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In RAN#94e, a new work item has was approved to further evolve SL in Rel-18 [1]. One of the objectives of the WI is to study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink. In RAN#97e, the scope of the co-channel coexistence objectives was discussed in light of the recent RAN1 agreements in RAN1#110. RAN#97e reached the following conclusion: “For the Co-Ex objective, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A” [3]. Furthermore, the objective in the WID is updated as follows [2]:

 1. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
· Note, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A

Co-channel co-existence has been identified by the 5G Automotive Association (5GAA) [4] as the second highest priority requirement in their input to the 3GPP Rel-18 workshop.
In this contribution we present Samsung’s views on co-channel co-existence between LTE SL and NR SL. 
Discussion
Semi-Static LTE SL NR SL resource partitioning
In RAN1#110, it has been concluded that “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”. Furthermore, it has been concluded in RAN#97e that RAN1 continue to work on dynamic resource pool sharing. Based on the RAN guidance, no further optimization is needed for TDM-based semi-static resource pool partitioning.
Observation 1: No further optimization is needed for TDM-based semi-static resource pool partitioning.

Dynamic LTE SL NR SL resource sharing
For dynamic resource pool sharing, the same set of resources can be shared by LTE SL and NR SL. This covers scenarios when there is full overlap between LTE SL and NR SL resources as illustrated in Figure 1(a). This also covers scenarios when there is partial overlap between LTE SL and NR SL resources as illustrated in Figure 1(b). 
In RAN#110, a working assumption was reached on the definition of Type-A devices: “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.” In addition to using “sensing and resource reservation information” to detect the presence of LTE transmissions, Type-A devices can also use energy detection to detect the presence of LTE transmission. We proposal to agree to the working assumption, and update it to reflect the use of energy detection of LTE transmissions.
Proposal 1: For the definition of Type-A devices, agree to the working assumption made in RAN1#110 with the update in red:
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. Device type A may use energy detection to detect the presence of LTE transmissions.
In RAN#97e, it has been agreed to consider dynamic resource pool sharing with “high priority” for Type-A devices. Other types of devices are not excluded, albeit they have a lower priority. At the same time, the WID notes that “Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same resource pool.” Hence, the possibility that in a shared resource pool (shared between LTE SL UEs and NR SL UEs), there are Rel-16 or Rel-17 NR devices that don’t receive sensing information or resource reservation information from an on device LTE module should not be precluded.
Observation 2: A resource pool shared between LTE SL UEs and NR SL UEs can include:
· Type A devices
· LTE only devices
· Rel-16 or Rel-17 NR devices. 


[bookmark: _Ref101557482]Figure 1: Overlapping LTE and NR SL resources. (a) Fully overlapping. (b) partially overlapping.

When LTE and NR SL transmissions share common resources, we should further consider if the SL transmissions of each RAT are synchronized or not. Having unsynchronized SL transmissions can lead to partially overlapping slots and subframes which could lead to further degradation in performance, i.e., more NR SL slots can be blocked due to LTE SL transmission. This is illustrated in Figure 2 (b).



[bookmark: _Ref111213027]Figure 2: Synchronized vs Unsynchronized LTE/NR SL transmissions.

