL module to perform basic LTE measurements while performing its sensing and resource selection process to identify resources that are being occupied by LTE V2X transmissions.
· Alternatively, the NR SL module can also obtain this information by receiving IUC messages from other UEs that have received LTE V2X sensing information, informing them of the non-preferred resources that are being used by LTE V2X transmissions.
Proposal 3: For dynamic resource pool sharing, the NR SL module can obtain LTE V2X resource allocation and scheduling information 
· From the co-located LTE V2X module,
· By performing basic LTE measurements,
· By receiving IUC messages from other UEs that are aware of LTE V2X sensing information.

In the event the NR SL module is not aware of the resources being used by LTE V2X transmissions, it can choose multiple configuration-based solutions to avoid resource collisions. For example, for periodic transmissions, it can select smaller resource reselection counter values, thereby triggering resource reselection more often. This would avoid consecutive periodic resource collisions with LTE V2X transmissions. It can also be configured to use only certain periodicities that are orthogonal to those being used in LTE V2X transmissions, to avoid any potential collisions. Such solutions can be explored in more detail.
Proposal 4: For dynamic resource pool sharing, in the absence of LTE resource allocation information, the NR SL module can use configuration-based solutions to decrease the probability of resource collisions between LTE V2X and NR SL transmissions.

Utilizing LTE V2X Resource Scheduling Information
Once the NR SL module has obtained the LTE V2X sensing and resource scheduling information, if available, it can use them in its own sensing and resource selection procedures. In this case, specification changes are required for the NR SL module to take into account these resources and avoid selecting them for their own transmissions. The exclusion of resources being used by LTE V2X transmissions can be carried out either in Step 5 of the resource selection procedure defined in [9], or it can be carried out by higher layers by excluding these resources from the candidate resource set provided by the PHY layer.
Proposal 5: For dynamic resource pool sharing, the NR SL module can exclude resources being used by LTE V2X transmissions either in Step 5 of the resource selection procedure, or by higher layers.

Type of Devices
Rel-18 UEs that are capable of supporting co-channel coexistence with LTE UEs were discussed in the previous meeting. The different UE types are listed below:
· Type A devices are UEs that contain both LTE V2X and NR SL modules, similar to the Rel-16 UEs that support in-device coexistence.
· Type B devices are UEs that contain only NR SL modules.
The support of type A devices is straightforward since having an LTE V2X module within the device would enable it to be aware of LTE V2X resource allocations and can ensure that they are not being used for NR SL transmissions, thereby avoiding any potential resource collisions. This was already taken as a working assumption in the previous meeting [2].
Type B devices, on the other hand, are slightly different in that it does not contain an LTE V2X module. In this case, in order to support type B devices, it should be capable of at least determining resources that are being used by LTE V2X transmissions in order to avoid scheduling on these resources to avoid resource collisions. This does not necessarily mean that the device requires to decode LTE V2X control information, but rather perform basic energy measurements on resources to ensure that they are not occupied by LTE SL transmissions.
Another aspect to be taken into account for the inclusion of Type B devices is that if the co-existence solutions were restricted to only Type A devices, it would mandate all OBUs to have both LTE V2X and NR SL modules, where in the future, LTE V2X might actually become less prevalent. Supporting Type B devices can future-proof the co-existence solutions to work even when the number of LTE V2X devices reduce in the future.
[bookmark: _GoBack]Proposal 6: Study how type B devices containing only an NR SL modem can be used for co-channel coexistence with LTE V2X.

Conclusions
The following proposals have been made in this document:
Observation 1: Based on the ETSI and SAE specifications, LTE SL resource pools having time-continuous bitmap configurations would make it difficult to use TDM-based resource pool partitioning as a solution for co-channel coexistence.
Proposal 1: For semi-static resource pool partitioning, we propose to support FDM-based resource pool partitioning only if the SCS for NR SL resource pools is restricted to 15 kHz, in order to overcome AGC issues.
Proposal 2: For dynamic resource pool sharing, we propose to use a periodically repeating set of PSFCH slots (Alt 2) to avoid overlaps with LTE V2X transmissions. 
Proposal 3: For dynamic resource pool sharing, the NR SL module can obtain LTE V2X resource allocation and scheduling information 
· From the co-located LTE V2X module,
· By performing basic LTE measurements,
· By receiving IUC messages from other UEs that are aware of LTE V2X sensing information.
Proposal 4: For dynamic resource pool sharing, in the absence of LTE resource allocation information, the NR SL module can use configuration-based solutions to decrease the probability of resource collisions between LTE V2X and NR SL transmissions.
Proposal 5: For dynamic resource pool sharing, the NR SL module can exclude resources being used by LTE V2X transmissions either in Step 5 of the resource selection procedure, or by higher layers.
Proposal 6: Study how type B devices containing only an NR SL modem can be used for co-channel coexistence with LTE V2X.
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