Observation 3: In case of LTE/NR SL co-existence, unsynchronized LTE/NR SL transmissions can suffer a greater performance loss.
Proposal 2: Further study how to achieve synchronization between NR and LTE SL transmissions when sharing common resources.
Another aspect to consider when supporting dynamic sharing of common resources between LTE SL and NR SL is when to enable or disable this dynamic sharing of resources. For example, when the resources are heavily utilized by LTE transmissions, it would seem natural to disable NR SL transmissions from using the common resources.
Proposal 3: Further study conditions to enable or disable sharing of common resources between LTE SL transmissions and NR SL transmissions.
As discussed earlier, a Rel-18 NR SL device (Type-A device) can consist of two modules as illustrated in Figure 3, an NR SL module for receiving and transmitting on the NR PC5 interface and an LTE SL module for receiving and transmitting on the LTE PC5 interface. One open point, from RAN1#109-e, is “details on how the LTE SL module shares the information to the NR SL module, exact information shared, timeline etc.” Two cases can be further studied:
· Trigger-based, where the NR SL module triggers the LTE SL module to provide sensing and resource reservation information. The trigger from the NR SL module to the LTE SL module can be when the NR SL module has information to send over the SL interface or for sending inter-UE co-ordination information.
· Condition-based, where the LTE module shares its sensing and resource selection information to the NR module when a certain condition is met. One simple condition to consider is to send the information from the NR SL module to the LTE SL module periodically.
Proposal 4: Further study mechanisms for the provision of sensing and resource reservation information from LTE SL module to NR SL module including:
· NR SL module triggers LTE SL module
· Based on a condition in the LTE module
There are several types of information the LTE module can provide the NR module. For example, the LTE SL module can provide sensing results, or available candidate resources after resource exclusion. The available candidate resources can be provided in the NR SL numerology or in the LTE SL numerology (subframes). The LTE SL module can also provide information related to the LTE SL transmissions from the UE, for NR to avoid. 
Proposal 5: Further study content and timing of information from LTE SL module to NR SL module.
Another open point, from RAN1#109-e, is “details on how the NR SL module uses this information”. The NR SL module can use the sensing and resource reservation information for its own SL transmission or for inter-UE co-ordination. The following schemes can be further studied:
· Resource exclusion for its SL transmission taking into account LTE sensing and resource reservation information. 
· Scheme 1 inter-UE co-ordination – preferred or non-preferred resources are determined taking into account LTE sensing and resource reservation information.
· Scheme 2 inter-UE co-ordination – conflict indication is determined taking into account LTE sensing resource reservation information.
Scheme 1 and scheme 2 inter-UE co-ordination can be of benefit to address the following issues:
· Hidden node problem, when a transmitting NR UE is unaware of a colliding LTE transmission because its own LTE module doesn’t detect it.
· Exposed node problem, when a transmitting NR UE detects a colliding LTE transmission that doesn’t cause interference at the receiving UE.
· Half duplex issue, when a transmitting NR UE is unaware of a colliding LTE transmission from the destination UE.
· Semi-persistent collisions between an NR transmission from a UE and an LTE transmission from another UE that the NR UE can’t detect.
· Rel-17 UEs that support scheme 1 or scheme 2 inter-UE co-ordination information. 
Proposal 6: Further study the use of the sensing and resource reservation information shared by the LTE SL module to NR SL module for:
· Resource exclusion for its NR SL transmission
· Scheme 1 inter-UE co-ordination
· Scheme 2 inter-UE co-ordination



[bookmark: _Ref101281552]Figure 3: SL device consisting of an NR SL module and LTE SL module.
When LTE SL and NR SL co-exist in the same resource pool, an LTE SL transmission that was not previously reserved might be started in a subframe. In this case, the NR module is not aware of the LTE SL transmission and hence might also transmit on the same resources leading to a collision and degradation in performance for LTE SL. To mitigate against this, NR module can detect the absence of energy in the first symbol of an LTE subframe or NR slot, before transmitting in overlapping resources within the sub-frame.
Proposal 7: Study solutions based on energy detection to assist in co-existence between LTE and NR.
Another open point, from RAN1#109-e, is “Whether/how to support Mode 1 NR SL + Mode 4 LTE SL (Combination B) and/or Mode 2 NR SL + Mode 3 LTE SL (Combination C)”. SL LTE support two modes; mode 3, where resources for SL transmissions are allocated by the network, as well as mode 4 where the UE performs sensing and selects SL resources for SL transmissions. SL NR also supports two modes; mode 1, where resources for SL transmissions are allocated by the network, as well as mode 2 where the UE performs sensing and selects SL resources for SL transmissions. When LTE operates in mode 3 and NR operates in mode 1, it would seem reasonable for the network to manage the allocation of resources to avoid overlap between NR and LTE. If LTE operates in mode 3 and NR operates in mode 2, or LTE operates in mode 4 and NR operates in mode 1, at least some of the UEs are in network coverage, and network can properly partition resources between LTE SL and NR SL to avoid overlap.  For NR, the existence of Mode1+Mode2 in the same resource pool is not supported. Hence, it seems natural not to support co-existence of g/eNB based resource allocation and UE-based resource allocation when different RATs are used (i.e., Mode2+Mode3 or Mode 1+Mode4). For these combinations the network can configure NR and LTE resource pools to be orthogonal. Furthermore, in RAN#97e, it was concluded to consider dynamic resource pool sharing with “high priority” for operating combination A.
Proposal 8: For the study of co-channel coexistence solutions in Rel-18, the combination of operational modes “Mode 2 NR SL with Mode 4 LTE SL” (operating combination A) is the only combination considered.
One of the open points from RAN1#110 is the support of NR SL resource pool configured with higher SCS. It should be noted that with TDM-based semi-static resource pool allocation, there is no restriction on the SCS of the NR resource pool. Hence, limiting the SCS of the NR resource pool to 15 kHz only becomes a restriction for dynamic resource pool sharing. The main issue with supporting higher SCS with dynamic resource pool sharing is the impact on AGC. Consider for example, as shown in Figure 4, an NR resource pool overlaps an LTE resource pool, the NR resource pool has a SCS of 30 kHz, while the LTE resource pool has a SCS of 15 kHz. One LTE subframe overlaps two NR slots. The AGC problem occurs when there is an LTE transmission in subframe, but NR transmission is only in one of the slots of the subframe. For example, if the NR transmission is in the first slot Figure 4(a), there is a sudden drop of power at the input of the LTE SL UE receiver after the first slot, which would impact the AGC gain. On the other hand, if the NR transmission is in the second slot Figure 4(b), there is a sudden increase of power at the input of the LTE SL UE receiver at the start of the second slot. To address this issue, several options can be further studied:
· NR transmissions are limited to subframes with no LTE transmission.
· NR transmissions span an entire subframe, for example with a 30 kHz SCS, the NR transmissions span two slots.
· Consider gradual ramping up or ramping down of the power of an NR SL slot. The ramp up or ramp down can span several symbols. For example, for a 30 kHz NR resource pool, an NR SL transmission in the first slot, ramps down its power in the last few symbols of the slot. While, an NR SL transmission in the second slot ramps up its power in the first few symbols of the slot.


[bookmark: _Ref114842435]Figure 4: Impact of AGC when LTE and NR have different subcarrier spacings.

Proposal 9: Support dynamic resource pool sharing between NR SL and LTE SL, when the NR SL resource pool has a SCS greater than 15 kHz.
Another open issue from RAN1#110 is how to handle NR PSFCH with dynamic resource pool sharing. There are several considerations when NR PSFCH is configured as illustrated in Figure 5: 
· Consideration 1: In slots where PSFCH is transmitted, there could be an impact to AGC in the symbol the PSFCH is transmitted in.
· Consideration 2: In slots configured for PSFCH, but without PSFCH transmission, there is an impact on AGC when PSSCH/PSCCH is transmitted in the first few symbols of the slot, but without any transmission in the rest of the slot.
· Consideration 3: In slots with PSSCH/PSCCH transmission and PSFCH transmission, and if the power of PSSCH/PSCCH and PSFCH is the same or almost the same, there is an impact on AGC due to the gap symbol between PSSCH/PSCCH.


[bookmark: _Ref114843159]Figure 5: Impact of PSFCH on LTE SL transmissions

Two alternatives are considered for further study from the last RAN1 meeting. Alternative 1, avoids PSFCH transmission in slots that have LTE SL transmission. While this addresses the issue caused by consideration 1, it doesn’t address the issues of considerations 2 and 3.
Alternative 2 on the hand, uses a set of periodically repeating slots for PSFCH. For this option it is not clear if the periodicity is in logical slots or in physical slots.
· If the periodicity is in logical slots, this is already the case for PSFCH, where the periodicity when PSFCH is configured can be 1, 2 or 4 logical slots.
· If the periodicity is in physical slots, there is no guarantee that periodically repeating physical slot will always be in the resource pool.
With alternative 2, consideration 1, 2 and 3 are not addressed. If alternative 2, relies on LTE to avoid slots with PSFCH transmissions, this might not always be guaranteed as there could be instances when there are no transmissions in the PSFCH slots for extended period of team allowing LTE to use these slots. In other cases, if PSFCH has a periodicity of 1, PSFCH can be transmitted in every slot, leaving no slots for LTE transmission.
Given the issues raised above, it seems that the most straight forward solution is not to configure PSFCH in slots shared with LTE. In case of partial overlap between LTE SL resource pool and NR SL resource pool Figure 1(b), PSFCH can only be configured in slots that are not part of the LTE SL resource pool.
Alternatively, if PSFCH is configured in a resource pool that has slots with PSFCH occasions and these slots can also be used by LTE, when a UE transmits PSSCH/PSCCH in a slot, it also transmits PSFCH in the same slot and with the same power as the PSSCH/PSCCH. The gap symbol between PSSCH/PSCCH and PSFCH is eliminated for example, by repeating the last PSSCH/PSCCH symbol to ensure uniform power across the slot.
Proposal 10: NR PSFCH is configured in slots that are not part of the LTE SL resource pool. This can be left to network implementation. 
Proposal 11: If a slot with PSFCH occasions is shared with LTE SL, the UE transmits PSSCH/PSCCH and PSFCH in the same slot with the same power.

Conclusions
The following observations and proposals have been made regarding co-existence between LTE SL and NR SL
Observation 1: No further optimization is needed for TDM-based semi-static resource pool partitioning.
Proposal 1: For the definition of Type-A devices, agree to the working assumption made in RAN1#110 with the update in red:
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. Device type A may use energy detection to detect the presence of LTE transmissions.
Observation 2: A resource pool shared between LTE SL UEs and NR SL UEs can include:
· Type A devices
· LTE only devices
· Rel-16 or Rel-17 NR devices. 
Observation 3: In case of LTE/NR SL co-existence, unsynchronized LTE/NR SL transmissions can suffer a greater performance loss.
Proposal 2: Further study how to achieve synchronization between NR and LTE SL transmissions when sharing common resources.
Proposal 3: Further study conditions to enable or disable sharing of common resources between LTE SL transmissions and NR SL transmissions.
Proposal 4: Further study mechanisms for the provision of sensing and resource reservation information from LTE SL module to NR SL module including:
· NR SL module triggers LTE SL module
· Based on a condition in the LTE module
Proposal 5: Further study content and timing of information from LTE SL module to NR SL module.
Proposal 6: Further study the use of the sensing and resource reservation information shared by the LTE SL module to NR SL module for:
· Resource exclusion for its NR SL transmission
· Scheme 1 inter-UE co-ordination
· Scheme 2 inter-UE co-ordination
Proposal 7: Study solutions based on energy detection to assist in co-existence between LTE and NR.
Proposal 8: For the study of co-channel coexistence solutions in Rel-18, the combination of operational modes “Mode 2 NR SL with Mode 4 LTE SL” (operating combination A) is the only combination considered.
Proposal 9: Support dynamic resource pool sharing between NR SL and LTE SL, when the NR SL resource pool has a SCS greater than 15 kHz.
Proposal 10: NR PSFCH is configured in slots that are not part of the LTE SL resource pool. This can be left to network implementation. 
Proposal 11: If a slot with PSFCH occasions is shared with LTE SL, the UE transmits PSSCH/PSCCH and PSFCH in the same slot with the same power.
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A. Agreements from prior meetings
A.1	Agreements from RAN1#109-e
Agreement
For co-channel coexistence in Rel-18, no changes in the LTE SL specifications are allowed.

Agreement
For co-channel coexistence in Rel-18, Rel-16/17 simulation assumptions are reused for evaluation of solutions, except for the UE dropping model.
· FFS: UE dropping model

Agreement
For the study of co-channel coexistence solutions in Rel-18, the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority.
· FFS: Whether/how to support Mode 1 NR SL + Mode 4 LTE SL (Combination B) and/or Mode 2 NR SL + Mode 3 LTE SL (Combination C).

Agreement
For evaluation of co-channel coexistence solutions in Rel-18, support the inclusion of dual module devices with NR+LTE modules using the following UE dropping models: 
· UE Dropping Model A: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is modified by doubling the time in the upper limit, resulting in max{2 meter, an exponential random variable with the average of the speed * 4sec}.
· UE Dropping Model B: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is maintained the same as current assumptions, i.e., max{2 meter, an exponential random variable with the average of the speed * 2sec}.
Companies should mention the UE dropping model and the distribution of each device type (single/dual module) used in their simulation assumptions.

Agreement
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.

Agreement
For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence, 
· For device type A, the NR SL module uses the sensing and resource reservation information shared by the LTE SL module.
· FFS details on how the NR SL module uses this information.
· FFS details on how the LTE SL module shares the information to the NR SL module, exact information shared, timeline etc.
· FFS: Whether/how to define other method(s) for device type A to be aware of resources being occupied by LTE SL.
· FFS: Whether/how device type B should be supported.

A.2 	Agreements from RAN1#110

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.
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